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1.0 EXECUTIVE SUMMARY

The Booz Allen Team explored market size and potential barriers to Urban Air Mobility (UAM) by focusing
on three potential markets — Airport Shuttle, Air Taxi, and Air Ambulance. We found that the Airport Shuttle
and Air Taxi markets are viable, with a significant total available market value in the U.S. of $500 billion, for
a fully unconstrained scenario. In this unconstrained best-case scenario, passengers would have the ability
to access and fly a UAM at any time, from any location to any destination, without being hindered by
constraints such as weather, infrastructure, or traffic volume. Significant legal and regulatory, weather,
certification, public perception, and infrastructure constraints exist, which reduce the market potential for
these applications to only about 0.5% of the total available market, or $2.5 billion, in the near term. However,
we determined that these constraints can be addressed through ongoing intra-governmental partnerships,
government and industry collaboration, strong industry commitment, and existing legal and regulatory
enablers. We found that the Air Ambulance market is not a viable market if served by electric vertical take-
off and landing (eVTOL) vehicles due to technology constraints but may potentially be viable if a hybrid
VTOL aircraft are utilized.

The barriers and challenges we characterized in this study can be stratified according to their applicability
or potential mitigation through technology as well as market maturity (Figure 1). In the near term, high cost
of service will be a key economic challenge. We found potential for significant reduction in service cost
through increased vehicle and component efficiency, and automation in a more mature market scenario.
Weather conditions also pose a challenge to the UAM market, though there is potential for mitigation of
some of these impacts through technology such as sensors enabling operations in low visibility. However,
even in a mature market with advanced technology, disruptions are still likely to occur due to weather events
such as thunderstorms and strong winds. High density operations will likely stress the current Air Traffic
Management (ATM) system in the near term, but technology and new initiatives such as the Air Traffic
Management -eXploration project (ATM-X) will enable safe and efficient integration of UAM into the National
Airspace System (NAS). Current battery technology creates a barrier in the near term, especially for the Air
Ambulance market, as battery weight and extensive recharging times would be needed for these
operations. Advancements in battery technology, as well as use of hybrid VTOLSs, could significantly reduce
this barrier in the longer term. As UAM emerges as a viable mode of transportation in the near term, adverse
energy and environmental impacts, particularly noise, may impact community acceptance and potentially
persist as the market matures into larger-scale operations.

For non-technology related challenges, we found that infrastructure constraints will create a significant
barrier to UAM in the near term but could be addressed in the longer term through development and
expansion of vertiports. Competition from existing modes of transportation such as ride-sharing (e.g., Lyft,
Uber) and ground taxi’s pose a key barrier to UAM in the short term, which will likely evolve into competition
from other emerging technologies such as autonomous cars and electric trains in the longer term. Weather
events will influence other components of the operation such as passenger comfort (e.g., extreme
temperatures, turbulence) and infrastructure (e.g., winter weather causing cracks and degradation in
vertiports). There is also potential for these impacts to be heightened in the longer term from the increased
frequency of adverse weather such as thunderstorms due to changing climatic conditions. We also found
that the public has strong concerns about safety as a passenger in a piloted UAM, including “lasing” of
pilots, unruly passengers, and sabotage. They would prefer that all passengers pass through a security
screening process before boarding a vehicle. They would also prefer to use UAM for longer regional trips,
such as flying from Washington, DC to Baltimore, MD or San Diego, CA to Los Angeles, CA. A longer term
automated UAM vehicle market will face challenges due to public apprehension about automation and
unmanned operations, and a preference to fly with passengers they know in an autonomous (unmanned)
operational scenario.
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Technology
Challenges

Non-Technological
Challenges

Near Term- Immature Market

Economics: High cost of service (partially driven by capital and
battery costs)

Weather: Adverse Weather can significantly affect aircraft
operations and performance

Air Traffic Management: High density operations will stress the
current ATM system

Battery Technology: Battery weight and recharging times
detrimental to the use of eVTOLs for Air Ambulance market

Impacts: Adverse energy and environmental impacts
(particularly, noise) could affect community acceptance

Infrastructure: Lack of existing infrastructure and low
throughput

Competition: Existing modes of transportation

Weather: Conditions could influence non-technological aspects
of operation

Public Perception: Passengers concerned about safety and
prefer security screening and preference UAM only for longer
trips

Laws and regulations for flying over people, BVLOS, and
carrying passengers (among others) are needed

Certifications: Gaps in the existing certification framework
where UAM will experience challenges, particularly system
redundancy and failure management

21 November 2018

Longer Term- Mature Market

Impacts: Energy and Environmental Impacts of large-scale
operations

Cybersecurity of Autonomous systems including vehicles and
UTM

Weather: Disruptions to operations during significant adverse
conditions

New Entrants: Large scale operations of new entrants like UAS,
Commercial Space operations, private ownership of UAM
vehicles could increase the complexity of airspace management
and safety

Competition: Emerging technologies and concepts like shared
Electric and Autonomous Cars, and fast trains

Weather: Increase in some adverse conditions due to climate
change may limit operations

Social Mobility: New importance of travel time, increase in
telecommuting, urbanization and de-congestion scenarios could
reduce the viability of markets

Public Perception: Passengers trust and apprehension with
automation and pilot-less UAM and prefer to fly with others they
know in an autonomous UAM

Figure 1: Overview of key challenges by market maturity and technology
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20 INTRODUCTION

Urban Air Mobility (UAM) is an emerging concept of air transportation where small package delivery drones
to passenger-carrying air taxis operate over populated areas, from small towns to the largest cities are
being considered. This could revolutionize the way people move within and around cities by shortening
commute times, bypassing ground congestion, and enabling point-to-point flights across cities. In recent
years, several companies have designed and tested enabling elements of this concept, including;
prototypes of Vertical Take-Off Landing (VTOL) capable vehicles, understanding of operational concepts,
and development of potential business models.

While the UAM concept may be enabled by the convergence of several factors, there are several challenges
that could prevent its emergence and sustainable development, including but not limited to: societal impacts
and acceptance, economics and affordability, regulations and certifications, adverse weather conditions,
competition with other modes, infrastructure requirements, air traffic management and pilot shortage.

There is a need to understand the potential market size of UAM and identify challenges to achieving a
viable market, as well as how the constraints and challenges could impact the size and viability of this
market. Therefore, the objective of this study is to understand and estimate the potential market size of
UAM and identify legal, societal and other constraints to adoption of this rapidly emerging technology.

3.0 APPROACH

The Booz Allen team adopted a four-phase approach to understand the UAM ecosystem and performed a
targeted deep dive on focus markets that highlighted significant barriers to realization. This approach is
outlined in Figure 2.

e Scoping: In this phase, over 36 mission types were identified that can be potentially served by
vehicles with Vertical Take-Off Landing (VTOL) capabilities.

e Initial Assessment: Three focus markets were selected. The assessment was centered on
preliminary market analysis and evaluation of barriers (e.g., legal, societal, and economic).

e Interim Assessment: We refined our methodology and assumptions based on feedback from the
Booz Allen UAM Strategic Advisory Group (SAG) and conducted a comprehensive analysis of the
three markets.

e Final Assessment: The Booz Allen team documented lessons learned and recommendations.

SCOPING INITIAL ASSESSMENT INTERIM ASSESSMENT FINAL ASSESSMENT

-~ ~

* Market characterization * Urban area characterization « Addition of five more focus urban * Integration of legal, societal

« Identified three markets for « Identified five focus urban areas for interim analysis and weather b.arriers with
potential study areas for initial analysis * Comprehensive evaluation of barriers market analysis

+ Select one market for initial « Evaluation of barriers (e.g., (e.g., legal, societal, weather and * Final report of market
assessment legal, societal, and economic) economic) for all three markets analysis and regulatory/

« Formation of Strategic related to initial market * SAG Interviews and Workshop societal barriers
Advisory Group (SAG) * Feedback on methodology * Focus groups and General Population * Defined Iesson's learned and

and Assumptions from SAG Survey recommendation

Figure 2: High Level Approach for Urban Air Mobility market analysis
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40 STRATEGIC ADVISORY GROUP (SAG): STRUCTURE AND ROLE

UAM is an emerging concept that spans multiple industries and disciplines with substantial uncertainty. The
Booz Allen team established the SAG to provide input and feedback on the approach, methodology, as-
sumptions, and results. The SAG comprised of 51 diverse and independent individuals and groups of UAM
and/or related market experts and stakeholders. They informed key decision points in this study and helped
refine the market assessment methodology based on their expertise.

As shown in Figure 3, the SAG captured a wide and diverse range of stakeholders, including manufacturers,
operators, research institutions, regulators at the federal, state and local level, venture capital, etc. In total,
35 organizations contributed including FAA (UAS Integration Office, Aviation Policy & Plans Office, Office
of International Affairs, Office of Environment and Energy), the Volpe National Transportation Systems
Center, International Civil Aviation Organization (ICAQO), National Center for Atmospheric Research
(NCAR), National Transportation Safety Board (NTSB), North Carolina Department of Transportation
(NCDOT), New York City Taxi & Limousine Commission, Los Angeles City’s Mayor Office, Pittsburg’s De-
partment of Mobility and Infrastructure, Los Angeles World Airports (LAWA), Smart Cities Lab, Hogan
Lovells, Windels Marx LLP, Akin Gump Strauss Hauer & Field LLP, Massachusetts Institute of Technology,
Stanford’s Peace and Innovation Lab, Georgia Institute of Technology, Stanford University, Boeing, Aurora
Flight Sciences, Zee Aero, Airbus, Terrafugia, EmbraerX, XTI Aircraft Company, Joby Aviation, Uber,
Global Aerospace, HR&A Advisors, Starburst Aerospace, and GE Ventures. Booz Allen team engaged
SAG members throughout the study through informational interviews and a day-long workshop that took
place in Washington, DC.

Educational Legal and

Institutions Regulatory Associations

Insurance State and

Operators and Real International Local
Estate Government

Venture Federal

Manufacturers .
Capital Government

Figure 3: SAG Member institution type
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50 FOCUS MARKETS

Depending on vehicle technology, operations, economics and market size, Urban air transportation could
take many forms. As described in Table 1, the team identified 36 potential UAM markets across 16 market

categories.

Market Category

Air Commute

First Response
(Public Services)

Corporations

Events

Entertainment and
Media

10|Page

Table 1: Potential UAM Markets

Potential UAM Market

Airport Shuttle

Definition

Comprises establishments primarily engaged in
transporting passengers to, from, or between
airports over fixed routes

Air Taxi

Providing point-to-point passenger transporta-
tion and are not operated on regular schedules
or routes

Train

Providing concentrated point-to-point travel
along network infrastructure (like trains/subway)

Bus

Replacing public transportation routes & charter
lines such as Greyhound & BestBus

Air Ambulance

Travel to/from the hospital for emergencies and
potentially hospital visits

Police — Local, State, and
Federal

Law enforcement individuals enabled by air
support for daily tasks and events management

Firefighter — Private, Munic-
ipal, and Federal

Quick response firefighting enabled by air mo-
bility travel

Natural Disaster and Armed
Conflict Response — Local,
State, and Federal

Air support for aiding humanitarian workers and
for evacuation efforts, in addition to the police,
ambulance, and firefighting professionals dur-
ing a natural disaster and armed conflicts

Company Shuttle

Shuttle to and from a company headquarters to
other offices or employee services

Office-to-Office Travel

Travel to and from specific offices in adjacent
skyscrapers

Inter-office / Client Delivery

Deliver legal/business documents, replacing in-
ter-office mail and traditional courier services

Maijor Events

Pick up and drop off for events with a capacity
greater than 25K people

Minor Events

Pick up and drop off for events greater than 100
people but less than 25K

Amusement Parks / Ex-
treme Sporting

Thrill ride (i.e., trackless roller coaster), aerial
acrobatics platform, bungee jump/parachuting
platform

Photography

Aerial Photography

Film/TV/Radio Stations

Filming, Traffic and News Reporting

Tourism

Aerial Sightseeing Tours
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Logistics and Goods
Delivery

Real Estate and Con-
struction

Security

Rentals

Asset/Building
Maintenance

Healthcare Providers

Scientific Research

Urban Planning

Security

Public Services
(Non-First Re-
sponse)

MM|Page
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Aerial Delivery

UAM aircraft and drones to deliver mails, food,
humanitarian aid, shopping items etc.

Aerial Warehousing

Using aerial craft to facilitate goods delivery,
warehousing, and logistics management

Aerial Showcasing, Inspec-
tions, and Survey —Property
Inspection and Real Estate
Showcasing

Building, house, or land inspection and survey
by certified inspectors, surveyors or private
owners for repair and maintenance

Realtors showing prospective client neighbor-
hoods, parcels, and even attending an open
house or broker's open house

Aerial Security

Video footage or pictures from the sky to identify
security weaknesses in various events

Car Rentals — Corporation
and Franchise

Replacing daily car rentals

Building Maintenance

Servicing building exteriors, such as painting
and window washing, to replace current access
methods such as pulley platforms that occasion-
ally result in injury/death

Utilities Asset Maintenance

Servicing electrical wires, smart poles, and cer-
tain meter types, to replace current access prac-
tices such as pole climbing that occasionally re-
sult in injury/death

Remote Visits

Pickup and drop-off of provider or patient for pa-
tients living in remote areas

Medical Equipment Delivery

Delivery of urgently needed medical items; for
expensive diagnostic tools, establish sharing
program where delivery to next user is sched-
uled immediately after use at the first location

Aerospace Travel/Colony
Pilot Studies

Study effects of long-term space travel, life
above terrain, new types of aviation technol-
ogy/process, etc. using potentially less expen-
sive and safer-context UAMs

Other Applications

Conducting scientific research using other ap-
plications elucidated in this list (deforestation,
migration patterns, etc.)

Small Houses/ Emergency
Shelters

Modifications to UAMs to create permanently
air-parked shelters in crowded environments,
crime-prone locations, attached to owner home,
etc.

Storage

Modifications to UAMs to create temporary stor-
age space where building permanent addition
may not be feasible

Snowplow & Salt Trucks

Replacing winter snowplow and salt trucks

Trash Collection

Replacement of trash trucks, hazardous waste
disposal, etc.

School Buses

Replacing public school buses
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Reaching remote flocks for herding, medical

Flock Tending care

Reaching less-accessible farmland for planting,

Harvesting harvesting, potable water

Replacing ladders and tree-climbing assists

Landscaping with UAMs for tree limb removal

The focus market types were selected using a market calibration criterion as described in Figure 4 to reflect
and allow for the analysis of a diverse set of barriers, including operational models and efficiency, market
size, dependency with other modes of transportation. The team evaluated each market type based on value
and size of legacy market and economic, technological and operational challenges. As described in Table

2, the three markets selected included (1) Airport Shuttle, (2) Air Taxi, and (3) Air Ambulance.

Market Size

Overall market size of
legacy market in 2017

Market Summary

Market Growth Rate

Expected growth rate of
legacy market

Technical Specs
Speed, Range, TRL
Payload and Autonomy

Challenges
Enabling Infrastructure,
navigational constraints
and network scalability

Technology

Market Calibration

Technology Cost

Price point for legacy
technology, R&D, Capital
and Operating cost

Challenges Economics

Willingness to Pay,
Competitive Price
Pressure, investments

Societal
Noise annoyance and
community acceptance

Legal & Regulatory

Air Traffic Management,
local, state and federal
laws

Operational Challenges

Figure 4: Market selection criteria

Table 2: Focus Markets

Definition

Selection Logic

Airport Shuttle

Early market that comprises establish-
ments primarily engaged in transport-
ing passengers to, from, or between
airports over fixed routes. This market
could originate as a premium service
to high value passengers of airlines

This market was selected as an early
adopter due to:

e Operational Efficiency: Concentrat-
ing the demand at one end of the flight
could reduce complexity of supply/de-
mand matching and increase the op-
erational efficiency.
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Air Taxi

Air Ambulance
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and mature to a mainstream transpor-
tation option for travelers in the future.
This market could eventually grow into
an aggregate Air Taxi market.

Infrastructure: Foundational infra-
structure for takeoff/landing areas ex-
ists on at least one side of the flight.

Enablers: Some large airlines may be
looking for ways to differentiate pre-
mium services to high value custom-
ers by creating efficient travel connec-
tions to and from the airport.

Scaled UAM market that will provide
point-to-point passenger transporta-
tion and are not operated on regular
schedules or routes. Air taxis can op-
erate throughout urban areas and pro-
vide a variety of transportations ser-
vices.

This market was selected due to:

Large Market: A scaled UAM market
that could highlight barriers related to
scale of people served; this market is
analogous to similar ground services,
but would provide an added resiliency
to transportation networks and con-
venience of time saved.

Note: This market could be a natural
extension of the Airport Shuttle mar-
ket as the density of demand for UAM
increases with increasing fleet size
and service area coverage.

Complex market that includes travel
to/from the hospital for emergencies
and potentially hospital visits.

The Air Ambulance market is concen-
trated; however, the services offer a
high value. This market is driven by de-
mographic trends, healthcare legisla-
tions, and changes in insurance poli-
cies.

This market was selected due to:

Market complexity: This market
highlighted technology barriers in
terms of technical capabilities needed
on board the aircraft, in addition to
other legal and regulatory barriers.
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6.0 FOCUS URBAN AREAS

For the purpose of this study, an Urban Area includes a city center, suburban area and edge cities. For
example, in the Washington, D.C. urban area, downtown D.C. is defined as city center while Virginia as
suburban and Tyson’s corner as an edge city. Urban areas are defined in Figure 5.

THE PROMISE OF URBAN AIR MOBILITY

% Decongest Road Traffic

D [T

oL

CITY CENTER 1" -
rprn e
High-density downtown employment S511NT] teefen

centers and surrounding neighborhoods TN "
||||n00 |||n|||

EDGE CITY

Improve Mobility

Reduce Transport Time

B B »

Decrease Pollution

1 Medium-density employment centers

ﬂ ﬂ @ TN IE outside of the urban core
LN
0 Reduced Strain on Existing
gl ol 0ol joninle?

Public Transport Networks
SUBURBAN

P

Predominantly lower density residential m

; ; - e Reduce Traffic Accidents
neighborhood with some mixed use facilities i

Figure 5: Definition of Urban Areas and promise of Urban Air Mobility

According to the United States Census Bureau (2010), there are 486 urbanized areas (UAs) and 3,087
urban clusters (UCs) in the United States. Urbanized areas comprise of approximately 88% of the urban
population in the United States. Selected urban areas are representative of the U.S. and captured a wide
set of operational and market barriers.

Figure 6 shows the detailed process that was followed to select urban areas. Selected urban areas had
large population and high population density, high surface traffic congestion, favorable/unfavorable weather
conditions and legal/regulatory environment, potentially large markets, available infrastructure and
competition from existing modes of transportation. Details on the scoping criteria is as follows:

Population Filter: The team filtered out small urban areas to focus on a representative set of large urban
areas that can highlight the most significant barriers. Two factors used to identify large urban areas were:

e Population: Applied filter of urban area population greater than one million to select large urban
areas.

e Population Density: Applied filter of population density greater than 1000 people per square mile
to select areas of high population density

Surface Traffic Congestion at each urban area was modeled with respect to the following indices:

e Travel Time Index: The ratio of the travel time during the peak period to the time required to make
the same trip at free-flow speeds. For example, a value of 1.3 indicated that a 20-minute free-flow
trip would take 26 minutes during the peak period.

e Commuter Stress Index: Similar to the Travel Time Index but based only on the peak direction of
travel. This would be more like the traditional commuter experience of inbound in the morning and
outbound in the evening.

¢ Annual Congestion Cost: Value of travel delay and extra fuel consumed in traffic congestion. It
was measured in billions of dollars.

Higher annual congestion cost, travel time and commuter stress index reflected high traffic congestion and
thus greater market opportunity for UAM.
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Urban Area (UA)

Scoping & Selection

Urban Area Population > 1 million
Population Population Density (per mil?)> 1, 000

Filter

Shortlisted List of 40 Urban Areas
Urban Areas

Surface Traffic Weather Expected Legal and
Congestion Impacts Regulatory Ease

Existing Existing
Infrastructure Transportation

UAS Laws and Number of Number of Distance of Urban
Regulations Airline Premium Airport Core from small
airports

Passengers Facilities

Demand Sizing

Commuter

Stress
Temperature

Travel Time

Climate towards

Median

UAS integration :
program in each Household Number of Distance of Urban
Urban Area Income Helipads Core and Edge

Annual
Congestion Cost

Cities from Major
Airports

) 4

List of five Urban Areas | | Potential Secondary List
for Initial Analysis - | for Interim Analysis

Figure 6: Urban Area Selection Process
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Weather Impacts:

e Developed Analyzed Raw )
Identified Relevant preli .p 0 \t/h Data at Measured Scale of Categorized
: reliminar eather Data a "
Weather Constraints y . Weather Impacts Weather Conditions
Thresholds Airports
Weather likely to Reviewed each Generated 7-year Computed average Qualitatively
disrupt UAM operations phenomena that (2010-2016) number of hours per categorized weather
0 Strong Winds would influence UAM climatology of airport month of each adverse conditions airports
0 Storm Airport Shuttle weather (METAR) for weather condition based on overall
0 Ealn lings /visbilt operation each phenomena at 50 0 Extreme temperature [ | frequency and
8 \A(;ivr\:tiilxleg:th::s' b 0 Based on thresholds largest airports in US computed as number | | dyration of constraints
influencing helicopter o Only raw point of days where temp
0 Extreme temperature and general aviation observations at exceeded threshold
operations airport location

0 Utilized METAR
criteria for each
weather constraint

Weather Condition Categories

1. Unfavorable weather for UAM: adverse weather conditions of all types frequent throughout the year

2. Moderately unfavorable weather for UAM: high number of hours with multiple adverse weather conditions; seasonal
variability may favor UAM operation for part of year (minimal impacts), but limit/impact usage other parts of year;
several hours a day of winter weather and/or windy conditions

3. Moderately favorable weather for UAM: multiple adverse weather conditions are frequent; seasonal variability may
somewhat impact UAM usage for part of year; minimal winter weather or wind constraints

4. Favorable weather for UAM: relatively few hours of adverse weather across year; only one or two types of adverse
weather condition present; minimal to no winter weather or wind constraints; mostly storms and/or IFR constraints

Figure 7: Weather Impacts

Expected Legal and Regulatory Ease: UAM use cases did not have historical laws and regulations to
inform Urban Area Scoping. Therefore, our legal team classified urban areas based on:

o State UAS Laws: Reviewed state and local laws and restrictions on flight altitude and flight
paths, operational bans, and any regulation of the navigable airspace

e UAS Integration Program: Reviewed each state’s climate towards integrating Unmanned
Aircraft System (UAS) in their airspace

e GA related State laws: Reviewed restrictions of flying private aircraft in each state

The Booz Allen team qualitatively categorized each of the top 40 urban area (obtained after population
filter) airspace based on these laws as:

e Favorable regulations for UAM: Phoenix, Miami, San Diego, Orlando

e Moderately favorable regulations for UAM: San Francisco, Los Angeles, Houston,
Dallas

e Moderately unfavorable regulations for UAM: Salt Lake City, Kansas City, Providence,
Columbus

e Unfavorable regulations for UAM: New York, Washington DC, Boston, Denver

Demand Sizing: First order estimate of expected market size for each of the shortlisted urban areas was
modeled in terms of number of premium airline passengers in an urban area. Existence of premium
originating and terminating passengers represented first order highest willingness to pay for premium
services. We calculated number of premium passengers for each urban area using:
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e Bureau of Transportation Statistics (BTS) DB1B’: Retrieved 2010-2016 BTS DB1B
Coupon Data by Fare Class

o Fare Class Classification: Business and First-Class passengers were classified as
Premium passengers

e Total annual average number of passengers for each airport: Since BTS covers a
10% sample of airline tickets, total number of passengers were multiplied by 10. Average
number of passengers were calculated across 2010-2016

e Market Size aggregation for an urban area: Number of premium passengers were
aggregated for all the major commercial airports in an urban area

Existing Infrastructure: Early Urban Air Mobility markets might rely on existing infrastructure like heliports,
airports and other landing sites for near term. We used Federal Aviation Administration’s Aviation Environ-

ment Design Tool (AEDT)2 database. For urban area scoping, the team based its evaluation of existing
infrastructure on:

e Helipads: All helipads active or non-active, public or private are considered part of ex-
isting infrastructure

e Airports: Major commercial airports, general aviation and small airfields provide landing
sites at one side of the airport shuttle trip

Greater number of total helipad and airport facilities was found to be favorable for enabling Urban Air Mo-
bility.

Existing Transportation: UAMs value proposition depends upon travel time savings. For example, Airport
shuttle market will add value in the urban areas where distance is large between airports and urban core
or edge cities. Therefore, the team evaluated urban areas based on:

e Average distance between major commercial airports and urban core / edge cities:
Target population included airline passengers flying on scheduled routes between two
cities

e Average distance between small airports and urban core / edge cities: Target popu-
lation included business commuters using private jets or chartered service

Finally, to evaluate all the twelve metrics under six different categories, the team reorganized the data
structure by using a normalization technique that was relative to minimum and maximum value of the metric.
Higher percentage of a metric for an urban area meant higher expected market opportunity relative to other
urban areas due to that metric. After applying our methodology, we selected five urban areas for initial
analysis and five additional urban areas for interim analysis from a shortlisted pool of 40 Urban Areas. We
selected urban areas that were representative of the US and illuminated wide set of barriers for the Airport
Shuttle and Air Taxi market operated with human pilots or autonomously.

T+The Airline Origin and Destination Survey (DB1B) is a 10% sample of airline tickets from reporting carriers
collected by the Office of Airline Information of the Bureau of Transportation Statistics. Data includes origin,
destination and other itinerary details of passengers transported. This database is used to determine air
traffic patterns, air carrier market shares and passenger flows.” It is available at
https://www.transtats.bts.gov/Databaselnfo.asp?DB_1D=125

2 Federal Aviation Administration. “AEDT is a software system that models aircraft performance in space
and time to estimate fuel consumption, emissions, noise, and air quality consequences. AEDT is a com-
prehensive tool that provides information to FAA stakeholders on each of these specific environmental
impacts.” Available at https://aedt.faa.gov/
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Figure 8 illustrates and provides characteristics of the ten urban areas that were selected and retained for
the remainder of the study towards the market size and barriers assessments.

R

San Francisco, CA

S 'y

Los Angeles, CA

» Honolulu

New York--Newark, NY--NJ--
CcT

2018 Population

United Jf

% . | States . New York, NY
Denver, CO g
d Washington, D.C.
L2
Dallas, TX
- e
Phoenix, AZ Houston, TX

Miami, FL

Multi airport model, largest market, tough local and state
regulations, unfavorable weather conditions, high traffic congestion

Washington, DC--VA—MD

Most regulated urban area, unfavorable weather conditions

Miami, FL

Luxury market, favorable weather conditions, medium to high traffic
congestion, favorable regulatory environment

Dallas--Fort Worth--
Arlington, TX

Large market, good weather conditions, high willingness to pay, large
number of edge cities and good available infrastructure

Houston, TX

Two airport model, large market, favorable weather conditions, good
existing infrastructure

Denver--Aurora, CO

One airport model, luxury market, changing weather conditions,
difficult airport accessibility, especially if flying into the mountains

Phoenix--Mesa, AZ

Favorable regulatory and weather conditions, early adopter

San Francisco--Oakland--San
Jose, CA

Multi airport model, high willingness to pay, large market, high traffic
congestion, technology forward

Los Angeles--Long Beach--
Anaheim-- Riverside--San
Bernardino, CA

Multi airport model, high willingness to pay, large market, high traffic
congestion, good available infrastructure

Urban Honolulu- Kailua,
Kaneohe--Kahului, HI
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Luxury market, good weather conditions, island to island travel

Figure 8: Focus Urban Areas
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7.0 LEGAL AND REGULATORY ASSESSMENT

Technology very quickly outpaces regulation. With Urban Air Mobility, as with other disruptive technologies,
federal, State, and local-level governments must find a “sweet spot” where innovation is not stifled, and the
public is reasonably protected. Urban Air Mobility operations raise novel and valid concerns, namely in
terms of safety and privacy, and some legal barriers exist which can discourage the use of such technology.
However, these legal barriers are accompanied by collaborative opportunities such as the UAS Integration
Pilot Program, FAA Rulemaking Committees, the UAM Grand Challenge, and others, which allow for the
alignment of technology and regulation, creating new enabling rules that allow for more complex operations.

7.1 Methodology

This assessment identified the legal and regulatory requirements (existing and anticipated) that must be
met for the selected three focus UAM markets. It also captured variations in requirements observed at the
State and local level, international developments, certification issues, and existing opportunities to address
legal barriers and gaps.

Our team examined the law and regulatory conditions needed for the UAM markets to perform in selected
urban areas under the following operations: (1) onboard pilot, (2) remotely operated, and (3) partial or fully
automated piloting system. We analyzed the rules associated with the three types of UAM operations,
including: (1) federal Acts, (2) federal regulations, (3) state laws and local ordinances for each of the ten
urban markets, and (4) international and foreign law. It is important to note that the analysis draws a com-
parison of the legal and regulatory challenges for UAM with those of the Unmanned Aircraft Systems (UAS),
especially as to how it relates to remotely piloted and autonomous vehicles.

As a summary, our analysis shows that the remotely piloted and autonomous Air Taxi, Ambulance, and
Airport Shuttle UAM markets share common regulatory barriers. However, state and local laws range from
disallowing drones to protecting UAS operations, which might be problematic considering the “patchwork”
of laws it can create. Similarly, other nations integrate UAS into their airspace in varying degrees. Moreo-
ver, there will be challenges in determining which of the existing FAA certification standards apply to the
types of vehicles being considered for the Air Taxi or Air Ambulance UAMs, and/or how existing certification
standards can be met or should be amended. Air Ambulances will require further evaluation due to the
requirements of an operator’s air ambulance procedures and sections of their General Operations Manual
(GOM) specific to air ambulance. Lastly, gaps in current certifications indicate that new standards will need
to be developed, especially in areas related to system redundancy and failure management.

7.2 Legal and Regulatory Barriers

Critical legal and regulatory challenges must be addressed to bring UAM transportation to the market. Air
Taxi, Ambulance, and Airport Shuttle UAM Markets share common regulatory barriers. This analysis draws
a comparison of legal and regulatory challenges for enabling UAM with Unmanned Aircraft Systems (UAS).
Many of the UAM areas are being addressed to some extent with the emergence of UAS operations, and
UAS research has helped reduce gaps towards enabling UAM. The laws for operations using an onboard
pilot are clearer as they already exist under 14 Code of Federal Regulations (CFR) Parts 21, 23, 25, 27,
36, 61, 91, and 119. However, remotely piloted and autonomous UAM operations require the following
aviation regulations (either modification of existing regulations, or new regulations):

e Regulations for beyond visual line of sight (currently only with lengthy waiver process to 14 CFR
Part 107.31)

¢ Regulations for operations over people, streets, etc. (currently only with lengthy waiver process to
14 CFR 107.39)

e Regulations for when air cargo is being carried commercially and across state lines (this is ad-
dressed in Section 348 of the FAA Reauthorization Act of 20183 whereby Congress tasks the FAA
within the year with making regulations for the carriage of property for compensation or hire)

3 Federal Aviation Administration Reauthorization Act of 2018, §348.
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e Regulations for when a passenger or patient is being transported in a UAM either within visual line
of sight or beyond (airworthiness potentially addressed in 14 CFR Part 23)

e Regulations for flight in instrument conditions (not addressed in the FAA Reauthorization Act of
2018)

e Regulations for airworthiness certification of remotely piloted and autonomous aircraft

e Training and knowledge requirements for pilots and operators (FAA Reauthorization Act of 2018
Section 349 whereby Congress tasks the FAA with creating an aeronautical knowledge test for
certain recreational UAS operators)

Additionally, a legal framework for addressing privacy concerns should be developed outside of the aviation
regulatory framework. The recently passed FAA Reauthorization Act of 2018 makes a step in that direction
by mandating the Department of Transportation and National Telecommunications and Information Admin-
istration (NTIA) of the Department of Commerce “to identify any potential reduction of privacy specifically
caused by the integration of unmanned aircraft systems into the national airspace system.”#

7.2.1 Federal versus State “Tug of War”

A dynamic legal environment exists with many unresolved challenges, especially establishing where fed-
eral, State, and local authorities take lead. Where the Federal government occupies a field, federal laws
preempt state laws and local ordinances. The 1958 Federal Aviation Act delegated the safe and efficient
use of the airspace to the FAA requiring it to create and enforce federal regulations (under Title 14 of the
CFR). As such, the FAA has exclusive authority over the national airspace. With respect to UAS, the FAA
issued its first rule governing commercial drone operations in 2016.

On the other hand, the 10th Amendment to the Constitution gives States/local government the rights and
powers “not delegated to the United States.” States are granted the power to establish and enforce laws
protecting the welfare, safety, and health of the public (police powers). This authority can prevent trespass,
nuisance, invasion of privacy, and a slew of other issues that UAS can cause. However, although state
and local governments have passed laws of their own, a drone cannot fly freely across city and state lines
if inconsistent laws interfere with its path.

A “tug of war” exists between federal preemption and state/local police power as each government entity is
vying for the power to regulate. Not many courts across the country have settled this power struggle. In
aviation tort law there is some clarity, but in UAS operations there is only one case of first impression:
Singer vs. City of Newton, MA (Sept. 2017).°

In December 2016, the City of Newton, MA passed a local ordinance banning UAS below 400 feet and
requiring operators to register their UAS and receive permission from public and private residence owners
in order to fly their UAS over their homes. This local ordinance was drafted “for the principal purpose of
protecting the privacy interests of Newton's residents,” according to a court document.

In September 2017, a federal judge ruled against this local ordinance, allowing operators to use UAS that
fly below 400 feet and without permission of city residence owners, in accordance with 14 CFR 107 regu-
lations. The ruling in this case was the first of its kind, setting a legal precedent that says when it comes to
certain UAS operations disputed in this case, federal law preempts local regulations. A city cannot regulate
flight operations, and it may not effectively ban drone flights against the express congressional intent to
encourage drone use.b Even though the ordinance intended to protect the city citizens’ privacy, portions of
it extended into the FAA’s operational safety and licensing authority and was struck down.

4 Id. §335.
5 Singer v. City of Newton, No. CV 17-10071, 2017 WL 4176477 (D. Mass. Sept. 21, 2017).
649 U.S.C. § 40101.
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7.2.2 UAS Integration Pilot Program (UAS IPP)

In what appears to be a way to settle the above mentioned “tug of war”, and more importantly to prevent
the painfully slow lawmaking process from stifling the growth and development of the emergent UAS indus-
try, the UAS IPP encourages the FAA to work closely with State, local, and Tribal governments and private
sector entities such as UAS operators or manufacturers, to accelerate safe UAS integration. This program
will help FAA craft new enabling rules that allow more complex operations governing the carriage of pas-
sengers and cargo, flights over people, and flights beyond visual line of sight. This process was started in
November 2017 as is ongoing as of this writing.

7.3  State and Local Regulatory Arena

As stated earlier, the analysis on UAM draws a comparison to the UAS legal and regulatory achievements
as many of the UAM areas are being addressed to some extent with the emergence of UAS operations.
Similarly, UAS research has helped reduce the gap towards enabling UAM. As stated above in Section
7.2.1, the FAA has exclusive authority over the national airspace, and no State or local UAS registration
law may relieve a drone owner or operator from complying with the federal drone regulations. However,
local concerns such as those pertaining to the welfare, safety, and health of the public (police powers),
such as land use, law enforcement, zoning, privacy, and trespass issues are usually not subject to federal
regulations.

Though most of the attention paid to drones has focused on the FAA and its regulatory authority, much of
the impact is at the ground level. This will be the case with UAM as well. As such, States and local gov-
ernments have been passing drone-related laws since 2013, citing the need to protect the health and safety,
including privacy, of residents. These state and local drone laws can be seen as the precursor to UAM
local laws, especially when it pertains to remotely-piloted and autonomous vehicles.

A review of the State and local laws and regulations is important to showcase the evolution of legislation
which UAM could benefit from and face. UAS have many applications including law enforcement, search
and rescue, border patrol, disaster response, land surveillance, wildlife tracking, and photography. Due to
the wide variety of benefits, States and local governments since 2013 have been pushing for regulations,
ordinances, and resolutions which consider the benefits and potential economic benefit of using UAS, while
weighing privacy concerns. It is important to note that States do not regulate or govern manned aviation.
State policy does guide where, when, and how much air commerce it attracts. Additionally, airports and
heliports and the cities who own them enter into agreements for service at the local level, not at the Federal
level.

Below is an overview of regulations enacted by each of the selected ten (10) urban areas. State and local
laws range from banning drones to protecting UAS operations. These regulations apply to remotely piloted
or autonomous operations, which is seen as a precursor to similarly operated UAM vehicles.

Arizona:
Arizona has a law favoring first responders.

e SB 1449: Prohibits certain operation of UAS, including operation in violation of FAA regulations
and operation that interferes with first responders. The law prohibits operating near, or using UAS
to take images of, a critical facility. It also preempts any locality from regulating UAS.”

7 Arizona, SB1449, https://www.azleg.gov/legtext/52leg/2r/bills/sb1449p.pdf (last visited Nov. 14, 2018).
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California:

California has laws favoring first responders.

SB 807 was chaptered (entered into law): Limits the exposure to civil liability of an emergency
responder for damage to a UAS if the damage was caused while the emergency responder was

performing specific emergency services and the UAS was interfering.8

AB 1680: UAS going to the scene of an emergency or stopping at the scene of an emergency, for
the purpose of viewing the scene or the activities is a misdemeanor.9?

Colorado:

Colorado has no laws regarding the use of UAS.

Florida

HB1070: Requires the center of excellence within the department of public safety to perform a
study. The study must identify ways to integrate UAS within local and state government functions
relating to firefighting, search and rescue, accident reconstruction, crime scene documentation,
emergency management, and emergencies involving significant property loss, injury or death. The
study must also consider privacy concerns, costs, and timeliness of deployment for each of these
uses. The legislation also creates a pilot program, requiring the deployment of at least one team of
UAS operators to a region of the state that has been designated as a fire hazard where they will
be trained on the use of UAS for the above specific functions.’?

HB 1027: Preempts local governments from regulating the operation of unmanned aircraft systems
but does allow them to enact or enforce local ordinances relating to illegal acts arising from the use
of unmanned aircraft systems if the ordinances are not specifically related to the use of a drone for
the commission of the illegal acts.??

SB 92: Law enforcement may use a drone if they obtain a warrant, there is a terrorist threat, or
swift action is needed to prevent loss of life or to search for a missing person. The law also enables
someone harmed by an inappropriate use of drones to pursue civil remedies.?

SB 766: Prohibits a person, a state agency, or a political subdivision from using a drone to capture
an image of privately owned real property or of the owner, tenant, occupant, invitee, or licensee of
such property with the intent to conduct surveillance without his or her written consent if a reason-
able expectation of privacy exists.3

Miami Ordinance 37-12: Regulates the use of UAS within a half-mile radius around stadiums and
sport facilities when these devices are in use, and over other large venue special events in public
parks, public facilities, streets, plazas, open spaces and the like that will attract large groups of
people.’

8 California, SB 807, https://legiscan.com/CA/bill/SB807/2015 (last visited Nov. 14, 2018).

9 California, AB1680, http://www.leginfo.ca.gov/pub/15-16/bill/asm/ab_1651-
1700/ab_1680_bill_20160929_chaptered.pdf (last visited Nov. 14, 2018).

70 Colorado, HB1070, https://openstates.org/co/bills/2017A/HB17-1070/ (last visited Nov. 14, 2018).
1 Florida, HB 1027, https://www.flsenate.gov/Session/Bill/2017/1027 (last visited Nov. 14, 2018).
12 Florida, SB 92, https://www.flsenate.gov/Session/Bill/2013/0092 (last visited Nov. 14, 2018).

13 Florida, SB 766, https://www.flsenate.gov/Session/Bill/2015/0766 (last visited Nov. 14, 2018).

74 Miami Ordinance 37-12, https://library.municode.com/fl/miami/codes/code_of ordinances?no-
deld=PTITHCO_CH370FIS_S37-12PUSAUNAISYCOKNDR (last visited Nov. 14, 2018).

23|Page



NASA UAM Market Study — Final Report 21 November 2018

Hawaii
Has a law that prohibits UAS except for law enforcement.

e SB 2608: Prohibits the use of unmanned aircraft, except by law enforcement agencies, to conduct
surveillance and establishes certain conditions for law enforcement agencies to use an unmanned

aircraft to obtain information.”®
New York, NY
Drones are more formally known as unmanned aerial vehicles (UAV) and are illegal to fly in New York City.

e SB975: Prohibits municipalities from regulating UAS. It allows a municipality that is also a water
company to enact ordinances that regulate or prohibit the use or operation of UAS over the munic-

ipality's public water supply and land.’6
Texas

e SB840: Telecommunications providers may use UAS to capture images. Only law enforcement
may use UAS to captures images of real property that is within 25 miles of the U.S. border for

border security purposes.’”

e HB 1424: Prohibits UAS operation over correctional and detention facilities. It also prohibits oper-
ation over a sports venue except in certain instances.’8

e HB 1481: Makes it a Class B misdemeanor to operate UAS over a critical infrastructure facility if
the UAS is not more than 400 feet off the ground.”?

o HB1643: Adds telecommunications services structures, animal feeding operations, and oil and gas
facilities to the definition of critical infrastructure as it relates to UAS operation. Prohibits localities
from regulating UAS except during special events and when the UAS is used by the locality.20

e HR 3035: Identifies 19 legitimate commercial purposes for UAS operations and prohibits UAS pho-
tography and filming of property or persons without prior consent.2?

75 Hawaii, SB 2608, https://www.capitol.hawaii.gov/Archives/measure_indiv_Ar-
chives.aspx?billtype=SB&billnumber=2608&year=2014 (last visited Nov. 14, 2018).

76 New York, SB975, https://openstates.org/ct/bills/2017/SB975/ (last visited Nov. 14, 2018).

7 Texas, SB840, http://www.capitol.state.tx.us/tlodocs/85R/billtext/pdf/SBO0840F .pdf#navpanes=0 (last
visited Nov. 14, 2018).

8 Texas, HB1424, http://www.capitol.state.tx.us/tlodocs/85R/billtext/pdf/HB01424F .pdfftnavpanes=0 (last
visited Nov. 14, 2018).

19 Texas, HB1481, https://capitol.texas.gov/BillLookup/History.aspx?LegSess=84R&Bill=HB 1481 (last
visited Nov. 14, 2018).

20 Texas, HB1643, http://www.capitol.state.tx.us/tlodocs/85R/billtext/pdf/HB01643F .pdf#navpanes=0 (last
visited Nov. 14, 2018).

21 Texas, HR 3035, http://www.statutes.legis.state.tx.us/Docs/GV/htm/GV.423.htm (last visited Nov. 14,
2018).
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Washington, D.C. Metropolitan Area
e Maryland:

0 SB 370: Specifies that only the state can enact laws to prohibit, restrict, or regulate the
testing or operation of unmanned aircraft systems. This preempts county and municipal

authority. The bill also requires a study on specified benefits.22
e Washington, D.C. is a no drone zone.
e Virginia:
o HB 412: Provides that no locality may regulate the use of privately owned, unmanned air-
craft systems within its boundaries.23

o HB 2350: Makes it a Class 1 misdemeanor to use UAS to trespass upon the property of
another for the purpose of secretly or furtively peeping, spying, or attempting to peep or
spy into a dwelling or occupied building located on such property.24

o0 SB 1301: Requires that a law enforcement agency obtain a warrant before using a drone
for any purpose, except in limited circumstances.2%

7.4 International Regulations

International harmonization of regulations may be important as countries consider similar operating con-
cepts and UAM manufactures, operators, and service providers seek consistency in a potential worldwide
market. The following depicts several organizations and Nation-States who have developed regulations in
furtherance of UAS, with such UAS research and regulatory movement helping to reduce the gap towards
enabling UAM activities.

7.4.1 European Aviation Safety Agency (EASA)

After a four-month consultation period on the Notice of Proposed Amendment (NPA) 2017-0526, EASA
published Opinion 01/201827, including a proposal for a new Regulation for UAS operations in ‘open’ and
‘specific’ category.

+ ‘Open’ category is a category of UAS operation that, considering the risks involved, does not require
a prior authorization by the competent authority nor a declaration by the UAS operator before the
operation takes place;

+ ‘Specific’ category is a category of UAS operation that, considering the risks involved, requires an
authorization by the competent authority before the operation takes place, taking into account the

22 Maryland, SB 370, https://legiscan.com/MD/bill/SB370/2015 (last visited Nov. 14, 2018).
23 Virginia, HB 412, https://legiscan.com/VA/bill/lHB412/2016 (last visited Nov. 14, 2018).

24 Virginia, HB 2350, http://lis.virginia.gov/cgi-bin/legp604.exe?171+ful+HB2350ER+pdf (last visited Nov.
14, 2018).

25 Virginia, SB 1301, http://lis.virginia.gov/cgi-bin/legp604.exe?ses=151&typ=bil&val=sb1301 (last visited
Nov. 14, 2018).

26 NPA 2017-05. Introduction of a regulatory framework for the operation of drones — Unmanned aircraft
system operations in the open and specific category. https://www.easa.europa.eu/document-library/no-
tices-of-proposed-amendment/npa-2017-05 (Accessed on Nov. 14, 2018).

27 Opinion 01/2018. Unmanned aircraft system (UAS) operations in the ‘open’ and ‘specific’ categories.
https://www.easa.europa.eu/document-library/opinions/opinion-012018. (Accessed on Nov. 14, 2018).
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mitigation measures identified in an operational risk assessment, except for certain standard sce-
narios where a declaration by the operator is sufficient or when the operator holds a light UAS
operator certificate (LUC) with the appropriate privileges; and

+ ‘Certified’ category is a category of UA operation that, considering the risks involved, requires the
certification of the UAS, a licensed remote pilot and an operator approved by the competent au-
thority, in order to ensure an appropriate level of safety.

Additionally, on October 15, 2018, EASA proposed a rule to cover VTOL aircraft.28 VTOL aircraft have
unique features that "significantly differentiate them from traditional rotorcraft or aeroplanes and therefore
necessitate this dedicated special condition." This proposed rule for the certification small-category VTOL
applies to an aircraft with a passenger seating configuration of 5 or less and a maximum certified take-off
mass of 2,000kg or less. This proposed rule could pose difficulties for VTOL weighing more than 2,000kg.

United Kingdom

Under the United Kingdom (UK) Civil Aviation Authority (CAA) rules??, National Qualified Entities (NQEs)
are established to assess the competence of people operating small unmanned aircraft as part of the CAA’s
process in granting operating permissions. Assessment by an NQE is necessary for those with no previous
aviation training or qualifications. To achieve this, NQEs may offer a short educational course/program prior
to the competency assessment aimed at bringing an individual’s knowledge up to the required level (but
please note that these are not CAA approved training courses). A typical NQE full-course involves:

e pre-entry/online study
e 1-3 days of classroom lessons and exercises
e a written theory test
o aflight assessment
Ireland

In Ireland, visual line of sight is quantified as 300m and UAS must stay 30m away from any person, vessel,
vehicle or structure not under the direct control of the operator.30

New Zealand

The New Zealand Civil Aviation Authority defines a shielded operation as a flight where an aircraft remains
within 100m of, and below the top of, a natural or man-made object such as a building, tower, or trees. 37
When flying as a shielded operation, an aircraft is allowed to fly at night, or within controlled airspace without
ATC clearance, as other aircraft are unlikely to be flying so low and close to structures.

+ Shielded operations within 4 km of aerodromes - If relying on the shielded operation provision to
fly an unmanned aircraft within 4 km of an aerodrome, then in addition to remaining within 100m
of, and below the height of the object providing the shield (e.g., a building or tree), there must also
be a physical barrier like a building or stand of trees between the unmanned aircraft and the aero-
drome. This barrier must be capable of stopping your aircraft in the event of a fly-away.

28 Proposed Special Condition for VTO. https://www.easa.europa.eu/document-library/product-certifica-
tion-consultations/proposed-special-condition-vtol. (Accessed on Nov. 14, 2018).

29 Guidance on Using Small Drones for Commercial Work. https://www.caa.co.uk/Commercial-industry/Air-
craft/Unmanned-aircraft/Small-drones/Guidance-on-using-small-drones-for-commercial-work/. (Accessed
on Nov. 14, 2018).

30 Drones. https://www.iaa.ie/general-aviation/drones. (Accessed on Nov. 14, 2018).

31 Intro to Part 101. https://www.caa.govt.nz/unmanned-aircraft/intro-to-part-101/#Shielded_Operations.
(Accessed on Nov. 14, 2018).
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Canada
Under Canadian law,32 if the drone weighs over 250g and under 35kg and flying for fun, it must be flown:
e below 90 m above the ground

e atleast 30 m away from vehicles, vessels and the public (if drone weighs over 250 g and up to

1 kg)

e atleast 76 m away from vehicles, vessels and the public (if drone weighs over 1 kg and up to
35 kg)

e atleast 5.6 km away from aerodromes (any airport, seaplane base or area where aircraft take
off and land)

o atleast 1.9 km away from heliports or aerodromes used by helicopters only

e outside of controlled or restricted airspace

e atleast 9 km away from a natural hazard or disaster area

e away from areas where its use could interfere with police or first responders

e during the day and not in clouds

e within sight at all times

e within 500 m of pilot

e only if clearly marked with pilot's name, address and telephone number
United Arab Emirates

Key authorities in the United Arab Emirates include General Civil Aviation Authority (GCAA), Dubai Civil
Aviation Authority (DCAA), and Roads and Transport Authority (RTA). The UAE contracted Volocopter for
a 5-minute public test flight and announced plans for a 5-year path to UAM certification. The rules for UAS
include (1) Registration, (2) Tracking and ID (Exponent Skytrax), (3) Insurance requirements, (4) Zones: 5
km from aerodromes, <400 ft, (5) No video or image capturing, (6) No BVLOS, (7) Certification, (8) Operator
exam for commercial operations, and (9) COA for each commercial flight.

Germany

The Volocopter VC200 was granted provisional certification from German Ultralight Flight Association as
an ultralight aircraft.

As the above listing of organizations and countries demonstrates, international harmonization of regulations
is important to ensure consistency across the globe and to avoid a patchwork of laws and regulations. The
next section will discuss standards and regulations for certification, and some efforts the International Civil
Aviation Organization (ICAO), among other organizations, are undergoing to harmonize the patchwork of
rules.

7.5 Airworthiness Certification Standards and Regulations

Airspace authorities use certification to manage the safety of aircraft, operators, and operations. All of these
aspects of certification are important to UAM, and UAM will face challenges in each of these areas33. This
analysis focuses on airworthiness certification, which addresses safety risks by setting requirements for

32 Flying your Drone Safely and Legally. http://www.tc.gc.ca/en/services/aviation/drone-safety/flying-drone-
safely-legally.html. (Accessed on Nov. 14, 2018).

33 Lascara, Brock, et. al. (April 2018). Urban Air Mobility Landscape Report: Initial Examination of a New
Air Transportation System. https://www.mitre.org/sites/default/files/publications/pr-18-0154-4-urban-air-
mobility-landscape-report_0.pdf.
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aircraft design, manufacturing, performance, failure response, and maintenance. This applies to safety crit-
ical features, such as aircraft structure, engines, propellers, software, and electronics. Regulatory agencies
develop requirements for airworthiness. Applicants must meet these requirements through “means of com-
pliance”, which may be based on regulatory guidance. In some cases, the certification authority will accept
industry consensus standards developed by American Society for Testing and Materials (ASTM), Society
of Automotive Engineers (SAE), Radio Technical Commission for Aeronautics (RTCA), and others as
means of compliance.

Aircraft certification can act as a barrier for promoting rapid integration of emerging technologies for UAM.
UAM aircraft challenge the existing certification process due to novel features and combinations of features,
such as distributed electric propulsion / tilt-wing propulsion, VTOL, autonomy software, optionally piloted,
energy storage, and ratio of aircraft to pilots being below 1. Certification can delay deployment of the tech-
nologies as they go through certification process that may take several years and can increase costs of
deployments if the burden of compliance is high. Certification can also be an enabler as it provides pas-
sengers comfort that the standard for safety is sufficiently high. Our research identified trust in the technol-
ogy as a critical societal barrier (see next chapter for more on societal barriers).

Questions considered in this analysis:
e How are new aircraft certified?
e Whatis the preferred path to certification for UAM aircraft (e.g., Part 23, 27, 21.17(b))?
e What are the gaps in requirements and means of compliance (e.g., RTCA DO-178C, ASTM F39)?

e Whatis being done to address these gaps?

7.5.1 Airworthiness Certification Approaches

Certification is a risk-based process. There is no such thing as zero risk aircraft operation. The certification
framework is driven by questions about how society views the operations, such as: “What is society’s risk
tolerance for certain applications?”, and “How strong is the desire for a low-cost solution?”. For example,
Part 107 for UAS includes no airworthiness certification for the aircraft. The aircraft and operation are
deemed low risk, and there is a strong desire for low cost solutions. As the vehicle size increases, so does
the risk and the need for more rigor. As the operation increases in risk, for example by carrying passengers
that expect a certain level of safety, the level or rigor is further increased.

Aircraft are organized by category and class, which determines the risk regime that they reside in. The FAA
and the North Atlantic Treaty Organization (NATO) certification categories are shown in Figure 9 and Figure
10. Certification requirements differ by class, and influence design of aircraft and heliports. For example,
the following are requirements after critical loss of thrust:

e Transport category, airplane class: Certified to 2.4 — 3 percent climb gradient

e Transport category A, rotorcraft class: Certified to 100 ft/min climb rate

e Normal category, rotorcraft class: no min climb rate

NATO'’s risk calculation is based on a Military standard handbook for a casualty model based on current
reliability data compared to the planned test flight route and population densities in areas along the planned
flight route. Additional requirements are imposed on operations where less risk is accepted. Higher certifi-
cation rigor means more cost and more time. Certification for Light Sport Aircraft can be in the hundreds of
thousands of dollars, where Part 23 commercial aircraft can be in the tens to hundreds of millions of dollars.
This tradeoff between risk tolerance and cost will drive the UAM certification approaches.
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34 Gunnarson, Tom, (Jan. 2018). Aircraft Type Certification Considerations. AHS TVF Workshop.
https://vtol.org/files/dmfile/13-TVF5-2018-Gunnarson-ASTM-Jan191.pdf.

35 Webber, David of FAA (May 2018, Time 38:17). Flight Qualification and Certification of Advanced
VTOL Aircraft. Vertical Flight Society 74" Annual Forum.
https://www.youtube.com/watch?v=JJf4u4MTiFs&feature=youtu.be.
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7.5.2 International UAM Certification Landscape

Figure 11 summarizes international players and interactions for certification by capturing international ac-
tivities, policies, standards, and working groups. This section describes more considerations of the potential
paths to UAM certification, such as active governing bodies by domain.
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Figure 11: International UAS regulatory field (Cuerno-Rejado, 2010)
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FAA certification is supported by activities and standards at NASA, SAE, and ASTM. ICAOQ is supported by
bodies such as the Joint Authorities for Rulemaking on Unmanned Systems (JARUS), Joint Aviation Au-
thorities (JAA), Single European Sky ATM Research (SESAR), as well as accepting guidance from other
nations, including FAA and EASA. This is a quickly evolving ecosystem, and some recent developments
are not reflected in this figure. For example, ICAO has established the Remotely Piloted Aircraft Systems
Panel, Unmanned Aircraft Systems Advisory Group (UAS-AG), and Unmanned Aircraft System Task
Force/Working Group (UAS-TF/WG) in the Legal Committee36. In Germany, the Volocopter VC200 was
granted provisional certification from German Ultralight Flight Association as an ultralight aircraft, which
provided a basis for a public test in Dubai. Also of note, Dubai has mandated a remote identification and
tracking technology, Skytrax.

Another consideration in the regulatory landscape is the level of independence of the regulatory frameworks
within specific countries. In this instance, independence is described as the degree to which the individuals
overseeing compliance are independent from the product development process.

Figure 12 compares the EASA and FAA regulatory frameworks. FAA has more independent Product Cer-
tification. Airworthiness relates to multi dimensions of framework including Process, Product, and Behavior.
The level of independence may influence decision of where to certify. For reference, the Independence
Levels are defined as follows:

+ “5 - Anindependent regulatory organisation or person with authority underpinned by Government
legislation. Alternatively, the regulatory organisation or person is fully independent from the
owner/operator with independent lines of command. They are an external regulator.

* 4 - Aregulatory organisation or person who is as independent as possible from the owner/operator,
but still within the owner/operator lines of command. They are an internal regulator.

+ 3 — A management organisation or person removed from the task/attestation development.

* 2 - A supervisor, organisation or a person who is independent from the task/attestation develop-
ment.

1 - A person charged with the responsibility for performing the task, the practitioner.”

FAA, EASA, and NATO airworthiness share many common elements and standards. Significant standards
differences (SSD) exist and are described in SSD documentation3”. For example, comparison of EASA CS-
25 and FAA Part 25 Proof of Structure terminology reveals a key wording difference, which has resulted in
different interpretations on the need for and the extent of static strength testing, including the load level to
be achieved. The NATO Standardization Agreement (STANAG) 4702 is based on Parts 23, 27, and CS-
23. CS-VLA has similarities to PART 21.17B. Draft STANAG 4746 is based on EASA Essential Airworthi-
ness and is harmonized with STANAG 4703. STANAG 4746 and 4703 use EASA CS-VLR as a basis. CS-
E shares similar standards to Part 33, and testing covers all thrust ratings. CS-P shares similar standards
to Part 35, including demonstration that the propeller can withstand the impact of a 4-pound bird for all
airplanes. International type certifications are compared in Table 3 below.

36 |CAO Legal Committee — 37" Session (Sept. 2018). Establishing UAS Task Force/Working Group
within the Legal Committee. Doc. LC/37-WP/2-2 13/7/18.

37 EASA and FAA Comparison. https://www.easa.europa.eu/document-library/bilateral-agreements/eu-
usa/easa-significant-standards-differences-ssd-between-cs-codes-and-faa-14-cfr-codes. (Accessed on
Nov. 14, 2018).
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> Product
Ry JProduction

.-

Maintenance

Independence Metric

External Regulator / Legislation 5
Internal Regulator 4
Manager 3
Supervisor 2
Practitioner 1

Figure 12: Comparison for FAA and EASA Regulatory Framework Independence Metric
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Table 3: International Type Certification Comparison38

Rotary Hybrid or Spe-
cial

Propellers

Part 21 — Certification Part 27 — Part 21.17(b) — Part 33 - Part 35 -
Procedures for Products Small Rotor- Designation of Aircraft Aircraft Pro-
and Parts wing applicable regu- Engines pellers
Part 23 — Small Fixed Part 29 - lations
Wing Transport Cat-

egory Ro-
Part 25 —Transport Cate- torcraft
gory Airplanes
CS-22-Sailplanes and CS-27 — Small | CS-VLA- Very CS-E-En- | CS-P -Pro-
Powered Sailplanes Rotorcraft light aircraft gines pellers
CS-23- Normal, utility, CS-29 — Large | CS-VLR- Very
aerobatic, and commuter Rotorcraft Light Rotorcraft
aeroplanes
CS-25 — Large Aero-
planes
STANAG 4671 — UAV STANAG 4702 | Draft STANAG Refer- Referenced
System Airworthiness Re- | — Rotary wing 4746- Vertical enced in in STANAG
quirements (USAR), unmanned air- | Take-off and STANAG 4703
Fixed wing aircraft weigh- | craft systems landing (VTOL) 4703
ing 150kg to 20,000 kg STANAG
STANAG 4703 — Light 3372
unmanned aircraft sys-
tems

38 CS-E vs Part 33. https://www.faa.gov/aircraft/air_cert/design_approvals/engine_prop/en-
gine_prop_regs/engine_prop_tvalidation/media/SEIl_Turbine_Engines_List 14 CFR_33 and_CS-E.pdf.
(Accessed on Nov. 14, 2018); CS-P vs Part 35. https://www.faa.gov/aircraft/air_cert/design_approvals/en-
gine_prop/engine_prop_regs/engine_prop_tvalidation/me-
dia/SSD_Propellers_List 14 CFR 35 Amdt 9 and_ CS-P_Amdt_1.pdf. (Accessed on Nov. 14, 2018).
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7.5.3 Domestic UAM Certification Landscape

UAM aircraft may vary in weight, type of service, propulsion, number of passengers, and speed, which may
change their path to certification. New aircraft designs for UAM may have multiple paths to certification with
FAA, as depicted in Figure 13. The traditional Part 21.17(a) method can be used for aircraft that fall within
existing categories. Additional requirements and special conditions may apply. For example, aircraft certi-
fying under Part 23 or 25 must also comply with Part 33 Engine and Part 35 Propeller if applicable. For
aircraft that do not fall into existing categories, Part 21.17(b) may be used. This path is not meant for mass
production, so eventually an update to the regulatory framework may be needed for large-scale UAM de-
ployments for aircraft that take this path.

21.17(a) | Designating Applicable Regulations | 21.17(b)

Category
Class Normal Transport Special Class
Glider
Part 23 Part 25 Airship
Rotorcraft
Tilt-Rotor
Part 27 Part 29
‘ Other

Manned free balloon nonconventionsl

Utilize Parts 23,25, 27, 29, 31, 33,35 as
appropriate

Part 33

+ | Special Conditions, etc.
As required RQgUlatOry /
Certification

Figure 13: Paths to FAA airworthiness certification39

The General Aviation Manufacturers Association (GAMA) suggests that there are “regimes” for certification
paths based on an aircraft’s likeness to a wing-borne aircraft or a rotorcraft (Figure 14). Some examples of
where typical aircraft might fall on this spectrum:

39 Webber, David of FAA (May 2018. Time 1:28:20). Flight Qualification and Certification of Advanced
VTOL Aircraft. Vertical Flight Society 74" Annual Forum,
https://www.youtube.com/watch?v=JJf4u4MTiFs&feature=youtu.be.
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e Cirrus SR22: Part 23, with Part 33 engine, Part 35 propeller
e Bell 429: Part 29 with Part 33 powerplant
e AgustaWestland AW609: Part 21.17(b)
UAM platforms targeting the Special class may consider using standards from the following:
e Multiple: 21.187
e Limited Category: 21.189
e Experimental: 21.191 (R&D, Exhibition)
e Experimental: 21.193 (General)

14CFR§23 | 14CFR§21.17(b) 14CFR§27
+ | +
14CFR§33 & 14CFR§33
14CFR§35

Figure 14: Range of certification approaches for hybrid fixed wing and rotary aircraft#0

The FAA is constantly reviewing and updating this regulatory framework. For example, there are three
experimental type certification projects underway ranging from 10 to 6000 Ibs., including manned and un-
manned. Part 23 Amendment 64 was updated Aug 2017 to provide higher level requirements and allow
industry consensus standards to fill in the more detailed requirements. The amendment reduced 377 reg-
ulations to 71. The FAA recently came out with Order 8000.71 that defines Hybrid Lift as a vehicle with
VTOL capabilities and uses wings during horizontal flight.

7.5.4 FAA Part Certification Process

The type certification generally follows the process depicted in Figure 15, and principles and best practices
for efficient design approval processes of type certification and design are discussed in the source docu-
ment. The duration and exact process details can differ by Part Regulation. For example, Part 23 generally
freezes current regulations for the applicant for 3 years, while Part 25 freezes regulations for 5 years.4’
Organizational Designation Authorizations (ODA) and Designated Engineering Representative (DER) serve
as representatives to oversee the certification process ensure that the applicant meets the ‘airworthy’ term

40 GAMA (AHS TVF Workshop, Jan. 2018). Path to Certification. https://vtol.org/files/dmfile/13-TVF5-
2018-Gunnarson-ASTM-Jan191.pdf.

41 Thurber, Matt (Dec. 2006). The Aircraft Certification Process. https://www.ainonline.com/aviation-
news/aviation-international-news/2006-12-18/aircraft-certification-process#.
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as defined by FAA Order 8130.2. The ODA and DER assess compliance from Standard or Special certifi-
cation request, as defined by 14 CFR 183, Order No 8100.8D. Technical standards (RTCA, SAE, ASTM,
etc.) can provide means of compliance.

Type Design Approval

Alrplase NN Detail Post TC/STC

Standards > Definition v Defintion _ Build ¥ ) Test Certification i
Familiarization Briefngs Issue Type Certificate /STC
Risk Based Assessments Final Type Certification Board
application for TC/ATC/STC TRISTIR
PNL & CPN Flight Tests
Preliminary TC / STC Board TR R COMy Ao
Issus papers Safely Review Board
Certification Basis Product-level compiiance activities

ivalent Saf dings
Equivalent Ssfety Findings Detaii~ievel compliance

Special conditions activities

Exemptions  Conformity Inspections

Certification Plan(s)

Define Requirements Find Compliance

Potential Type Design activities, to be tallored project-by-project
Production approval (PC/PMA) activities are beyond scope of this document

Figure 15: The type design approval process+?

A draft summary of the Part 21.17(b) certification process for UAS is summarized in Figure 16. The Safety
Risk Management (SRM) is applied by the FAA when developing regulations. The FAA uses the information
and data supplied by the approval holders and other sources to develop airworthiness regulations under
this certification process. The process is driven by identifying risks, which may be based on the aircraft and
its intended operation, typically organized by classification. Safety requirements are transformed into risk
controls for a product or article. A safety requirement in the form of an airworthiness regulation is a safety
risk control that, when complied with, constitutes acceptable risk. Airworthiness Regulations are developed
when systematic hazards are discovered and the related outcome(s) have unacceptable risk. Acceptable
level of risk is determined as part of the rulemaking process and summarized in 25.561 per Amendment
25-64. There may be aspects of existing regulatory requirements that cannot be clearly applied to new
designs. There may also be new risks that must be addressed through new requirements. For example,
Part 33 Engines is written with references to piston or turbine engine, so we will need to determine how
electric motors will be handled. This leaves questions about what requirements apply, and what are poten-
tial means of complying with requirements. This may require developing new means of compliance (e.g.,
technical standards or regulation).

42 AIA, AEA, GAMA, and the FAA Aircraft Certification Service and Flight Standards Service (May 2017).
The FAA and Industry Guide to Product Certification, Pg. 15. https://www.faa.gov/aircraft/air_cert/de-
sign_approvals/media/CPI_guide.pdf.
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§ 21.17(b) UAS Process Flow (DRAFT)

————— ——————— —— — — — — — —— ——— — — — — — — — —

/ I \

I - Acronyms & Abbreviations I
AC: Advisory Circular

| Start AEH: Airborne Electronic Hardware I
DAL: Design Assurance Level

I l Opor:uon] [ Product ] RC: Risk Class Product Re-Oesign |

| - 12 UAS: Unmanned Aircraft Systems or |
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: Basic Equipage Design
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Figure 16: Part 21.17(b) certification process*3

7.5.5 How Consensus Standards Support Certification: Means of Compliance

A requirement set forth in regulation may be met through more than one means of compliance that may
include regulation, advisory circulars, or consensus standards. Figure 17 shows a set of requirements from
Part 23, and an acceptable means of compliance through ASTM standards. Some Part regulations depend
more on industry standards than others. For example, the Part 23 Amendment 64 shifted from prescribing
detailed regulatory requirements to prescribing high-level requirements. It does not prescribe specific tech-
nical solutions nor does it have tiers or categories. Many in the aviation community see this as an oppor-
tunity to develop detailed design standards through consensus standards for flight characteristics, perfor-
mance, operating limits, structures, design, powerplant, propulsion, and energy storage.

Consensus standards could accelerate UAM certification through the following activities:
e Making tiers where it makes sense
e Providing specific technical solutions
e Providing test specifications

e Providing specific compliance methods

43 Gunnarson, Tom (Jan. 19, 2018). Aircraft Type Certification Considerations Urban Air Mobility.
https://vtol.org/files/dmfile/13-TVF5-2018-Gunnarson-ASTM-Jan191.pdf.
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Part 23 Accepted Means of Compliance Based on ASTM Consensus Standards
Updated May 11, 2018

Part 23 Rule Accepted MOC' Potential Supplemental MOC*
Section | Title © ASTM Standard | o FAA Changes and additional notes
L

23.2135 | Controllability ¥3264-17, Section 5.8 |

Replace With
ASTM FAA491.1and 49.1.2:
FI173/F3173M-17, 4.9.1.1: “"For a level 1 or 2 airplane,
Sections 4.9.1.1 and | or level 3 or 4 airplane of 6,000
49.1.2 pounds or less maxdimum weight, 5

seconds from Initlation of roll and”™
4.9.1.2: “For alevel 3 or 4 airplane of
over 6,000 pounds maximum weight,
(W+500) / 1300 seconds, but not
maore than 10 seconds, where W is
the weight in pounds.”

ASTM FAAA93.1 and 4.9.3.2:
F3173/F3173M-17, 4.9.3.1: “For alevel 1 or 2 airplane,
Sections 4.9.3.1 and | or level 3 or 4 airplane of 6,000
4932 pounds or less maximum weight, 4
seconds from initistion of roll and™
4.9.3.2: “For alevel 3 or 4 airplane of
over 6,000 pounds maximum weight,
(W+2,800) / 2,200 seconds, but not
maore than 7 seconds, where W is the
weight in pounds.”

23.2140 Trien $3264-17, Section 5.9 None

23.2145 | Stability F3264-17, Section 5,10 Nooe

. .
23.2150 | Stall characteristics, F3264-17, Section 5.11 None
stall warning, and spins

Figure 17: Sample means of compliance from Part 2344

7.5.6 Current Standards Provide Means of Compliance

This section provides a sample of some RTCA, SAE, and ASTM standards that support means of compli-
ance. These standards support aspects such as design, testing, testing tools, software considerations, and
verification. We have included some standards non-specific to aircraft that may potentially inform UAM
certification such as SAE work on testing automated driving systems, which includes work on validation
and verification and test scenarios that address identified risks for autonomous systems.

Many of these means of compliance may continue to support UAM aircraft, however some will be inade-
quate. The bolded text illustrates standards needed to enable UAM, and that may prove to be challenging
to which to certify. For example, a clear standard regarding software and integrated equipment onboard
UAM aircraft will need to be identified for manufacturers and certification entities to enforce. Modifications
to the aircraft certification heavily rely on guidance from a regulatory body.

RTCA: Example RTCA standards that relate to UAM:

e DO-160 - Environmental Conditions and Test Procedures for Airborne Electronic/Electrical
Equipment and Instruments

e DO-178C - Software Considerations in Airborne Systems and Equipment Certification
e DO-254 - Design Assurance Guidance for Airborne Electronic Hardware

e DO-362 - Command and Control (C2) Data Link Minimum Operational Performance Stand-
ards (MOPS)(Terrestrial)

44 Part 23 Accepted Means of Compliance Based on ASTM Consensus Standards (May 11, 2018).
https://www.faa.gov/aircraft/air_cert/design_approvals/small_airplanes/small_airplanes_regs/me-
dia/part_23_moc.pdf.
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e DO-365 - Minimum Operational Performance Standards (MOPS) for Detect and Avoid
(DAA) Systems

e DO-366 - Minimum Operational Performance Standards (MOPS) for Air-to-Air Radar for
Traffic Surveillance

e DO-278 — Software Integrity Assurance Considerations for Communication, Navigation,
Surveillance, and Air Traffic Management (CNS/ATM) Systems

e Supplement DOs (used as applicable):
e DO-248C - Supporting Information for DO-178C and DO-278A
e DO-330 - Software Tool Qualification Considerations

e DO-331 - Model-Based Development and Verification Supplement to DO-178C and DO-
278A

e DO-332 - Object-Oriented Technology and Related Techniques Supplement to DO-178C
and DO-278A

e DO-333 - Formal Methods Supplement to DO-178C and DO-278A
Examples of ongoing activities:

e SC-228 - Minimum Ops Performance Standards for UAS

e SC-214 - Air Traffic Data Communications

e SC-186 - ADS-B

SAE: Example SAE standards that relate to UAM:

e ARP-4761 - Guidelines and Methods for Conducting the Safety Assessment Process on
Civil Airborne Systems and Equipment; In conjunction with ARP4754, ARP4761

e ARP-4754A - Certification Considerations for Highly-Integrated or Complex Aircraft Sys-
tems

e ARP94910 Aerospace - Vehicle Management Systems - Flight Control Design, Installation
and Test of, Military Unmanned Aircraft, Specification Guide For

e ARP6461 - Guidelines for Implementation of Structural Health Monitoring on Fixed Wing
Aircraft

e AS-1212 — Electric Power, Aircraft, Characteristics, and Utilization
Leveraging of standards efforts in other domains may be beneficial, such as:

e SAE J3016: Taxonomy and Definitions for Terms Related to On-Road Motor Vehicle Au-
tomated Driving Systems — known for the “5 Levels of Automation.”

e SAE J3092: Dynamic Test Procedures for Verification & Validation of Automated Driving
Systems (ADS)

ASTM: Example ASTM standards that relate to UAM:
e F3264-17 - Standard Specification for Normal Category Aeroplanes Certification

e F3201-16 - Standard Practice for Ensuring Dependability of Software Used in Unmanned
Aircraft Systems (UAS)

e F3269 — 17 - Standard Practice for Methods to Safely Bound Flight Behavior of Unmanned
Aircraft Systems Containing Complex Functions

39|Page



NASA UAM Market Study — Final Report 21 November 2018

e F3298 — 18 - Standard Specification for Design, Construction, and Verification of Fixed-
Wing Unmanned Aircraft Systems (UAS)

e F2295-10 — Standard Practices for Continued Operational Safety Monitoring of a Light
Sport Aircraft

e F39.05 Standard Practice for Design and Manufacture of Electric Propulsion Units
e F44.40 Powerplant

Examples of ongoing activities:
e Committee F38, F39, F44

7.5.7 Gaps in Standards

Efforts are underway to identify and address gaps in standards for emerging technologies that relate to
UAM. In particular, ASTM F38 on Unmanned Aircraft Systems conducted a gap analysis for UAS that is
particularly informative as shown in Figure 18. Gaps were identified in relation to Airframe, Power Plant,
and Avionics in three overarching categories of certification: Airworthiness, Operations, and Crew Qualifi-
cations.

Crew Qualifications
Airfframe I aintainers Crew
UAS Operations heiorocating Pilot
P
Arworbd Power Plant Ground o e on bt
i i Neralons §
Lt Lo = . 3 unch Devices Human Factors
i : eciprocaling ax
Airframe Power Plant Avionics Turbine Takeoft o
Br Generators Landngs
Matenals Reciprocating Comm/NAV ices| Launch Devices
Structures Turbine Data Links b Fuels
Landing Gear Generators General hal General
Launch Devices Launch Dewces 2
Maimenance Fuels
Emaronmental General
General

Roadmap Key:

Figure 18: Sample results from the ASTM F38 standards gap analysis for UAS%°

7.5.8 Potential Gaps in Means of Compliance for UAM: General and Propulsion/ Energy
Storage

Table 4 details some of the standards gaps in detail and captures efforts underway that may help create a
viable path to certification for UAM. The functional hazards arise from the need to better understand the
potential hazards of the technology and use case. One example of ongoing work in this space is with auto-
mated driving systems. ISO-26262 is a functional safety standard that follows systems engineering pro-
cesses to address functional safety of vehicles, but this framework. ISO 21448, Safety of the Intended
Function (SOTIF) is a new standard being developed to support vehicle automation. Risk assessment is a
challenge, which stems from new flight modes and characteristics. For new technologies, sometimes these
are identified through scenario analysis, such as for the BNSF EVLOS risk analysis. Note that it can be

45 ASTM. UAS Standards Gap Analysis. Committee F38.
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challenging to assess progress of these efforts, as standards organizations do not typically share works in
progress.

Table 4: Summary of key standards, gaps, and activities

Requirement Relevant Relevant
Documents Activities

All Aircraft: Functional
Hazards

FAA 23.1309-1E,
AR 70-62,
MIL-HDBK-516C

Identification of hazards, de-
sigh methods to address
hazards, and testing meth-
ods

1ISO-21448
SOTIF

All Aircraft: Risk As-
sessment and Manage-
ment

FAA Order
8040.4A,

SAE ARP 4761,
MIL-STD-882E

New flight modes and char-
acteristics, unclear risk pro-
files

Part 33/ CS-E: Electric
Propulsion

ASTM F39.05 Elec-
tric Propulsion Units

Design and manufacture is-
sues

Proposed Revi-
sion (WK47374)

Part 33/ CS-E: Electric
Propulsion

ASTM F44.40 Pow-
erplant

Integration issues for hybrid-
electric propulsion

Proposed Revi-
sion (WK41136)

Part 33/ CS-E: Electric
Propulsion

ASTM F39.05 Elec-
tric Propulsion Units

Energy storage systems

Proposed Revi-
sion (WK56255)

All Aircraft: Software
Design Assurance

RTCA DO-178C

The methods are unable to
handle the large number of
states and decisions that au-
tonomy algorithms can take

Detect and Avoid (DAA)

Minimum Operational Perfor-
mance Standards (MOPS) to
specify DAA equipment to
support BVLOS UAS opera-
tions in Class D, E, and per-
haps G, airspace.

RTCA SC-228

Command and Control
(C2)

RTCA DO-362

Normative performance
standards for C2 link sys-
tems and constituent subsys-
tems, including beyond radio
line of sight (BRLOS).
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There may be some gaps in the certification process where specific approaches and tools need to be
developed, particularly along system redundancy and failure management. There is an increasing aware-
ness of current gaps, and potential strategies for certification for UAM. This was recently discussed at a

Congressional hearing on 7/24/201846.

+ Autonomous and highly complex software - Software is becoming increasingly complex. Ma-
chine learning and other algorithms used for automation are non-deterministic, which means that
even for the same input, the algorithm may exhibit different behaviors on different runs. This prob-
lem is not specific to aviation and falls under the broader topic of explainable and verifiable artificial
intelligence (Al). It is considered a major challenge worthy of significant investment at the National
Science Foundation (NSF), Defense Advanced Research Projects Agency (DARPA), and USDOT
to name a few.

+ Distributed electric propulsion/ Electric powerplant - Both propulsion and energy storage pose
challenges in an industry that has traditionally worked with engines and liquid fuels. The failure
modes will look different. How will multi-copters handle prop failures, motor failures, electrical sys-
tem failures, and energy storage failures? What redundancies and mitigation measures are
needed?

* Unmanned/ optionally piloted - The end goal for many UAM business models is to have these
aircraft operate without an onboard pilot. Zee Aero is targeting certification for optionally piloted
UAM. Because of the operational risks, there are additional airworthiness requirements. There is
considerable work going on in the UAS domain attempting to address these challenges, which
UAM may benefit from, but the UAM use case may still generate specific requirements.

+ Ratio of Aircraft to Operators < 1 - Several UAM business models include a transition period to
full autonomy that may include operations centers with remote operators controlling multiple air-
craft. The operational risk of this use case will need to be considered in airworthiness. The FAA is
holding a meeting in September that | am attending that will explore potential impacts of multiple
operations.

7.5.9 Potential Certification Approaches for Air Taxi and Air Ambulance

Potential certification approaches for Air Taxi and Air Ambulance markets depends on vehicle characteris-
tics and intended use. There are a range of UAM concepts and some may be closer to a fixed wing (e.g.,
Part 23) or a rotary craft (e.g., Part 27) depending on their configuration, as depicted in Figure 19.

There will be challenges in determining which of the existing FAA certification standards apply to the types
of vehicles being considered for the Air Taxi or Air Ambulance UAMs, and/or how existing certification
standards can be met or should be amended.

Air Taxi UAMs: Given their sizes, they could be compared to “light civil”’, which would be FAA Part 23
(normal airplanes) or a Part 27 (normal rotorcraft). However, given the mission of passenger transport, it
could be argued that Part 25 (airplane) or Part 29 (rotorcraft) could apply. Part 23 Amendment 64 may be
an attractive option if industry consensus standards can be developed to appropriately tier UAM platforms,
define technical solutions, test methods, and means of compliance. If existing categories are insufficient,
Part 21.17(b) offers certification for special aircraft, which may include leveraging elements from multiple
categories in the existing airworthiness regulatory framework, as well as defining new requirements.

Air Ambulances UAMs: In addition to the certification standards listed above for Air Taxis, Air Ambulance
UAMSs will require detailed guidance for the evaluation of an operator’s air ambulance procedures, specific

46 House Committee on Science, Space, and Technology (July 24, 2018). Full Committee Hearing - Ur-
ban Air Mobility — Are Flying Cars Ready for Take-Off?. https://www.youtube.com/watch?v=2US-
SoC8wibA.
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sections of their General Operations Manual (GOM) related to air ambulance, and the unique requirements
an operator must meet prior to being issued Operations Specification (OpSpec) for Helicopter, Airplane, or
a new category depending on how the UAM is classified.

The question of classification is critical. The certification path will influence time to market and associated
costs. Part 23 may offer more flexibility due to its extensive use of industry consensus standards — but
those standards still need to be developed. We also discussed the potential for Part 21.17(b) for special
aircraft, which may borrow portions of 23 and 27, but this is not meant for mass production.

This space is continuing to evolve. FAA has Type Certification projects ongoing. ASTM is identifying and

addressing standards gaps. International entities are taking the lead on experimenting with new UAM cer-
tification (e.g., Volocopter).

Part 23 Part 21.17(b) Part 27
+ Part 33, 35 + Part 33

Project Vahana

1
v

Zee.Aero Z-P1

Figure 19: UAM concept vehicles may fall along a spectrum ranging from resembling fixed wing or
rotary aircraft

7.5.10 Enabling Strategies

As this space evolves, it may be helpful to develop roadmaps for certification paths, gaps, and needs for
the various UAM sizes and use cases. The FAA UAS Integration Office recently started developing a
roadmap, but it is currently unclear how the outputs will benefit the UAM market. Tracking progress of
international entities could help build a more complete picture of gaps and efforts to address those gaps.
For example, opportunities for coordination and collaboration may exist. Tracking developments in the au-
tomated vehicle space may inform the development of test methods, software considerations, and risk
frameworks. While this report focused on airworthiness, that is only part of the certification challenges.
There are many important challenges in the areas of operator (crew) and operations certification that will
need to be addressed as well.
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7.6 Legal and Regulatory Summary

Key
Findings

44 |Page

Legal, regulatory, and certification challenges and opportunities exist in order to bring
UAM to the market. The analysis on UAM draws a comparison to the UAS legal and
regulatory achievements as many of the UAM areas are being addressed to some extent
with the emergence of UAS operations. Similarly, UAS research has helped reduce the
gap towards enabling UAM. Some of the challenges involve the dynamic legal environ-
ment which include many unresolved challenges, especially establishing where federal,
state, and local authorities take lead. Additionally, UAM poses legal challenges that touch
on most aspects of aviation, especially in the areas of air traffic control and management,
and flight standards, but also environmental policy, public use, land use, and local re-
strictions. However, the current legal framework is starting to evolve to match the tech-
nology, especially in light of the FAA Reauthorization Act of 2018. That being said, as-
sured autonomy remains a challenging technical and legal problem.

Moreover, a diversity in approaches exists whereby States and locales are undertaking
legal experiments through a mix of approaches, ranging from designating UAS launch
sites to hyperlocal restrictions. Additionally, State and local laws range from laws prohib-
iting drones to laws protecting UAS operations. Similarly, diverse regulations have ap-
peared internationally as well.

With respect to certification, many efforts are underway at FAA, ASTM, RTCA, SAE, and
elsewhere to provide methods of aircraft certification for UAM, but there is still no clear
certification path and several gaps in means of compliance. However, opportunities may
exist to:

e Develop a roadmap to airworthiness that considers the range of potential UAM
aircraft and paths to certification.

e Study and leverage international efforts (e.g., ICAO, EASA, NATO).

e Study and leverage efforts from similar domains, such as autonomous cars (e.g.,
SAE Validation and Verification Task Force).

e Explore other certification challenges for operator and operations certification.

More importantly, however, are the strategies which currently exist to help the UAM tech-
nology move forward. Enabling strategies can be employed to accelerate the develop-
ment of a UAM legal framework such as:

e NASA — FAA cooperation, such as the Research Transition Team
e FAA Aviation Rulemaking Committee
e FAA UAS Integration Pilot Program

e Leveraging strategies from automobile automation, such as voluntary standards
may help UAM deployment

o FAA Reauthorization act of 2018 provides much needed support for industry and
ensuing economy
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8.0 SOCIETAL BARRIERS

Research on the potential societal barriers of an emerging technology is important to understanding the
potential viability of the technology from a societal perspective, opportunities and challenges associated
with markets, use cases, business models, and partnerships. Research on societal barriers can also
provide insight on the potential impacts of deployment. Additionally, research on societal barriers can help
identify early technological, market, or consumer challenges to address, such as how UAM can be used to
improve airport access or reduce commute times. Societal barriers research can also help provide a
predictive understanding of supply and demand patterns, such as willingness to use a technology or service
and under what conditions. Finally, societal barriers research can be employed to help inform public policy
to help maximize the potential benefits and minimize potential adverse effects of a technology.

Unfortunately, regional and national travel surveys do not include predictive questions to forecast modal
shift and other transportation impacts resulting from emerging transportation technologies and service. In
an effort to study the potential societal impacts of innovative and emerging transportation innovations,
researchers often propose hypotheses before a technology/service has been tested. They may collect and
analyze prospective data by employing focus groups, surveys, scenario analysis, and other quantitative
and qualitative methods (e.g., simulators, drive clinics, etc.). After a technology has been deployed,
researchers will likely propose additional hypotheses, performance metrics, and data sources for
evaluation. Figure 20 introduces the steps to conducting research on Societal Barriers.

e.8., surveys, e.g., surveys, focus groups,
focus groups, stakeholder interviews, and

and stakeholder statistical and data analysis,
interviews, etc, and GIS analysis

Figure 20: Research Process for Societal Barrier Studies

For this study, we conducted three key steps to study the potential societal adoption of UAM. First, we
conducted a literature review on existing studies that examine trust in automation, perceptions of UAM and
other related technologies, and feelings toward the composition and characteristics of flight crews (e.g.,
gender perceptions, etc.). We then conducted two focus groups to collect qualitative responses and help
inform the development of a general population survey regarding UAM across five U.S. cities. Two focus
groups were completed in June 2018 in Washington, D.C. and Los Angeles. The participants of the focus
groups were engaged on topics such as: familiarity with UAM; their thoughts and impressions of UAM; and
views regarding ownership, automation, and safety. In August 2018, we completed an exploratory general
population survey consisting of approximately 1,700 respondents in Houston, Los Angeles, New York, San
Francisco, and Washington, D.C. (approximately 350 respondents per city). The survey expanded on the
topics covered in the focus groups and included additional questions about willingness-to-fly, weather, and
noise concerns. The literature review, focus group, and survey findings are each reviewed in the following
sections.
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8.1 Literature Review

Increased urban congestion, airborne technology innovation, and autonomous technology advancements
have prompted research into UAM as a possibility for future transportation. Our study aimed to identify
societal barriers facing UAM through questions targeting several themes: 1) preferences for piloted, re-
motely piloted, or automated UAM; 2) technological preferences for UAM aircraft, such as fixed wing vs.
vertical takeoff and landing aircraft or electric vs. gasoline aircraft; 3) noise and aesthetics of aircraft; 4) the
use of UAM aircraft over certain land uses, such as residential neighborhoods; and 5) perceptions of UAM
sharing and ownership. This literature review provides background on existing literature, much of which
covers the topics of trust in automation; initial perceptions of automated and unmanned flight; and prefer-
ences for cockpit configurations. First, we briefly review the concept of trust before diving into several stud-
ies that examine trust in automated systems (i.e., automated medical systems, automated vehicles, auton-
omous aircraft). The literature review also details several studies examining the introduction of UAM as a
new mode of travel and perceptions of automated vs. piloted flight.

8.1.1 Trust and Automation

Trust is a necessary component of gaining public support for an emerging technology. Care should be
taken to understand the implications of trust on UAM public acceptance. In a study of organizational trust,
Mayer, Davis, and Schoorman (1995) made the case that trust is a “psychological construct” associated
with relinquishing control of a situation to another person or object under the assumption that the situation

will be executed safely and well.47 For UAM deployment to succeed, the industry will need to gain the
public’s trust and convince them that travel using UAM aircraft will be safe and reliable. However, trust is
fragile, and can be lost and never regained after a bad experience (Slovic, 1993).48

UAM confronts many similar challenges to automated vehicles in building public trust. Automated vehicle
(AV) success largely hinges on public support and adoption. A study by Anania et al. (2018a) found that
associating AVs with positive or negative information strongly impacts consumer support.#? When partici-
pants in the study were presented with media headlines that contained negative information about AVs,
they were less willing to ride in driverless vehicles. Likewise, when participants were presented with positive
information, they were more willing to ride in driverless vehicles than before they had been exposed to the
headlines.

For this study, the willingness-to-fly scale developed by Winter et al. (2015) was adapted to measure will-
ingness to ride in AVs.% This is the same scale that we adapted for our study to measure willingness to
use UAM. In addition to the different automated technology studied (AVs vs UAM), the study by Anania et
al. (2018a) measures responses to full automation#9, while our study aimed to measure willingness for
varying degrees of automation. In addition to positive and negative information exposure, the reliability of
automated systems factors highly in consumer trust. Drops in reliability tend to degrade trust in automated
systems, in turn leading to negative performance assessments and decreased adoption. Support for robot

47 Mayer, R. C., Davis, J. H., & Schoorman, F. D. (1995). An integrative model of organizational trust.
Academy of management review, 20(3), 709-734.

48 Slovic, P. (1993). Perceived risk, trust, and democracy. Risk analysis, 13(6), 675-682.

49 Anania, E. C., Rice, S., Walters, N. W., Pierce, M., Winter, S. R., & Milner, M. N. (2018a). The effects
of positive and negative information on consumers’ willingness to ride in a driverless vehicle. Transport
Policy.

50 Wwinter, S. R., Rice, S., Mehta, R., Cremer, ., Reid, K. M., Rosser, T. G., & Moore, J. C. (2015). Indian
and American consumer perceptions of cockpit configuration policy. Journal of air transport management,
42, 226-231.
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systems relies mainly on six factors: reliability, predictability, trust in the engineering, technical capabilities,
system failures, and risk (Desai et al. 2012).57 Our study assessed the public’s perceptions of comfort and
safety in regard to UAM aircraft; future research efforts could examine the effects of simulated drops in
performance on the public’s willingness to use UAM. Carlson et al. (2014) investigated commonalities and
dissimilarities in a survey of public perception of automation in vehicles and medical systems, finding that
an up-to-date system with available statistics of past performance was important in both forms of automa-
tion%2. Respondents wanted greater levels of control and understanding of the system in the automotive
domain than in the medical realm. Brand recognition was also important to respondents, as they were more
likely to embrace automation from companies, such as Google and IBM, than from lesser-known or startup
companies. In our study, we did not examine brand recognition but we did examine the impact of familiarity
with the UAM concept on a person’s willingness to use the technology.

8.1.2 UAM as an Innovative Transportation Mode

The public hesitation toward accepting AVs is reflected in studies that examine the public’s perceptions of
UAVs. Of note, a few authors used the term “UAVs” to refer to pilotless aircraft, even though the aircraft,
per the authors’ definitions may have been intended to carry passengers. Tam (2011) investigated public
risk perceptions of “UAVs” to transport cargo and passengers, and found that the largest perceptions of risk
involved technological reliability and higher perceived safety with a human pilot onboard.53 The study only
examined fully automated flight, but with different levels of monitoring (i.e., pilot on board, controlled from
the ground, or no pilot on board). Our study examined different levels of automation, from human-piloted
flight to fully automated flight. Seventy-seven percent of passengers supported automated aircraft, if a pilot
was onboard to actively monitor the operation. However, 60% of surveyed passengers had little to no fa-
miliarity with UAVs (pilotless aircraft). A limitation to note with the study by TAM (2011) is approximately
53% of the 158 respondents were between the ages of 50-64; the study results might be biased towards
the perceptions of particular age groups?3. In a study by Ragbir et al. (2018), survey participants noted
potential benefits of automated flight such as: decreases in pilot fatigue, human error, and lower costs for
automated aircraft.54 However, the benefits were generally outweighed by concerns over reliability; system
security; lack of a human pilot; and operation under extreme conditions, such as rain, snow, and ice. Simi-
larly, our study examines the effect of different weather conditions on user perceptions.

A variety of factors work together to influence public opinion of automated and/or unmanned flight.
MacSween-George (2003) conducted a survey gaging participant interest in pilotless, automated aircraft,
both for passenger transportation and goods movement.?® While people were generally unenthusiastic

about automated, unmanned aircraft, there was greater support for cargo transportation. Furthermore, ed-
ucating survey participants about automated, unmanned flight led to greater support for the technology.

57 Desai, M., Medvedev, M., Vazquez, M., McSheehy, S., Gadea-Omelchenko, S., Bruggeman, C., ... &
Yanco, H. (2012, March). Effects of changing reliability on trust of robot systems. In Proceedings of the
seventh annual ACM/IEEE international conference on Human-Robot Interaction (pp. 73-80). ACM.

52 Carlson, M. S., Desai, M., Drury, J. L., Kwak, H., & Yanco, H. A. (2014). Identifying factors that influ-
ence trust. In 2014 AAAI Spring Symposium Series.

53 Tam, A. (2011). Public perception of unmanned aerial vehicles.

54 Ragbir, N. K., Baugh, B. S., Rice, S., & Winter, S. R. (2018). How Nationality, Weather, Wind, and Dis-
tance Affect Consumer Willingness to Fly in Autonomous Airplanes. Journal of Aviation Technology and
Engineering, 8(1), 1.

55 MacSween-George, S. L. (2003, March). Will the public accept UAVs for cargo and passenger trans-
portation?. In Aerospace Conference, 2003. Proceedings. 2003 IEEE (Vol. 1, pp. 1-367). IEEE.
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While this survey is somewhat dated in that people associated unmanned flight and forms of UAV trans-
portation with drones in the Afghanistan and Iraq wars, it still shows the potential power of education.

Anania et al. (2018b) found that UAV support also varies with racial bias and political leanings.%6 Partici-
pants in the study were more supportive of UAVs flying over primarily African American neighborhoods
than they were of Caucasian neighborhoods. Politically conservative survey respondents were much more
willing to accept UAVs than were liberal respondents. While these perceptions will likely change over time,
understanding such consumer attitudes toward UAVs can better inform developers and policy makers.

A number of studies also investigated differences in perceptions on automated flight based on nationality.
Ragbir et al. (2018) found that Indian survey participants were generally more accepting of automated,

pilotless commercial flight than were American participants.54 While Indian respondents supported UAV
usage in all but the most extreme flight conditions, Americans only positively viewed automated, pilotless
flight under near perfect conditions. While our study does not compare perceptions of UAM based on dif-
ferent nationalities, we will have a large sample size (~1700) of American respondents.

8.1.3 Piloted vs Automated Flight

Passengers are less willing to fly on board a solely automated aircraft than a hybrid cockpit or traditional
two-pilot cockpit (Rice et al. 2014; Winter et al. 2015; Mehta et al. 2017).57 5058 Hyghes et al. (2009) found
that acceptance for automated flight depended mainly on trust, which in turn was largely influenced by
feelings.%9 They saw that in general, though, people had a more negative view of automated cockpits and
preferred a human pilot, even in cases where monetary discounts would be offered to fly in auto-pilot sys-
tems. In fact, their confidence in the automated pilot went down for cheaper flights. The participants may
have assumed cost-cutting or cheaper flights would be less reliable. While our study did not examine the
difference in pricing between automated and human-piloted flight, we did collect data on the effects of
pricing on the willingness-to-fly in UAM.

Mehta et al. (2017) found that, given the option of flying in piloted aircraft of various configurations (male-
male pilots, male-female pilots, or female-female pilots) or flying in an automated aircraft (with no human
pilot in the cockpit), survey respondents were least willing to fly on automated airplanes.% Similar to the
findings of the study by Ragbir et al. (2018), U.S. participants were less willing to fly on automated planes
than were Indian participants.5 Rice et al. (2014) saw similar results, with Americans having a more posi-
tive reaction to human pilots and a more negative reaction to automated, unmanned aircraft than did Indian
passengers.®” Trust in air traffic controllers could be used as a proxy for trust in remote pilots. Mehta et al.
(2016) looked at differing support for air traffic controllers based on age, showing that Americans generally
favored older air traffic controllers, while Indians were more trusting of young air traffic controllers.0 These

56 Anania, E. C., Rice, S., Winter, S. R., & Milner, M. N. (2018b, April). Racial Prejudice Affecting Support
for Unmanned Aerial Vehicle Operations. In Proceedings of the Technology, Mind, and Society (p. 2).
ACM.

57 Rice, S., Kraemer, K., Winter, S. R., Mehta, R., Dunbar, V., Rosser, T. G., & Moore, J. C. (2014). Pas-
sengers from India and the United States have differential opinions about autonomous auto-pilots for
commercial flights. International Journal of Aviation, Aeronautics, and Aerospace, 1(1), 3.

56 Mehta, R., Rice, S., Winter, S., & Eudy, M. (2017). Perceptions of cockpit configurations: a culture and
gender analysis. The International Journal of Aerospace Psychology, 27(1-2), 57-63.

59 Hughes, J. S., Rice, S., Trafimow, D., & Clayton, K. (2009). The automated cockpit: A comparison of
attitudes towards human and automated pilots. Transportation research part F: traffic psychology and be-
haviour, 12(5), 428-439.

60 Mehta, R., Rice, S., Rao, N., Coudert, A., & Oyman, K. (2016). Age and Trust in Air Traffic Controllers:
A Comparison Between Two Countries.
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findings help to shed light on trust in piloted and remotely piloted aircrafts, as emotional response toward
air traffic controllers can mirror attitudes toward automated flight, with or without a pilot present.

Gender is also a significant factor for understanding passenger attitudes toward piloted and automated
flight. Cultural biases can affect the public’s perceptions of flight safety and trust in a pilot, even when there
is contradictory evidence toward the accuracy of these perceptions. The public has greater support for
automated flight with pilots onboard to monitor the system, so understanding the factors that drive the
public’s attitudes toward gender in piloted flight are important to early stage UAM adoption. McCarthy, Budd,
and Ison (2015) observe that women face greater barriers than do men in flight sector participation.®? In a
passenger survey conducted in 2012, 51% of respondents reported that they were less likely to trust a
woman pilot, and 32% believed men would be ‘more skilled’ as pilots than women (Anderson, 2013).62 Both
Walton and Politano (2014)63 found that male pilots were more likely to hold a negative view of female
pilots, unless they frequently shared flight decks with women. Walton and Politano note that studies looking
at aircraft accidents, but did not find differences in accident rates by gender.63

Rice et al. (2015) developed a willingness-to-fly index®4 that was used by Mehta et al., (2017) to examine
the ways different cultural considerations impact gender biases.>® Metha et al. (2017) found that male In-

dian passengers were less willing to fly with two female pilots than were male American passengers.>8
Furthermore, Indian males had less trust in young female flight controllers than did male Americans (Mehta
et al., 2016).60

These studies show that women face greater difficulties in working as pilots and gaining acceptance as
pilots. Thus, female pilots operating UAM or serving as remote pilots may confront cultural and stereotype
barriers that could impact UAM adoption. McCarthy, Budd, and Ison (2015) recommend a focus on gen-
dered leadership differences and positive female representations as potential future solutions.

Our study on the potential societal barriers of UAM fills a number of key gaps in the literature. First, UAM
differs markedly from both commercial and general aviation in terms of potential use cases, aircraft, trip
types and distances, etc. Additionally, UAM also differs from unmanned aerial vehicles and drones (e.g.,
size of aircraft, use cases, the role pilotless technologies when no passengers are on board, and percep-
tions about privacy). While these studies from other aviation disciplines can provide a baseline understand-
ing that can help shed light on potential barriers with new aviation technologies, such as UAM, actual soci-
etal acceptance could vary. Additionally, methods from these studies such as the willingness to fly scale
from Rice et al. 2015 were used to help develop the survey employed as part of this study. Specific methods
from the literature applied in this study are discussed in the survey methodology discussion that follows.

8.2 Focus Groups

8.2.1 Methodology

Two focus groups were conducted in June 2018 to gain insight on the potential societal barriers associated
with Urban Air Mobility from both the user and non-user perspectives. One focus group was held in Arling-
ton, Virginia and a second focus group was held in El Segundo, California. All focus groups were guided

67 McCarthy, F., Budd, L., & Ison, S. (2015). Gender on the flightdeck: Experiences of women commercial
airline pilots in the UK. Journal of air transport management, 47, 32-38.

62 Anderson, S. (2013, November 12). Who do you trust more, male or female pilots? Retrieved Novem-
ber 6, 2018, from https://www.sunshine.co.uk/news/who-do-you-trust-more--male-or-female-pilots--
105.html

63 Walton, R. O., & Politano, P. M. (2014). Gender-related perceptions and stress, anxiety, and depres-
sion on the flight deck. Aviation Psychology and Applied Human Factors.

64Rice, S., Mehta, R., Dunbar, V., Oyman, K., Ghosal, S., Oni, M. D., & Oni, M. A. (2015, January). A
valid and reliable scale for consumer willingness to fly. In Proceedings of the 2015 Aviation, Aeronautics,
and Aerospace International Research Conference.
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by protocols designed to probe potential willingness to use Urban Air Mobility and potential opposition from
the non-user perspective in terms of noise, visual aesthetics, safety concerns, and other potential consid-
erations. The study design sought the opinions of those who could be directly exposed to UAM as passen-
gers as well as non-users on the ground exposed to the impacts of vertical take-off and land (VTOL) aircraft
flying overhead in urban areas. Prior to commencing each focus group, participants were asked to complete
a pre-focus group questionnaire to provide basic demographic and travel behavior information. A copy of
the pre-focus group questionnaire and full protocol used for the focus groups can be found in Appendix 1
— Societal Barriers (General Population Survey). The focus group protocol followed the following struc-
ture:

e Pre-focus Group Questionnaire

e Familiarity with Air Taxi and Urban Air Mobility

e Thoughts and Impressions about Urban Air Mobility
e Automation and Electrification

e Ownership versus Sharing

e  Security and Safety

e Privacy

e Concerns as a Non-User

8.2.2 Pre-Focus Group Questionnaire and Participant Demographics

The research team collected basic participant demographic data including: household income, highest level
of educational attainment, age, race/ethnicity, and gender of focus group participants. In general, both focus
groups had a small number of very low-income participants with household incomes of less than $15,000
per year and larger numbers of middle-to-upper income participants earning more than $75,000 per year.
Both focus groups were skewed toward the upper middle-income demographic.

In terms of highest level of educational attainment, 60% of all focus group participants had a college degree
(56% and 67% in Los Angeles and Washington, D.C., respectively). Among all focus group participants,
there was an approximately equal distribution of participants with a high school diploma or vocational
training and those with some post-graduate studies. Overall, focus group participation reflected a younger
demographic. Forty-seven percent of all participants (56% and 33% in Los Angeles and Washington, D.C.,
respectively) were between 18 and 29 years old. The average age across all focus group participants was
36.2 (34.0 and 40.2 for Los Angeles and Washington, D.C., respectively).

A slightly larger percentage of participants were women (60%) than men (40%). While there was an
approximate equal distribution of men and women in the Los Angeles focus group, the Washington, D.C.
focus group was predominantly female with only one male participant. The race and ethnicity of focus group
participants differed notably across both cities. In Los Angeles, 67% of the focus group participants were
Caucasian compared to just 17% in Washington, D.C. In Washington, D.C., 50% of the focus group
participants were African-American compared to none in Los Angeles. Detailed demographic information
of all focus group participants can be found in Table 5 below.

Table 5: Focus Group Participant Demographics

Focus Group Location Total
Los Ange- Washington, Both Locations

HOUSEHOLD INCOME les D.C. (n=15)

(n=9) (n=6)
Less than $15,000 11% 33% 20%
$15,000 to $24,999 0% 0% 0%
$25,000 to $34,999 0% 0% 0%
$35,000 to $49,999 0% 0% 0%
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$50,000 to $74,999 0% 33% 13%
$75,000 to $99,999 22% 17% 20%
$100,000 to $149,999 22% 17% 20%
$150,000 to $199,999 11% 0% 7%
$200,000 or more 11% 0% 7%
Decline to Answer 22% 0% 13%

HIGHEST LEVEL OF

EDUCATIONAL ATTAINMENT

Less than high school 0% 0% 0%
High school/GED 0% 17% 7%
Vocational training 11% 0% 7%
Some college 11% 17% 13%
Associates degree 0% 0% 0%
Bachelor’s degree 56% 67% 60%
Some graduate school 11% 0% 7%
Post-Graduate Degree 11% 0% 7%
Decline to Answer 0% 0% 0%
AGE

18-29 56% 33% 47%
30-39 11% 0% 7%
40-49 22% 17% 20%
50-59 0% 33% 13%
60-69 11% 0% 7%
70 years or older 0% 0% 0%
Decline to Answer 0% 17% 7%
Average Age 34.0 40.2 36.2

RACE/ETHNICITY

Caucasian 67% 17% 47%
African-American 0% 50% 20%
Hispanic/Latino 11% 0% 7%
Asian/Pacific Islander 11% 33% 20%
Other/Multi-Racial 11% 0% 7%
Decline to Answer 0% 0% 0%
GENDER

Male 56% 17% 40%
Female 44% 83% 60%

Decline to Answer - - -
Note: Percentages may not add up to 100% due to rounding.
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Prior to commencing each focus group, researchers administered a questionnaire to focus group partici-
pants to collect general travel behavior information, travel preferences, and attitudes and perceptions to-
ward aviation and flying. The questionnaire first asked participants about their household size, the number
of drivers, and the number of vehicles in their family. The average household size in the Los Angeles and
Washington, D.C. focus groups were 3.2 and 3.5 persons, receptively. The average number of drivers per
household in Los Angeles and Washington, D.C. was 2.8 in both focus groups. Vehicle ownership was
slightly higher in Los Angeles with 1.8 vehicles per household compared to 1.7 in Washington, D.C. House-
hold ownership was much higher among Southern California participants compared to Washington, D.C.
Two-thirds of Los Angeles focus group participants owned their own home compared to all participants in
Washington, D.C. who rent their home. One third of focus group participants in both locations had children
living in their households.

Focus group participants were asked what factors they consider when picking a travel mode. Eighty-seven
percent of participants (n=13 of 15) consider cost, and 80% (n=12 of 15) consider convenience as the top
factors for selecting a transportation mode. Sixty percent of participants (n=9 of 15) consider travel time
and 40% (n=6 of 15) consider amenities, such as the availability of radio or WiFi. Forty-seven percent (n=7
of 15) and 13% (n=2 of 15) considered environmental impact and safety, respectively. One person per
focus group also considered the number of stops or transfers, as well as exercise, when selecting a trans-
portation mode.

Focus group participants were also asked about their experiences flying including questions about:
e The types of aircraft or helicopters they have flown;
e How often they fly;
e The factors that discourage them from flying;
e Factors participants like and dislike about flying; and
e Factors that would cause them to consider flying more in the future.

Participants were asked, if they had ever flown in a large aircraft (41+ passengers), a small aircraft (1-40
passengers), or a helicopter. All participants (n=15 of 15) had flown in a large aircraft, and 87% (n=13 of
15) had flown in a small aircraft. Only 26% (n=4 of 15) had flown in a helicopter. The majority of participants
fly at least once a year on average. Forty-seven percent (n=7 of 15) indicated flying an average of 1 to 6
times per a year, and 20% flew an average of 6 to 12 times per a year (n=3 of 12). One participant indicated
that they flew at least monthly. Yet, despite a large number of frequently flyers, 27% (n=4 of 15) flew less
than once a year, on average.

Cost was overwhelmingly cited as the top reason for not flying more often. Eighty percent of participants
indicated that the cost of flying limited their frequency of air travel (n=12 of 15). Forty-seven percent also
indicated that long lines discouraged participants from flying more frequently (n=7 of 15). Twenty-seven
percent also indicated that inconvenience was a limiting factor to flying more often. In-flight entertainment,
the on-board experience, and the ability to travel and get away were the factors participants liked about
flying the most. Uncomfortable seats, vibrations, noise, and turbulence were cited as the greatest flying
dislikes. Eighty-six percent of participants indicated that more affordable fares would entice them to travel
more frequently (n=13 of 15). Sixty percent and 53% of all participants stated that easier access to the
airport and shorter lines would also entice them to flying more frequently.

Finally, focus group participants were asked to share some basic information on their preferred travel mode
for work travel, non-work travel, accessing a rail station, and accessing an airport. Walking and driving were
each cited as the preferred travel mode overall by 60% of all participants. Public transportation (67%) and
driving (78%) were cited as the most preferred travel modes in Washington, D.C. and Los Angeles, respec-
tively, reflecting differences in the built environment and public transportation accessibility in each of these
regions.

Overall, ridesourcing/transportation network companies (TNCs), such as Lyft and Uber, were cited as one
of the preferred travel modes for non-work trips by 60% of participants across both focus groups (n=9 of
15). Driving and walking were also preferred modes by 47% of all participants (n=7 of 15). Taking ridesourc-
ing/TNCs was cited as a preferred travel mode for accessing a rail station (563%, n=8 of 15) and airports
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(60%, n=9 of 15), respectively. Carpooling to the airport was also a commonly preferred travel mode by
40% of participants (n=6 of 15).

8.2.3 Familiarity with Air Taxi and Urban Air Mobility

Focus group participants were asked if they were familiar with the term “air taxi.” In Washington, D.C., 50%
of participants (n=3 of 6) were familiar with the term. In Los Angeles, 44% of participants (4 of 9) had heard
the term. Those that were familiar with the term compared it to an on-demand helicopter service, similar to
New York City’s BLADE, although no particular brands were mentioned. A few people who were unfamiliar
with the term and learning about air taxi services for the first time compared it to a water taxi service. Many
people who were new to the term immediately saw opportunities for short distance air travel that would be
faster than existing ground transportation. A number of focus group participants were also confused by the
term. These individuals were confused because they were not sure how far along the technology was in
development and viewed “air taxis” and “flying cars” as a future concept from science fiction books and
movies. In the Los Angeles focus group, one participant had heard the term Urban Air Mobility from a news
story about Uber Elevate in the Los Angeles market.

8.2.4 Thoughts and Impressions about Urban Air Mobility

At this point in each of the focus groups, participants were presented with a video that explained the UAM
concept along with a written description. The focus group moderator then answered clarifying participant
questions about the concept before proceeding with the focus group protocol. Initially, participants asked
for clarification on whether the aircraft take off and land similar to conventional airplanes and for additional
information on how they fly, as well as on VTOL. Participants also wanted to know about how many people
could be flown in the UAM aircraft, who pilots them or are they automated, how much noise they generate,
and if they are safe. Other concerns raised included the type of training pilots receive and concerns about
inclement weather. There were also questions about security and baggage handling. A few clarifying an-
swers were provided. Many of these questions were explored in greater detail as the focus groups pro-
gressed.

After presenting the UAM concept to participants, the moderator then facilitated a discussion to gauge initial
reactions to the concept, likes, and dislikes. Initial reactions to the concept included:

e Appreciation for not having to drive or sit in traffic;
e Convenience;
e Time savings and the ability to go farther distances faster than driving or public transportation;
e The ability to enjoy scenic views while flying; and
e The concept just “sounds cool.”
However, not all initial reactions to the concept was positive. Common negative initial reactions included:
e The service looked expensive;

e Concern that the service will operate similar to a bus (with multiple take-off and landings for a single
passenger trip);

e Impracticality for short distance travel;

e Inconvenient number of transfers as the concept assumes that you have to take a first-and-last
mile connection using another travel mode to get to or from a vertiport;

e Demand would exceed available supply leading to high costs, long waits, or both;
e Limitations on landing locations;

o Low-level flight could be unsafe or visually undesirable;

o Greater safety risks associated with accidents than with ground transportation; and

e Potentially noisy in urban areas.
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Fourteen out of 15 (93%) focus group participants stated that they were interested in using UAM, if it was
safe. A few participants said they would only use the service, if it saved them time and money. A few
participants also stated that they would not want to be early adopters of the technology and would want to
be sure that the concept had been tested and proven safe. A few focus group participants also said they
would use the service, not for time or monetary savings, but to select more attractive routing with scenic
views (e.g., flying along the coast vs. driving on a more inland highway).

Participants were also asked how they would use UAM. In most cases, participants were interested in using
it to replace longer vehicular trips in excess of one hour of driving time. These participants stated that they
would prefer to use UAM to travel between short interregional destinations, such as Washington, D.C. to
Baltimore and Los Angeles to San Diego. In general, there was a lot of support for the concept to replace
existing short air trips because of the inconvenience of going to the airport. Some participants stated that
they would use UAM to avoid vehicle congestion, however, only if time savings made up for the inconven-
ience of multi-modal transfers.

There was some disagreement among participants over whether they would use UAM for work or leisure
trips. In general, most participants said that if the service were expensive, they would use it for periodic
leisure trips and if it were affordable, they would use it for regular work trips. In general participants were
hopeful that the cost would be low enough that they could replace existing public transit and Uber/Lyft trips
with UAM. A few stated that if the service were expensive, they would treat themselves and use the service
if they got a bonus or a good performance rating at work. There was a perception that this was a service
for business executives, but participants were still interested in the service because of its convenience. A
few expressed enthusiasm regarding the potential to work while flying on their work commute.

When asked about price, participants provided a variety of price comparisons. A number of people indicated
that they would pay 10-20% more than an existing Lyft or Uber ride for the same trip. A number of people
also said they were willing to pay a $1 to $2 per mile fee in any direction, or $25 to $40 per one-way trip, to
go from the urban core to a suburb or edge city at the region’s periphery. Only one participant in each focus
group stated that she would not use UAM under any circumstances. She said that she wanted to use ground
transportation for emergency access/egress.

8.2.5 Automation and Electrification

Next, participants were introduced to concepts about piloted, remote piloted, and automated aircraft. Par-
ticipants raised a number of questions about pilot training and whether pilots would be held to the same
standard of training as existing airline pilots. There was also some apprehension about piloted and auto-
mated UAM. Participants concerned with piloted concepts were concerned about road rage and potential
aircraft misuse. Participants concerned with automated concepts expressed concern about safety, cyber-
security, and cyberterrorism.

Generally, participants overwhelmingly preferred piloted UAM. However, in both focus groups, a handful of
participants were open to automated or remotely piloted UAM operations assuming that this would result in
lower costs. In general, there was a strong sense that piloted and automated UAM aircraft should operate
and co-exist in the same ecosystem, providing passengers the choice to select their preference and receive
a discount, if they opted for a remotely piloted or automated service.

In general, participants preferred the idea of electric powered versus gasoline power aircraft. However,
participants also expressed a strong preference for longer inter-regional trips that are currently only acces-
sible with gasoline powered aircraft due to the present range limitations of eVTOL aircraft.

8.2.6 Ownership Versus Sharing

There was some interest among focus group participants in private fractional ownership of UAM aircraft
among family members or sharing a privately-owned aircraft within a household. There was a general per-
ception that if the aircraft were “affordable” (e.g., less than $100,000), it could be financed or leased, and it
required less training than a traditional pilots license, then ownership would be preferable. A few people
expressed concern about how to insure privately owned or fractionally owned aircraft.

There was also some interest among a handful of participants in owning and piloting eVTOL aircraft for-
hire, similar to Lyft and Uber drivers driving paying passengers in their private vehicles. Interestingly, one
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person did not want to own an eVTOL aircraft for personal use but only to offer for-hire flights for monetary
compensation. Focus group participants also shared a number of concepts for how UAM could be shared.
A few suggested that an aircraft could be shared by an apartment complex with a smaller scale landing pad
for individual or a few aircraft.

In addition to sharing the aircraft (as an asset), participants were also asked about their willingness to share
a flight with other passengers. In general, most participants were willing and assumed they would be sharing
a flight with other passengers with some conditions. These included:

e A discount for sharing a flight with passengers they do not know (similar to Lyft Shared rides and
uberPOOL);

e A rating process to rate how pleasant it is to fly with other passengers using the service; and
e A security screening process for all passengers.
8.2.7 Security and Safety

In both focus groups, the discussion about willingness to share a flight with other passengers that a traveler
would not know in advance led to a lively discussion about safety and security. In general, focus group
participants viewed UAM very differently from flying with unfamiliar passengers on board a commercial
aircraft for a few key reasons including:

e Smaller aircraft and passengers are unable to get up, if they feel uncomfortable or relocate to an-
other seat or section of the aircraft; and

e Fewer crew members makes passengers and aircrew more vulnerable to safety incidents.

In general, participants assumed that UAM would most likely be piloted. However, participants expressed
concern that the aircraft could be hijacked due to its small size and perceived lack of a separation between
the pilot and passengers. As such, many participants expressed a strong preference for a pilot compartment
separate from the passenger compartment. Participants also expressed concern that passengers on board
would cause harm to other passengers. Concerns about sexual assault were raised numerous times, par-
ticularly in an automated scenario without any flight crew on board. Interestingly, many focus group partic-
ipants said they were unwilling to consider using any form of automated mobility (e.g., shared automated
vehicles) for this very reason. As such, focus group participants expressed a strong preference for an “au-
thority figure” on board, such as a flight attendant or other employee who could prevent and deter violence
against passengers or intervene if an incident occurred on board. In the absence of a flight attendant or
pilot on board, participants expressed a strong desire for an emergency button to abort the flight and land
at the nearest vertiport, if they felt uncomfortable for any reason.

Most importantly, there was near unanimity that passengers should have to undergo some type of security
screening before boarding. However, there was consensus that this screening process would have to be
free of any lines (e.g., passengers just walk through a metal detector). Participants likened this screening
process to walking through a metal detector at a museum or government building. There was unanimity
that any security screening and boarding process should not take longer than 10 minutes from vertiport
arrival to taking a seat in the aircraft, and the entire process had to be seamless all of the time. Specific to
the airport shuttle market, focus group participants preferred having Transportation Security Administration
(TSA) approved screening at the vertiport with an arrival on the airside of the airport terminal. There was
also consensus that passengers should have to undergo prescreening to fly to ensure that unsafe or disre-
spectful passengers would not be permitted on board.

With respect to safety, all participants were willing to share their weight information for the purposes of
safety and proper aircraft weight-and-balance. When asked about safety, participants held the aviation
industry and the Federal Aviation Administration (FAA) with a high level of regard and trust. Participants
generally assumed that if aircraft and pilots were FAA certified that UAM would be safe. There was, how-
ever, concern about sabotage or terrorism from outside the aircraft, such as “lasing” (using lasers to harm
the pilot’s or passengers’ vision). Due to the low-level flight and the volume of planes, participants wanted
safety equipment, such as anti-lasing glass and aircraft parachutes, in case of a mid-flight malfunction.
Interestingly, participants also expressed a high dislike for pre-flight safety briefings. Given the potential
frequency for UAM use, participants did not want to receive a pre-flight safety briefing every time they fly.
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Instead, they preferred an online course or an annual or semi-annual course that one could take in person
that certifies them to flying.

8.2.8 Privacy

In general, most passengers wanted to enjoy scenic and panoramic views while flying. However, there was
some concern expressed about privacy, both from the perspective of passengers and non-users. For pas-
sengers, participants expressed concern that aircraft windows would make them feel “too exposed.” There
was concern that they would not feel secure or people on the ground would be able to see into the aircraft.
As such, participants expressed a strong preference for aircraft tinting.

Additionally, participants expressed concern that people on the ground would have their privacy invaded
due to urban aviation operations. There was a strong preference by participants to impose minimum flight
altitudes that would limit visibility of individual people on the ground and prohibitions against flight over
single-family residential neighborhoods. As such, many participants indicated that urban aviation should
not necessarily be allowed to engage in direct point-to-point travel but should have to fly over existing
highways and arterial roadways.

8.2.9 Concerns as a Non-User

In addition to privacy, there were some concerns raised from the perspective of the non-user. Primary
concerns raised from the non-user perspective included: noise, followed by privacy, general safety,
aesthetics, and pollution. In general, the technology was perceived to be safe, if pilots and aircraft received
FAA certification and safety measures were incorporated into aircraft designs to safely abort flights in the
event of an emergency. Of the concerns raised, the potential for noise was one of the most commonly
raised concerns. However, participants were less concerned about individual aircraft noise and more
concerned about total ambient aircraft noise from multiple aircraft operating in close proximity. Participants
indicated a preference for limiting aircraft operations overnight, particularly in residential neighborhoods. In
general, the concerns raised from the perspective of the non-user were lower than the potential concerns
as a user. However, education, outreach, and proof of a safe UAM concept is key.

Key Key findings uncovered during the Los Angeles and Washington, D.C. focus groups in-
Findings clude:

(Focus e Perceptions that UAM is a premium service and a desire for the service to be
Groups) offered at an affordable and accessible price point with only a minimal cost dif-

ferential above ground transportation modes;

e A strong preference for longer trips including intraregional trips in excess of a
one-hour driving time in contrast to short interregional trips;

e A strong preference for piloted, electric aircraft;

e An expectation of cost savings and an on-board authority figure on board with
remote piloted and automated aircraft concepts;

e Willingness to share flights with other passengers and to share ownership of
the aircraft, which suggests the need for more research into peer-to-peer busi-
ness models;

e The need for an expedited passenger screening process for boarding passen-
gers;

e Potential privacy concerns for both users and non-users; and

e General concerns about aggregate noise from multiple aircraft operating in
close proximity and safety concerns associated with on board passengers and
external sabotage.
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8.3  General Population Survey

8.3.1 Methodology

In August 2018, we conducted an exploratory survey of approximately 1,700 respondents in five U.S. cities.
We created the general population survey and distributed it to a survey panel using the online survey
platform Qualtrics, and survey participants were compensated after completion. Potential survey
participants were screened based on their gender to obtain a more uniform distribution of male and female
respondents. The survey participants were also screened based on the metropolitan region in which they
resided. The completed survey target included approximately 350 respondents each from Houston, Los
Angeles, New York, the San Francisco Bay Area, and Washington, D.C. For each region, we aimed to
collect responses that were a fair approximation of the demographic distribution of the general population
of each of the metropolitan areas in the study. The metropolitan regions were selected to capture variability
in demography, geography, weather patterns, traffic characteristics, and the built environment (e.g.,
density, walkability, public transit accessibility), as well as the presence of past or present air taxi services.
Each of the cities also has unique features that potentially make them more receptive or resistant to UAM
technology, detailed in Table 6.

Table 6: Five U.S. Metropolitan Regions Surveyed

Metropolitan Existing UAM
Region Services

Large number of helipads — In- - Humid subtropical
frastructure for UAM present

- Very hot and humid

- Long history of helicopter ser- summer, mild and tem-
vices serving offshore drilling perate winter
operations - Annual precipitation: 50
inches
Los Angeles - High-traffic, with long distance - Mediterranean climate; SkyRyde
and high commute times dry summer and a win- (fixed wing
- High level of public knowledge ter rainy season aircraft)
about UAM due to Uber Elevate = -  Microclimates — day-
(based on focus group results) time temperatures can

vary as much as 36°F

- Annual precipitation:
14.93 inches

New York - Long history of helicopter ser- - Humid subtropical BLADE (heli-
City vices copters and
. ) e fixed wing air-

- Several high-profile aviation in- . .

cidents since 2001 including - Mild spring and autumn ~ craft)

9/11 (AA #11 & UA #175), AA - Hot and humid sum-

#587, US #1549, and 2018 Eu- mers

rocopter AS350 crash

- Cold, damp winters

- Annual precipitation: 50

- Existing app-based on-demand inches
helicopter service (BLADE)
San Fran- - Perceived as a tech/early - Warm-summer Mediter- = x
cisco Bay adopter market ranean climate
Area - Potential for notable societal - Mild climate with little
barriers from local environmen- seasonal variation
talists including noise, aesthet-

ics, etc. - Microclimates
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- Annual Precipitation: 24

inches
Washington, - Perhaps different perceptions - Humid subtropical X
DG, on security - Chilly winters with light
- N. VA (as an edge city) has a snow and hot, humid
lot of similar built environments summers

to other edge cities - Annual Precipitation: 40

inches

The survey evaluated public perceptions and potential societal barriers of UAM. In the survey, we first
probed respondents’ familiarity with the UAM concept and then introduced the technology through technical
descriptions and a brief video describing the concept. Throughout the survey, we asked respondents ques-
tions that probed their perceptions and reactions to travel scenarios in UAM aircraft. Due to the novelty of
the technology, we supplemented each of the UAM travel scenarios and any new concepts with in-
fographics and short descriptions. Examples of topics explored in the survey included whether: 1) respond-
ents would prefer automated, remote piloted, or piloted UAM; 2) the presence of other passengers or a
flight attendant on board impacted their willingness to use the service; and 3) respondents would prefer for-
hire services or to own their own UAM aircraft. The survey also sought to identify concerns from a non-user
perspective such as noise or safety concerns (from the perspective of a person on the ground).

Table 7: Willingness-to-Fly Scale

Original Willingness-to-fly Scale Adapted Willingness-to-fly Scale
from Rice, Mehta, et al., 2015

| would be willing to fly in this situation. If | were to fly in an Urban Air Mobility aircraft, | would feel
willing.

| would be comfortable flying in this situa-  If | were to fly in an Urban Air Mobility aircraft, | would feel

tion. comfortable.

| would have no problem flying in this situ- = If | were to fly in an Urban Air Mobility aircraft, | would feel

ation. concerned.

| would be happy to fly in this situation. If | were to fly in an Urban Air Mobility aircraft, | would feel
satisfied.

| would feel safe flying in this situation. If | were to fly in an Urban Air Mobility aircraft, | would feel

safe (i.e., protected against mishaps and accidents)

If | were to fly in an Urban Air Mobility aircraft, | would feel
secure (i.e., protected against deliberate and intentional

threats)

| have no fear of flying in this situation. If | were to fly in an Urban Air Mobility aircraft, | would feel
afraid.

| feel confident flying in this situation. If | were to fly in an Urban Air Mobility aircraft, | would feel
confident.

Following feedback from the focus groups, the survey draft was refined to incorporate questions related to
noise concerns and willingness to pilot a UAM aircraft. We also incorporated the “willingness to fly” scale,
originally developed by Rice, Mehta, et al. (2015) to measure differences in passenger perceptions. The
scale consists of seven statements to be rated using a 5-point Likert scale ranging from -2 (strongly disa-
gree) to 2 (strongly agree) with a neutral option (0). The original seven statements of the scale were adapted
for use in this survey to capture the respondents’ perceptions of UAM, as well as to compare perceptions
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of flying in piloted, remotely piloted, or automated UAM and flights in differing weather conditions. The
language: “l would have no problem flying in this situation” was replaced with language regarding whether
the participant would feel concern. For example, we replaced “I would be happy to fly in this situation” with
“I would feel satisfied.” The adapted scale in our survey also distinguishes between “safety” and “security.”
Safety is defined as protected against mishaps and accidents, while security is defined as protected against
intentional threats. The revised statements can be compared in Table 7 above.

In August 2018, we administered a general population survey using Qualtrics, an online survey platform.
The survey design addressed the following topics: 1) respondent demographics, 2) recent travel behavior,
3) typical commute behavior, 4) familiarity with aviation, 5) existing aviation experience and preferences, 6)
familiarity with UAM, perceptions about UAM, 7) perceptions toward technology and UAM, 8) stated pref-
erence and willingness to pay, 9) weather considerations, 10) market preferences, and 11) perceptions
from the non-user perspective.

This section includes an abbreviated summary of survey findings excluding analyses of respondent travel
behavior, existing aviation experience, the use of SAVs and AVs in a driverless vehicle future, and weather
considerations. The complete analysis including these omitted sections is included in Appendix 1 — Soci-
etal Barriers (General Population Survey). Where appropriate, we have also noted the page number of
the appendix where figures and tables not critical to the abbreviated text may be found.

Methodological Limitations: Survey-based research is a useful technique for gathering a wide range of
data about a population such as the attitudes, behavior, and characteristics of the survey population.
Surveys are relatively easy to administer and offer flexibility in data collection. However, limitations exist
with this methodological approach. For example, responses to survey questions are self-reported and are
subject to respondent bias. It is also possible that a survey questionnaire may not evoke truthful responses
from the sample population (Ponto, 2015). Another possible source of error could occur due to priming and
survey questions must be carefully ordered and worded to prevent influencing how people respond to
subsequent questions. Finally, it is challenging for individuals to respond to an innovation without having
direct experience with it. This impacts a respondent’s ability to answer questions based upon limited to no
experiential understanding. Our survey results likely reflect this limitation. In the future, we recommend
conducting a survey with early adopters or using a flying simulator, for instance.

8.3.2 Respondent Demographics

Our survey collected basic demographic information of respondents including: household income, educa-
tion, age, race/ethnicity, gender, and type of housing. Table 8 below provides a summary of each of these
demographic categories across all respondents as well as disaggregated per city. Table 8 also provides
the 2016 American Community Survey (ACS) data as a reference point for the demographic distribution of
each city.

In general, the respondents represented the distribution of household income levels across the cities, with
slight underrepresentation of the highest income brackets (respondents with more than $150,000 in house-
hold income). Across the cities, the respondents of the San Francisco Bay Area and New York tended to
fall into higher income brackets. In terms of educational attainment, the respondents were skewed towards
those who had attained a bachelor’s or graduate degree (36% with a bachelor's degree and 32% with a
graduate degree or currently in graduate school). Only 1% of the respondent population had less than a
high school degree, while the average across the cities in the 2016 ACS survey was closer to 16%.

Overall, the respondent population reflected the 2016 ACS age distribution. The distribution is slightly bi-
ased toward a younger demographic (those 25 to 34 years of age), but there is also a slight overrepresen-
tation of respondents in the 65 to 74 age group (17% in the survey population vs 7% in the general popu-
lation). Los Angeles was skewed more heavily towards a younger population, where 44% of the respond-
ents were between 18 to 34 years of age. With respect to race and ethnicity, approximately 55% of re-
spondents were White/Caucasian. Hispanics or Latinos were underrepresented by the survey population
at approximately 10% of respondents. In Houston and Los Angeles, this underrepresentation was a bit
more prominent. For example, Los Angeles has a population that is 45% Hispanic or Latino, but only 15%
of survey respondents were Hispanic or Latino. Across the entire sample of survey respondents, a slightly
larger percentage of women (57%) participated in the survey than men (43%). For housing, respondents in
New York tended to live in the highest density housing, with 77% living in buildings with more than 10 units.
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Respondents in Houston lived in the lowest density housing, with 61% living in detached single-family
homes.

Table 8: Demographic Data

Total Houston San Francisco Bay Area  Los Angeles  Washington, D.C. New York City
HOUSEHOLD INCOME 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
Less than $10,000 6% 5% 6% 6% 6% 3% 7% 4% 5% 8% 4% 6%
$10,000 - $14,999 4% 4% 4% 5% 5% 3% 5% 5% 4% 4% 2% 2%
$15,000 - $24,999 8% 8% 10% 6% 9% 7% 9% 9% 7% 10% 5% 6%
$25,000 - $49,999 18% 16% 22% 20% 21% 13% 18% 16% 15% 18% 14% 13%
$50,000 - $74,999 16% 16% 17% 22% 16% 14% 15% 14% 14% 13% 15% 17%
$75,000 - $99,999 12% 14% 12% 14% 12% 14% 12% 18% 12% 13% 13% 12%
$100,000 - $149,999 16% 13% 15% 12% 15% 14% 16% 15% 18% 12% 20% 14%
$150,000 - $199,999 8% 7% 7% 4% 7% 9% 8% 8% 10% 6% 12% 8%
$200,000 or more 11% 9% 8% 5% 9% 13% 11% 5% 16% 8% 15% 11%
EDUCATION 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
Less than high 16% 1% 18% 2% 12% 1% 21% 1% 10% 0% 14% 1%
school/Currently in High
School
High school graduate 22%  13% 23%  19% 16% 8% 20%  11% 19% 18% 25% 8%
(includes equivalency)
Some college, no 18% 5% 21% 6% 19% 4% 20% 7% 17% 6% 16% 2%
degree/Currently in
College
Associate's degree 7%  10% 7%  12% 7% 10% 7%  11% 6% 8% 7% 9%
Bachelor's degree 23% 36% 20% 34% 28% 44% 21% 37% 25% 28% 22% 37%
Graduate or professional 15%  32% 11%  26% 19% 31% 11%  30% 24%  36% 16% 39%
degree/Currently in post-
graduate degree
AGE 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
18 - 24 years 9% 9% 10% 11% 8% 7% 10% 10% 9% 13% 9% 7%
25 - 34 years 15% 26% 15% 26% 16% 18% 15% 34% 15% 25% 15% 23%
35 - 44 years 14% 18% 14% 13% 15% 18% 14% 17% 15% 19% 13%  17%
45 - 54 years 14% 13% 13% 10% 14% 16% 14% 9% 15% 13% 14% 13%
55 - 64 years 12%  16% 11%  16% 13% 20% 11%  10% 12%  15% 12%  17%
65 - 74 years 7% 17% 6% 18% 8% 18% 7% 15% 7% 12% 8% 17%
75+ years 6% 5% 4% 5% 6% 4% 6% 4% 5% 3% 6% 6%
RACE 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
Hispanic or Latino 30% 10% 36% 12% 22% 6% 45% 15% 15% 4% 24% 12%
White alone 41% 55% 38% 54% 41% 51% 30% 53% 47% 54% 48% 65%
Black or African American 14% 16% 17% 20% 7% 3% 6% 16% 25% 31% 16% 8%
American Indian or 0% 1% 0% 0% 0% 1% 0% 1% 0% 1% 0% 1%
Alaska Native alone
Asian alone 13% 12% 7% 9% 25% 29% 15% 10% 10% 4% 11% 10%
Native Hawaiian or 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 0% 0%
Pacific Islander alone
Other alone 0% 2% 0% 3% 0% 2% 0% 2% 0% 2% 1% 1%
Two or more races 2% 2% 2% 1% 4% 4% 2% 1% 3% 3% 2% 2%
GENDER 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
Female 51% 57% 50% 63% 51% 50% 51% 59% 51% 56% 52% 57%
Male 49%  43% 50% 37% 49% 50% 49% 41% 49%  44% 48%  43%
HOUSING TYPE 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey 2016 ACS Survey
Detached single-family ho 46% 43% 63% 61% 50% 48% 37% 50% 50% 42% 46% 13%
Building/house with 26% 19% 12%  12% 24% 26% 31% 22% 27%  24% 28% 9%
fewer than 10 units
Building with between 23% 13% 20% 22% 21% 41%
10 and 100 units

27% 21% 25% 32% 22% 25%
Building with more than T 14% T 12% ? 5% 7 5% T 12% 7 36%
100 units
Mobile home/RV/Trailer 1% 1% 5% 1% 2% 1% 1% 0% 1% 1% 1% 1%
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8.3.3 Familiarity with UAM

At the start of the survey, respondents were asked whether they were familiar with the concept of UAM.
This question was asked before the survey and respondents were provided with a brief video and written
description introducing the UAM concept. Only 23% of the respondents were familiar with the concept of
UAM. Analyzing familiarity with UAM by demographic categories, we found that familiarity was slightly
higher in Los Angeles (32%) than the other cities, possibly due to Uber Elevate announcing Los Angeles
as one of the two first launch cities with plans to commence commercial operations in the region as soon
as 2023. Men tended to be more familiar with UAM than women, at 30% and 19%, respectively. Age ap-
peared to be correlated with familiarity with the concept, with Millennials and Gen Xers reporting higher
levels of familiarity (Figure 21).

Are you familiar with the concept of Urban Air Mobility?
80%
70% 65%

70% 68%

58% 0%
(]
60% 53%
50%
40% 32%
30% 25% 24% 20% 23%
0, (]
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Figure 21: Survey responses to UAM familiarity

8.3.4 Travel Behavior

One of the objectives of this research project was to explore potential markets and future use cases for
UAM. Examples of future use cases include: 1) air taxis, a service primarily used to access airports or 2)
emergency travel, such as air ambulances. To inform this market analysis, respondents were asked a series
of questions regarding their most recent non-commute trip. By targeting the most recent non-commute trip,
the survey aimed to capture a glimpse into the travel behavior of the populations of each of the five U.S.
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cities. Respondents were asked the purpose of their most recent trip, the modes used to travel to the des-
tination, and the distance traveled of the trip. For detailed information on the existing travel behavior of
survey respondents, please see Appendix 1 — Societal Barriers (General Population Survey).

8.3.5 Familiarity with Aviation and Existing Preferences

We wanted to measure the respondents’ comfort with using air travel and identify any barriers to UAM
based on previous aviation experience. To gauge the respondent’s familiarity with aviation, respondents
were first asked to identify if they had flown on four types of aircraft: 1) a large airplane (81+ passengers),
2) a regional airplane (41-80 respondents), 3) a small airplane (1-40 passengers), and 4) a helicopter. For
each aircraft, respondents were shown a representative image of the aircraft type. According to a study by
Airlines for America (Heimlich & Jackson, 2017), 89% of Americans have traveled by airline at some point
in their lifetime. Similarly, 87% of the respondents had flown in large airplanes and 74% had flown in re-
gional airplanes at least once. The respondent population was familiar with flight, but a smaller proportion
of the population had flown in small aircraft. Approximately half of the respondents had flown in small air-
planes (1-40 passengers), and 29% had flown in a helicopter. For more information on the existing aviation
preferences of survey respondents, please see Appendix 1 — Societal Barriers (General Population
Survey).

8.3.6 UAM Perceptions

As mentioned previously, the survey respondents were introduced to the concept of UAM through a short
video clip and description of the technology. The video clip was approximately a minute and a half long,
and it consisted of Uber Elevate’s promotional introduction to their future urban air ridesourcing product,
Uber Air. In the promotional video, viewers follow the steps of an individual taking a piloted UAM trip for
their commute home. For the survey introduction to UAM, we edited the video clip to remove Uber logos,
and the final 12 seconds of the video were removed to eliminate references to Uber Air. The following
definition prefaced the video in our survey:

“Urban Air Mobility (UAM) is a safe and efficient system for air passenger transportation within an urban
area. UAM supports a mix of onboard/ground-piloted and increasingly automated operations.”

After the introduction of UAM, we asked the respondents to select from a series of emotional states that
matched their initial reaction. Overall, UAM invoked a positive to neutral response, with some skepticism.
The initial feelings were consistent across all cities; however, variation existed across other demographic
categories. For initial reactions, 36% of male respondents selected “Excited” compared to 26% of female
respondents. Excitement for the concept tended to be correlated with household income, perhaps due to
perceived service cost. This corresponds with the written responses of several participants who expressed
concerns that UAM would be a mode used predominantly by higher income travelers. Younger respondents
tended to be more excited about the concept, while skepticism tended to increase with age. Table 19 in
Appendix 1 — Societal Barriers (General Population Survey) presents the initial reactions of the re-
spondents, disaggregated by demographic categories.

Next, we introduced respondents to the willingness-to-fly scale, which was presented in Table 7 above.
Respondents were asked to rate on a 5-point Likert scale eight statements intended to capture their UAM
travel perceptions. Respondents were cautiously optimistic about the idea of flying in a UAM aircraft. Of the
aggregated respondents, 55% were willing to fly in a UAM aircraft, and 50% assumed they would be com-
fortable in a UAM aircraft. However, only approximately 36 to 37% believed they would feel safe and secure
flying in a UAM aircraft. For each statement regarding UAM aircraft feelings (willingness, safety, fear, con-
cern), approximately one a third of the respondents were neutral. This neutrality might be influenced by the
lack of personal experience with this technology; some of the respondents might have difficulty imagining
their reaction. A follow-up study could capture more reactions to UAM flight simulators or actual flights. Men
were more slightly more comfortable and willing to use UAM than women, and willingness to use UAM was
highest among Millennials. We found that the percentage of objections to flying in a UAM aircraft rises as
age increases (Figure 22).
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Please select the degree to which you agree with the following statement.
If | were to fly in an Urban Air Mobility aircraft, | would feel... WILLING

40% 35%
32% 32%32% o,
| 25% 28% 29931% 30%30%
° B Strongly agree
21% 22%
Agree
20% 15% 13% g
Neutral
109
% 29 3% 5% 39 5% 4% Disagree
0% - - L L B Strongly disagree
18 - 24 years, 25 - 34 years, 35 - 44 years, 45 - 54 years,
N =131 N =348 N =234 N =168
40% 35%
32% 32% 32% 28% 28% 28%
0 0 (]
30% B Strongly agree
o 17% 18% Agree

o 14% | Neutral

o eutra
10% 8% 6% 10%

o 5% ° . 5% Disagree
0% - . - W Strongly disagree
55 - 64 years, 65 - 74 years, 75+ years,
N =217 N =220 N =60

Figure 22: Willingness to fly among age groups

Ordinal Logistic Regression: We performed an ordinal logistic regression to evaluate the impact of socio-
economics and congestion on willingness to use UAM. In the ordinal logistic regression model, the depend-
ent variable is an ordinal. Examples of ordinal variables include items on a Likert scale. For our study,
respondents chose one of five ordered responses for their willingness to use UAM: “Strongly agree,”
“Agree,” “Neutral,” “Disagree,” and “Strongly disagree.” The socio-demographic variables considered in-
cluded age, education, household income, race/ethnicity, and gender. The respondents’ commute distance
in miles was used as a stand-in variable for congestion. Finally, familiarity with the UAM concept was in-
cluded as an independent variable. Before building the ordinal regression model, crosstabs were performed
on each of the socio-economic variables to identify overarching trends and important variables for regres-
sion analysis. From the crosstabs presented in Table 20 in Appendix 1 — Societal Barriers (General
Population Survey), the survey team expected that age, gender, and income will be significant variables
in the ordinal logistic regression model.

Model estimation was completed using the ordinal package in R. The ordinal regression model is displayed
in Table 21 in Appendix 1 — Societal Barriers (General Population Survey). Positive coefficients indi-
cate that the variable increases willingness to fly. The variables for age, gender, and familiarity with the
UAM concept before the survey are the most significant variables. The coefficient for age was negative,
indicating that older respondents were less willing to fly. The coefficients for male gender and “yes” for
familiarity were positive. Commute distance and Hispanic or Latino ethnicity were significant, but less influ-
ential. Both had positive coefficients, indicating that respondents with longer commutes and Hispanic/Latino
respondents tended to be willing to fly in UAM aircraft.

8.3.7 Perceptions Toward Technology and UAM

Through a series of scenarios with varying degrees of automation, we also explored the public’s perceptions
towards the level of automation of UAM aircraft. We presented five scenarios to the respondent: flying in
(1) an automated aircraft, (2) a remotely piloted aircraft with a flight attendant on board, (3) a remotely
piloted aircraft without a flight attendant on board, (4) an automated aircraft with a flight attendant on board,
and (5) an automated aircraft without a flight attendant on board. As noted in the methodology, we showed
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respondents infographics representing each of the three levels of automation (automated, remotely piloted,
and piloted) to help the respondents visualize the scenarios. For each of these scenarios, the respondents
were asked if they would be willing to fly alone, with other passengers that they knew, and with passengers
they did not know.

Of the respondents who were willing to fly in a UAM aircraft, the respondents preferred to travel with other
passengers that they knew (Figure 23). However, respondents were more willing to fly alone or with
strangers in a piloted aircraft. The presence of a flight attendant only very slightly increased willingness to
fly in remotely piloted or automated aircraft. We also explored the respondents’ perceptions of comfort
(Figure 23) and safety and security (Figure 24). For this study, we defined safety as “protected against
mishaps and accidents,” and security is defined as “protected against deliberate and intentional threats.”
The respondents’ answers were closely correlated to their willingness to fly — respondents felt more safe,
secure, and comfortable in piloted aircraft than in remotely piloted or automated aircraft. As displayed in
Figure 23 and Figure 24, the presence of a flight attendant had a slight effect on respondents’ feelings
toward travel in a remotely piloted or automated aircraft; approximately 5 to 10% more respondents felt
comfortable, safe, and secure traveling in a UAM aircraft if a flight attendant was on board. However, these
results may be affected by lack of experience with UAM or survey fatigue. It is possible that survey respond-
ents would have had difficulty visualizing the different levels of automation and gauging their feelings toward
UAM flight.

Please select whether you would be willing to travel in an Urban Air Mobility aircraft in
the following situations (i.e., piloted, remotely piloted, or automated) by yourself,

80% 68% and/or with other people on board.
60% 52% 53% 52% o,
43% 48% 41%
40% 9
28% 30% 3% 24% 27% 27% 1% 22%
i N i B
0%
Piloted, Remotely piloted, with Remotely piloted, = Automated, with a flight Automated, without a
N=1722 a flight attendant on without a flight attendant on board, flight attendant on
board, attendant on board, N=1722 board,
N=1722 N=1722 N=1722
H Alone  With other passengers, whom | know With other passengers, whom | do not know

Please select whether you would be comfortable traveling in an Urban Air Mobility
aircraft in the following situations (i.e., piloted, remotely piloted, or automated) by

80% yourself, and/or with other people on board.
66%
60% >3% F 49% 50% 47%
41% 40%
40%
27% 28% 21% 24% 24% 26% 21% 20%
i [ C
0%
Piloted, Remotely piloted, with Remotely piloted, Automated, with a flight Automated, without a
N=1722 a flight attendant on without a flight attendant on board, flight attendant on
board, attendant on board, N=1722 board,
N=1722 N=1722 N=1722
H Alone  With other passengers, whom | know With other passengers, whom | do not know

Figure 23: Perceptions of willingness and comfort
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Please select whether you would feel safe (protected against mishaps and accidents)
traveling in an Urban Air Mobility aircraft in the following situations (i.e., piloted,

80% remotely piloted, or automated) by yourself, and/or with other people on board.

66%
60% 52% 49% 48% 24%
39% 38%
40% 26% || 26%
° ° 20% 21% 23% 23% 21% 19%
H B Il N
0%
Piloted, Remotely piloted, with Remotely piloted, Automated, witha  Automated, without a
N=1722 a flight attendant on without a flight flight attendant on flight attendant on
board, attendant on board, board, board,
N=1722 N=1722 N=1722 N=1722
H Alone B With other passengers, whom | know With other passengers, whom | do not know
Please select whether you would feel secure (protected against deliberate and
intentional threats) traveling in an Urban Air Mobility aircraft in the following situations
80% (i.e., piloted, remotely piloted, or automated) by yourself, and/or with other peopl
’ 65%
0,
60% 49% 45% 47% 0% 45% 38%
(]
40% 6% 0
0,
o 24% 20% 19% 23% 22% 20% 18%
i o B B
0%
Piloted, Remotely piloted, with  Remotely piloted, Automated, witha  Automated, without a
N=1722 a flight attendant on without a flight flight attendant on flight attendant on
board, attendant on board, board, board,
N=1722 N=1722 N=1722 N=1722
H Alone B With other passengers, whom | know With other passengers, whom | do not know

Figure 24: Perceptions of safety and security

8.3.8 Stated Preference & Willingness to Pay

The survey also contained a block of stated preference (SP) questions meant to capture participants’ pref-
erences for UAM travel. The respondents were presented five hypothetical trips, each varying randomly in
three attributes: trip purpose, trip cost, and distance traveled. The levels of each attribute are shown in
Table 9. The respondents were presented one trip at a time and asked to choose whether they would
consider taking the trip — a dichotomous outcome of either “Yes, | would take this trip” or “No, | would not
take this trip.”

Table 9: Stated Preference Attributes

Attribute Level

Trip Purpose Going to Airport, Going to Work/School, Recreational (excludes work trips)
Cost (One-Way) $12, $26, $48, $72, $93, $145

Distance (Miles) 5,12, 23, 36, 46, 60
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Before the five hypothetical scenarios, the respondents were presented a practice scenario to set a refer-
ence point for UAM travel cost for the set of SP questions. The practice scenario was identical for all re-
spondents, with trip purpose set to “Going to Work/School”, cost set to $50, and distance set to 10 miles.
The pricing was set to $5 per mile based on an estimate from Uber Air. Uber estimates that their on-demand
electric Vertical Take-off and Landing (eVOTL) taxis will initially cost $5.73 per passenger mile (Dickey,
2018).

The outcome data from the SP questions were used to build a logistic regression model with the binary
outcome (“yes” or “no” to taking the trip) as the dependent variable, and the trip attributes and respondent
characteristics as the predictor variables. The logistic regression model was created in R using the glm
function. Model results are shown in the extended survey summary in Table 22 of Appendix 1 — Societal
Barriers (General Population Survey).

Each of the attributes of the stated preference scenarios — trip purpose, cost, and distance — were statisti-
cally significant predictors for the decision to take a UAM ftrip. For every one mile increase in trip distance,
the logarithm of the odds of the respondent taking the trip increases by 0.018. For every one dollar increase
in trip cost, the logarithm of the odds of the respondent taking the trip decreases by 0.0213. If the purpose
of the trip is going to work or school, versus going to the airport, the logarithm of the odds of taking the trip
decrease by 0.715. If the purpose of the trip is recreational, as opposed to going to the airport, the logarithm
of the odds of taking the trip decrease by 0.141. These results indicate that UAM travel would be more
successful for trips that are longer, and respondents were not as interested in using UAM aircraft for com-
muting as they were for recreational trips or trips to the airport.

Similar to the results of the ordinal logistic regression model, age, gender, and familiarity with the concept
of UAM were statistically significant predictors of whether a person would take a UAM trip. Younger re-
spondents, male respondents, and respondents familiar with UAM prior to the survey were more likely to
take a UAM trip. The coefficient for income was statistically significant and positive, indicating respondents
with higher income were more likely to take UAM trips. Survey respondents from Los Angeles were more
likely to agree to take a trip compared to respondents from Houston, and respondents from the San Fran-
cisco Bay Area were less likely to agree to take a UAM trip compared to respondents from Houston.

In order to measure how well the logistic regression model fits, the research team tested whether the model
with predictors fits significantly better than a null model using a likelihood ratio test. The test statistic used
is the difference in residual deviance between our model and a null model. We obtained a chi-square of
2544 with 30 degrees of freedom and an associated p-value of 0, indicating that the estimated model fits
significantly better than a null model. The log-likelihood of our model was -5290.

The null deviance of the model is 13123 on 10201 degrees of freedom. The residual deviance is 10579 n
10171 degrees of freedom. The AIC is 10641, and the number of Fisher Scoring iterations is 4.

The research team also estimated the willingness-to-pay for distance traveled. The ratio of coefficients
(Btrip_distance/Btrip_cost) represents the survey respondent’s willingness to pay for additional miles traveled. In
our model, Btrip_distance iS estimated to be .018 and Brip_cost is estimated to be -0.0213, implying that the re-
spondents were willing to pay approximately 0.85 dollars more for a trip whose distance is one mile longer.

8.3.9 Weather Considerations

Naturally, weather conditions impacted the willingness of a respondent to fly in a UAM aircraft. While a
significant portion of the respondents (more than 50% in each of the weather scenarios, and as high as
81% for hot and cold conditions) were willing to fly in a UAM aircraft under adverse weather conditions,
respondents reported increased levels of fear and concern. The survey respondents were apprehensive
towards flying in rain, snow, low visibility, and turbulence, while they tended to be indifferent to hot and cold
weather conditions. Respondents were the most afraid of snow (54%), fog/low visibility (57%), and turbu-
lence (54%). For more information on how weather scenarios impacted survey respondents’ perceptions of
UAM, please see Appendix 13.1.5.

8.3.10 Market Preferences

In addition to public concerns and perceptions of UAM technologies and operations, we also probed market
preferences. The survey questions explored the circumstances under which the public saw itself using
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UAM, how much they were willing to pay for the service, and perceptions toward ownership and vertiport
usage. First, to investigate the consumer’s preferences for UAM flight, we asked respondents a question
designed to capture the tradeoff between cost and privacy. Respondents were asked whether they would
be willing to pay a premium fare to fly alone, without any other passengers. Across the survey sample, 14%
of the respondents were willing to pay a premium fare, and approximately 33% were willing to consider a
premium fare depending on the trip. Notably, 21% of the respondents were unwilling to pay the premium
because they did not want to fly alone. For these passengers, other incentives could be considered when
designing UAM experiences that charge premium fares. Comparing among the cities, respondents from
Los Angeles valued their privacy most highly, with 22% willing to pay a premium fare to fly alone (Figure
25).

Would you pay a premium fare to fly alone, without any other passengers?
40%

30% o0 33% 33% 32%
30% ° 24% 22% 24%
20% 20% 18%
()
° 15% 12%
10% . 3% . 3% 4%
0% | — |
Houston, San Francisco Bay Area, Los Angeles,
N =343 N =343 N =344
M Yes B Sometimes, it depends on the trip
No, | wouldn't be willing to pay B No, | wouldn't want to fly alone

| No, for reasons other than listed above, please explain:

40% 35% 34% 33%
28% 28% 28%
30% 1% 22% 1%
20% 12% 11% 14%
10% . 5% . 5% . 4%
0% | | (|
Washington, D.C., New York City, Total,
N =343 N =345 N=1719
M Yes M Sometimes, it depends on the trip
No, | wouldn't be willing to pay H No, | wouldn't want to fly alone

B No, for reasons other than listed above, please explain:

Figure 25: Willingness to pay a premium fare to fly alone

Overall, men were more willing to pay a premium fare to fly alone without any other passengers — the largest
discrepancy between willingness to pay a premium to fly alone was due to reluctance among women to fly
alone (27% of women were unwilling to fly vs. 13% among men). Household income did not appear to
impact a person’s willingness to fly alone, but age had a significant impact. Older respondents were much
less likely to pay a premium fare to fly alone (Figure 26).
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Would you pay a premium fare to fly alone, without any other passengers?
50%
40%
W 18 - 24 years, N =131
M 25 -34 years, N =351

20% W 35 - 44 years, N =235
W 45 - 54 years, N = 169
10%
I 55 - 64 years, N =219
0 mmwml

65 - 74 years, N =223
75+ years, N =61

30%

X

Sometimes, it No, | wouldn't be No, | wouldn't No, for reasons
depends on the willing to pay want to fly alone other than listed
trip above, please
explain:

Figure 26: Willingness to pay a premium fare by age demographics

Next, the survey explored the security preferences among the respondents. Most of the respondents pre-
ferred routine security screenings for UAM flight. Only 8% of the respondents were unwilling to undergo a
security screening process before each flight, and only 4% of the respondents did not want other passen-
gers to undergo a security screening process. See Figure 84 in Appendix 1 — Societal Barriers (General
Population Survey) for visual representation of respondents’ security preferences. Respondents were
also probed for potential trip purposes of UAM. Similar to the findings from the focus groups, respondents
were most interested in using the technology for long-distance recreational trips (Figure 27).

Please select the trip purposes for which you would consider using an
Urban Air Mobility aircraft. You may select more than one trip purpose.

60% 57%
50%
40% 37% 39%
30% 26%
20% 16%
0,
10% l 9%
o ]
Commute Urban Long-distance Go to/from Go to/from the Other, please
to/from work or recreational trip recreational trip  healthcare airport specify:
school (e.g., a trip (e.g., atrip services

within a city) between cities)
M Total, N=1700

Figure 27: Responses to UAM trip purpose

For each trip purpose that respondents would consider using a UAM aircraft, we asked them to specify who
they would likely travel with, if anyone (Figure 85 in Appendix 1 — Societal Barriers (General Population
Survey). Most of the respondents planned to fly with friends, a spouse/partner, or alone.

Respondents were also asked a series of questions regarding their travel preferences in an automated
future, where automated vehicles (AVs), shared automated vehicles (SAVs), and UAM are all present on
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the market. Respondents were then asked questions regarding vertiports (specified landing/takeoff loca-
tions for UAM aircraft) and their use case preferences. For information on the survey findings from these
questions, please see Appendix 1 — Societal Barriers (General Population Survey).

Many of the respondents (52% across the sample population) were not interested in owning a personal
UAM aircraft, but 17% of respondents were interested in ownership. Men were more interested in owning
a UAM aircraft than women (21% and 13%, respectively). We also explored whether the supply of UAM
aircraft and pilots could be augmented through peer-to-peer (P2P) operations. For example, would owners
of UAM aircraft be willing to rent out their aircraft or transport other people (similar to services, such as Lyft
and Uber)? For those who answered “yes,” “maybe,” or “I don’t know” to the question of interest in owning
a personal UAM aircraft, there was high willingness to use the aircraft as part of a larger fleet service (e.g.,
Lyft, Uber). Approximately 44% of the sample respondents were willing to rent out their personal UAM
aircraft for use by others. Los Angeles had a particularly high willingness to participate in shared mobility
services — around 55% of those willing to own an aircraft were willing to also rent it out to others (i.e., a P2P
service model). This suggests that perhaps there may be opportunity for P2P operations with UAM aircraft.
However, respondents were not as interested in fractional ownership (i.e., shared ownership of a UAM
among individuals) with only 20% of the sample respondents indicating willingness to share ownership of
a UAM aircraft.

If P2P operations are to become a possibility, there will be a need for licensed pilots and people willing to
fly UAM aircraft. The respondents were asked if they would be willing to fly a UAM aircraft, and approxi-
mately one in five respondents were willing. Los Angeles had an even higher percentage of respondents
who were willing to fly a UAM aircraft at 30%. However, the survey population was heavily skewed toward
those with pilot’s licenses. Approximately one in five of the survey respondents claimed to possess a pilot’s
license, which is much higher than the national average. As of 2017, only 0.2% of U.S. residents were
active certified pilots (FAA, 2018).

8.3.11 Perceptions from Non-User Perspective

We designed a set of questions that aimed to collect respondents’ opinions from a non-user perspective.
In other words, how would people on the ground feel about UAM traffic overhead? Would there be pushback
from those not planning to use technology? Respondents were asked how they perceived a UAM taxi flying
overhead if it was piloted, remote piloted, and automated. For the latter two types of UAM taxi, respondents
were asked about flights overhead with and without flight attendants. Respondents tended to prefer flights
that were piloted or that had a flight attendant on board (Figure 28) as their presence made non-users feel
safer.

To gauge concern over noise, we probed the respondents’ current experiences and perceptions about
noise. The most common bothersome noises experienced by the respondents were noise from motor ve-
hicles and neighboring properties, and they tended to be most bothered by noise at home. Respondents
who reported being bothered by noise from aircraft tended to experience the most disturbance during the
early morning hours and at night. Overall, respondents preferred that UAM technology have no noticeable
noise. The noise levels of the technology could affect support for UAM.
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Figure 28: Perceptions from a non-user perspective
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8.4 Societal Barriers Summary

Based on the findings of the exploratory survey administered to five metropolitan regions (Houston, Los
Angeles, San Francisco Bay Area, New York City, and Washington, D.C.), the survey respondents were
cautiously receptive to the concept of UAM. Initial reactions were clustered around excitement and happi-
ness, neutrality, and skepticism. Overall, male respondents and young respondents tended to express more
excitement over the technology, and they were also more willing to fly in a UAM aircraft. Familiarity with the
UAM concept was also a strong factor influencing willingness-to-fly and a participant’s decision on whether
to take a UAM trip, suggesting that public education will play an important role in introducing UAM as a new
travel mode.

Not surprisingly, the characteristics of a UAM trip impacted a respondents’ feelings toward UAM. Respond-
ents were more comfortable and willing to fly with passengers they knew in contrast to flying alone or with
strangers. Willingness decreased with increasing levels of automation, and the presence of a flight at-
tendant only slightly alleviated discomfort. The characteristics of the trip itself were also important. The
respondents visualized themselves using UAM for longer trips and traveling to the airport. Long distance
recreational trips were more popular than using a UAM for commuting.

While most of the respondents were not interested in UAM aircraft ownership, approximately 17% of the
respondents expressed interest. In addition, almost half of the individuals attracted to ownership expressed
significant levels of interest in placing their aircraft into a larger fleet service, opening the possibility for P2P
UAM operations in the future.

For those on the ground, piloted UAM aircraft or automated/remotely piloted UAM aircraft with flight attend-
ants on board were preferred for travel overhead. UAM will need to address concerns of trust, reliability,
safety, and other issues to gain acceptance from non-users. Our results also indicate that noise levels could
impact non-user support for UAM.

Key Key findings uncovered through the survey include:

Findings e Neutral to positive reactions to the UAM concept. Men, younger respondents, and
wealthier respondents tended to be more excited.

e The results from the ordinal logistic model with the dependent variable willingness-to-
fly indicates age, gender, and familiarity with the UAM concept were the most signifi-
cant characteristics affecting a person’s stated willingness to fly. Younger, male re-
spondents and those already familiar with UAM prior to the study were more willing
to fly via UAM.

e Results from Stated Preference (SP) questions also indicate that age, gender, and
familiarity with the concept of UAM were statistically significant predictors of whether
a person would take a UAM trip. These results are directionally the same as the ordi-
nal model.

e Results from the SP survey questions indicate respondents with higher incomes
were more likely to take UAM trips.

¢ None of the metropolitan areas displayed significance in the willingness-to-fly model;
however, in the model derived from the SP questions, the coefficients for Los Ange-
les and the San Francisco Bay Area were statistically significant. Survey respondents
from Los Angeles were more likely to agree to take a trip compared to respondents
from Houston, and respondents from the San Francisco Bay Area were less likely to
agree to take a UAM trip compared to respondents from Houston.
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Respondents were more receptive to using UAM for travel to the airport or long-dis-
tance recreational trips than for commuting.

Respondents most comfortable flying with passengers they know; least comfortable
flying with passengers they don’t know.

Some willingness and apprehension about flying alone (particularly in an auto-
mated/remote piloted context).

Strong preference for piloted operations; may need to offer mixed fleets and/or a dis-
count for remote piloted/automated operations to gain mainstream societal ac-
ceptance.

The presence of a flight attendant did not impact willingness to fly on an automated
or remote piloted UAM aircraft.

Flight attendant did increase confidence in automated and remote piloted operations
from the non-user perspective (someone on the ground).

Preference for longer inter-city flights (e.g., Washington, D.C. to Baltimore; LA to San
Diego).

Survey and focus groups suggest some resistance to very short trips due to cost,
convenience (e.g., required connections to/from vertiport; security screening; etc.).
Some desire among younger and male respondents to pay a premium to fly alone.
Some willingness to own and pilot UAM aircraft.

Potential for a market for P2P operations that could help provide additional supply to
scale the market (similar to Lyft and Uber).

Existing noise concerns focus on traffic noise during the night and early morning;
noise from UAM could pose a more notable obstacle in the future as electric vehicles
become more mainstream (potentially causing a reduction in overall ambient noise
making UAM more noticeable).

73|Page






NASA UAM Market Study — Final Report 21 November 2018

9.0 WEATHER BARRIERS

Weather constraints represent a critical and complex component of characterizing the UAM market.
Weather can influence many components of UAM, including operations, service supply, passenger comfort,
community acceptance, infrastructure, and traffic management. In this study, our goal was to provide an
initial assessment of underlying historical weather conditions, or a climatology, which could impact UAM,
with a focus on operations. No assumptions were made regarding vehicles or technology, so results could
be made more precise by examining specific use cases in the future.

9.1 Methodology

This section will describe our weather analysis methodology used to develop the climatology, including data
sources, generation of climatology at the ten focus urban areas, and consolidation of results into overall
weather impacted hours.

9.1.1 Weather Data Sources

We first surveyed available data sources in and near focus urban areas, and found limited availability of
high resolution, reliable (calibrated) observations collected directly in the urban areas. We therefore tar-
geted regularly collected weather observations including Meteorological Aerodrome Report (METAR), ver-
tical soundings, and pilot reports (PIREP) for our analysis. METAR are point observations collected hourly
at the surface, most commonly at airports, and capture a wide range of conditions, including temperature,
wind direction and speed, sky cover (low ceilings/visibility), and present weather (e.g., thunderstorms, rain,
snow). Vertical soundings are generated from weather balloons that are launched twice a day from a fixed
location, in morning (12Z) and afternoon (00Z) and provide conditions aloft which would be experienced
during UAM flight or at an elevated vertiport. Data collected from these soundings include temperature,
pressure, dew point, and wind speed and direction at multiple altitudes from the surface to about 65,000 ft.
PIREPs are generated whenever a pilot encounters weather conditions that they deem impactful, such as
low level wind shear or turbulence. These are not collected at a regular time interval, so they are used in
this analysis as a supplemental source of weather impacts to augment signals observed from the METAR
and vertical soundings.
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Figure 29: Surface and vertical sounding observation locations for 6 of the 10 target urban areas.
Color shading area indicates spatial coverage of urban areas according to the U.S. Census

We evaluated the spatial extent and distribution of observation locations relative to the focus urban areas
to assess how representative these data are of conditions and variability within the urban area. The METAR
surface and vertical sounding observation locations overlap well with several of the target urban areas, but
may not be fully representative of conditions in many. In most of the Eastern and Texas target urban areas,
these observation locations are distributed evenly across the region while in some locations such as Miami
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and Houston, the observations only capture conditions in one portion of the region (Figure 29 above). Fur-
thermore, in some focus urban areas such as Denver, vertical sounding observations are collected outside
of the urban area and may not fully represent conditions within the urban area. Despite these limitations,
these observations provide a valuable baseline on historical adverse conditions in the target urban areas
from which weather barriers to UAM can be assessed.

9.1.2 Historical Statistics

Weather conditions potentially impactful to UAM operations can vary strongly both diurnally and seasonally
in many of our target urban areas, so we stratified our climatology by hour of the day and meteorological
season — Winter (Dec, Jan, Feb), Spring (Mar, Apr, May), Summer (Jun, Jul, Aug), and Fall (Sep, Oct, Nov).
We focused our analysis on the anticipated UAM operational window of 7 am — 6 pm Local Time to align
with our economic market analysis, but have data for all 24 hours of the day.

For METAR surface observations, we computed statistics over a 7-year historical period (2010-2017) such
as average temperature and frequency of conditions such as thunderstorms and Instrument Flight Rules
(IFR) for each hour of the UAM operational window and each season. These statistics were first calculated
and evaluated at each METAR location for an urban area to enable assessment of variability in adverse
conditions at different locations within the urban area. For example, we found a significant difference in the
frequency of winds greater than 20 kts in the San Francisco urban area during summer in the afternoon,
with frequency greater than 50% at SFO (west of the Bay) but under 5% at OAK (east of the Bay) around
4 pm Local Time. This indicates that during this time and season, wind conditions are much more favorable
for UAM operations in the eastern urban area than the western portion. We then calculated these statistics
across all METAR stations in aggregate to analyze the seasonal variability in conditions across the urban
area. Continuing the San Francisco example, we found that in aggregate, the frequency of winds greater
than 20 kts is greatest (~20%) during afternoon in most seasons but only about 10% during winter indicating
that across the urban area, wind conditions are slightly more favorable for UAM operations in winter.

As indicated earlier, the vertical sounding observations are only collected twice a day, so we computed
seasonal averages across a 5-year historical period (2013-2017) for each of these two times (12Z and 002)
at all target urban areas. Observations are collected at irregular vertical intervals as the balloon ascends,
so we calculated average conditions in 500 ft bins to ensure sufficient sample size. Density altitude was
computed from seasonal average conditions in the lowest available vertical bin at all urban areas to
characterize lift conditions at vertiports. Average winds were generated by calculating the average North-
South and East-West wind vector components of all historical winds in each altitude bin.

Market Area
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Figure 30: Distribution of PIREPs by weather condition at focus urban areas. No PIREPs were gen-
erated across our historical period in Honolulu
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Pilot reports were used as supplemental observations to augment results from the surface and vertical
sounding observations due to their ad hoc collection. We first isolated PIREPs across a 3-year historical
period (2015-2017) over or near the focus urban areas using the airport code in the reports. Within each
urban area, we then computed the percentage of reports with each type of reported weather to identify
which conditions were most prevalent (Figure 30 above). Across all urban areas, low ceilings and
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turbulence were the most frequently reported conditions with low level wind shear being reported somewhat
frequently at several urban areas including Denver and San Francisco. Because more than one condition
may be included in a given report, these percentages may not always add up to 100%.

9.1.3 Impacted Hours

After generating detailed statistics on historical weather conditions individually, we lastly computed the
overall average number of hours that UAM operations would potentially be significantly impacted based on
the underlying conditions. The goal of capturing these impacted hours is to provide a consolidated metric
for weather impacts during the UAM operational day at each urban area. The impacted hours were
generated based on METAR surface observations as they provide the highest temporal resolution (hourly)
of all our data sources.

To do this, we first defined “impact scores” for each weather condition captured in METAR observations,
from 1 (minimally impactful, little reduction in operations) to 10 (significantly impactful, potential cessation
of operations). We leveraged our extensive expertise in aviation weather as well as available literature on
weather influence on UAS and UAM vehicles to define these scores which are shown in Table 10. These
scores are preliminary and were defined to capture potential impacts across a wide range of UAM
operations and make no assumptions about components such as vehicle type or level of automation.
Further refinement and precision of the weather impact scores could be achieved through case studies
where these components are explicitly defined. Vertical wind shear is a critical condition that will likely
impact UAM operations which cannot be directly quantified from surface observations. These impact scores
could be extended by leveraging higher temporal resolution vertical data such as airborne observations
from commercial aircraft.

Table 10: Impact Scores for each weather condition from METAR

Weather Condition Weather Condition
Drizzle 1 Wind 20 - 25 kts 7
Rain 1 Smoke (<3 sm) 7
MVFR Ceiling 1 LIFR Ceiling 7
Haze 1 IFR Visibility 7
Ice Crystals 1 Wind = 25 kts 8
Sand Whirls 1 Sleet 8
Sand 2 Squalls 8
Snow Grains 2 Fog 8.5
Temp < 32°F 3 Freezing Fog 8.5
Temp = 100°F 3 Freezing Drizzle 9
IFR Ceiling 4 Thunderstorms 9
Dust 5 Dust Storm 10
Snow 5 Funnel Cloud/Tornado 10
Sandstorm 5 Freezing Rain 10
Wind 15 - 20 kts 5 Hail 10
Mist (vis >= 5/8 sm) 6 Volcanic Ash 10
Snow Pellets 6
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We then computed the average impact score at each hour of the UAM operational day for each season at
all target urban areas, based on conditions that occurred historically during that hour. To define an hour of
the UAM operational day as “impacted”, we needed to define an average impact score threshold. We eval-
uated variability of the average impact score distributions, as well as the impact scores themselves, and
determined that an average impact score threshold of 3 provided a robust delineation between minimal and
significant potential impacts to UAM operations. This threshold could be further refined with additional anal-
ysis, and also through application of specific assumptions about UAM operations (e.g., vehicle type). There-
fore, if the average impact score for any hour of any season exceeded 3, we considered that hour to be
potentially impacted by weather, or an “impacted hour”. The number of impacted hours was lastly summed
across the UAM operational day for each season. For example, the average impact score during summer
at San Francisco exceeded 3 from 1-6 pm Local Time, leading to a total of 6 weather impacted hours
(Figure 31).

San Francisco
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Average Impact Score

e
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Figure 31: Average impact scores for each hour of UAM operational day at San Francisco urban
area in summer
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9.2 Results

This section will describe our results, focusing on key signals including high historical frequency of
potentially impactful weather conditions, variability in conditions within an urban area as well as diurnally
and seasonally, and average number of impacted hours. Because the sample size of historical PIREPs
was not sufficient to evaluate seasonal or diurnal variability in conditions, we evaluated the spatial
distribution of reported conditions in each urban area to augment signals observed from surface and vertical
soundings. Results will be presented for urban area regions first, followed by density altitude across all
urban areas, and lastly impacted hours. Supplemental figures to augment results presented here can be
found in Appendix 2 — Weather Analysis.

9.2.1 Western Urban Areas

Overall, weather conditions are favorable for UAM operations at most western focus urban areas. In
Honolulu, surface winds above 20 kts are the only potentially impactful condition with a relatively high
frequency of occurrence (9-10%) in early afternoon during spring and summer (Figure 91 in Appendix 2 —
Weather Analysis). Phoenix experiences several weather conditions on average that may be impactful to
UAM, including high temperatures, strong winds, and thunderstorms (Figure 92 in Appendix 2 — Weather
Analysis). These unfavorable conditions
occur most frequently during afternoon in
summer. Most pilot reports in Phoenix
were due to turbulence and were uniformly
distributed spatially across the urban area.
In the Los Angeles urban area, weather
conditions are mostly favorable for UAM
operations, though IFR conditions are
somewhat frequent in morning, especially
during summer (Figure 93 in Appendix 2 —
Weather Analysis). There was also

variability within urban area during \ .
summer, where historical IFR frequency
was above 50% in early morning at LAX =
while only about 20% at Van Nuys (Figure
32). Most PIREPs were due to turbulence,

located mostly over the ocean, and low
ceilings, located mostly in the western Figure 32: Hourly summer frequency of IFR conditions at

urban area which is consistent with LAX (orange) and VNY (blue) in Los Angles urban area
findings from METAR observations.

Summer

Frequency of IFR (%)

Time of Day (Local Time)

We also found variability in conditions within the San Francisco urban area, which frequently experiences
IFR and winds above 20 kts in most seasons (Figure 94 in Appendix 2 — Weather Analysis). The fre-
quency of winds above 20 kts is significantly greater
at SFO than OAK in all seasons except for winter
(Figure 33). This suggests that wind conditions are
more favorable for UAM in the eastern portion of the
urban area during afternoon hours. IFR conditions
also have a high historical frequency during morning
hours, exceeding 60% before 8 am Local Time in
summer.

In Denver, average weather conditions are unfavor-
able for UAM operations during most hours and sea-
sons (Figure 95 in Appendix 2 — Weather Analy-
sis). Cold temperatures (below freezing) which may
reduce passenger comfort and influence vehicle
battery life are possible during fall, winter, and spring
especially in the morning hours. IFR conditions are

Frequency of Winds > 20 kts (%)

Time of Day (Local Time)

Figure 33: Hourly summer frequency of winds
above 20 kts at SFO (orange) and OAK (green)

79|Page



NASA UAM Market Study — Final Report 21 November 2018

also somewhat frequent (15%) during the morning across all seasons, with lowest frequency occurring
during summer. Thunderstorms and strong winds are common during afternoon in summer, which could
compromise safety of UAM operations. Strong average winds aloft (5000 ft) were also observed during all
seasons on average, which could influence UAM mission duration and vehicle spacing (for large scale
operations). Denver is also one of the few focus urban areas where PIREPs were generated for all types
of weather conditions (Figure 96 in Appendix 2 — Weather Analysis). Turbulence and wind shear were
the most frequently reported conditions and were distributed uniformly across the urban area spatially.

9.2.2 Eastern Urban Areas

Average weather conditions were found to be less favorable in the Eastern focus urban areas than the
Western areas. In Washington, D.C., thunderstorms and IFR conditions are the most frequent potentially
impactful weather. IFR conditions are on average most common in the early morning during all seasons
while thunderstorms occurred most often in afternoon during summer (Figure 97 in Appendix 2 — Weather
Analysis). Most PIREPs were due to turbulence and low ceilings, the majority of which were reported while
departing out of IAD in the western portion of the urban area (Figure 98 in Appendix 2 — Weather Analysis).

Several adverse conditions were frequent in the New York urban area for most hours and seasons, which
included IFR, winds above 20 kts, and rapid changes in wind speed with altitude, or vertical wind shear
(Figure 99 in Appendix 2 — Weather Analysis). Variability in strong winds was observed within the urban
area, with JFK (on Long Island in eastern portion of the urban area) experiencing the highest frequency of
winds above 20 kts during afternoon (~14%) while a significantly lower frequency of occurrence (~2%) was
observed at TEB (northern portion of urban area). Across the urban area in aggregate, IFR conditions are
frequent (20-25%) during all seasons in early morning. Wind shear was also observed during morning in
winter, with average wind speed increasing from only a few knots at the surface to almost 20 kts around
1000 ft altitude which could impact UAM during takeoff and in flight. Similar to Washington, D.C., most
PIREPs in the New York urban area indicated turbulence and low ceilings (Figure 100 in Appendix 2 —
Weather Analysis).

Overall, average weather conditions in the Miami urban area were favorable for UAM operations.
Thunderstorms occurred frequently during early afternoon in summer and fall, while IFR conditions were
somewhat common during winter in the early morning hours (Figure 101 in Appendix 2 — Weather Analysis).

9.2.3 Texas Urban Areas

In the two Texas urban areas, frequent thunderstorms, IFR, and vertical wind shear conditions pose
potential challenges for UAM operations in most seasons. In Houston, we found some variability in IFR
condition frequency within the urban area (Figure 102 in Appendix 2 — Weather Analysis). These conditions
are most frequent during morning in winter and spring overall, but have a higher frequency at IAH (over
35%), in the northern part of the urban area, than at HOU (20%) which is in the southern portion of the
urban area. High surface air temperatures, which may impact passenger comfort, are possible in summer
and early fall. Thunderstorms were also frequent in early afternoon during summer, which would impact
safety of UAM operations. We also saw that a strong low level jet, or altitude band with strong winds, was
commonly present around 2500 ft in morning during winter along with strong winds near 5000 ft.

Average weather in the Dallas urban area was similar to Houston, with high temperature, IFR,
thunderstorms, and strong low level jet being the most frequent potentially impactful conditions to UAM
(Figure 104 in Appendix 2 — Weather Analysis). The frequency of IFR conditions during morning in fall and
summer was higher in Dallas than Houston, but still less frequent than in winter and spring. We also found
that thunderstorms were more common during afternoon in spring than in Houston, possibly due to passage
of strong cold fronts that are frequent during spring.

9.2.4 Density Altitude

The average density altitude for all target urban areas in each season, calculated from conditions in the
lowest altitude bin of the vertical sounding data, is shown in Table 11 along with the field elevation from
which the observations were taken. These values are greatest for all urban areas during summer, when
temperature is typically highest. Phoenix has the highest average summer density altitude relative to sur-
face elevation above sea level (~2000 ft), which may result in impacts to UAM takeoff and lift. Average
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density altitude is also about 1000-2000 ft above surface elevation in Miami during both summer and fall,
and Dallas, Denver, and Houston during summer.

Table 11: Average seasonal density altitude for focus urban areas.

Urban Area Field Elev. (ft) Spring Summer  Fall Winter

New York 65 -968 645 -618 -1976

Washington, D.C. 305 -152 1264 27 -1384

Miami 16 779 1281 1026 484

Dallas 561 682 2055 786 -460

Houston 33 436 1342 527 -349

Denver 5285 5742 6974 6025 4759

Phoenix 2464 3660 4614 3830 2641

Los Angeles 397 3 30 36 -9

San Francisco 10 -115 343 217 245

Honolulu 98 1039 1498 1248 885

9.2.5 Weather Impacted Hours

As described earlier, we lastly computed the overall average number of weather impacted hours during the
UAM operational day (7 am — 6 pm Local Time) for each season across all focus urban areas. These
weather impacted hours are shown in Table 12, along with the average across all seasons in the rightmost
column. According to the average values across the seasons, approximately half of the UAM operational
day would potentially be impacted by weather on average at most target urban areas including New York,
Washington, D.C., Dallas, Houston, Denver, and Honolulu.

We found a high number of weather impacted hours, sometimes more than half of the UAM operational
day, occurred during winter and spring in the Northeast, Texas, and Denver urban areas. Conversely, most
urban areas experienced the fewest impacted hours during summer and fall with the exceptions being
Honolulu and Phoenix. Due to the high frequency of several impactful conditions during summer in Phoenix,
including thunderstorms and high temperatures, almost half of the operational day would potentially be
influenced by adverse weather during summer. In Honolulu, the high frequency of strong winds through
most of the operational day during summer results in nine weather impacted hours during summer.

Despite historical occurrence of adverse conditions like thunderstorms, the number of weather impacted
hours in Miami was zero for all seasons. This is due to the fact that the underlying frequency of thunder-
storms was sufficiently low that the average impact scores for all hours of the UAM operational day fell
below our threshold of 3. These results would benefit from refinement of our impact scores to capture the
fact that underlying frequency of occurrence is different for all phenomena, with smaller values expected
for small scale, short-lived conditions like thunderstorms.
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Table 12: Average number of weather impacted hours for all target urban areas by season

Urban Areas Winter Spring Summer Fall Average
New York 12 12 0 8 8
Washington, D.C. 12 12 0 0 6
Miami 0 0 0 0 0
Dallas 11 12 3 0 6.5
Houston 9 11 0 0 5
Denver 12 12 4 3 7.75
Phoenix 0 0 5 0 1.25
Los Angeles 2 1 2 1 1.5
Fra?'l?:insco 3 6 6 4 475
Honolulu 0 7 9 6 5.5
Average 6.1 7.3 29 2.2

9.3 Weather Barriers Summary

Key We found the following key results from the weather barriers analysis:
Findings

o Weather most favorable for UAM operations in Western focus urban areas,
which experience weather impacted hours for less than half of the operational
window mostly due to frequent high temperatures and IFR conditions during
summer and strong surface winds

e Weather conditions highly unfavorable for UAM operations in Denver due to fre-
quent adverse weather in all seasons

e Approximately half of the UAM operational day potentially impacted by weather
on average in Texas urban areas due to thunderstorms, IFR conditions, and
vertical wind shear

e Weather conditions less favorable in New York and Washington, D.C. focus ur-
ban areas as potential for most of operational day to be impacted by weather
on average across all seasons primarily due to IFR conditions, strong surface
winds, and vertical wind shear

o Weather favorable for UAM operations in Miami, though thunderstorms could
cause short term disruptions mostly in fall and summer
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10.0 AIRPORT SHUTTLE AND AIR TAXI MARKET ANALYSIS

The Booz Allen team approached the analysis of Airport Shuttle and Air Taxi markets using a system-of-
system framework. As shown in Figure 34, the UAM ecosystem can be conceptualized as a set of system
level layers including: supply (in terms of technology and UAM transport services), demand for UAM ser-
vices, infrastructure (in terms of location and capacity of vertiports), legal/regulatory environment, and the
general public. Each system layer and connections between them are investigated using a scenario and
Monte Carlo based sensitivity analyses framework. For the purpose of this study, we calculated and tracked
key metrics from the perspective of operators (e.g., number of flights, potential revenue and operating
costs), passengers (e.g., number and distribution), non-flying public (e.g., flight patterns, potential noise
impacts), and infrastructure providers (e.g., number, location and capacity of vertiports).

Figure 34 shows the block diagram describing the multi-step process used to analyze the UAM markets.
This included:

o Step 1: Definition of concept of operations (ConOps): An air taxi mission is defined based on
requirements in terms of mission range, demand, infrastructure availability, and vehicle capabilities,
among others. A concept of operations (ConOps) was also designed to capture the activities com-
pleted by the passenger and air taxi to complete one mission. The ConOps included ground trans-
portation for first last mile service, transfers, and air taxi flight.

e Step 2: Development of operating model and calculation of key performance metrics: Cost
of service for passengers was calculated for different vehicle type proposed to serve the Air Taxi
market. Each relevant cost component like capital and maintenance cost, energy and battery cost,
and infrastructure cost, among others were individually modeled. Weather related adjustments like
wind speed, temperature, and density for each urban area was applied. Having calculated the cost
of service for passengers, the next step in the loop was to calculate demand using a five-step
process: Trip Generation, Scoping, Trip Distribution, Mode Choice, and Operational constraints.

e Step 3: What if Scenario Analyses: As described in the introduction to this section, the UAM
market is at the initial stage of development and its emergence will be driven by several factors.
The potential effects of a several factors were tested to understand the implications to market size
and viability. These included: operational constraints including capacity of available infrastructure,
time of day restrictions on operations to minimize impact on public, and regulatory hurdles to fly
under Instrument Flight Rules (IFR) conditions.

e Step 4: Monte Carlo based Sensitivity analyses: In order to assess the propagation of input
uncertainties on key performance metrics to better understand the potential market size and its
viability, Monte Carlo based sensitivity analyses were conducted. This involved randomly generat-
ing 10,000 missions for each urban area. Eight scenarios were developed based on current state
and future state of air taxi system of systems and decisions and actions by key stakeholders.

10.1 Design Mission and ConOps

As input to the system level analysis of the UAM market, operational concepts and typical missions were
developed. Figure 35 shows a step-by-step notional ConOps as defined in this analysis. In comparison to
the same trip performed by ride-hailing service on ground, passengers using UAM service (i.e., air taxi or
airport shuttle) undergo the following transfers: Origin to Heliport (or Vertiport) using ground transportation,
Heliport (closer to the origin) to Heliport (closer to the destination), and Heliport to Destination using ground
transportation.
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« Battery life cycle of a Li ion battery directly depends on the depth of Capacity of Li-ion battery decreases at low temperatures since the
discharge (DOD). Increasing DOD decreases battery life. Generalized total resistance (sum of bulk, surface layer and charge-transfer
relationship is shown below: resistance layer) increases
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1 Market share of a UAM aircraft will also depends upon availability of each type of aircraft (i.e., delivery year), environmental impact, flexibility, user preference, size, infrastructure requirements etc. This
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