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NOTICE  

This document is disseminated under the sponsorship of the U.S. Department of Transportation in 

the interest of information exchange. The U.S. Government assumes no liability for the contents or 

use thereof. The U.S. Government does not endorse products or manufacturers. Trade or 

manufacturers' names appear herein solely because they are considered essential to the objective of 

this report. The findings and conclusions in this report are those of the author(s) and do not 

necessarily represent the views of the funding agency. This document does not constitute FAA 

policy. Consult the FAA sponsoring organization listed on the Technical Documentation page as to 

its use. 
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LEGAL DISCLAIMER  

The information provided herein may include content supplied by third parties. Although the data 

and information contained herein has been produced or processed from sources believed to be 

reliable, the Federal Aviation Administration makes no warranty, expressed or implied, regarding 

the accuracy, adequacy, completeness, legality, reliability or usefulness of any information, 

conclusions or recommendations provided herein. Distribution of the information contained herein 

does not constitute an endorsement or warranty of the data or information provided herein by the 

Federal Aviation Administration or the U.S. Department of Transportation. Neither the Federal 

Aviation Administration nor the U.S. Department of Transportation shall be held liable for any 

improper or incorrect use of the information contained herein and assumes no responsibility for 

anyone's use of the information. The Federal Aviation Administration and U.S. Department of 

Transportation shall not be liable for any claim for any loss, harm, or other damages arising from 

access to or use of data or information, including without limitation any direct, indirect, incidental, 

exemplary, special or consequential damages, even if advised of the possibility of such damages. 

The Federal Aviation Administration shall not be liable to anyone for any decision made or action 

taken, or not taken, in reliance on the information contained herein. 
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EXECUTIVE SUMMARY  

The Alliance for System Safety of UAS through Research Excellence (ASSURE) A36 research task 

ñA11L.UAS.76: Urban Air Mobility: Safety Standards, Aircraft Certification and Impact on Market 

Feasibility and Growth Potentialsò aimed to understand the emergence of Urban Air Mobility 

(UAM) environment by assessing and understating the markets, viability, economics, and their 

challenges. The research presented in this document highlights the challenges and needs of the 

Federal Aviation Administration (FAA) to support safe integration and could be used as a tool to 

assist decision-makers in the allocation of personnel and resources. 

The A36 team consisted of the National Institute for Aviation Research (NIAR) at Wichita State 

University (WSU), Mississippi State University (MSU), North Carolina State University (NCSU), 

and Embry-Riddle Aeronautical University (ERAU). The research task covered three major areas 

of research presented in this document as three Working Packages (WP). 

MSU and NCSU completed the WP #1 task titled ñEvaluation of UAM Market Potential: Economic 

Feasibility, Potential Size and Growth, Characteristics of Population, and Ground Infrastructure.ò 

The WP #1 team forecasted the demand for domestic UAM passenger markets, including the airport 

shuttle, air taxi, regional passenger transport, emergency medical service, and corporate shuttle use 

cases. Using a Site Suitability Analysis framework, the top 100 Metropolitan Statistical Areas 

(MSAs) were ranked and scored. The results of the site suitability analysis were used in conjunction 

with a bass diffusion market penetration model to estimate how demand within these MSAs evolves 

from the present through 2045. An extensive literature review of over 100 journal articles, reports, 

industry papers, and market resources informed passenger mobility market milestones and 

transition points. 

The WP #1 research findings demonstrated that in 2045, approximately 85.4 million advanced 

passenger mobility trips will be made1. Therefore, looking at demand cumulatively, a total of 525.3 

million trips are estimated to be made from 2022-2045. This equates to $72.5 billion in cumulative 

revenue over that time period. 

The WP #2 task titled ñAirworthiness regulations and their applicability to UAM aircraft 

certificationò aimed to investigate current regulatory frameworks' applicability to UAM vehicles. 

In addition, this WP also aimed to investigate the classification of UAM vehicles in terms of 

airworthiness and methods to estimate program development and certification costs for these 

vehicles. The WP #2 team consisted of personnel from NIAR. 

The WP #2 team first studied the Vertical Take-off and Landing (VTOL) market through a 

comprehensive database from the evtol.news/aircraft website (updated in June 2021). The 

definition of a UAM vehicle as defined by the National Aeronautics and Space Administration 

(NASA) UAM Noise Working Group helped refine the database to 212 relevant vehicles by 

filtering out large numbers of non-UAM vehicles. This study tracked a variety of parameters such 

as vehicle architecture, maturity level, vehicle mission purpose, propulsion system, etc. Because 

most 212 UAM vehicles are still in the design phase, a more focused study examined the top 10+ 

vehicles with the highest possibility of entering the operation phase based on the Advanced Air 

                                                   
1 For the purposes of this study, advanced passenger mobility trips are defined as trips made by Vertical Takeoff and 

Landing (VTOL) aircraft that can hover, take off and land vertically without relying on a runway as well as Regional 

Air Mobility (RAM) aircraft that travel distances from 50-500 miles and employ semi- or fully-autonomous technology. 
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Mobility (AAM ) Reality Index (ARI).  The ARI scores in this subsequent study were last updated 

in February 2022. This top vehicle study gives a clearer picture of the UAM market. In particular, 

the analysis showed that vectored thrust vehicles are most likely to be operational before 2030 due 

to the highest interest from the Original Equipment Manufacturers (OEMs). 

The WP #2 team next investigated the applicability of the regulatory standards to UAM vehicles, 

focusing on Electric Vertical Takeoff and Landing (eVTOL) and battery crashworthiness and noise. 

The requirements in the regulatory framework of both the European Union Aviation Safety Agency 

(EASA) and FAA are based on existing standards (the majority are based on Part 23 (CS-23) and 

Part 27 (CS-27)). While the EASA has created a Special Condition (SC) document for requirements 

and is currently working on the development of specific Means of Compliance (MOCs), the FAA 

implements the path described in 14 Code of Federal Regulations (CFR) §21.17(b). 

Traditionally, crashworthiness requirements have been derived from statistical distribution studies 

based on historical data from accidents. These existing requirements might not apply to UAM 

vehicles as written due to the vehiclesô novel architectures, technologies, or mission types. 

Specifically, the definition of dynamic conditions will most likely need to change for UAM 

vehicles. The WP #2 team recommends that the FAA has a concrete definition of emergency 

landing conditions per UAM operations. The WP #2 team identified that the battery drop test 

requirement of the EASA SC-VTOL was the only specific requirement that provided details on the 

loads expected during an emergency landing.  The team investigated automotive standards for 

batteries that focused on conditions applicable to emergency landing conditions such as crush and 

mechanical shock. The team recommends including mechanical abuse tests for batteries in the 

regulatory framework. Adding a requirement for the battery manufacturers to comply with an 

existing standard would suffice.  

The WP #2 team identified several limitations in the current set of noise regulations, i.e., 14 CFR 

Part 36, in their applicability to UAM vehicles. These limitations will need to be addressed by the 

FAA to establish a generic set of certification requirements and procedures that apply to a wide 

class of UAM vehicles. For example, limited acoustic flight testing data suggests that UAM 

vehicles that rely on Distributed Electric Propulsion (DEP) may be significantly quieter compared 

to traditional rotorcraft. Nevertheless, appropriate certification procedures and MOCs still need to 

be developed for these vehicles to show compliance with Part 36 requirements. Some high-level 

recommendations to amend Part 36 include 1) the addition of appendices to accommodate the 

different UAM architectures; 2) expanding the definition of ñworst-caseò conditions for UAM 

vehicles; 3) lowering the flightpath altitude for the certification flight tests in order to distinguish 

the noise profile of the vehicle from the background ambient noise; and 4) including hover and 

transition conditions in the certification requirements. In-depth recommendations for modification 

of Part 36 requirements and derivation of appropriate MOCs will require more acoustic testing of 

UAM vehicles (both ground and flight) and dissemination of the acoustic test data to the 

community.   

Lastly, the WP #2 team investigated three existing tools designed for the aerospace industry to 

evaluate UAM vehicle program development and certification costs and evaluated the estimates 

from two of the tools. None of the models separated the costs of certifying an aircraft from the cost 

of developing it. However, long-range projections from the NASA Advanced Missions Cost Model 

estimated that costs to bring a UAM vehicle to market would be between $500 million and $2 
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billion. More detailed and accurate estimates require significant data from the development cycle 

of UAM vehicles that are successfully brought to market. Record keeping of this data should be 

encouraged by regulators to help build an understanding of this new aviation segment. 

The WP #3 task titled ñEvaluation of UAM integration on the National Airspace System ï Air 

Traffic Control and Operationsò aimed to identify the impact of UAM on the National Airspace 

System (NAS) with respect to Air  Traffic Control (ATC), infrastructure, and operations via the 

introduction of common terms and definitions, research gaps that exist for a successful integration, 

as well as certain assumptions and limitations that are imposed on this research study. The WP #3 

team consisted of personnel from ERAU. 

The WP #3 team developed a Daytona Beach International Airport (KDAB) airspace UAM 

integration concept to model the airspace environment, including UAM corridors, vertiport 

locations, vertiport ingress/egress, operational limits (altitudes, velocities, etc.), and 

Communication, Navigation, and Surveillance (CNS) requirements. The key thought behind this 

UAM concept was to combine already existing airspace elements with the novel concepts of UAM 

operations and environment. Simulation scenarios used for the purpose of this study attempted to 

closely replicate the teamôs vision on the airspace environment formed based on the literature 

review, FAA guidance, and subject matter expertise. 

The simulation environment leverages ERAUôs Air Traffic Control Tower (ATCT) simulators. 

KDAB served as the host environment for both ATCT and airspace environments for which 

simulation scenarios with and without UAM are evaluated. The simulation environment simulates 

a vertihub at KDAB and a vertiport at the parking garage near the downtown Daytona Beach 

Boardwalk. Waypoints served as fixes between airspace corridors that establish route(s) between 

KDAB, downtown Daytona, and ingress/egress points for UAM traffic coming to/from nearby 

airports, including Orlando International Airport (KMCO). The simulator allowed both simulated 

manned and unmanned traffic to operate in the simulation environment, with pseudo-pilots 

controlling the aircraft and providing communications with the ATC participants. Participants are 

assigned to serve in the Local Control (LC) or Ground Control (GC) positions within the ATCT. 

The WP #3 team selected two metrics to assess the impact of UAM on the NAS. First, participants 

completed the NASA Task Load Index (TLX) workload assessment survey after each scenario to 

measure the impact on controller workload. Second, the team used an ATC performance assessment 

sheet tailored from the grade sheets used in ERAUôs ATC laboratory. This report summarizes 

observations about the data, participant performance, etc. The Wilcoxon Signed-Rank Test is used 

to determine the statistical significance of score differences between the non-UAM vs. UAM 

environment and their positions, GC, and LC. 

In this report, the WP #3 team provides a detailed discussion regarding the ATC performance scores 

for both LC and GC positions. In general, experimental results and analysis show a statistically 

significant difference in ATC performance for both GC and LC positions when comparing 

operations with and without UAM present. Participants scored lower performance scores with 

UAM present. For GC, mistakes made included failure to protect taxiing aircraft from overflying 

UAM emergency, failure to issue runway crossing or notify LC once a crossing was complete, over 

protection or under protection of the vertihub, issuing traffic for aircraft regarding UAM aircraft 

when not necessary, etc. The TLX survey did not show with statistical significance any difference 
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between non-UAM vs. with UAM for both GC and LC. However, the team observed a statistically 

significant difference between LC and GC. LC had a higher mean workload than GC. 

According to the WP #3 team, operational and procedural requirements must leverage previous 

work to enable UAS Traffic Management (UTM) integration into the NAS UAM system. With 

increased air traffic, Providers of Service for UAM (PSUs) must coordinate traffic within the PSU 

network and plan flight operations while considering urban airspace congestion, the location of 

nearby airspaces, weather restrictions, ATC coordination, and enabling greater use of automation. 

The data must also be shared with UAM operators, PSUs, Unmanned Traffic Management Service 

Suppliers (USSs), the FAA, and other stakeholders. As UAM traffic density increases, ATC's roles 

and responsibilities in addressing UAM systems must be reduced because it would impede ATC 

performance by increasing workload. As a result, as with UTM, PSUs are delegated airspace 

management responsibilities for UAM, with ATC and UAM coordinating for situational awareness 

and handling off-nominal conditions. 

From a CNS perspective, the requirements focus on providing new systems to meet the needs of 

the future UAM paradigm. They are used as a starting point for developing cooperative and non-

cooperative monitoring systems. To safely integrate UAM into shared or adjacent airspace with 

non-UAM air traffic, the requirements of the UAM system must be considered so that the aircraft 

remains within the available air volume designated according to a given flight plan/schedule. 

Therefore, the requirements of each CNS focus area should lead the way to an integrated 

architecture that can meet the expected demand for integrating UAS into NAS. 

A substantial amount of infrastructure must be built and installed to enable UAM operations, in 

addition to the required aircraft, procedures, and airspace planning. UAM, UTM, and NAS general 

infrastructure, as well as vertiports and corridor needs, are among these infrastructure types. In 

addition, the impact of infrastructure and infrastructure design on public acceptance, which 

determines UAM traffic density, should also be considered. To guarantee a safe UAM integration 

into the NAS, the coordination of segregated and non-segregated airspace elements between UAM 

and non-UAM air traffic needs to be addressed. Studies pointed out that combining UAM aircraft 

with conventional aircraft in the same airspace is more effective than separating them. A long-term 

solution is anticipated to combine all operations into a single conjoint system. 

The safe integration of new entrants into the NAS represents a significant challenge. UAM is a new 

opportunity for aviation that could revolutionize the transportation system. It is a challenging use 

case for transporting cargo and passengers in an urban environment. This should include the 

creation of standards or even a set of firm recommendations for standards. The FAA is dedicated 

to developing the technical and regulatory standards, policy guidance, and operational procedures 

on which successful UAM integration depends. However, for future standardization, several 

methods and recommendations that are widely employed in the aeronautics sector should be heavily 

taken into consideration. It may take less time to build technological and regulatory standards if 

academics and industry apply their financial and human resources to support crucial FAA efforts. 

Together, all parties can successfully integrate UAM into the NAS and use UAM and related 

technologies for a societal advantage.  
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1 INTRODUCTION  

The vision to revolutionize mobility within metropolitan areas is a new frontier in aviation. 

Supporting accessible air transport systems for passengers and cargo by working with the Urban 

Air Mobility (UAM) community to identify and address the opportunities and key challenges ahead 

is an emerging role for the Federal Aviation Administration (FAA).  The UAM ecosystem and its 

associated technologies are likely among the most complex aviation ever encountered. As the price 

of traveling by air in cities becomes more affordable, demand is only expected to increase, with an 

expected compound annual growth rate of 17.28% until 2035 (Mordor Intelligence, 2021). 

To understand how the UAM environment could emerge and respond proactively, it is necessary 

to be informed by assessing and understating the markets, viability, economics, and challenges that 

will arise. The research presented in this document highlights the challenges and needs of the FAA 

to support safe integration and could be used to assist decision-makers in allocating personnel and 

resources.  

In the FAA Modernization and Reform Act of 2012, Congress tasked the FAA with integrating 

Unmanned Aircraft Systems (UASs) into the National Airspace System (NAS). To comply with 

the Congressional mandate, the FAA established an sUAS rule (published within the Code of 

Federal Regulations as 14 CFR Part 107), allowing sUAS to operate in the NAS.  In its core 

proposition and approach, the proposed research is "basic and early-stage applied research" in 

understanding UAM operations in the NAS. Designed as a short-term research project, the primary 

results will likely yield effective and "quantitative metrics" in evaluating (Mulvaney & Kratsios, 

2017) as a further step toward UAS integration into National Airspace System, or NAS. 

Understanding the volume and magnitude of UAM is essential in understanding safety implications 

and in prioritizing the Agency resources together with the timing of allocating these scarce 

resources. Accordingly, the research presented in this document is designed to capture the following 

characteristics of the market potential together with the implications on resources:    

¶ Potential size and growth of the market at the local and/or national level; 

¶ Economic feasibility, including price points at which individual market becomes viable; 

¶ The anticipated cost to enter the market, considering factors such as vehicle acquisition and 

life cycle, operation liability, maintenance and replacement, and upgrade schedules;  

¶ Customer segments (e.g., regular business commuters, ad hoc travelers, etc.) for UAM 

viability; 

¶ Characteristics of population density, traffic patterns including congestion, affordability, 

and preferred locations; 

¶ Competition for UAM transportation or services (e.g., driverless cars and multi-modal 

transportation options, on-demand ride-hailing services, virtual presence, etc.), providing 

cost comparisons where applicable; and 

¶ Ground infrastructure requirements, legal and management strategies consistent with the 

envisioned UAM network, and connectivity to other transportation modalities as needed for 

efficient, "door-to-door" travel and unplanned landing sites.  

Furthermore, as part of the Part 107 rulemaking effort, the FAA selected the American Society for 

Testing and Materials (ASTM) to establish a set of standards for airworthiness, maintenance, and 

operation in support of Part 107. Understanding safety requirements for UAM, drawing upon the 
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lessons learned from Part 107, will require understanding barriers for additional demands on the 

NAS. While some of the existing constraints have been documented (Thipphavong et al., 2018), 

detailed analyses are presently unavailable, and implications for UAM emergence and its 

penetration are unclear. This research addresses some of the fundamental questions about how 

UAM: 

¶ May impose a demand on additional ATC infrastructure, including airspace and workload 

on controllers?   

¶ May require a new paradigm to integrate with UTM and/or Air Traffic Management 

(ATM)? 

¶ May impose a demand on regulatory requirements, including standards for airworthiness, 

certifications for design, maintenance, and operations for vehicle-level and system-level 

safety and security? 

¶ Will economically scale to high-demand operations with minimal fixed costs? and 

¶ Will support user flexibility and decision-making, including demands emanating from 

emerging UTM?  

To answer these questions, the research is organized into three working packages. Each of these 

working packages' findings and conclusions are presented throughout Sections 2 and 4: 

¶ WP 1 (Section 2): Evaluation of UAM Market Potential: economic feasibility, potential size 

and growth, characteristics of population, and ground infrastructure. 

¶ WP 2 (Section 3): Airworthiness regulations and their applicability to UAM aircraft 

certification. 

¶ WP 3 (Section 4): Evaluation of UAM integration on the National Aerospace System ï Air 

Traffic Control and Operations. 
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2 EVALUATION OF UAM MA RKET POTENTIAL: ECON OMIC 

FEASIBILITY, POTENTI AL SIZE AND GROWTH, 

CHARACTERISTICS OF POPULATION, AND GROUND 

INFRASTRUCTURE  

2.1 Research Context 

The vision to revolutionize mobility within metropolitan areas and beyond is one of the new 

frontiers in modern aviation. Building on the successes of the Beyond Program initiated during the 

Integration Pilot Program (IPP), aviators are paving the way for Uncrewed Air Cargo (UAC), 

followed eventually by uncrewed passenger transport. A continuous role for the Federal Aviation 

Administration (FAA) will be the engagement with the aviation community to identify and address 

the key differences between uncrewed and crewed operations, opportunities, and challenges 

underlying this development. The passenger transportation network ecosystem and its associated 

technologies are likely to be among the most complex aviation endeavors the aviation community 

has experienced, and the opportunities to facilitate the full integration of Uncrewed Aircraft 

Systems (UAS) into the National Airspace System (NAS) are monumental. As the FAA requires 

further understanding of this environment to analyze the differences as they compare to traditional 

crewed air transportation and air cargo, these analyses will enhance decision-making for future 

policy development. This research will highlight the anticipated needs of the FAA to support further 

integration of UAS in air transportation and air cargo operations in metropolitan areas across the 

US, including suburbs and exurbs. 

The A36 research team conducted a literature review, market analysis, Site Suitability Analysis 

(SSA), and bass diffusion modeling to explore advanced passenger mobility.  For the purposes of 

this study, advanced passenger mobility consists of the movement of passengers with vertical 

takeoff and landing (VTOL) or Regional Air Mobility (RAM) aircraft and includes the airport 

shuttle, air taxi, regional air travel (50-500 miles), emergency medical service, and corporate shuttle 

use cases. 

Through the literature review, important aspects of Advanced Air Mobility (AAM) such as 

economic drivers, technology advancement, and the overall societal acceptance of this new aviation 

paradigm are explored. Building from the literature review, the market analysis discusses passenger 

mobility market segments, favorable market conditions, costs to enter these markets, competition 

for advanced passenger mobility services, enabling infrastructure, and the effect of the global 

COVID-19 pandemic on market conditions. Ultimately, the analysis presents forecasts of advanced 

passenger mobility market demand from the present day through 2045 by collating market research, 

economic growth trajectories, and developing defensible market projections for advanced 

passenger mobility market segments.  

2.2 Market Analysis 

2.2.1 Market Characteristics and Viability 

Advanced passenger mobility will undergo several stages of transition within the next few decades 

bringing opportunities for travel that will shape our everyday lives. According to a Deloitte Insights 

market study (Hussain and Silver, 2021), the adoption of advanced mobility services is expected to 

occur over six phases, as shown in Figure 2.1. These phases will correspond with the transition 
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from piloted to fully-autonomous vehicles and the spread of UAM flight services from a few 

concentrated cities to multiple locations throughout the US. 

Phase 1 ï Certification, Testing and Evaluation 

First, the industry will undergo a certification, testing, and evaluation phase. Passenger services are 

firmly progressing within this stage with over a dozen Original Equipment Manufacturers (OEMs) 

vying for Entry Into Service (EIS) dates as early as 2025, as shown in Figure 2.2. During this phase, 

numerous organizations will have gone beyond the research and development stage to undergo 

testing and piloting. Aircraft prototypes will be deployed as the industry prepares for the launch of 

UAM passenger services. 

 

 

Figure 2.1. Advanced Passenger Mobility Growth Paradigm (Hussain and Silver, 2021). 
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Figure 2.2. OEMs and Their Associated Entry Into Service Dates (SMG Consulting, 2022). 

Phase 2 ï Initial Deployment  

The UAM industry will witness the launch of less-complex commercial operations in a few cities 

around the world within the next few years. In the US, those cities are anticipated to be New York 

with the emergence of Blade flight services, Los Angeles with the initiation of Archer, Orlando 

with Lilium taking flight from the Lake Nona Aerotropolis, and Miami with Archer services 

planned for takeoff (SMG Consulting, 2021). Joby also plans to launch within the next few years 

in California, among other global and domestic markets (Joby, 2022). During this phase, it is 

anticipated that continuous regulatory engagement will be essential to ensure both a swift and safe 

transition from piloted to unpiloted services in the years to follow.  

Phase 3 ï Operations in a Few Cities with Limited Automation 

New infrastructure investments and lessons learned from phases one and two will create a pathway 

for less complex commercial operations to occur in a few cities by 2028 (Hussain and Silver, 2021). 

It is anticipated that the launch cities discussed in Phase 2 will begin to see AAM services that offer 

limited automation. Additionally, other locations in the US will prepare for advanced passenger 

mobility services. In later phases of AAM development, limited automation will transition to more 

advanced and then fully-autonomous applications. 

Phase 4 ï Operations in a Few Cities with Advanced Automation 

During Phase 4, passenger operations with moderate complexity will emerge. It is anticipated that 

new passenger service launch sites will come online, while other sites will enter into their final 

stages of market readiness. Probable locations for additional UAM passenger service launch sites 

include the locations being evaluated as part of the National Aeronautics and Space 

Administrationôs (NASAôs) set of Community Annex Teams, such as Minneapolis, Dallas, 

Columbus, and Boston (NASA, 2021a).  
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Phase 5 ï Operations in Multiple Cities with Advanced Automation 

As 2040 approaches, commercial deployment with advanced automation is expected in multiple 

urban, suburban, and rural areas (Hussain and Silver, 2021). By this phase, the industry will have 

found solutions to some fundamental issues (e.g., collision avoidance systems, on-board sensors, 

and cognitive systems). Complexity with automated flight processes will have gradually increased, 

enabling advanced passenger mobility applications to move into rural, suburban, and urban 

environments with large populations, obstructions, and traffic density. 

Phase 6 ï Operations in Multiple Cities with Full Automation 

In the final phase of market development, it is anticipated that the commercial deployment of UAM 

passenger services will be widespread and will have achieved full automation. It is anticipated that 

passenger service providers will expand into new locations with favorable market conditions. These 

conditions include high levels of economic activity, the prevalence of vertiports or enabling 

infrastructure, surface transportation that is highly congested and could be alleviated by UAM 

alternatives, as well as other site-selection criteria. An in-depth discussion of the favorable market 

conditions that would attract AAM passenger services can be found on page 65, see ñTarget 

Markets and Suitable Market Conditions.ò 

2.2.2 Market Overview and Submarkets 

Advanced air mobility will revolutionize 

the way people travel to work, hospitals, 

and other key destinations. Passenger 

services could have far-reaching economic 

consequences, including altering housing 

and business locations due to newly 

available and fast transportation (Rothfeld 

et al., 2020). The emergence of new 

advanced passenger mobility technologies 

will also bring about a variety of new 

services in five distinct market segments, 

including airport shuttles, regional air 

mobility, on demand air taxis, corporate 

campus shuttles, and emergency services. 

As the VTOL advanced passenger mobility markets mature, it is anticipated that on demand air 

taxi and RAM services will have the highest total passenger revenues (UAM Geomatics, 2022). 

These two market segments will net approximately two-thirds of advanced passenger mobility 

market revenue while airport shuttles, corporate campus shuttles, and emergency services will 

generate the remaining third, as seen in Figure 2.3. 
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Figure 2.3. Market Segments (UAM Geomatics, 2022). 
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2.2.2.1 Urban Air Mobility (UAM) Applications  

2.2.2.1.1 Airport Shuttle 

It is anticipated that airport shuttles, which 

will transport people to and from airports, 

will become the entry point for UAM 

passenger market activities (Goyal et al., 

2021). Airports generate a relatively 

predictable demand for transportation 

services to and from their terminals, and 

they often contain essential ground 

infrastructure components that enable 

UAM passenger services. Blade currently 

offers traditional helicopter charter services 

that connect people from John F. Kennedy 

International Airport (JFK) and Newark 

Airport (EWR) to select locations in 

Manhattan for $195 (Blade, 2022). It is anticipated that Blade will transition into a UAM paradigm 

for its services as soon as 2024 (SMG Consulting, 2021). 

Airport shuttles are anticipated to be an invaluable transportation option for domestic and global 

business travelers who fly into commercial airports and very quickly need to reach nearby 

destinations for business appointments. Similarly, airport shuttles are expected to provide 

transportation services to leisure travelers seeking fast and reliable transportation. As the UAM 

passenger market matures, it is expected that the airport shuttle market segment will generate 

approximately 11 percent of the industryôs revenue (UAM Geomatics, 2022).  

2.2.2.1.2 Air Taxi 

In a fully mature paradigm, air taxis are envisioned to offer thousands of people autonomous or 

semiautonomous air mobility services on a daily basis in major cities (Hill et al., 2020). Air taxis 

wil l likely involve a combination of ground transportation ridesharing and air transport. According 

to Crown Consulting Inc. et al. (2018), air taxis will evolve to provide door-to-door ridesharing 

services that allow consumers to call Vertical Takeoff and Landings (VTOLs) to their desired 

pickup locations and specify drop-off destinations at rooftops throughout a given city.  

During its June 3, 2021, Analyst Day presentation, Joby Aviation demonstrated examples of what 

an initial air taxi concept would look like in California, as shown in Figure 2.5. A trip from Santa 

Monica Airport (SMO) to Burbank Airport (BUR) would take an estimated 10 minutes, compared 

to 39 minutes of drive time. As new ground infrastructure (vertiports, vertipads, and future 

adaptations of helipads with fueling and charging) is constructed, additional flight paths would 

become available, creating air transportation services that dramatically improve travel times.  

Eventually, a network of small, electric aircraft that take off and land vertically would enable rapid, 

reliable transportation between suburbs, cities, and within cities (UAM Geomatics, 2021).  

 

 

Figure 2.4. Airport Shuttle Concept (Blade, 2022). 
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Air taxi services are expected to 

provide enhanced transportation 

services to a wide range of 

customers including daily 

commuters, holiday travelers, and 

tourists, among other individuals.  

As the UAM passenger market 

matures, it is expected that the air 

taxi market segment will generate 

approximately 38 percent of the 

industryôs revenue, making it the 

largest passenger market segment (UAM Geomatics, 2022).   

2.2.2.1.3 Corporate Campus Shuttle 

Business aviation is a global US$100 billion per year industry, and business aircraft enable 

businesses to transport their vital company assets, including key executives, employees, and 

products (UAM Geomatics, 2021). Corporate shuttle services will likely compliment a 

corporationôs aviation fleet and help solve their ñlast mileò challenges by connecting corporate 

staff to business meetings or other locations in the city center. These corporate shuttles are 

expected to be electric or hybrid aircraft capable of VTOL.  

As the UAM passenger market matures, it is expected that the corporate campus shuttle market 

segment will generate approximately 12 percent of the industryôs revenue (UAM Geomatics, 

2022). 

2.2.2.2 Regional Air Mobility  

RAM is a relatively new concept for air transportation that seeks to capitalize on the vast network 

of airports that dot the landscape of the US. RAM is an air mobility paradigm that offers the 

potential for smaller airports to serve as transportation nodes, offering more frequent flights of 

moderate distances in lighter, cost-effective aircraft. RAM is anticipated to take advantage of 

aircraft that are uniquely outfitted for operations within smaller communities, filling in a niche that 

goes beyond more conventional commuter aircraft. RAM aircraft are anticipated to carry passengers 

between 50 and 500 miles, generate less noise, handle steep climb/descent profiles, and operate 

from short runways (eventually vertiports) within smaller communities (NASA, 2021b; UAM 

Geomatics 2021).  

RAM is likely to revolutionize travel in megaregions, which have large urban centers that attract 

people for business or leisure. Lilium has developed initial concepts of RAM that it is exploring for 

future operations in California and the Northeast with flight ranges up to 186 miles, as shown in 

Figure 2.6. As the AAM passenger market matures, it is expected that the RAM market segment 

will generate approximately 27 percent of the industryôs revenue, making it the second largest AAM 

passenger market segment (UAM Geomatics, 2022).2 

                                                   
2 For the purposes of this study, the RAM market segment includes aircraft that travel distances from 50-500 miles and 

employ semi- or fully-autonomous technology. This definition was used to forecast demand for the RAM use case.  

Figure 2.5. Initial Air Taxi Concept (Joby, 2021). 
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Figure 2.6. Initial Regional Air Mobility Concepts (Lilium, 2022). 

2.2.2.3 Emergency Services 

Traditional Medevac flights are expensive with average costs of approximately $25,000 per flight 

(UAM Geomatics, 2021). By comparison, a UAM alternative could reduce healthcare system 

costs by millions of dollars annually (UAM Geomatics, 2021).  As the UAM passenger market 

matures, it is anticipated that the emergency services market segment will generate approximately 

13 percent of the industryôs revenue (UAM Geomatics, 2022). 

2.2.2.4 Summary 

In the near future, it is expected that major metro areas will witness the rise in airport shuttle 

services and that the domestic market will transition into regional air mobility, emergency, and 

corporate campus shuttle services shortly thereafter. As ground infrastructure becomes more 

widespread, it will enhance the viability of air taxis, which will likely emerge thereafter.   

This section has given an overview of the various UAM and RAM submarkets that have projected 

growth over the next few decades. For an analysis of market segments, see ñMarket Segmentation 

Analysisò on page 49.  

2.2.3 Costs to Enter the Market 

A variety of technological advancements and industry investments in electrification, automation, 

VTOL aircraft, UAS, and air traffic management are enabling innovations in aviation, such as new 

aircraft designs, services, and business models (Goyal et al., 2021). These advancements are 

allowing the creation of an entirely new UAM passenger marketplace. As with any technological 

advancement, the cost of service will directly impact utilization, or user demand.  

The impact of price on UAM VTOL demand can be evidenced in study findings from Rimjha et al. 

(2021). The research demonstrates that a user cost of $1 per mile would generate approximately 

42,140 daily round-trips in Northern California; however, a cost increase of just 20 cents per-mile 

would reduce demand in the region by 34 percent. Thus, having a thorough understanding of UAM 

passenger vehicle lifecycle costs (vehicle acquisition, operations, maintenance, replacement, and 

upgrades) and other advanced passenger mobility cost structures is an invaluable component of 

demand modeling. 
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2.2.3.1 Lifecycle Costs 

Vehicle Acquisition 

Joby Aviation projects that its aircraft will cost it $1.3 million apiece to build and that revenue-

earning aircraft purchased in 2026 will recoup capital costs by 2028 (Bogaisky, 2021). This payback 

estimate is based on the assumption that Joby will operate its aircraft an average of 40 flights a day, 

seven days a week, with an average of 2.3 passengers per flight, over an average distance of 26 

miles (Bogaisky, 2021; Head, 2021a). Though Joby projections may be highly ambitious, they offer 

a datapoint to better ascertain AAM passenger market lifecycle costs.  

Esqué and Riedel (2022) offer another guidepost for vehicle acquisition costs. They reviewed AAM 

industry orders received for approximately 6,850 aircraft worth a total estimated value of $26.1 

billion. This equates to an average aircraft purchase price of approximately $3.8 million for crewed 

and uncrewed AAM aircraft.  

As part of an ongoing ASSURE research project led by the National Institute for Aviation Research 

(NIAR) at Wichita State University, a database was developed that contains VTOL aircraft 

specifications. This database is utilized in the market analysis and demand estimation sections of 

this document and is subsequently referred to as the NIAR VTOL database. The database contains 

vehicle purchase prices for 21 VTOLs that will serve the AAM passenger market. Findings have 

been extracted and included in Table 2.1. It is anticipated that the aforementioned ASSURE 

research project will be completed in the Fall of 2022.  

Table 2.1. VTOL Purchase Prices Found in the Public Domain (NIAR, ongoing). 
OEM Mission Purpose Vehicle Cost ($millions) 

Archer Air Taxi $5,000,000 

Joby Air Taxi $1,300,000 

Ehang Air Taxi $336,000 

Samad Aerospace Regional $10,000,000 

XTI  Regional $6,500,000 

ASX Air Taxi $1,000,000 

Astro Aerospace Personal Air Vehicle $150,000 

LIFT Aircraft Personal Air Vehicle $500,000 

Flutr Motors Air Taxi $200,000 

Daymak Avvenir Personal Air Vehicle $250,000 

Doroni  Personal Air Vehicle $150,000 

Lilium  Regional $4,500,000 

Moog Air Taxi $200,000 

Vickers Aircraft Company  Personal Air Vehicle $180,000 

EAC (Electric Aircraft Concept) Air Taxi $200,000 

DeLorean Aerospace Personal Air Vehicle $275,000 

Autonomous Flight Air Taxi $27,000 

Horizon Aircraft Air Taxi $3,500,000 

Transcend Air Regional $3,500,000 

Scienex Air Taxi $200,000 

Horizon Helicopters Air Taxi $1,000,000 
Source: National Institute for Aviation Research (NIAR) at Wichita State University, 2022 | ASSURE Project A36 (project ongoing) 
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Operations, Maintenance, Replacement, and Upgrades 

Battery lifespans and their associated costs will have a 

notable influence on advanced passenger mobility market 

viability. In 2019, Uber Elevate (before being acquired by 

Joby Aviation) estimated that an amortized battery cost for 

electric Vertical Takeoff and Landing (eVTOL) air taxis of 

$76 to $90 per flight hour, which would equate to $194,000 

to $230,000 annually (Head, 2021a). Battery costs are 

anticipated to decrease substantially through advancements 

in research and development. For example, on October 29, 

2020, Joby Aviation filed a patent application for a battery 

thermal management system, which would offer 

improvements in battery life through the use of a cooling 

system, a reservoir, a de-ionization filter, a battery charger, 

and a controller (US Patent & Trademark Office, 2020). 

There are several other components beyond an eVTOLôs 

battery that should be considered when evaluating OEM 

lifecycle costs. As part of their efforts in a seminal market 

study, the Urban Air Mobility Market Study submitted to 

NASA in 2018, and as part of a follow-up article in the 

Sustainability Journal, Goyal et al. (2021) thoroughly 

document the various cost components that should be 

evaluated as OEMs consider market entry. Their work 

provides a detailed accounting of the various costs to enter 

the AAM passenger market. Their cost analysis involved an 

in-depth evaluation of nine different aircraft types using 

electric, hybrid, and JetA powertrains, shown in the blue 

callout box to the right. The analysis also involved a 

literature review and consultation with a strategic advisory 

group that led to an assessment of more than 70 aircraft 

designs and performance characteristics. Aircraft cost 

specifications were calculated on a per-seat basis and were 

extrapolated for aircraft with more than one seat.  

Goyal et al. (2021) assessed AAM passenger market costs 

by taking the sum of direct operating costs and indirect 

operating costs. Direct operating costs include capital, 

energy, battery, crew, maintenance, insurance, 

infrastructure, and route costs, whereas indirect operating 

costs include marketing and reservation costs. By using 

these cost components, the authors developed a pricing 

model to calculate the price that would be needed to charge 

passengers to generate a profit margin of 10-30 percent. The 

authors used a cost-plus profit pricing strategy and assumed 

Price Per Passenger Mile Cost 

Analysis | Goyal et al. 2021 

The authors analyzed nine types of 

aircraft to calculate OEM operator 

costs. These aircraft included: 

¶ Coaxial rotorða design with 

rotors mounted one above the 

other (e.g., GoFly). 

 

¶ Lift + cruiseða design that has 

independent thrusters for cruise 

and lift (e.g., Aurora Flight 

Sciences).  

 

¶ Tilt wingðan aircraft that uses 

a wing that is horizontal for 

conventional forward flight and 

rotates up for VTOL (e.g., A3 

Vahana). 

 

¶ Compound helicopterða 

design with a helicopter rotor-

like system and one or more 

conventional propellers to 

provide forward thrust during 

cruising flight (e.g., HopFlyt). 

 

¶ Tilt rotorðan aircraft type that 

generates lift and propulsion by 

way of one or more powered 

rotors mounted on rotating 

engine pods or nacelles (e.g., 

Joby Aviation). 

 

¶ Multirotor-a rotorcraft with 

more than two rotors (e.g., 

Ehang and Volocopter). 

 

¶ Autogyro-a type of rotorcraft, 

which use an unpowered rotor 

in free autorotation to develop 

lift (e.g., Carter). 

 

¶ Conventional helicopterða 

type of rotorcraft in which lift 

and thrust are supplied by rotors 

(e.g., Robinson R22). 

 

¶ Tilt ductðan eVTOL in which 

a propeller is inside a duct to 

increase thrust (e.g., Lilium 

Jet). 
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that OEMs would be subjected to taxes and fees, comparable to taxis and Transport Network 

Companies (TNCs). Instead of attempting to ñreinvent the wheel,ò the research of Goyal et al. 

(2021) is used to demonstrate the costs OEMs face to enter the market. Based on their assumptions, 

it is estimated that a five-seat eVTOL will cost approximately $6.25 per passenger mile in the near 

term, as shown in Table 2.2. 

Table 2.2. Operating Cost per Passenger Mile (Goyal et al. (2021)). 

Aircraft  2-seat 3-seat 4-seat 5-seat 

Multirotor $19.25  $14.00  $12.00  $11.00  

Tilt Duct $10.00  $7.50  $6.50  $5.50  

Tilt Rotor $10.25  $8.00  $7.25  $6.25  

Tilt Wing $9.75 $7.25 $5.50 $4.90 

Lift and Cruise $9.90 $7.50 $6.00 $5.10 

Compound Helicopter $9.25 $6.45 $4.80 $4.75 

Average $11.40  $8.45  $7.00  $6.25  

2.2.4 Ground Infrastructure Requirements 

AAM infrastructure not only encompasses physical ground infrastructure for the vehicles (for 

example, vertiports and vertistops), but also requires the means for traffic management based on 

digital technology and telecommunications (Fadhil, 2018). Take-off and landing, air traffic control, 

charging, parking, maintenance, and other facilities are widely accepted as foundational 

components of the AAM infrastructure network (Booz Allen Hamilton, 2018; CAAM, 2020; 

Roland Berger, 2018; Porsche Consulting, n.d.). 

Dedicated infrastructure will be required for the AAM passenger market to grow over time, and it 

is anticipated that after appropriate modification existing heliports (and airports) will play a vital 

role during the early stages of AAM adoption.  This is largely due to the wide availability of existing 

infrastructure, the precedent of helicopters successfully navigating urban environments, and 

constraints related to affordable or available land in high-density locations (FAA, 2020; Nicklafs et 

al., 2020; Black and Veatch, 2019) As of February 2020, there were more than 5,800 heliports in 

the US; however, only a small fraction (approximately 1 percent) was available for public use 

(Salas, 2021). As the AAM industry evolves, it will require a concerted effort to remediate publicly 

accessible heliports, construct new vertiports, and create a robust network of vertiports with electric 

charging capabilities that meet the FAAôs vertiport engineering guidance.  

Initial AAM markets will use existing ground infrastructure and primarily serve airport shuttle use 

cases (Mayor and Anderson, 2019). This will involve transporting passengers from modified 

existing heliports to an airport (or vice versa). For AAM growth to expand to highly sought-after 

passenger markets, new vertiport infrastructure will be required.  

2.2.4.1 Geographic Coverage Requirements of Vertiports  Over Time 

A vertiport is a landing pad that enables VTOL operations to touch-down or liftoff of the ground 

safely. Vertiports may serve as origin, destination, or layover points for charging or refueling. 

According to the European Union Aviation Safety Agency (EASA), it is likely that vertiport 

infrastructure will vary in size and quantity among different cities depending on expected travel 

volumes (EASA, 2021).  
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Similar to the hub and spoke model used by the airline industry, it is anticipated that UAM will rely 

on core and feeder vertiports (Rimjha et al., 2021). Core vertiports will exist in dense employment 

areas, or household locations with a higher-than-average income level, while feeder vertiports will 

provide service in lower-demand areas (Rimjha et al., 2021). The efficacy of UAM passenger 

networks will depend on a minimum level of vertiport infrastructure to support the basic needs of 

those commuting in the urban core or surrounding exurbs (FAA, 2022c).   

In large, dense, high-income urban areas, approximately 10-18 vertiports (40-60 landing pads) 

would be required to facilitate a UAM passenger network (EASA, 2021). This equates to 

approximately one landing pad for every 46,000 individuals living in these large, dense, urban 

areas.3 Meanwhile, medium, less dense, moderate income, urban/suburban areas would require 7-

21 vertiports (20-45 landing pads; EASA, 2021), which equates to one landing pad for every 21,500 

individuals living in medium, less dense urban areas.4 Vertiport, landing pad, population, and city 

characteristics are summarized in Table 2.3. 

Table 2.3. Vertiport Estimates of European Cities for Initial Network Efficacy (EASA, 2021). 

European City Characteristics Population 
Estimated 

Vertiports  

Estimated 

Landing Pads 

1 Pad per No. of 

individuals 

Large, dense, high-income urban city, 

e.g., Paris, Berlin, Madrid, Hamburg, 

Vienna, Barcelona 

1.4-3.4 million 10 to 18 40-60 46,000 

Medium, less dense, medium income, 

urban / suburban city, Sevilla, Lisbon, 

Dusseldorf, Riga, Athens 

0.5-0.8 million 7 to 21 20-45 21,500 

Source: EASA 2021 
  

Table 2.4. Estimate of Vertiport Requirements by Geography and Time Period. 

Study Region Time Period 
Vertiports Required 

Low Estimate High Estimate 

EASA (2021) 
Large, dense, high-income city Near-to-Mid Term 10 18 

Medium size and income, less dense Near-to-Mid Term 7 21 

Rimjha et al. (2021) Northern California Mid-to-Long Term 75 200 

Hasan (2019) 

Washington, DC Mid-to-Long Term 10 distributed hubs with 33 vertiports 

Large Metropolitan Statistical Areas Mid-to-Long Term 100 300 

US Mid-to-Long Term 2,500 3,500 

UAM Geomatics (2021) Worldwide Mid-to-Long Term 3,060 vertiports 

Sources: EASA, 2021; Rimjha et al., 2021; Hasan, 2019; UAM Geomatics, 2021 

 

Vertiport estimates given by EASA (2021) and shown in Table 2.3 represent the infrastructure 

requirements for European cities to sustain an AAM passenger market in the near- to mid-term. As 

the AAM passenger market grows and evolves, it is anticipated that a larger concentration of 

vertiports will be required. Findings from AAM research demonstrate that an estimated 75-300 

vertiports will be required per metropolitan statistical area (Hasan, 2019; Rimjha et al., 2021) and 

                                                   
3Derived from EASA, 2021. Estimates were calculated by taking the average from the range of values provided. 
4See footnote above. 
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approximately 2,500-3,500 total vertiports will be needed to establish a mature UAM passenger 

network (Hasan, 2019; UAM Geomatics, 2021). Table 2.4 summarizes these vertiport estimates. 

Using the information provided in Table 2.3 and Table 2.4, as well as studies containing AAM 

market projections5, an estimate of vertiport requirements by MSA was developed. Vertiport 

requirements for evolving, mature, and fully developed markets are shown in Table 2.5. 

Additionally, the table includes the number of small public airports and heliports within each 

metropolitan statistical area to demonstrate existing infrastructure that could potentially be 

leveraged for vertiport development. 

New York, Los Angeles, Orlando, Miami, and their respective metropolitan areas are anticipated 

to operate as the first four launch sites for AAM passenger services in the US, beginning flights as 

early as 2024 (SMG Consulting, 2021). These nascent markets will then likely be joined by a 

multitude of other markets. According to market research, approximately 60 metropolitan locations 

have been cited as potential markets for UAM passenger flights (Haan et al., 2020; UAM 

Geomatics, 2021; Booz Allen Hamilton, 2018; Mayor and Anderson, 2019; Joby, 2021; Lilium, 

2021). Across the US, it is projected that approximately 2,500 to 3,500 vertiports would be required 

to meet the needs of evolving and mature UAM markets, respectively (Hasan, 2019). Though this 

requisite level of vertiport infrastructure seems daunting, there are a substantial number of existing 

sites that could potentially be retrofitted to support UAM passenger networks. For example, if all 

existing heliport and small public airport sites shown in the UAM markets in Table 2.5 were 

retrofitted and used, approximately 69.5 percent of the infrastructure needs of these markets would 

be met in a fully developed UAM network scenario. 

  

                                                   
5 AAM passenger markets were identified using SMG Consulting, 2021; Haan et al., 2020; UAM Geomatics, 2021; 

Booz Allen Hamilton, 2018; Mayor and Anderson, 2019; Joby, 2021; Lilium, 2021 
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Table 2.5. Estimated Vertiport Sites Required for Evolving, Mature, and Fully Developed AAM Networks by MSA. 
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 New York-Newark-Jersey City, NY-NJ-PA          19,216,182  x x x x x x   16 196 212 254 356 418 

 Los Angeles-Long Beach-Anaheim, CA          13,214,799  x x x x x x   10 193 203 175 245 287 

 Washington-Arlington-Alexandria, DC-VA-MD-WV            6,280,487    x x x x x x 9 58 67 83 116 137 

 Miami-Fort Lauderdale-Pompano Beach, FL            6,166,488  x x x x x x   11 65 76 82 114 134 

 Dallas-Fort Worth-Arlington, TX            7,573,136    x x x x x   24 136 160 100 140 165 

 Houston-The Woodlands-Sugar Land, TX            7,066,141    x x x x x   10 166 176 94 131 154 

 San Francisco-Oakland-Berkeley, CA            4,731,803    x x x x x   7 20 27 63 88 103 

 Chicago-Naperville-Elgin, IL-IN-WI            9,458,539    x x   x x   17 110 127 125 175 206 

 Philadelphia-Camden-Wilmington, PA-NJ-DE-MD            6,102,434    x x   x   x 10 136 146 81 113 133 

 Boston-Cambridge-Newton, MA-NH            4,873,019    x x   x   x 8 102 110 65 90 106 

 Orlando-Kissimmee-Sanford, FL            2,608,147  x x x       x 4 32 36 35 48 57 

 Atlanta-Sandy Springs-Alpharetta, GA            6,020,364    x x   x     18 68 86 80 112 131 

 Phoenix-Mesa-Chandler, AZ            4,948,203      x x x     19 72 91 66 92 108 

 Denver-Aurora-Lakewood, CO            2,967,239    x x x       3 53 56 39 55 65 

 Detroit-Warren-Dearborn, MI            4,319,629    x x         11 48 59 57 80 94 

 Minneapolis-St. Paul-Bloomington, MN-WI            3,640,043    x x         18 25 43 48 67 79 

 Baltimore-Columbia-Towson, MD            2,800,053      x       x 4 30 34 37 52 61 

 Charlotte-Concord-Gastonia, NC-SC            2,636,883    x x         10 23 33 35 49 57 

 Portland-Vancouver-Hillsboro, OR-WA            2,492,412    x x         9 33 42 33 46 54 

 Las Vegas-Henderson-Paradise, NV            2,266,715    x x         9 16 25 30 42 49 

 Cincinnati, OH-KY-IN            2,221,208    x x         9 35 44 29 41 48 

 Cleveland-Elyria, OH            2,048,449    x x         7 37 44 27 38 45 

 Nashville-Davidson--Murfreesboro--Franklin, TN            1,934,317    x x         10 16 26 26 36 42 

 Virginia Beach-Norfolk-Newport News, VA-NC            1,768,901    x x         4 26 30 23 33 38 

 Raleigh-Cary, NC            1,390,785    x x         2 8 10 18 26 30 

 New Orleans-Metairie, LA            1,270,530    x x         4 46 50 17 24 28 

 Salt Lake City, UT            1,232,696    x x         3 25 28 16 23 27 

 Hartford-East Hartford-Middletown, CT            1,204,877    x         x 2 30 32 16 22 26 

 Columbus, GA-AL               321,048    x x         2 4 6 11 15 18 

 Seattle-Tacoma-Bellevue, WA            3,979,845    x           13 70 83 53 74 87 

 San Diego-Chula Vista-Carlsbad, CA            3,338,330      x         11 20 31 44 62 73 

 Tampa-St. Petersburg-Clearwater, FL            3,194,831      x         7 27 34 42 59 69 

 St. Louis, MO-IL            2,803,228    x           9 51 60 37 52 61 

 Sacramento-Roseville-Folsom, CA            2,363,730    x           14 14 28 31 44 51 

 Pittsburgh, PA            2,317,600    x           8 52 60 31 43 50 

 Kansas City, MO-KS            2,157,990    x           12 32 44 29 40 47 

 Indianapolis-Carmel-Anderson, IN            2,074,537    x           9 36 45 27 38 45 

Sources: US Census Bureau, 2019; SMG Consulting, 2021; CURAM, 2020; UAM Geomatics, 2021; KPMG, 2029; Joby, 2021; Lilium, 2021; ESRI, 2021  
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 San Jose-Sunnyvale-Santa Clara, CA            1,990,660      x         5 7 12 26 37 43 

 Providence-Warwick, RI-MA            1,624,578              x 8 21 29 22 30 35 

 Milwaukee-Waukesha, WI            1,575,179    x           4 14 18 21 29 34 

 Jacksonville, FL            1,559,514    x           6 19 25 21 29 34 

 Oklahoma City, OK            1,408,950    x           11 23 34 19 26 31 

 Louisville/Jefferson County, KY-IN            1,265,108    x           3 15 18 17 23 28 

 Grand Rapids-Kentwood, MI            1,077,370    x           7 4 11 14 20 23 

 Urban Honolulu, HI               974,563        x       2 9 11 28 39 45 

 Albany-Schenectady-Troy, NY               880,381              x 2 9 11 25 35 41 

 New Haven-Milford, CT               854,757              x 3 12 15 24 34 40 

 Allentown-Bethlehem-Easton, PA-NJ               844,052              x 3 39 42 24 33 39 

 Dayton-Kettering, OH               807,611      x         4 7 11 23 32 38 

 Greensboro-High Point, NC               771,851    x           2 2 4 22 31 36 

 Akron, OH               703,479      x         3 12 15 20 28 33 

 Poughkeepsie-Newburgh-Middletown, NY               679,158              x 3 23 26 19 27 32 

 Syracuse, NY               648,593      x         2 6 8 18 26 30 

 Toledo, OH               641,816      x         8 16 24 18 25 30 

 Wichita, KS               640,218      x         7 7 14 18 25 30 

 Harrisburg-Carlisle, PA               577,941              x   18 18 16 23 27 

 Scranton--Wilkes-Barre, PA               553,885              x 2 19 21 16 22 26 

 Reno, NV               475,642      x         3 5 8 16 23 26 

 Atlantic City-Hammonton, NJ               263,670              x 2 11 13 9 12 15 

 Greenville, NC               180,742    x           1 2 3 6 9 10 

Totals from Identified Markets     176,005,336  4 40 37 10 12 8 14 444 2,411 2,855 2,500 3,500 4,105 

Sources: US Census Bureau, 2019; SMG Consulting, 2021; CURAM, 2020; UAM Geomatics, 2021; KPMG, 2029; Joby, 2021; Lilium, 2021; ESRI, 2021  

  



40 

 

 

 

Vertiports will play a critical role in supporting AAM passenger market demand. The more 

locations that exist for VTOL operations, the greater the convenience of AAM passenger transport, 

and the greater the likelihood of user adoption. A commuter demand analysis by Rimjha et al. 

(2021) assesses the importance of vertiports in round-trip daily UAM passenger flight. The 

analysis assumes a user cost of $1.80 per mile in North California. Within this region, if 50 

vertiports were to exist, daily UAM demand would reach 9,105 round-trip flights. However, if 

vertiport investment were to increase so that 400 vertiports would exist in the region, demand 

would nearly double. An estimated 17,405 daily round trips would result, as shown in Figure 2.7.  

Though outside the scope of this research, it is important to consider whether the public or private 

sector would internalize the capital costs associated with vertiport construction. As a point of 

comparison, automobile travel is made possible through extensive road networks that are primarily 

constructed and maintained through public investments or public-private-partnerships generated 

by motor fuels taxes, sales taxes, tolls, general fund appropriations, or bonds, among other revenue 

sources. The approaches used to fund vertiports and AAM enabling infrastructure will have a 

notable effect on market adoption rates. The recent proposal for the Advanced Aviation 

Infrastructure Modernization Act, which passed the US House of Representatives on June 14, 

2022, provides a starting point for addressing how to fund vertiports (eVTOL, 2022).    

2.2.4.2 Vertiport Site Specifications 

In the US, it is expected that the average vertiport would be capable of accommodating 3-6 vehicles 

at one time and expected to range from 24,000 to 50,000 square feet (Hasan, 2019). Vertiports will 

include landing areas and additional space that will enable passengers to embark, disembark, and 

allow vehicle fueling, charging, or battery swap (Hasan, 2019; Black and Veatch, 2019). 

Considering the high volume of vehicle landings on each structure, it is anticipated that a vertiport 

will have a useful life of 10-20 years (Hasan, 2019).  
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Figure 2.7. Vertiports and Passenger Demand in Northern California (Rimjha et al. 2021). 
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At-grade take-off and landing areas will likely be the most common vertiport treatment 

implemented during the short- to medium-term. These treatments may involve retrofitting regional 

airports and helipads, which would require relatively minimal structural analysis compared to the 

installation of a new at-grade vertiport structure (Black and Veatch, 2019).  

Rooftops and other elevated take-off or landing areas may also serve as important locations for 

vertiports. High-rise buildings with existing helipads have great potential to serve as vertiports, as 

they already have much of the necessary existing infrastructure to support AAM services. These 

buildings, as well as the top of parking garages, could potentially be retrofitted to support eVTOL 

operations. The types of vertiport infrastructure and their associated costs are shown in Table 2.6. 

Black and Veatch (2019) conducted an industry-wide investigation to understand battery and 

charging technologies for eVTOLs. While eVTOLs currently in development are estimated to be 

able to charge at a maximum of 350kW, it is expected that eVTOL vertiport infrastructure should 

possess the capacity to utilize 600kW chargers (Black and Veatch, 2019). This will futureproof 

the design of the infrastructure required, as renovation of a site to increase its individual charger 

capacity would effectively require full-site demolition and reconstruction (Black and Veatch, 2019). 

Table 2.6. Vertiport Infrastructure and Associated Costs (Black and Veatch, 2019). 

Type Description Estimated Cost (2022 USD)*  

Ground landing site without charging stations 3 Landing Pads, 0 Chargers $397,000  

Existing rooftop landing site with charging station install 1 Landing Pad, 1 Charger $1,002,000  

Existing parking garage with charging stations 3 Landing Pads, 3 Chargers $2,128,000 

Ground landing site with central charging station only 3 Landing Pads, 1 Charger $2,903,000 

Ground landing site with charging stations 3 Landing Pads, 3 Chargers $2,983,000 

*Estimated cost values have been adjusted from 2018 to 2022 dollars   

2.2.5 Competition for UAM Passenger Services 

Emerging UAM technologies have the potential to disrupt several sectors, but these sectors also 

have strong existing competitors. UAM services are expected to enter the markets for short 

journeys (as air taxis), trips to and from airports, regional air travel, and ambulance services, 

However, in all of these use cases, the new entrants will face entrenched incumbents, some of 

which have significant advantages in certain parameters. Moreover, other emerging technologies, 

such as ground-based Autonomous Vehicles (AVs), may concurrently enter the market, further 

heightening the competition AAM services will face. Finally, there is a small but substantial subset 

of passengers that is resistant to any of the emerging technologies and that will continue to prefer 

to take traditional modes (Garrow et al., 2020). These travelers will be among the last to adopt 

UAM travel if they do so at all.  

One of the most promising use cases for emerging UAM technologies is as an air taxi service in 

congested urban areas. Although a potentially large market, it is also a market with many 

competitors that are already being used to make trips of similar distance and frequency. 

Widespread alternatives to air taxis already exist in the forms of personal automobiles, public 

transportation systems, and ride-sharing/taxis/TNC services. The most formidable competitors of 

the existing modes of transport are shown in Figure 2.8, which demonstrates hypothetical price 

points and travel times that would likely enable Joby services to become viable. In addition to 

these traditional competitors, a UAM air taxi service could face notable competition from other 
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emerging technologies such as ground-based AVs, which are poised to offer a service with many 

(though not all) of the same benefits at a lower cost.  

To compete with these alternatives, an air taxi service must offer door-to-door travel time savings. 

While eVTOL aircraft may operate at speeds between 100 mph to 150 mph in urban areas, time 

spent within the UAM vehicle is not the only component that needs to be considered. A passenger 

will need to travel to the vertiport, potentially wait for a vehicle or other passengers, board the 

eVTOL vehicle, travel in the vehicle, alight at the destination, exit the vertiport, and travel to his 

or her final destination. Studies in a diverse range of settings have consistently found that potential 

market share for UAM service is sensitive to access and egress times to and from the vertiport, as 

well as time spent waiting for, boarding, and disembarking the aircraft (Kreimer et al., 2016; 

Swadesir & Bil, 2019; Garrow, et al., 2020; Bulusu et al., 2021). Many conceptions of air taxi 

services envision vehicles in urban cores departing and arriving from buildings or parking structure 

rooftops (see, e.g., Boddupalli et al., 2018); it is likely that simply the time spent by passengers 

beginning or ending their journeys at these facilities in reaching the vertiport from ground level 

will be substantial. Given these time costs, many passengers making short journeys would save no 

time at all by choosing to use an air taxi (and therefore presumably would not choose to do so); 

time savings are generally only possible with journey distances of 15 to 25 kilometers or more 

(Roland Berger, 2018).  

 

Figure 2.8. Example Mode Choice Scenario Presented to Joby Survey Participants (Joby, 2021). 

The COVID-19 pandemic, too, may have shifted the competitive landscape for air taxi services. 

Garro, Roy, and Newman (2020) have found that individuals are less likely to choose to travel in 

an air taxi (as well as in an AV) that is shared with strangers, and this is especially true of younger 

people. However, the survey data underlying this and other research into sharing vehicles was 

conducted pre-pandemic, and it is not yet clear how attitudes to sharing a vehicle have changed in 
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light of new norms and attitudes surrounding public health. A further shift in public attitudes away 

from sharing vehicles may necessitate future air taxi service providers to move towards offering 

more expensive private services and fewer shared services and therefore may further shrink the 

size of the potential market for UAM. Unclear, too, is how the pandemic has shifted long-term 

travel patterns, especially for daily commutes. It is, of course, possible that the disruption to 

commuter travel patterns due to the pandemic will prove to be an aberration and that past patterns 

will return; however, even a modest change in the number of high-income, long-distance 

commuters could cause significant complications for the business plans of future UAM operators. 

Higher-income commuters who live far from their workplaces and value the ability to complete 

other tasks while traveling to and from work have been considered a core demographic for 

designing UAM air taxi services; these individuals, however, are among the most likely to have 

jobs that are well-suited to hybrid or fully remote work arrangements and, living so far from their 

traditional workplaces, are among those who would benefit the most from such arrangements. 

Conversely, there may be a large increase in the number of high-income, hybrid workers who will 

wish to live further from their workplace while also benefiting from, and being willing to pay for, 

a faster trip via air taxi for those times when they do need to go to the office. 

2.2.5.1 Private Automobiles 

The most obvious competition for an air mobility service is private automobile travel, by far the 

dominant form of transportation for journeys to and from work in the US. The market for 

automobiles in the US is saturated with an estimated 290 million registered vehicles in 2021 

(Hedges & Company, 2022). Although the car market is highly saturated, itôs important to note 

that vehicle ownership is often restrictive for low-income households. According to the Bureau of 

Transportation Statistics (2011), households with an annual income of less than $25,000 are almost 

nine times as likely to be a zero-vehicle household than households with incomes greater than 

$25,000. Turnover times for the vehicle fleet are long: the average age of vehicle use in the US is 

12.1 years (Ferris, 2021). As both a cause and a consequence of this, the North American built 

environment has been shaped in a way that significantly favors travel by personal automobile, 

giving this mode a large fixed-infrastructure advantage. While air taxi users may face significant 

access and egress times traveling to and from vertiports, the overwhelming majority of origins and 

destinations in the US have vehicle parking readily available, often at no or a low cost. Further, as 

Bulusu et al. (2021) point out, by choosing to take an air taxi, a commuter will lose the flexibility 

to travel between destinations by car after (and possibly before) his or her eVTOL journey (Bulusu 

et al., 2021); in many American cities, the inability to easily access locations other than the initial 

destination could prove to be a significant drawback to using an air taxi. Further, even considering 

the total cost of ownership, private automobiles are likely to remain considerably cheaper in the 

long term. Booz Allen Hamilton predicts that air taxi journeys are likely to cost $6.25/mile at first, 

with the potential to decrease to $3.75/mile in the long term (Reiche et al., 2018). By contrast, the 

average ownership cost, including all expenses, for a car driven 10,000 miles per year is $0.83/mile 

and for a car driven 15,000 miles per year is $0.64/mile (AAA, 2021); the average car or light 

truck travels 11,500 miles per year (AFDC, 2020). 

2.2.5.2 Ridesharing/Taxis/TNCs 

Interest in air taxi services is higher among frequent patrons of ñridesharingò services such as Uber 

and Lyft (Boddupallli et al., 2020). However, ridesharing already has a broad, established user 

base: in focus groups conducted in Washington, DC, and Los Angeles, 60 percent of respondents 
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mentioned ridesharing services as a preferred travel mode for non-work trips (Reiche et al., 2018). 

The premium these respondents were willing to pay for an air taxi, however, varied, with some 

willing to pay only 10 to 20 percent more while others were willing to pay larger premia, such as 

$25-40 per trip (Reiche et al., 2018). Before selling its eVTOL development unit to Joby Aviation, 

Uber estimated that, considering travel times, operating expenses, and emissions, air taxi fares 

would ultimately be competitive with its traditional ground-based ride-hailing service (Holden & 

Goel, 2016). 

2.2.5.3 Other modes of transportation 

Because of the distances involved and rider demographics, air taxis are unlikely to compete 

directly with traditional bus services. However, at intermediate distances, air taxis may compete 

with urban heavy rail transit systems and commuter rail systems for some journeys in the metro 

areas where these systems exist. 

2.2.5.4 Air ambulance services 

Urban air mobility aircraft are also being considered for air ambulance services. UAM is 

envisioned to be a potential competitor both to traditional air ambulance services and ground 

ambulance services. However, an analysis by Booz Allen Hamilton found that UAM air 

ambulances would have similar costs to existing rotary-wing (i.e., helicopters) and fixed-wing 

providers, in part due to high non-pilot staffing requirements, and would have much higher costs 

than ground ambulances (Reiche et al., 2018). Ultimately, the analysis concluded that UAM 

ambulance services will struggle to compete with fixed-wing air ambulances due to the range 

requirements required and with ground ambulances due to much higher cost. 

Legislative changes also introduce new revenue risk to the US air ambulance sector that was not 

accounted for in previous analyses. Air ambulance services are provided only rarely, and their 

clients are highly inelastic. Not coincidentally, their operators are rarely in-network participating 

providers with commercial insurance plans, and so over three-quarters of their patients are billed 

on an out-of-network basis (Fuse Brown et al., 2020). Air ambulance services are also preempted 

from state and local price regulation by the Airline Deregulation Act (Fuse Brown et al., 2020). 

With the ability to set charges free of state and local regulation, with little incentive to participate 

in insurer contracts, and with a customer base that has little choice about using its services, the 

median standard charge set by a rotary-wing air ambulance provider is 5.3 times the Medicare 

billing rate, an unusually high ratio (Bai et al., 2019). These lucrative aspects of the air ambulance 

market have also made it attractive to private equity firms: PE-owned providers controlled over 60 

percent of the rotary-wing market for Medicare patients in 2017, and their standard charges are 

67.5 percent higher than those of non-publicly or PE-owned providers (Adler et al., 2020). 

However, these lucrative aspects for investors also attracted attention from Congress, which passed 

the ñNo Surprises Actò as part of the second coronavirus relief package in December 2020. As of 

January 1, 2022, the law will force insurers and air ambulance providers to engage in binding, final 

offer (or ñbaseball-styleò) arbitration (Adler et al., 2021). Among other factors, arbitrators are 

specifically instructed to consider existing in-network rates, the market share of the provider and 

insurer, and the type of vehicle used (Adler et al, 2021). Existing state arbitration systems tied to 

in-network rates do not tend to be especially favorable to providers (Adler et al, 2021), and the 

explicit instruction to consider vehicle type and market concentration may also be damaging to 

existing air ambulance providers seeking to use AAM vehicles. A mitigating factor working in 

favor of providers is that the existing in-network rates for air ambulance services are inflated by 
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the leverage that providers hitherto held over insurers and patients (Fuse Brown et al., 2021). 

Overall, however, air ambulance providers will likely experience a negative impact on revenue 

compared to the status quo, and this may further damage the prospects of AAM air ambulance 

services. 

2.2.6 COVID-19 Related Impacts on UAM Passenger Markets 

The COVID-19 pandemic caused the global economy to contract by 3.5 percent in 2020, making 

it the deepest global recession since the end of World War II (Yeyati and Filippini, 2021). 

Industrial production, manufacturing, and world trade volumes all decreased substantially during 

2020, and supply chain disruptions and talent shortages are cited as the top risks to company 

growth in 2021 and 2022 (McKinsey & Company, 2021a,b).  

The global pandemic has had an unprecedented impact on all industries with notable setbacks in 

research and development for advanced air mobility (Santha, 2020). This can be attributed to the 

substantial setbacks experienced by the aviation industry, which contracted an estimated $84 

billion in 2020 (Santha, 2020). Since most of the major advanced passenger mobility players are 

directly or indirectly related to the aviation sector, the pandemic has had a ripple effect on this 

sector (Mordor Intelligence, 2021).  

Prior to the onset of the pandemic and in the first few months of 2020 alone, over $1 billion was 

invested in advanced air mobility, with Toyota leading a $590 million investment in Joby and 

EHang undergoing its IPO at $650 million (Santha, 2020). However, with the onset of the COVID-

19 pandemic, advanced passenger mobility experienced setbacks. Before being acquired by Joby, 

Uber Elevate disclosed that remote working has impacted the ability of their vehicle partners to 

conduct research and development activities (Santha, 2020). Additionally, labor and supply chain 

disruptions were noted by EHang as hampering overseas development (Santha, 2020). Core 

perceptions shaped by the COVID-19 pandemic, and their duration, are difficult to fully 

understand, but could potentially affect the willingness of consumers to travel in confined spaces, 

such as an eVTOL.  

The COVID-19 pandemic has also fundamentally changed peopleôs work and travel patterns. Prior 

to the pandemic, less than six percent of Americans worked primarily from home; however, in 

May 2020, more than one-third of employed Americans worked from home (Coate, 2021). If the 

work from home trend continues, surface level peak congestion periods may ease. Though 

beneficial for vehicular travel, congestion reduction may have a negative impact on the AAM 

market.  

The revenue impacts of the pandemic can be witnessed through changes in market forecasts made 

before and during the global pandemic. For example, UAM Geomatics released a series of three 

market forecasts for UAM passenger flight services in the US in 2019, 2020, and 2021, which had 

notable differences in projections from one year next, as shown in Table 2.7 and Figure 2.9. US 
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advanced passenger mobility cumulative revenue forecasts for the year 2045 were revised from 

$155.6 billion to $130.9 billion--a reduction of 18.8 percent.6  

Table 2.7. Revenue Forecasts - Before & During the Pandemic (UAM Geomatics, 2019-2021). 

Year 
Cumulative Revenue 

SY2019*  SY2020*  SY2021*  % Change  
(SY2019-SY2021) 

2022 $1,543,200,000 $614,400,000 $169,500,000 810.4% 

2025 $15,851,000,000 $7,167,600,000 $2,974,000,000 433.0% 

2030 $34,143,500,000 $24,460,200,000 $19,453,400,000 75.5% 

2035 $59,580,800,000 $47,427,700,000 $42,709,700,000 39.5% 

2040 $93,225,600,000 $83,139,800,000 $77,470,000,000 20.3% 

2045 $155,600,700,000 $143,758,200,000 $130,980,000,000 18.8% 

 

 

 

 

Figure 2.9. Revenue Forecasts - Before & During the Pandemic (UAM Geomatics, 2019-2021). 

 

 

                                                   
6 The ASSURE A41/A42 research team analyzed US city revenue estimates available on the UAM Geomatics online 

dashboard. Revenue estimates were available for year 2021. Revenue estimates were then fitted to previous study 

years by comparing global revenue estimates in 2021 to global estimates in study years 2020 and 2019. Global revenue 

estimates from all study years could then be used to chain US market share in 2021 (identified in the 2021 UAM 

Geomatics online dashboard) to estimates of US market share in study years 2020 and 2019. 

*SY is an abbreviation for study year 
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Among study release years, short-term differences in cumulative revenue projections were the 

most prominent. Cumulative revenue forecasts for the year 2022 declined by 810 percent from 

study year 2019 to 2021 and forecasts for the year 2025 fell by 433 percent. Though a direct 

explanation was not provided by the study authors for their amended projections, substantial 

economic setbacks resulting from the pandemic shed light on the divergence between the authorsô 

anticipated advances in the industry and the post-pandemic reality. According to the study authors, 

several essential advances would need to occur to enable UAM development, as cited below:  

The next decade (2021-2030) will be critical to the design, launch and acceptance of 

the UAM Industry. During this decade, standards for safety, security, interoperability, 

UATM architecture, and noise will become crucialé This decade will provide a proving 

ground for aircraft manufacturers to refine and certify an array of eVTOLs including 

all-battery, hybrid electric and hydrogen cell based designs. 

Some of the critical path components for UAM advancement have been halted or notably delayed 

due to the onset of the pandemic. This especially includes the acceptance of the UAM industry. A 

survey by the International Air Transport Association (IATA, 2020) found that the willingness to 

travel by air will be significantly decreased in the near future due to safety and social distancing 

precautions. Though this survey was intended for traditional air travel, its findings are also relevant 

for UAM services. In addition to public acceptance setbacks, UAM aircraft manufacturers were 

notably impacted by supply chain disruptions and research and development challenges (Santha, 

2020; Mordor Intelligence, 2021; McKinsey & Company, 2021a,b). With a number of market 

factors at play, the change in market projections between UAM Geomatics study release years can 

help shed light on the large influence of the pandemic.  

Despite the challenges imposed by the pandemic, there are strong signals that the advanced air 

mobility industry is recovering. In 2021, the industry attracted $7 billion in new investmentðmore 

than doubling the total disclosed investments made over the previous decade (Esqué and Riedel, 

2022). Five UAM passenger mobility companies went public in 2021ðBlade Air Mobility, Joby 

Aviation, Lilium, Archer Aviation, and Vertical Aerospaceðall through mergers with special 

purpose acquisition companies (SPACs), with a combined market cap of $10.7 billion (Esqué and 

Riedel, 2022). Furthermore, in accordance with the strong medium- and long-term market 

projections that preceded the pandemic, the AAM industry may see strong investments continue 

as the industry furthers its recovery.  

SMG Consulting (2022) may provide the most comprehensive snapshot of UAM industry growth. 

It tracks the OEMs that have received significant investment from venture capital, private equity, 

SPACs, automotive companies, legacy aerospace OEMs and tech companies. Investments are 

summarized in Table 2.8.  
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Table 2.8. AAM Industry Investments (SMG Consulting, 2022). 

OEM (stock ticker) Funding ($M) Use Case First Flight EIS Country 

Joby Aviation (NYSE: JOBY) $1,844.60  Air Taxi 2018 2024 USA 

Volocopter $579.00  Air Taxi 2021 / 2022 2024 / 2026 Germany 

Beta Technologies $796.00  Cargo, Air Taxi 2020 2024 USA 

Lilium (NASDAQ: LILM) $938.00  Regional, Cargo, Biz Av - 2025 Germany 

Wisk $775.00  Air Taxi 2018 - USA 

Archer (NYSE: ACHR) $856.30  Air Taxi 2021 2024 USA 

Ehang (NASDAQ: EH) $132.00  Air Taxi, Tourism 2018 / 2021 2022 / - China 

Kitty Hawk Privately funded Air Taxi 2018 - USA 

Vertical Aerospace (NYSE: EVTL) $337.30  Air Taxi, Cargo, EMS 2022 2025 UK 

Airbus Corporate backed EMS, Tourism, Air Taxi 2023 2025 France 

Eve Holding (NYSE: EVEX) $362.40  Air Taxi 2022 2026 Brazil 

Supernal Corporate backed Air Taxi 2023 2028 South Korea 

Overair $170.00  Air Taxi 2023 2026 USA 

Honda Motor Company Corporate backed Air Taxi 2023 2030 Japan 

Eviation $200.00  Regional, Cargo, Biz Av 2022 2025 USA 

REGENT $27.00  Regional 2023 2025 USA 

AutoFlight $200.00  Air Taxi 2022 2025 China 

Dufour Aerospace $11.00  EMS, Regional 2022 2026 Switzerland 

Electra $49.00  Regional, Air Taxi,Cargo 2022 2027 USA 

Ascendance Flight Technologies $11.90  Regional, Cargo 2023 2025 France 

Jaunt Air Mobility $3.10  Air Taxi 2023 2026 USA 

 

Aviation OEMs, suppliers, and operators have been taking public steps to help scale and develop 

the UAM industry. By the end of 2021, five of the ten largest aerospace OEMs had publicly 

launched UAM programs or made investments in other players (Esqué and Riedel, 2022). Among 

major suppliers, the share was even higher, with seven of the ten largest aerospace suppliers 

publicly active in the space (Esqué and Riedel, 2022). Additionally, even among the ten largest 

airlines, four have publicly entered the advanced passenger mobility space (Esqué and Riedel, 

2022). 

The UAM industry is receiving aircraft purchase orders and letters of intent that reflect increasing 

demand. The industry received orders and letters of intent in 2021 for approximately 6,850 aircraft 

worth $26.1 billionðoutpacing the order volume for conventional aircraft orders that year by a 

factor of ten (Esqué and Riedel, 2022). Many of these orders are conditional and non-binding, but 

the spike in order volume is a clear signal of recovery, demonstrating interest from a range of 

players, including important aviation industry incumbents (Esqué and Riedel, 2022). 
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2.2.7 Market Segmentation Analysis 

2.2.7.1 Segmentation Overview 

The literature review summarized market information for AAM mobility operations from a wide 

range of sources, including industry research, academic papers, and government-funded research.  

The literature review included summary analyses on the market potential for AAM, the costs of 

entry and operational viability, the competitive environment, consumer acceptance, public 

acceptance barriers, and legal and regulatory barriers. 

The segmentation analysis contained in this section builds on this work and combines academic 

work with industry reports, data on advanced passenger mobility, and media coverage to give 

further insight into the AAM market. 

First, an overall summary is given of the potential customer base for the major advanced passenger 

mobility markets.  The markets included are UAM and RAM.  First, a high-level overview is given 

of each segment, along with a summary of the market potential for each segment of the market.  

Following this, analysis is given that aggregates demand forecasts for the previously described 

segments, and then some analysis is given of subsegments in the overall segmentation market. 

The process of segmentation can be thought of as a ñmix of art and scienceò.  A wide range of 

segmentation procedures has been developed over the last fifty years to segment both perceptual 

and behavioral customer data (France & Ghose, 2019).  Methods of segmentation include a range 

of clustering methods (e.g., Punj & Stewart, 1983) and model-based latent class approaches (e.g., 

Grover & Srinivasan, 1987).  However, purely technical segmentation solutions that are not 

grounded in business realities may have limited usefulness in predicting customer behavior 

(Yankelovich & Meer, 2006). Technical methods can be combined with business intuition and 

domain-specific knowledge to ensure that segmentation solutions are realistic and have face 

validity.  For example, Barron and Hollingshead (2002), noted the need for broad multi-

disciplinary teams to increase the applicability and validity of segmentation solutions.   

The segmentation approach followed in this paper is designed to be qualitative and descriptive in 

that it gives information on different market segments with information summarized from the 

literature review and other sources.  However, where suitable data are available, technical 

segmentation is used to provide additional information on segmentation structure and summaries 

of past reports are used to give summary predictive estimates of market potential. 

2.2.7.2 Macro Consumer Segmentation 

Consumer market segmentation can be thought of as the process of splitting a consumer market 

into subsets of more homogenous consumers (Smith, 1956) and is used to better target the 

marketing effort (in terms of product, price, place, and promotion) to specific groups of consumers.  

The market can be split using different consumer characteristics, which in the context of 

segmentation are called ñsegmentation basesò.  Segmentation bases can include a wide range of 

variables, including, but not limited to, psychographic characteristics (e.g., beliefs about travel 

safety), behavioral characteristics (e.g., trip frequency and distance), lifestyle characteristics (e.g., 

preferred leisure activities), socio-economic characteristics (e.g., income) and demographic 

characteristics (e.g., age).  Dhalla and Mahatoo (1976) noted that no one type of segmentation base 

can fully describe consumer characteristics; for example, purely psychographic segmentation 

cannot adequately predict customer purchases and behavioral segmentation on purchase data 

cannot account for customer motivations.  A key point is that segments must respond differently 
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to marketing efforts.  For example, a promotion targeted to a certain segment should elicit different 

behavior in that segment than in other segments.  The ñdifferential behaviorò is just one desirable 

attribute of a consumer segment.  A segment should be identifiable, sizeable, accessible, stable, 

actionable, and responsive (Kotabe & Helsen, 2021).  These attributes are explained in Table 2.9 

with examples related to the market for AAM.  

Table 2.9. Segmentation Characteristics. 

Characteristic Description 

Identifiable The segment can be defined in terms of travel distance.  Larger, out-

of-metro travel will come under the banner of RAM while shorter 

distance travel will come under the banner of AAM. 

Sizeable Several sources cited in the market analysis show the potential size of 

the AAM mobility, for example, the survey by NASA and McKinsey 

(McKinsey & Company, 2021c).  To be commercially viable, a 

segment must have enough potential consumers to be profitable. 

Accessible The segments can easily be targeted.  For example, if a segment of 

consumers did not have access to the internet, they would not be able 

to access online ticket promotions. 

Stable Is the segment stable?  A stable segment is easier to target.  However, 

for a new product, this may not be possible (or desirable).  For 

example, the segment of consumers interested in utilizing AAM 

would need to grow rapidly for AAM to be viable. 

Actionable Can the marketing effort be adapted to the segment while keeping 

alignment with core competencies?  For example, there may be a 

segment of cost-conscious budget travelers.  

 

The market segmentation analyses in this document utilize the characteristics described in Table 

2.9 but in the context of determining overall market potential rather than just targeting a specific 

commercial product or service to a market.  The sizable characteristic is particularly important, as 

it is directly related to overall market potential.  All the described segments will be described in 

terms of consumer attributes, so should be identifiable.  Potential market segments will be 

evaluated in terms of accessibility and actionability. As these concepts overlap, they are combined.  

In addition, though cost can be analyzed with respect to customer accessibility, given the 

importance of cost information to the viability of AAM operations, a cost attribute is given as a 

standalone segmentation criterion.  Given the context of implementing a new product/service, the 

segment stability characteristic is less important than the other characteristics, though some 

analysis is given of the market potential of the segment over time. 

2.2.7.3 UAM (Urban Air Mobility)  

Urban Air Mobility refers to the segmentation of within-metro urban trips.  UAM can encapsulate 

a range of airport trips including air taxi trips, airport commuting trips, and leisure trips.   
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2.2.7.3.1 Identifiable 

Using the Booz Allen Hamilton NASA Study (referred to as the BAH_NASA study), UAM can be 

thought to encapsulate trips of less than 50 miles.  Different studies have defined the boundaries 

of UAM in different ways.  For example, the BAH_NASA study and associated publications (Booz 

Allen Hamilton, 2018; Goyal & Cohen, 2022; Goyal et al. 2021; Reiche et al., 2018) focus on 

UAM as a commuter transportation and airport shuttle service.  The Morgan Stanley (2018) report 

gives a much broader scope of operations, and include a range of customer applications (e.g., 

shared ride air taxi) and also cargo and military applications.  For the purpose of this analysis, 

UAM is defined as an customer carrying air mobility application using electric or hybrid eVTOL 

vehicles (either piloted or autonomous), within an urban metro area and with a trip range of less 

than 50 miles. 

2.2.7.3.2 Sizeable 

There are multiple estimates of market size available for the potential UAM market.  Though these 

estimates, may differ slightly in time period and scope, there is some commonality between the 

estimates.  Several of the estimates are outlined below and a summary is made of some of the 

general trends.  A more detailed analysis is carried out in the demand estimation section of this 

paper.  Most of these estimates assume a commercial start date around the period 2023-2025, with 

Blade, Archer, EHang, Volocopter, Joby, and Lilium planning to launch operations within this 

period (Research and Markets, 2021b; SMG Consulting, 2021).  Only US-wide forecasts are 

included. 

¶ From a commercial study (Research and Markets, 2021), it was estimated that the US UAM 

market will grow to $18.81 billion by 2035, with a compound annual growth rate of 23.12% 

from 2023-2035.  

¶ A case study by Morgan Stanley (2018) found that for a base case, for the US, the Total 

Addressable Market (TAM) for UAM will be $2 billion in 2025, $12 billion in 2030, $66 

billion in 2035, $279 billion in 2040, $1081 billion in 2045, and $2450 billion in 2050.  

This analysis gives a broad overview of overall market potential and assumes penetration 

in many different subsegments of the market including shared-ride taxi, commuter services, 

and includes potential goods transportation and millitary revenue. 

¶ In the BAH_NASA study and associated publications (Goyal & Cohen, 2022; Goyal et al. 

2021; Reiche et al., 2018), it is stated that combined, the Air Taxi and Airport shuttle 

markets have a potential demand of 55,000 daily trips (82,000 daily passenger).  This 

results in an unconstrained demand of 11 million daily trips with a market size of 

approximately $500 billion.  With constraints, it is estimated that UAM can account for 0.1 

percent of total daily commuter trips and will have a market value of $2.5 billion, with 

potential for 4,000 operational aircraft. 

¶ The survey by KPMG (Mayor and Anderson, 2020) takes a conservative approach to 

demand estimation. It has an assumption of full commercialization of UAM services 

starting in the 2030s, with estimated global passenger enplanements of 12 million per year 

by the end of the 2030s, increasing to 400 million per year by 2050. 

¶ UAM Geomatics created multiple demand estimates through year 2050 (UAM Geomatics 

2021a,b). These demand estimates were analyzed, synthesized, and combined as part of 

the Site Suitability Analysis (SSA) and staggered based on known commercial start dates.  
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Overall estimates are approximately 300,000 flights in 2025, 6 million in 2030, 14 million 

in 2035, 35 million in 2040, and 68 million in 2050. 

Overall, this section has summarized a wide variety of demand estimates.  These estimates used 

very different methodologies and produced quite different results, but there are some 

commonalities within the estimates.  The forecast start dates ranged from 2022-2030.  Though 

there is some uncertainty as to commercialization dates, initial implementations are seen in 2024-

2025 (see accessible/actionable section).  In most of the forecasts, the 2030s are seen as a major 

ramp-up period, where UAM transitions from isolated metros to a more integrated system, with 

the full potential of UAM realized in the 2040s. 

2.2.7.3.3 Accessible/ Actionable 

The accessibility/actionability of this segment depends on i) sufficient infrastructure to support 

UAM services, ii) commercial deployment of UAM services, and iii) regulatory/government 

support via the FAA and other agencies that will allow UAM services to be integrated into the 

NAS.  Cost considerations are important to accessibility, though these are discussed in the next 

section. 

A primary infrastructure consideration is the placement of UAM flight departure/arrival locations.  

UAM specific facilities are often referred to as ñvertiportsò.   Guzzetti (2021) noted that while 

initial UAM implementation may be able to use existing infrastructure, such as heliports/airstrips, 

for UAM to be commercially scalable, dedicated ñvertiportsò would be needed with infrastructure 

and charging stations.   

Guzzetti (2021) also noted that in conjunction with regulatory authorities, a viable UAM service 

would need a specific corridor within the NAS.  The FAA defined the concept of such a corridor 

in the UAM CONOPS (v.1) report (FAA & NASA, 2020).  Here a UAM corridor is defined by 

the FAA as ña performance-based airspace of defined dimensions in which aircraft abide by UAM 

specific rules, procedures, and performance requirementsò. 

There has been a range of initial academic work on the development of vertiport infrastructure.  

Examples of this work include analyses of vertiport development and capacity based on 

operational constraints (Guerreiro et al., 2020; Rimjha & Trani, 2021; Vascik & Hansman, 2019), 

vertiport location selection and optimization (Chen et al. 2022; Daskilewicz et al. 2018; Shao et 

al. 2021; Venkatesh et al., 2021), and UAM airspace design/vertiport integration (Song et al., 

2021).  In addition, the FAA has recently produced an engineering brief for vertiport design (FAA, 

2022c).  This brief gives guidance in areas such as vertiport design, electrical infrastructure, and 

site safety.  It is expected that this guidance will be updated once further knowledge is gained from 

initial vertiport implementations. NASA, in conjunction with commercial partners, have also 

produced a comprehensive report on vertiport implementation (NASA, 2021c). The report has an 

operations orientation and gives guidance for operational management and collaboration between 

partners and for integration of vertiport integration into the NAS. In total, this work helps provide 

the foundations for moving the concepts of vertiports forward. 

The ability to implement UAM solutions will depend on the commercial support and infrastructure 

for these solutions.  There are several current commercial projects to bring eVTOL UAM to the 

US market.  The four most realistic implementations in the US, chosen using the AAM reality 
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index (SMG Consulting, 2021), are listed below.  Only implementations that include proposed 

infrastructure at specific locations are listed/included. 

¶ Joby Aviation has obtained Part 135 Certification from the FAA to run air taxi service and 

aims to have full FAA vehicle certification and initial flight implementation by 2023 (Joby, 

2022b).  The trip from Los Angeles to Newport Beach is stated as a potential initial route 

(Alamalhodaei, 2021b).  In addition, Joby has partnered with a parking garage operator, 

REEF, to allow vertiports to be built on top of garages (Dahlberg, 2021b) and may 

additionally look at the San Francisco, Miami, and New York markets. 

¶ Lilium (Parker, 2021) has invested approximately $20 million in a veriport at Lake Nona 

in Florida.  The plan is to begin initial service in 2025.  This development has RAM aspects, 

as Lilium eventually hopes to build a RAM infrastructure (Alcock, 2020). 

¶ Archer Aviation is aiming to enter the Miami and Los Angeles markets with a shared-ride 

air taxi service in late 2024 (Dahlberg, 2021b).  The services are designed for journeys 

from 10 miles to 50 miles.  There are no specific vertiports mentioned in the article, though 

as with Joby, Archer has partnered with REEF to use vertiports built on top of garages 

(Head, 2021c). 

¶ Blade mobility acts as a booking service for charter helicopter/short-haul private jets with 

a focus on the Northeast corridor and West Coast and also supplies medical transportation 

services (Nanalyze, 2022).  Blade has ordered 20 Alia eVTOL vehicles from Beta (Head, 

2021b) and has facilitated the purchase of these vehicles for other flight partners.  From 

initial news releases/articles it seems that Blade will aim to integrate eVTOL vehicles into 

current services and adapt current infrastructure. 

In summary, details of four near-term ñrealisticò UAM implementations are described above.  

These implementations range from entirely new services to services that introduce an eVTOL 

component to existing services.  In terms of the infrastructure required to make the services 

accessible, there is a mix of new development (e.g., the Lilium vertiport) and utilization or adapting 

existing infrastructure.  UAM infrastructure needs will only be finalized once certification 

requirements are completed and initial UAM implementations come to market.  Thus, it may take 

until after these initial implementations to fully understand how much new infrastructure will be 

required by UAM services. 

2.2.7.3.4 Cost 

The ultimate market potential for UAM is strongly dependent on cost considerations.  There are 

several studies that give estimated costs for UAM travel.  These studies are listed below. 

¶ The BAH_NASA study provided a detailed set of cost per mile estimates for UAM 

compared to other modes of transportation.  Cost estimates per mile range from $11 for a 

two person UAM vehicle to $6.25 for a five person UAM vehicle (also noting Uberôs target 

of $5.75 for a five person UAM).  These costs compare with $9.00 USD for a helicopter, 

$11.75 for a limo, $4 for luxury/high end ride share, and $1.50 for a taxi. 

¶ The KPMG study did not give specific cost estimates, but noted a target price per mile of 

$3-$5 if eVTOL UAM is to be competitive in the luxury rideshare market. 

¶ Garrow, Roy, & Newman (2020) examined cost considerations from a consumer 

perspective using a consumer survey and multinomial logit choice model and calculated 

Value of Time (VOT) parameters for different models of commuter travel.  These were 
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$12.96/hr. for transit, $15.14/hr. for automated vehicles, $17.24/hr. for auto, and $25.41/hr. 

for air taxi/eVTOL. 

¶ Rimjha et al. (2021) created a feasibility and logit-choice model for UAM consumer 

demand in Northern California.  Using the results of the model and assuming 75 vertiports 

in the region, metro demand was estimated using a sensitivity analysis for prices ranging 

from $1 per mile (45,000 passengers per day) to $3 per mile (<5,000 passengers per day).  

The authors noted a large drop-off in demand as prices rise above $1, with demand at $1.20 

reduced by 35 percent.  The authors gave a detailed analysis of feasibility for high price-

low demand ($1.80 per mile and 75 vertiports) and low price-high demand ($1.20 per mile 

and 200 vertiports). 

¶ A similar trade-off study was carried out by Mayakonda et al. (2020), who examined US 

demand for 15 US cities across a two-way table of UAM ticket cost ($0.30 - $7.20) and 

vertiport density. For the median value of vertiport density, the estimated potential UAM 

share of the transit market was 8.5 percent for a $0.30 per mile cost and 0.002 percent for 

a $7.20 cost per mile.  The market share broke through 1 percent (1.2 percent) for a $0.30 

per mile cost and through 0.1 percent (0.127 percent) for a $2.40 per mile cost. 

A range of cost and pricing studies are listed above.  The BAH_NASA study is the most 

comprehensive of those listed and the costs generated by this study have been utilized in 

subsequent research.  This research gave a cost per mile between $6 and $11 depending on the size 

of the UAM vehicle.  These values may decrease with economies of scale.  As per some of the 

other studies, lower cost values may be needed if UAM is to expand beyond a high-end niche.  For 

example, the KPMG study assumes values of $3-$5 for UAM to be competitive in the high-end 

rideshare market segment.  The price/revenue trade-off simulations given in Rimjha et al. (2021) 

and Mayakonda et al. (2020) both assume lower cost per mile values of less than $3 to break into 

the mass transit market.  The change in cost as UAM is implemented commercially and economies 

of scale takeoff could determine the eventual positioning of UAM in the overall transit market. 

2.2.7.3.5 User Acceptance 

There have been several studies that include surveys on user acceptance of UAM.  These are 

detailed below. 

¶ The BAH_NASA study asked a series of questions on UAM acceptance to a panel of US 

consumers.  A major question was ñare you willing to travel in an Urban Air Mobility 

aircraftò, with five Likert scale responses from strongly agree to strongly disagree.  Overall, 

around 60 percent of consumers answered with ñstrongly agree or agree to this questionò.  

The authors found that younger age groups, males, and people who had previously been 

exposed to UAM had higher levels of user acceptance.  There were also higher preferences 

for piloted over fully autonomous flights and travelling with friends. 

¶ A user acceptance study by McKinsey (Kloss & Riedel, 2021) found that in the US, 

willingness to adopt UAM was 14 percent for commuting, 14 percent for running errands, 

26 percent for business, 12 percent for short distance leisure travel, and 18 percent for 

airport travel. 

¶ An airbus and air traffic management study (Yedavalli & Mooberry, 2019; subsequently 

referred to as ñAirbus_ATMò in this document) ran a consumer perceptions survey in four 

countries.  The survey both measured perceptions of concern for safety and noise for certain 
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UAM scenarios and for general willingness to adopt UAM.  A five-point Likert scale 

ranging from very unlikely to very likely was used to indicate willingness to adopt. In the 

US, 23 percent of respondents were very likely to adopt and 18 percent were likely to 

support UAM as a mode of transportation.  Across all countries, there was higher adoption 

for younger people, males, urban dwellers, higher levels of education, people with longer 

commutes, and people who already rely on ridesharing. 

Overall, there are some large commonalities across all three studies.  Younger, more educated 

males, with longer commutes were more likely to adopt.  Initial customer targeting effects may be 

aimed at segments with some or all of these characteristics. 

Safety and noise issues were examined in the Airbus_ATM study. Around 40 to 50 percent of 

respondents showed high levels of concern about these issues.  It may be possible to mitigate these 

concerns with targeted promotion and advertising to improve perceptions (e.g., MacInnis & 

Jaworski, 1989), particularly given that most consumers do not have well-formed opinions on 

UAM, though actual operational characteristics (e.g., noise) and potential safety instances will 

strongly impact opinion.  

2.2.7.4 Regional Air Mobility  

RAM refers to the segment of travel within a region, but not within a city.  Examples of RAM 

include business trips between cities within a region (for example, Orlando and Tampa) and 

regional leisure trips.  While much of the initial emphasis of UAM implementations is on within 

metro applications, such as air taxi/commuter travel, several sources cited in the market analysis 

show the potential size for RAM markets to be viable in densely populated areas, even after all 

constraints are applied, as documented in the BAH_NASA study (Booz Allen Hamilton, 2018; 

Goyal et al., 2021; Reiche et al., 2018). A report by NASA (2021b), noted that if operating costs 

could be reduced from more efficient electric propulsion methods and from automatization of pilot 

function then this could expand the RAM market and make it more feasible for a wider range of 

customer segments. 

2.2.7.4.1 Identifiable 

As per the BAH_NASA body of work, RAM can be thought to encapsulate trips ranging from 50 

miles to 500 miles, with UAM covering trips less than 50 miles.  This gives a wide range of 

performance attributes.  The NIAR VTOL database was analyzed to see how current and planned 

VTOL vehicles match this specification.  In Figure 2.10, box plots7 of the vehicle ranges were 

plotted by the maturity level (preliminary design, prototype build, subscale flight test, and ongoing 

certification).  All vehicles undergoing current flight testing have a range of less than 250 miles, 

so only cover the lower end of the 50-to-500-mile range for RAM.  However, going forward to 

vehicles in the prototype build and preliminary design stages, there are more longer-range vehicles, 

with the 75th range percentile for vehicles in the preliminary design stage reaching 500 miles.  

Thus, vehicles are planned that can cover the entire range of regional air mobility.  

The market for RAM is expected to be part of the general market for regional travel, including 

regional jets, private jets, and regional helicopter services.  However, there is very little overlap 

with the regional jet market.  The FAA Aerospace Forecast 2021ï2041 (FAA, 2022b) noted that 

                                                   
7 The center of a box denotes the median, the bottom of the box the 25th percentile, the top of the box the 75th percentile, 

and the top/bottom lines the lowest/highest values excluding plotted outliers. 
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while the regional jet market is a substantial market, with 86 million domestic enplanements in 

2020 (down from a pre-covid 159 million in 2019), the market is moving from 50 seat planes to 

larger, more fuel efficient, 70-90 seat planes. The FAA Aerospace Forecast predicted that the 

average number of seats will rise from 61 (in the 2010-2021 period) to 68 over the next two 

decades. Summary box plots of maximum passenger capacities for different maturity levels are 

given in Figure 2.11.  In all stages of the vehicle maturity process, the 75th percentile of maximum 

passenger capacity is 4 passengers, with a maximum proposed size of 10 passengers.  This 

indicates that RAM vehicles will be competing with private jet and helicopter services. 

  

Figure 2.10. Maximum Range in Miles by Maturity. 

Starry and Bernstein (2008) summarized the different classes of private jets ranging from ñlight,ò 

with a maximum range of 1,114-2,200 miles and 7-11 passengers, to ñlong-range,ò with a range 

of 4,469-6,305 miles and 17-19 passengers. In addition, the FAA Aerospace Forecast 2021ï2041 

(FAA, 2022b, p131) lists the average regional domestic trip as 489 miles in 2020, which is at the 

high-end of current RAM specifications.  

Given the aforementioned vehicle specifications, eVTOL aircraft will be competing with 

light/medium jets in the regional flight market.  Current regional helicopter travel, being of small 

capacity and with VTOL vehicles is probably the closet match to eVTOL travel.   
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Figure 2.11. Maximum Number of Passengers in Miles by Maturity. 

Another potential performance characteristic for UAM vehicles is the speed of vehicle.  Summary 

box plots of maximum passenger capacities for different maturity levels are given in Figure 2.12.  

Here, all the top speeds for the more advanced maturity stages (subscale flight test, ongoing 

certification, and certified) are less than 200 mph.  However, there are higher speed vehicles 

planned in the prototype build and preliminary design stages.  Here, top speeds are up to 500 mph; 

however, the majority of speeds are still less than 200 mph.  This puts the performance 

characteristics in a similar range to helicopters rather than small jets.  For example, the average 

helicopter maximum speed is approximately 160 mph (Gatto, 2011) and a widely used modern 

mid-sized helicopter, the Airbus H160, has a top speed of 202 mph (Military Factory, 2021), while 

a characteristic small private jet, the Lear 45, has a top speed of 533 mph (Taylor, 1999). 
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Figure 2.12. Top Speed in Miles per Hour by Maturity. 

To further explore the characteristics of vehicles suitable for RAM, a visual scatterplot was created 

of vehicles suitable for RAM.  To be included in the analysis vehicles needed to have a minimum 

maximum range of 50 miles (i.e., the lower bound of RAM), a minimum maximum speed of 150 

mph (below the average helicopter maximum speed of 160mph) and a passenger capacitiy of at 

least four. Twelve aircraft satisfied the criteria and the top speed in mph was plotted against the 

maximum range in miles for each of these aircraft.  The name labels were colored by maturity 

level.  The resulting visualization is given in Figure 2.13.  Visually, one can make out three specific 

clusters.  The first consists of ñborderlineò RAM aircraft, which have speeds similar to helicopters 

and can cover the ñlower endò of RAM journeys, up to approximately 200 miles.  There is an 

ñintermediateò segment of the prototype ñHorizon Aircraft Cavorite X5ò  and ñASX MOBi-ONE 

V1ò, which have operational characteristics between helicopters and regional jets (top speed in 

mph and max range in miles both around 300), and finally a single item segment, consisting of the 

ñPegasus Universal Aerospace Vertical Business Jetò, which has performance characteristics 

similar to current private jets (top speed 495 mph and range of 1,320 miles).  If this vehicle and 

similar come to market then RAM with eVTOL vehicles can compete in the segment currently 

served by private jets. 
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Figure 2.13. Visual Segmentation of Vehicles with RAM Characteristics. 

 

Overall, there is a strong concordance between the market for RAM and the existing commercial 

helicopter market, though potential improvements in vehicle specifications and new usage 

scenarios could allow for RAM to develop new markets and to move into areas covered by the 

private jet market. 

2.2.7.4.2 Sizeable 

As noted in the previous section, there is strong overlap between the RAM market and the 

commercial helicopter market, as well as some overlap with the private/business jet market.  Given 

the lower capacities and speed of the eVTOL vehicles, there is little overlap between the eVTOL 

RAM market and the regional commercial jet market.  Several sources are given below, but given 

the small-scale private ownership for these segments, accurate estimates of market size are 

difficult.  

¶ A 2022 survey of the private jet market (Deane, 2022) estimated an overall market size for 

private and jet charter aircraft of $24.4 billion in 2019, dropping to $23.1 billion in 2020, 

but rising post-pandemic in 2021. 

¶ The FAA Part 135 certification covers small private planes and helicopters.  Usage 

statistics are available from the FAA (FAA, 2022b).  For private aircraft with paid pilots 

there were 2,362,000 hours of flying time in 2019 and 1,617,000 hours of flying time in 

2020.  Similarly, there were 2,765,000 hours of flying time for air taxis in 2019 and 
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2,356,000 hours of flying time in 2020.  Both of these markets include non-RAM segments 

(e.g., shorter distance flights for air taxis and non-passenger applications for the private 

aircraft figures, but they provide useful upper limits on demand), so should be considered 

constrained upper bounds for demand.  The most recent available data is from 2020, but 

given the fast recovery from the pandemic in 2021 shown in other data sources, a similar 

bounce-back would be likely in these figures. 

¶ WINGX (2022a) is a service that collates private business aviation market information.  As 

of April 2022, over the last 30 days there have been 355,647 private flights in the US 

(11,854 per day), shared between propellor (32%), small jet (31%), medium jet (23%), and 

large jet (14%) flights.  A graph of global private air traffic over the last few years 

(WINGX, 2022b), shows a drop in flights during the COVID pandemic, but strong 

recovery post-pandemic, to levels approximately 20 percent higher than pre-pandemic 

levels. 

¶ The FAA Aerospace Forecast 2021ï2041 (FAA, 2022b) shows 86 million domestic 

enplanements for regional jets in 2020 (down from a pre-covid 159 million in 2019).  This 

volume is expected to recover strongly through 2021 and 2022.  As noted previously, this 

market is unlikely to intersect significantly with the eVTOL market. 

The overall current market amenable to RAM with eVTOL jets is difficult to forecast and calculate 

as it overlaps several different markets, including, but not limited to short-haul corridor air traffic 

and regional Amtrak rail service.  The commercial regional jet market is the closest market to 

RAM in terms of distances travelled, but the current low capacity of eVTOL jets makes penetration 

into this market unlikely in the near future.  The market served by business jets and helicopters is 

much more amenable to penetration by eVTOL vehicles, due to a larger overlap of vehicle sizes 

and other operational characteristics.  These segments have seen strong market recovery since the 

pandemic.   

It is possible to use some of the figures above in approximate back-of-the-envelope calculations 

(e.g., Purcell, 1985) and scenario analysis (e.g., Huss, 1988; Postma  & Liebl, 2005).  Consider a 

scenario x with private aircraft flights of roughly 10,000 a day, y-percent of these flights devoted 

to RAM, with an average RAM distance of z miles, and based on the costing analysis described in 

the UAM section of this report and taken from the BAH_NASA analysis a price per mile of $6.25 

for a five person UAM.  The flights per day number is fixed at 10,000, which is a rough estimate 

of the WINGX (2022a) number.  Scenarios are given in a two-way table for different proportions 

of the overall private jet market being dedicated to UAM and the average trips per miles (i.e., are 

most trips closer to the 50-mile boundary or 500-mile boundary?). 

The spreadsheet is shown in Figure 2.14. The median revenue scenario generates a yearly revenue 

of $13.97 billion.  This has good face validity. The Deane (2022) consulting numbers the medium 

revenue scenario ($14 billion/$25 billion = 56 percent) approximately match the proportion of the 

private jet market devoted to RAM.  Within the two-way table, it is relatively easy to alter the 

variables.  For example, given specific market estimates, it could be estimated that RAM has 50 

percent of the overall market, and the ñProportion of RAMò dimension could be replaced by a 

ñFlights per dayò dimension with a range of numbers. 
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Figure 2.14. Scenario Analysis with Revenue in Billions for RAM. 

2.2.7.4.3 Accessible/Actionable 

Most of the initial commercial eVTOL implementations are designed for UAM implementations.  

As a pre-condition for RAM air mobility there must be infrastructure available in multiple regional 

areas/cities before RAM can take off.  This is the view posited by the KPMG study on air mobility 

(Mayor and Anderson, 2020).  Here they posit that the focus on initial eVTOL implementations 

will be on within-city UAM implementations from 2030-2050, but that by 2050, there may be 

some scope for RAM travel, with RAM travel up to 120 miles expected by 2050.  However, this 

estimate may be overly conservative, as some providers, e.g. Lilium (Alcock, 2020), are aiming to 

introduce regional services relatively shortly after initial UAM commercial deployment.  As per 

Figure 2.10 and Figure 2.12, given an increasing number of vehicles with longer range and the 

potential to fly at higher speeds, there may be scope for faster growth in RAM services. 

2.2.7.4.4 Cost 

The cost per mile estimates given in the UAM section are general and could be adapted to the 

longer RAM journeys.  There may be specific influences for longer journeys (e.g., lower relative 

fixed costs, but higher costs needed for larger batteries), but the per-mile estimates described in 

the UAM section can be used for base estimates. 

2.2.7.4.5 User Acceptance 

The surveys outlined in the UAM section are mostly general in nature and do not differentiate 

based on the difference.  There are some slight indicators of advanced passenger mobility adoption.  

For the McKinsey study (Kloss & Riedel, 2021), willingness to adopt for long distance leisure 

purposes is 10 percent, which is lower than willingness to adopt for UAM applications.  One 

potential reason for this is that as noted by the BAH_NASA study, people with previous exposure 

to air mobility display higher willingness to adopt, and most news exposure to AAM is on the topic 

of UAM/air taxi applications. 

In addition, the choice set for regional travel is a little different in that competitors include 

helicopter travel and private jet travel, which have some commonality in safety perceptions with 

UAM, due to all of these modes being air travel modes.  
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2.2.7.5 Ambulance/Air Ambulance 

Together, ambulances and air ambulances form part of an overall emergency management 

infrastructure in the US.  Ambulances provide local emergency response, while air ambulances are 

particularly useful in situations where high speed service is needed and where road/transportation 

difficulties can make ambulance service difficult, for example rural areas with poor road 

conditions and long distances to trauma centers (e.g. Nicholl et al., 1994), or congested urban areas 

(Eckstein et al., 2002), and in situations where severe trauma makes speed an important factor.  

For example, Larson et al. (2004), noted how air ambulance services could improve outcomes in 

pediatric trauma cases and Rhinehart et al. (2013) noted that mortality rates were lower for people 

who were close to air ambulance infrastructure. 

There has been much recent interest in incorporating eVTOL vehicles into the air ambulance 

infrastructure.  For example, Reichmann (2021), citing a study by ñGerman air rescue service 

ADAC Luftrettungò noted that using eVTOL ambulances could potentially reduce service time 

and cost.  This article also notes efforts from American company Jump Aero to develop eVTOL 

to decrease emergency response time and posits that eVTOL Volocopter aircraft have a significant 

speed advantage over conventional emergency medical response, being able to reach emergencies 

twice as fast in rural areas compared to the conventional emergency medical service 

There have been several initial commercial attempts to produce eVTOL based air ambulance 

services.  For example, Cowan (2002) described the Urban Aeronauticsô CityHawk vehicle (an 

eVTOL air ambulance), which was created with the aim of reducing current response times and 

improved cardiac arrest outcomes.  

2.2.7.5.1 Identifiable 

Most initial work on eVTOL air ambulances assumes a similar set of vehicles to passenger UAM 

vehicles (e.g., the BAH_NASA study, Reiche et al., 2018) and so the vehicle summary ranges are 

similar to those examined in the ñIdentifiableò section for UAM and RAM.  For simplicity, this 

segment is defined as containing Emergency Medical Services (EMS) using either eVTOL 

vehicles or hybrid eVTOL vehicles.  As with standard passenger applications, it is expected that 

initial services will be piloted, with the potential for some automation at a potential future date. 

Of the initial proposals for eVTOL, the majority have been developed for short/medium-range 

travel with multiple passengers.  For example, the proposed CityHawk EMS eVTOL (CityHawk 

EMS, 2002) has a listed range of 90 miles and the Orca Aerospace EMS eVTOL (Transport Up, 

2021) has a range of 110-130 km (68-81 miles), with a top speed around 300 kilometers per hour 

(186.4 mph). 

2.2.7.5.2 Sizeable 

Air ambulance eVTOL solutions are posited as intermediate solutions to both the conventional 

ambulance market and the air ambulance market, there is potential to take potential market share 

from both markets.  As per KBV Research (2021), the Global Air Ambulance services market is 

expected to be worth $12.1 billion by 2027 with an average compound annual growth rate of 11.4 

percent from 2021-2027.  In an analysis of the overall market, precedence Research (2022) 

estimated the overall global value of ambulance services as US$ 29.49 billion in 2021 with a 

forecast of 13.9 percent compound annual growth between 2021 and 2030, giving an estimated 

market size of US$ 95.1 billion in 2030.  A discussion in Cowan (2022) notes the potential for 
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eVTOL vehicles to take a market share of up to 5 percent of the overall market, which given 

projected 2030 numbers would be approximately $4-5 million. 

2.2.7.5.3 Accessible/ Actionable 

The accessibility and actionability of the eVTOL air ambulance segment will depend on both 

commercial and regulatory issues.  The BAH_NASA study found that the air ambulance market 

could be potentially viable given the commercial deployment of hybrid VTOL aircraft, but 

expressed some skepticism on the possible use of eVTOL aircraft in the near future due to 

limitations with respect to battery weight and recharging times. Another possible limitation is the 

implementation of FAA certification standards that may be specific to the air ambulance market.  

However, a report detailing UAM potential in Ohio (Del Rosario et al., 2021) noted a range of 

factors to be dealt with before UAM can become feasible.  These include providing medical 

infrastructure at UAM hubs, dealing with excess passenger weight, helipad accessibility, potential 

weather issues affecting availability, and EMS coverage/integration with the overall EMS 

ecosystem.  The weather issues in this area are particularly pertinent for emergency travel, as what 

may be an inconvenience for commuter applications (e.g., Reiche et al., 2018) is possibly a major 

restrictive factor for EMS trauma applications. 

2.2.7.5.4 Cost 

The cost factors for eVTOL air ambulance vis-à-vis ground transportation and traditional air 

transportation are similar to those for UAM for short-haul journeys and RAM for longer journeys.  

However, there have been several attempts to price eVTOL air ambulance trips relative to 

traditional trips.  The BAH analysis includes a simulation study (Reiche et al., 2018; Goyal & 

Cohen, 2022) of potential ground ambulance, air ambulance, and eVTOL vehicles.  They found 

aggregate costs per trip of $500 for ground ambulances, $9,000 for battery/electric eVTOL 

ambulances, $9,800 for hybrid eVTOL ambulances, and $10,000 for traditional rotary-wing 

helicopters. Thus, it is likely that eVTOL ambulances will fill a similar niche to traditional rotary-

wing helicopters in being more expensive than ground ambulances but offering faster 

transportation and improved survivability for trauma cases. 

An additional factor in eVOTL air ambulance competitiveness is the billing structure of air 

ambulance flights.  As noted in the discussion in section 2.5.4 and the previously cited Fuse-Brown 

et al. (2020) work, air ambulance bills are often out-of-network for health insurers and charges are 

433 percent of the Medicare base rate. Approximately 52 percent of bills not fully covered by 

insurers, with an average balance to be paid by the patient of around $20,000.  These out-of-pocket 

charges and the associated controversy (e.g., Sison, 2019) may spur state and federal regulation, 

which may restrict the potential for air ambulance profitability. 

In summary, the overall competitiveness of eVOTL aircraft will depend on maintaining a price 

advantage over traditional rotary wing helicopters, the regulatory environment at federal, state, 

and local levels, and the fee structure set by medical insurance providers and Medicare. 

2.2.7.5.5 User Acceptance 

User acceptance for eVTOL air ambulances will depend on many of the same factors as acceptance 

for advanced passenger mobility applications.  In fact, an interview with an eVTOL provider in 

Cowan (2022) raised the point that integrating eVTOL vehicles into the emergency response 

infrastructure could help improve general trust and user acceptance of eVTOL vehicles for general 

applications.  The Ohio UAM study (Del Rosario et al., 2021) gave a use case for air ambulances 
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and noted that air ambulances can be utilized for time-sensitive non-passenger applications, such 

as organ delivery.  The utilization of eVTOL vehicles in such applications could help gain the trust 

necessary to utilize such vehicles in human passenger transportation applications. 

2.2.7.6 Macro Consumer Segmentation Summary 

Overall, this section has analyzed three major ñmacroò segments of the AAM market.  These 

segments were analyzed using a general segmentation framework where the segments were 

analyzed using the general identifiable, sizeable, and accessible/actionable attributes, and also 

domain specific cost, user, and acceptance attributes.  Of the three segments, the air ambulance 

segment was something of a standalone segment, while the UAM and RAM segments both are 

standard customer transportation segments but are defined primarily in terms of the length of the 

customer journey.  The analysis focused on the potential for new and existing services (e.g., 

commuter helicopters, private jets), where existing vehicles are replaced by potentially more 

efficient and environmentally friendly eVTOL vehicles.  While the UAM and RAM segments were 

treated separately, there is bound to be some integration in terms of in-metro and between metro 

travel, particularly at the boundary area between UAM and RAM (journeys between 50 and 100 

miles).   

The segmentation was taken at a low level of granularity, with the analysis of three ñmacroò 

segments.  As more information becomes available on potential UAM implementations, it may be 

possible to carry out a more detailed segmentation analysis for specific usage situations (e.g., 

commuters, holiday travelers, etc.).  The scope of such an analysis would need to be defined 

carefully and may be metro specific.  For example, segments in more spread-out, lower-density 

metros, such as the Greater Los Angeles area, may be different from a denser metro, such as the 

New York City metro.  Such analyses could use both behavioral and perceptual data.  Behavioral 

segmentation (e.g., Bucklin et al., 1998) could be derived from actual travel data, for similar 

services or from a consumer panel where participants record travel behavior in a similar manner 

to how panel members record purchases for a Nielsen consumer panel (Einav et al., 2008).  There 

have been several perceptual surveys of AAM travel, with some surveys focusing on user 

acceptance (Kloss & Riedel, 2021; Reiche et al., 2018; Yedavalli & Mooberry, 2019) and some 

focusing on the use of stated preference surveys to estimate consumer demand (e.g., Garrow, Roy, 

& Newman. 2020).   

The market segmentation section ties into the subsequent demand analysis in several ways.  First, 

the analysis collated and synthesized multiple data sources to examine and give context to market 

demand estimates for multiple areas of AAM (including UAM, RAM, and air ambulance services).  

The demand estimate section follows this by examining and estimating demand scenarios for 

focused metro area UAM demand, which given previous studies and upcoming implementations 

is the ñmacro-segmentò with the most overall visibility. Second, several back of the envelope 

calculations are given for RAM demand.  These calculations give further context to any demand 

calculations. Third, in the demand calculation section, Bass modeling is used to help construct 

low, medium, and high demand scenarios for UAM. The information given in this section can help 

put these estimates into context, enable decision makers to understand the likelihood of these 

different scenarios, and intelligently choose modeling parameters. 
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2.3 Estimating Demand 2022 ï 2045 

2.3.1 Target Markets and Suitable Market Conditions 

Currently, more than 200 companies worldwide are developing transformative eVTOL aircraft, 

with more than a dozen projects receiving significant private investment (eVTOL, 2019). Though 

UAM passenger operations have yet to launch in the US, OEMs are actively working to enhance 

their aircraft technologies, obtain certification, and prepare for full-scale manufacturing. 

According to SMG Consulting (2021) five companies are targeting operations in the US from 

2024-2026, as shown in Table 2.10. 

Table 2.10. AAM Passenger Launch Cities (SMG Consulting, 2021). 
Launch City  Original Equipment Manufacturer  

Orlando, FL Lilium (2024) 

New York City, NY Blade (2024), Halo (2026) 

Los Angeles, CA Archer (2024) 

Marina / Santa Cruz, CA Joby (no launch date identified) 

Miami, FL Archer (2024) 

 

On the West Coast, Joby and Archer Aviation are preparing to begin operations. Joby has received 

$1.8 billion in funding and has established its headquarters in Santa Cruz, California (SMG 

Consulting, 2021), while Archer is expected to begin operations in Los Angeles in 2024 and has 

received $856.3 million in funding (SMG Consulting, 2021). On the other side of the country, 

Blade and Halo are anticipated to begin operations in New York City in 2024 and 2026, 

respectively, while Archer is aiming to commence operations in Miami in 2024 (SMG Consulting, 

2021). Lilium is targeting 2024 as a launch year for its operations at the Lake Nona Aerotropolis 

in Orlando. 

In conjunction with operator-led launch sites, it is anticipated that public investment will generate 

new markets. Sponsored by NASA, a cohort of five community annex teams will receive public 

investment to advance AAM activities within their respective areas (NASA, 2021a). Annex teams 

include the Massachusetts Department of Transportation, the Minnesota Department of 

Transportation, the North Central Texas Council of Governments, the Ohio Department of 

Transportation, and the City of Orlando (NASA, 2021a). A map of launch cities, community annex 

teams, and OEM headquarter locations can be found in Figure 2.15. 

  



66 

 

Figure 2.15. UAM Passenger Market Launch Sites and Operator Headquarters. 

  

Sources: SMG Consulting 2021, NASA 2021, Wichita State University 2021 
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As UAM takes off in the US, several characteristics may elevate passenger growth within specific 

domestic markets. Research indicates that an important first step in UAM development will 

involve targeting a narrow, but potentially lucrative market segment of people who are willing to 

pay premium fares to avoid commuter stress, congestion, and travel time (Mayor and Anderson, 

2019; Haan et al., 2020). Thus, regions with highly gridlocked surface transportation systems and 

high-income earners make an opportune pairing for UAM passenger services. It is anticipated that 

the increase of urbanization and reliance on automobiles in metropolitan areas in the US will 

continue to facilitate UAM growth for the foreseeable future (Yedavalli and Mooberry, 2019). 

Regions that are restricted by geography in their ability to develop cost-effective new infrastructure 

for relieving automobile congestion will be particularly suitable sites for UAM market growth 

(CAM, 2020a). 

In addition to congestion and income, there are a number of other variables that influence UAM 

growth and development. For example, regions that have a high concentration of airports and 

business travelers are likely to be more successful as UAM and RAM markets, as they can connect 

passengers who are willing to pay for expedited travel from an airport to a meeting, conference, or 

other business engagements (Booz Allen Hamilton, 2018). As such, the existence of airports and 

the composition of airport passengers would likely influence the suitability of an advanced air 

mobility marketplace.  

To fully understand the most suitable locations for UAM passenger services within the US, the 

research team reviewed more than 100 peer-reviewed journal articles, market reports, industry 

papers, and regulatory briefings. The literature review led to the determination of 13 variables that 

affect UAM passenger market growth, as shown in Table 2.11.  

Table 2.11. Site Suitability Analysis Variables for Advanced Passenger Mobility Markets. 
Category Variable Variable Description Variable Reference 

Urban 

Structure 

Population 

Density 

The more people there are within a specified area, the greater 

likelihood that AAM passenger services will be able to connect 

target customers with their desired business or leisure destinations.  

KPMG 2019, 

Georgia Tech 2020, 

Joby 2021, Booz 

Allen Hamilton 

Polycentrism 

Polycentrism is a measure of fully-formed city centers within a 

region. The more city centers there are within a specified area, the 

greater likelihood that AAM services will be needed in the region.  

NCSU and MSU 

2021 

(Based on Liliumôs 

advertised markets) 

Economic 

Scale 

Fortune 1,000 

Presence 

The presence of Fortune 1,000 companies within a region catalyzes 

the need for CEO or executive leadership travel, which is somewhat 

price inelastic, and a target market for AAM service providers. 

UAM Geomatics 

2021, Joby 2021 

Gross Regional 

Product (GRP) 

The higher and areaôs GRP, the greater the likelihood that there will 

be a lot of business activity in the region. This may allow AAM 

services to capture or address business travelersô needs.  

KPMG 2019, UAM 

Geomatics 2021, 

Joby 2021 

Congestion 

and Travel 

Time 

Average Time to 

Work 

The longer an individualôs commute time to work, the greater the 

potential for an AAM trip to save time for that individual, relative 

to their existing travel method.   

KPMG 2019, UAM 

Geomatics 2021, 

Joby 2021, Booz 

Allen Hamilton, 

2018 

Travel Time 

Index 

A travel time index is a measure of average travel conditions that 

demonstrates how much longer, on average, travel times are during 

congestion compared to light traffic. The higher the travel time 

KPMG 2021, UAM 

Geomatics 2021, 

Joby 2021, Booz 
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Category Variable Variable Description Variable Reference 

index, the greater the likelihood for AAM services to be 

competitive in the region.   

Allen Hamilton 

2021 

Airport to 

Central Business 

District Drive 

Time 

Trips that connect city centers to airports will be a fundamental 

market segment for AAM. This segment, referred to as the airport 

shuttle, will be most competitive with vehicular modes of transport 

when longer drive times from the airport to a regionôs central 

business district exist. 

Booz Allen 

Hamilton 2018 

Market 

Readiness 

Heliports Per 

Capita The greater the number of heliports or airports per capita, the more 

opportunities for existing infrastructure to support AAM services.  

UAM Geomatics 

2021, Joby 2021, 

Booz Allen 

Hamilton 2018 
Airports per 

Capita 

Class B 

Airspace 

Presence (or not) of Class B Airspace in MSA (binary). The 

presence of Class B airspace in a region indicates congestion and 

creates ATC clearance requirements for AAM services that limit 

operating locations. Such requirements may be particularly 

encumbering for airport shuttle and RAM contexts. 

FAA Input 2021 

Class G 

Airspace 

Congestion 

AAM services are anticipated to primarily occupy Class G airspace. 

If this airspace is highly congested within a region, it will limit the 

number of AAM trips that can be undertaken. 

FAA Input 2021 

Market 

Readiness 
Existing 

Investment 

Public or private sector investment in AAM infrastructure and 

policies can catalyze AAM activities. The greater the investment, 

the more likely AAM services are to take hold in a region. 

FAA Input 2021 

Existing 

Short-Haul 

Market 

Airport Short-

Haul Market 

Stability  

(<150 miles) 

Short-haul airport trips carrying passengers less than 150 miles 

demonstrate markets that are conducive to air travel and are within 

the maximum range of AAM passenger service. These markets 

offer growth opportunities for AAM passenger trips. 

UAM Geomatics 

2021, Joby 2021, 

Booz Allen 

Hamilton 2018 

Source: ASSURE Research Project A36 | North Carolina State University and Mississippi State University, 2022 

These variables can be grouped into categories of urban structure, economic scale, congestion and 

travel time, market readiness, and existing short-haul demand characteristics. Using these 

variables, a site suitability analysis was undertaken to derive where the most opportune market 

locations for AAM passenger services are within the US.  

2.3.1.1 Market Conditions Data & Methods 

The variables used to describe market conditions for advanced passenger mobility services were 

derived from a variety of existing sources and also included novel datasets created by the A36 

research team. In some instances, datasets required preprocessing and joining to MSA geographies. 

All variables required scaling prior to weighting and final suitability calculations.  

Eleven of the variables have a positive relationship with AAM market activities, meaning the 

greater the extent of their influence, the more favorable the AAM market for OEMs. These 

variables are considered AAM market drivers, and they include: population density, polycentrism, 

the presence of Fortune 1000 companies, gross regional product, average time to work, travel time 

index, the airport to central business district drive time, heliports per capita, airports per capita, 

existing public and private sector investment, and airport short-haul market stability. Within the 

13 variables, there are two (2) variables that operate as AAM market barriers and their presence 

has a negative relationship with AAM market activities. These variables include: the presence of 

Class B airspace (regulated airspace by commercial airports) and the level of Class G airspace 

Congestion 

and Travel 

Time 
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congestion (unregulated airspace in which AAM missions are likely to occur). Variable data, 

sources, preprocessing, and standardization techniques are provided in Table 2.12. 

 

Table 2.12. Data Details for Site Suitability Analysis Variables. 

Variable Data Data Source Preprocessing Standardization 

Population 

Density 

Average population 

per square mile in 

MSA 

U.S. Census Bureau 

(2019) 
None required 

Min-Max Continuous 

(1 = highest density) 

Polycentrism 

Count of distinct 

employment centers 

in MSA 

Arribas-Bel and 

Sanz-Gracia (2014) 
None required 

Min-Max Continuous 

(1 = most centers) 

Fortune 1000 

Presence 

Count of Fortune 

1000 company 

headquarters in MSA 

Fortune (2021) 
Spatially join headquarters points 

to MSA features 

Min-Max Continuous 

(1= most 

headquarters) 

GRP per 

Capita 

Gross domestic 

product of MSA per 

capita 

BEA (2019) None required 

Min-Max Continuous 

(1= highest 

GDP/cap) 

Average 

Time to Work 

Average one-way 

commute time 

(minutes) per capita 

U.S. Census Bureau 

(2019) 
None required 

Min-Max Continuous 

(1= most time) 

Travel Time 

Index 

Index of peak period 

travel time to free-

flow conditions in 

MSA 

Schrank et al. (2021) 
Spatially join Urban Area features 

to MSA features 

Min-Max Continuous 

(1= highest Index) 

Airport to 

CBD Drive 

Time 

Estimated driving 

time in free-flow 

conditions from 

commercial airports 

to Central Business 

District (CBD) 

Google (n.d.), 

FAA (2019) 

Drive time in free-flow conditions 

is estimated using Google Maps. 

For MSAs served by multiple 

commercial airports, values 

reflect a weighted average driving 

time weighted by percentage of 

commercial aircraft operations at 

each airport 

Min-Max Continuous 

(1- most time) 

Heliports per 

Capita 

Count of heliports per 

capita in MSA 
BTS (2020) 

Heliport facility points joined to 

MSA, per capita value calculated 

from total MSA population (U.S. 

Census ACS 2019 5-year 

Estimate) 

Min-Max Continuous 

(1= Most Heliports 

per cap) 

Airports per 

Capita 

Count of airports per 

capita in MSA 
BTS (2020) 

Airport facility points joined to 

MSA, per capita value calculated 

from total MSA population (U.S. 

Census ACS 2019 5-year 

Estimate) 

Min-Max Continuous 

(1= Most Airports 

per cap) 

Class B 

Airspace 

Presence (or not) of 

Class B Airspace in 

MSA (binary) 

 FAA (2021) 

Intersect Class B airspace and 

MSA features to determine extent 

of coverage. 

Binary (1= Class B 

Present, 0 = Not 

Present) 

Class G 

Airspace 

Congestion 

Average total aircraft 

operation hours per 

square mile in Class 

G airspace in MSA 

 FAA (2021) 

Rasterize GLARE Class G hours 

in zip code data; use zonal 

statistics to calculate average total 

hours for MSA features 

Reverse Min-Max 

Continuous (1= 

Fewest hours in 

Class G) 
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Variable Data Data Source Preprocessing Standardization 

Public & 

Private 

Investment 

UAM Launch City or 

Headquarters City 

locations 

SMG Consulting 

(2021), NASA 

(2021), Wichita State 

University (2021) 

Spatially join launch and 

headquarters points to MSA 

features 

Discrete, Cumulative 

(1.0 for each Launch 

City, 0.5 for each 

UAM Headquarters) 

Airport Short-

Haul OD 

<150 Miles 

Count (2019)  of 

flight arrival and 

departure points 

within MSA for total 

flight distances of 

less than 150 miles 

FAA (2021) 

Using all flights to all airports 

(2019) with ASPM metrics 

calculate distance between O-D 

pairs and filter to select routes 

shorter than 150 miles. Convert 

Line segments converted to points 

(corresponding to arrival and 

departure location) and spatially 

join points to MSA features. 

Min-Max Continuous 

(1= Most arrivals and 

departures) 

2.3.1.2 Suitability Analysis Results 

The research team used the Simple Multi-Attribute Rating Technique (SMART) to develop 

suitability scores for the 100 most-populous MSAs in the US. Using this approach, each MSA was 

given a final score using the weighted average of standardized market condition attributes. Weights 

assigned using the SMART model reflect the relative importance of each variable to the decision-

maker. The research team calibrated variable weights by emphasizing market characteristics of 

UAM launch cities. The final set of variables and weights, referred to as the Base Scenario, is 

shown in Table 2.13. 

The Base Scenario holds urban structure, readiness, and economic scale as the highest weighted 

categories. This scenario also balances factors reflecting market size and economic scale with 

operational constraints inherent to those contexts. The Base Scenario places significantly more 

emphasis on polycentric urban form (which indicates the quantity of distinct destinations within a 

metro area for air taxis) than existing short-haul flight demand. Additional scenario analyses that 

emphasize other variable categories are discussed in the following section and in the appendix. For 

each scenario, the research team used rank ordered centroid (ROC) weights, an approximation of 

factor weight based on factor importance rank, to guide weights applied to variable categories 

(Goodwin & Wright, 2003). 

 

Table 2.13. Site Suitability Analysis Variable Weighting - Base Scenario. 

Category Category Weight Total Variable Variable Weight 

Urban Structure 35.0 
Population Density 15.0 

Polycentrism 20.0 

Economic Scale 15.0 
Fortune 1000 Presence 5.0 

GDP per Capita 10.0 

Congestion 7.5 

Average Time to Work 2.5 

Travel Time Index 2.5 

Airport to CBD Drive Time 2.5 

Readiness 32.5 
Heliports per Capita 5.0 

Airports per Capita 10.0 
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Category Category Weight Total Variable Variable Weight 

Class B Airspace 2.5 

Class G Airspace Congestion 5.0 

Public & Private Investment 10.0 

Existing Demand 10.0 Airport Short-Haul OD <150 Miles 10.0 

 

Under the assumptions provided for the Base Scenario, the MSAs in the US that have the most 

suitable market conditions for AAM passenger market development are shown in Table 2.14.  

Table 2.14. Most Suitable MSAs for AAM Passenger Services ï Base Scenario (ASSURE A36, 2022). 
Rank Name Score 

1 New York-Newark-Jersey City, NY-NJ-PA Metro Area 74.13 

2 Los Angeles-Long Beach-Anaheim, CA Metro Area 66.23 

3 Dallas-Fort Worth-Arlington, TX Metro Area 39.27 

4 Boston-Cambridge-Newton, MA-NH Metro Area 36.00 

5 San Jose-Sunnyvale-Santa Clara, CA Metro Area 34.22 

6 Orlando-Kissimmee-Sanford, FL Metro Area 33.92 

7 Detroit-Warren-Dearborn, MI Metro Area 32.73 

8 Miami-Fort Lauderdale-Pompano Beach, FL Metro Area 32.67 

9 San Francisco-Oakland-Berkeley, CA Metro Area 31.81 

10 Columbus, OH Metro Area 31.73 

11 Minneapolis-St. Paul-Bloomington, MN-WI Metro Area 31.15 

12 Chicago-Naperville-Elgin, IL-IN-WI Metro Area 30.73 

13 Bridgeport-Stamford-Norwalk, CT Metro Area 28.41 

14 Washington-Arlington-Alexandria, DC-VA-MD-WV Metro Area 28.29 

15 Houston-The Woodlands-Sugar Land, TX Metro Area 27.83 

16 Riverside-San Bernardino-Ontario, CA Metro Area 26.82 

17 Philadelphia-Camden-Wilmington, PA-NJ-DE-MD Metro Area 25.16 

18 Indianapolis-Carmel-Anderson, IN Metro Area 24.96 

19 Seattle-Tacoma-Bellevue, WA Metro Area 24.82 

20 Allentown-Bethlehem-Easton, PA-NJ Metro Area 24.45 

21 Atlanta-Sandy Springs-Alpharetta, GA Metro Area 24.06 

22 Madison, WI Metro Area 23.73 

23 Providence-Warwick, RI-MA Metro Area 23.64 

24 Poughkeepsie-Newburgh-Middletown, NY Metro Area 23.57 

25 Hartford-East Hartford-Middletown, CT Metro Area 23.10 

26 Pittsburgh, PA Metro Area 23.05 

27 Wichita, KS Metro Area 22.81 

28 Portland-Vancouver-Hillsboro, OR-WA Metro Area 22.73 

29 Cleveland-Elyria, OH Metro Area 22.72 

30 Milwaukee-Waukesha, WI Metro Area 22.43 

31 Buffalo-Cheektowaga, NY Metro Area 22.29 

32 Tampa-St. Petersburg-Clearwater, FL Metro Area 22.12 

33 Austin-Round Rock-Georgetown, TX Metro Area 22.08 

34 San Diego-Chula Vista-Carlsbad, CA Metro Area 22.07 

35 Oxnard-Thousand Oaks-Ventura, CA Metro Area 21.45 

36 Harrisburg-Carlisle, PA Metro Area 21.10 

37 Baton Rouge, LA Metro Area 20.96 

38 Denver-Aurora-Lakewood, CO Metro Area 20.90 

39 Virginia Beach-Norfolk-Newport News, VA-NC Metro Area 20.87 

40 New Orleans-Metairie, LA Metro Area 20.76 

41 Toledo, OH Metro Area 20.72 

42 Baltimore-Columbia-Towson, MD Metro Area 20.71 
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Rank Name Score 

43 Albany-Schenectady-Troy, NY Metro Area 20.66 

44 Urban Honolulu, HI Metro Area 20.57 

45 Youngstown-Warren-Boardman, OH-PA Metro Area 20.39 

46 Kansas City, MO-KS Metro Area 20.39 

47 Oklahoma City, OK Metro Area 20.38 

48 San Antonio-New Braunfels, TX Metro Area 20.35 

49 New Haven-Milford, CT Metro Area 20.23 

50 Phoenix-Mesa-Chandler, AZ Metro Area 20.19 

51 Nashville-Davidson--Murfreesboro--Franklin, TN Metro Area 20.18 

52 Dayton-Kettering, OH Metro Area 20.09 

53 Raleigh-Cary, NC Metro Area 19.80 

54 Sacramento-Roseville-Folsom, CA Metro Area 19.74 

55 Omaha-Council Bluffs, NE-IA Metro Area 19.68 

56 Tulsa, OK Metro Area 19.16 

57 Charlotte-Concord-Gastonia, NC-SC Metro Area 19.09 

58 Grand Rapids-Kentwood, MI Metro Area 19.03 

59 Richmond, VA Metro Area 19.00 

60 Jackson, MS Metro Area 18.56 

61 Little Rock-North Little Rock-Conway, AR Metro Area 18.54 

62 Rochester, NY Metro Area 18.50 

63 Scranton--Wilkes-Barre, PA Metro Area 18.41 

64 Stockton, CA Metro Area 18.36 

65 Akron, OH Metro Area 18.27 

66 Boise City, ID Metro Area 18.25 

67 Cincinnati, OH-KY -IN Metro Area 17.90 

68 Louisville/Jefferson County, KY-IN Metro Area 17.81 

69 Birmingham-Hoover, AL Metro Area 17.59 

70 Modesto, CA Metro Area 17.54 

71 Worcester, MA-CT Metro Area 17.45 

72 Cape Coral-Fort Myers, FL Metro Area 17.42 

73 Lancaster, PA Metro Area 17.36 

74 Des Moines-West Des Moines, IA Metro Area 17.24 

75 Greensboro-High Point, NC Metro Area 17.22 

76 Lakeland-Winter Haven, FL Metro Area 17.16 

77 St. Louis, MO-IL Metro Area 17.14 

78 Springfield, MA Metro Area 17.08 

79 Greenville-Anderson, SC Metro Area 16.60 

80 Syracuse, NY Metro Area 16.40 

81 Chattanooga, TN-GA Metro Area 16.25 

82 Knoxville, TN Metro Area 16.21 

83 Colorado Springs, CO Metro Area 16.04 

84 Augusta-Richmond County, GA-SC Metro Area 15.88 

85 Fresno, CA Metro Area 15.81 

86 Bakersfield, CA Metro Area 15.74 

87 Jacksonville, FL Metro Area 15.67 

88 Memphis, TN-MS-AR Metro Area 15.39 

89 Charleston-North Charleston, SC Metro Area 15.31 

90 Columbia, SC Metro Area 14.75 

91 Palm Bay-Melbourne-Titusville, FL Metro Area 14.49 

92 Las Vegas-Henderson-Paradise, NV Metro Area 14.41 

93 El Paso, TX Metro Area 14.02 

94 Tucson, AZ Metro Area 13.55 

95 Salt Lake City, UT Metro Area 13.55 

96 North Port-Sarasota-Bradenton, FL Metro Area 13.42 

97 McAllen-Edinburg-Mission, TX Metro Area 13.28 

98 Albuquerque, NM Metro Area 12.98 
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Rank Name Score 

99 Provo-Orem, UT Metro Area 12.27 

100 Ogden-Clearfield, UT Metro Area 10.66 

Source: North Carolina State University and Mississippi State University, 2022 | ASSURE Project A36  

The site suitability analysis is a first step to gauge where AAM passenger market development is 

most likely to occur in the US. Analysis results are mapped in Figure 2.16. Suitable locations are 

shown in blue color gradation with the darkest hues being most suitable for AAM development. 

Of the eight AAM launch cities identified in Section 3.1, seven are found in the top ten ranked 

metros in the Base Scenario, and the eighth, Minneapolis, is ranked eleventh in the Base Scenario. 

Three of the four OEM headquarters locations identified in Section 3.1 are found adjacent to the 

top ten ranked metros in the Base Scenario. Lake Nona is found within the Orlando-Kissimmee-

Sanford, FL Metro Area and Marina and Mountain View are located in the vicinity of the San 

Jose-Sunnyvale-Santa Clara, CA Metro Area. Coinciding with the Base Scenario analysis, market 

penetration has been assessed using a Bass diffusion model (see ñBass Model Analysisò on page 

77). 
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Figure 2.16.  Site Suitability Analysis Results (ASSURE A36, 2022)

Legend 

Low Suitability 

High Suitability 

Moderate Suitability 
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2.3.1.3 Additional Suitability Analysis Scenario Development 

The Base Scenario represents a blended emphasis on urban structure and readiness categories. 

Variables in the readiness category primarily exhibit a low negative correlation with variables in 

the urban structure category (see Appendix Section 5.2), though the strength and direction of 

correlation varies. This scenario can therefore be thought of as balancing the inherent benefits of 

market scale with operational challenges arising in the countryôs largest and busiest metros.  

To examine the modelôs sensitivity to weighting, the research team designed several additional 

scenarios that focus emphasis on each of the categories listed in Table 2.11. The full results of 

these additional scenarios are provided in Appendix Section 5.2.1. Among the scenarios analyzed, 

the Infrastructure Readiness Scenario resulted in the greatest absolute value of rank changes among 

the top 25 highest ranking metro areas in that scenario. This scenario emphasizes variables in the 

readiness category and deemphasizes variables in other categories in comparison to the Base 

Scenario. Because the readiness category includes variables that tend to have a moderate negative 

correlation with population density, many of the metropolitan areas that increase in rank under the 

Infrastructure Readiness paradigm are smaller metropolitan areas. Many are located on the 

periphery of some of the countryôs largest metropolitan areas where major economic ñpullò factors 

persist but structural ñpushò factors like airspace congestion and operational restrictions are 

diminished. Examples include metropolitan areas centered on Bridgeport, Allentown, 

Poughkeepsie, Oxnard, and Stockton. The top 25 highest ranking metros in the Infrastructure 

Readiness scenario and their rank changes relative to the Base Scenario are reported in Table 2.15. 

Table 2.15. Most Suitable MSAs for AAM Passenger Services - Infrastructure Readiness 

Scenario (ASSURE A36, 2022). 

Rank Name Score 

Rank 

Change 

from Base 

Scenario 

1 New York-Newark-Jersey City, NY-NJ-PA Metro Area 72.01 0 

2 Los Angeles-Long Beach-Anaheim, CA Metro Area 57.54 0 

3 Bridgeport-Stamford-Norwalk, CT Metro Area 44.77 +10 

4 Dallas-Fort Worth-Arlington, TX Metro Area 43.92 -1 

5 San Jose-Sunnyvale-Santa Clara, CA Metro Area 43.07 0 

6 Columbus, OH Metro Area 42.29 +4 

7 Allentown-Bethlehem-Easton, PA-NJ Metro Area 41.07 +13 

8 Poughkeepsie-Newburgh-Middletown, NY Metro Area 40.47 +16 

9 Oxnard-Thousand Oaks-Ventura, CA Metro Area 40.46 +26 

10 Boston-Cambridge-Newton, MA-NH Metro Area 39.91 -6 

11 Riverside-San Bernardino-Ontario, CA Metro Area 39.64 +5 

12 Orlando-Kissimmee-Sanford, FL Metro Area 38.53 -6 

13 San Francisco-Oakland-Berkeley, CA Metro Area 37.95 -4 

14 Austin-Round Rock-Georgetown, TX Metro Area 37.58 +19 

15 Houston-The Woodlands-Sugar Land, TX Metro Area 37.42 0 

16 Chicago-Naperville-Elgin, IL-IN-WI Metro Area 37.29 -4 

17 Minneapolis-St. Paul-Bloomington, MN-WI Metro Area 36.90 -6 

18 Modesto, CA Metro Area 36.74 +52 

19 Stockton, CA Metro Area 36.31 +45 

20 Portland-Vancouver-Hillsboro, OR-WA Metro Area 36.24 +8 

21 Baton Rouge, LA Metro Area 35.91 +16 

22 Indianapolis-Carmel-Anderson, IN Metro Area 35.90 -4 

23 Miami-Fort Lauderdale-Pompano Beach, FL Metro Area 35.71 -15 

24 San Antonio-New Braunfels, TX Metro Area 35.21 +24 

25 Oklahoma City, OK Metro Area 34.74 +22 
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2.3.2 Potential Size and Growth of the UAM Passenger 

Market  

Estimating the demand and growth potential of AAM 

markets is important for several reasons. First, the public 

sector needs to be fully aware of the potential size and 

growth of AAM to ñunlockò or ñchannelò growth 

opportunities through changes in legislation or regulation. 

For example, aircraft certification protocols, airspace 

regulations, and public space and privacy laws all require 

reevaluation and fine-tuning to enable AAM market 

development. Second, understanding the potential demand 

for AAM helps private sector investments in aircraft and 

infrastructure development. Finally, estimating the market 

size, demand, and growth potential of AAM markets helps 

the public and private sectors understand the potential scale 

of economic impact or externalities associated with AAM , 

such as changes in employment, the built environment, 

equity, and quality of life impacts (Goyal et al., 2021).  

Forecasting demand can be challenging, as service utilization will depend on the convergence of 

several factors, such as community acceptance, safety, social equity, regulatory adaptation, and 

infrastructure investment. While numerous societal concerns have been raised about these 

approaches (e.g., affordability, safety, privacy, multimodal integration, etc.), AAM has the 

potential to offer substantive enhancements for passenger mobility (Goyal et al., 2021). 

Several market studies forecast the emergence of AAM passenger services within the decade. 

UAM Geomatics (2019, 2020, 2021) conducted three market studies examining more than 70 

global cities. Their studies used a metanalysis approach of existing work coupled with an analytical 

forecasting model that included variables such as city demographics, infrastructure costs, aircraft 

and supply chain factors, demand assumptions, and community and regulatory constraints. These 

studies estimate a global market potential of $233 billion to $318 billion in 2040. Another study 

by Porsche Consulting (2018) estimates a global demand for 23,000 eVTOL aircraft in 2035. 

Meanwhile, a market analysis by KPMG (2019), estimates that air taxis could have upwards of 

400 million enplanements representing four percent of domestic trips by 2050. Furthermore, a 

study by Deloitte (2021) estimates that the US AAM passenger market will be valued at $58 billion 

by 2035.  

Market forecasts differ because of variations in study scope and assumptions, such as geography, 

timeline, market segmentation, the inclusion of military applications of VTOL aircraft, and the 

treatment of macroeconomic variables like the COVID-19 pandemic (Goyal et al., 2021). The 

onset of the global COVID-19 pandemic has notably altered the trajectory of the AAM passenger 

market, and variations in market forecasts are evident. See ñCOVID-19 Related Impacts on UAM 

Passenger Marketò on page 45 for more discussion on the pandemic and AAM market viability.  

2.3.2.1 UAM Passenger Demand Forecasting Approach 

Forecasting the potential size and growth of advanced passenger mobility markets requires an in-

depth understanding of a number of key factors that affect supply and demand. To fully understand 

Methods for Estimating AAM 

Passenger Demand  

Å Conducted a site suitability 

analysis to determine most 

suitable MSAs for AAM 

passenger mobility. 

Å Completed a meta-analysis of 

market research and conducted a 

deep dive of market forecasts for 

context. 

Å The UAM Geomatics online 

dashboard was reviewed, and US 

data were extracted. 

Å Used bass diffusion modeling 

aligned with study supply and 

demand side parameters to 

estimate demand over time. 
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these constraints, the research team conducted a comprehensive literature review, in which more 

than 100 journal articles, market analyses, industry reports, databases, and other resources were 

analyzed. The literature and data review resulted in a set of supply-side and demand-side criteria 

that affect AAM passenger market size and potential growth. These criteria include demand 

constraints such as public acceptance, regulatory barriers, cost and service characteristics in 

comparison with other travel options, and supply-side constraints such as existing airports, 

heliports, vertiports, and other ground infrastructure. 

As discussed in the ñTarget Markets and Suitable Market Conditionsò section, the research team 

leveraged a site suitability analysis from the ASSURE A36 project team that uses 13 geospatial 

variables as site-selection criteria to identify the top 100 most suitable markets for advanced 

passenger mobility (see Figure 2.16 for site suitability analysis results).  

With the suitable markets identified, estimates of demand need to be created to understand the size 

and extent of the UAM passenger mobility market over time. A Bass Diffusion modeling 

framework was used for this evaluation. 

2.3.3 Bass Model Analysis 

The Bass Model analysis section is designed to i) provide more context to the demand estimates 

established in the previous sections, ii) help gauge uncertainty around these estimates and create 

possible low, medium, scenarios for demand, and iii) provide a scalable framework for analyzing 

demand from initial UAM implementations and being able to use data from these implementations 

to update demand estimates.  The remainder of the section is organized as follows:  First, a general 

overview and introduction is given on Bass diffusion modeling.  Then there is a discussion of how 

the Bass framework can be used to help analyze UAM demand.  A process is outlined for taking 

initial city-level demand estimates and then utilizing diffusion modeling to create bounds for these 

estimates and explore different scenarios.  Procedures are developed to help translate current 

demand estimates into estimates for metro areas starting in later periods and for combining 

different estimation scenarios. 

2.3.3.1 Overview of the Modeling Approach 

Diffusion models are used to model the growth of new products and services upon market entry. 

In these situations, conventional forecasting techniques are of limited use due to the lack of data.  

The overall idea behind diffusion modeling is that sales growth for new products and services often 

follows predictable patterns.  By fitting functional forms of these patterns and tuning parameters, 

one can predict future sales growth of a new product or service. 

The Bass model (Bass, 1969) implemented in this project is a widely used functional model for 

diffusion analysis.  Overall, the model is a logistic-type model, with slow initial growth as a 

product gains traction among early adopters.  As sales increase, network externalities take effect 

(Kauffman, McAndrews, & Wang, 2000) and the installed base begins to drive new sales. As the 

market becomes saturated, cumulative adoption reaches a peak and the growth in market 

penetration begins to slow (Golder & Tellis, 2004). 

The formulation for the Bass model (Bass 1969), given as a differential equation proportional 

hazard model (Kumar and Klefsjö, 1994), is stated in (1). 
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f(t)/[1-F(t)] = p + qF(t) (1) 

 

Here Ὢὸ is the proportion of new adoptions at time t, Ὂὸ is the cumulative proportions of 

adoptions, p is the coefficient of innovation, and q is the coefficient of imitation.  The coefficient 

of innovation is a measure of the sales due to product ñinnovativenessò and competitive advantage 

over existing products or services.  The coefficient of imitation is a measure of sales due to the 

current installed base and possible network externality effects. 

Extensions to the Bass model include the variants of the Bass model that include marketing 

decision variables such as advertising and price (Satoh, 2021), model competition with other 

products e.g., (Mahajan et al., 1993; Seol et al., 2012), and account for consumer heterogeneity 

(Bemmaor & Lee, 2002). 

In the context of this project, the Bass model is used to predict the market penetration for UAM 

services in a range of metropolitan areas.  While the Bass Model was originally formulated for 

consumer products it has been widely applied in services settings, for example new media services 

(Seol et al., 2012), telecommunications services (Radojiļiĺ et al., 2009; Turk & Trkman, 2012), , 

mobile application services (Kang & Park, 2019), and technology services for bottom-of-the-

pyramid consumers (Ratcliff & Doshi, 2016).  The Bass model is a demand-based model and does 

not assume any supply restrictions (Mahajan, Muller, & Bass, 1990).  However, given a service 

rollout where local supply-side resources are required, supply side restrictions can be incorporated 

by including multiple diffusion curves, each of which ñstartsò when the supply resources are 

available for the segment of consumers associated with the diffusion curve (Velickovic et al., 

2016).  This is the approach taken in this analysis, with diffusion curves for individual metros 

starting at the estimated deployment dates. 

The analysis relies on the demand data gathered in the previous section, but the methodology is 

general and could be used to help produce market penetration and size estimates from data gathered 

from multiple sources, from estimates of Bass parameters gained from previous similar 

transportation rollouts (e.g., Al-Alawi, B & Bradley, 2013), and from parameters derived from 

consumer surveys (e.g., Mahajan & Sharma, 1986).  A variant of the Bass model is employed that, 

in addition to the p (innovation) and q (imitation) parameters, also calculates a third parameter, m 

(the overall market potential and eventual market saturation point). 

Product diffusion in the context of UAM deployment differs from a pure product diffusion scenario 

in that the demand is ñlumpyò and depends on specific UAM infrastructure being created.  It may 

be that diffusion model estimates include latent demand that is only partially realized once a UAM 

service is deployed. To account for this, forecasts can be aggregated as a combination of full 

demand forecasts and delayed demand forecasts, where demand is synched relative to the service 

launch date. 

2.3.3.2 Running the Bass Model 

Annual demand data, collated for the site suitability analysis, detailed in the previous section, and 

summarized in five-year periods in Table 2.26 in the Appendix, were utilized to create Bass model 

estimates.  The data contain yearly demand estimates for each city from 2022 to 2045.  For each 

city, Bass model estimates for the p (innovation), q (imitation), and m (market size) parameters 

were calculated for each metro area from the yearly data using the ñdiffusionò package in R (Schaer 

& Kourentzes, 2018). This package contains a function that gives best fit parameters of p, q, and 
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m from the data using likelihood estimation.  Commented code for carrying out this procedure is 

given in Appendix 2.7 Appendix C: Code for Bass Modeling on page 139. 

The resulting parameters are given in Table 2.16. In the context of this analysis, m is the overall 

market potential for the market, calculated from the initial demand data and can be thought of as 

a measure of overall market potential if the demand continues on the trajectory determined by the 

Bass model curve. Given the differing size of the metro areas, the market size - m parameters 

varied quite widely, though there was more consistency in the base diffusion parameters, 

particularly in the q (imitation) parameters. 

Table 2.16. Bass Coefficients for All Cities. 

All Cities Bass-pIn Bass-qIm Bass-m 

Los Angeles 0.001718 0.152374 25272774.74 

New York 0.002630 0.143463 48543083.78 

Dallas-Fort Worth-Arlington 0.000900 0.175966 41026852.81 

Houston 0.001480 0.152243 14028673.49 

Philadelphia 0.000226 0.184829 10057899.65 

Chicago 0.002469 0.137974 22050223.15 

Washington, DC 0.003499 0.120309 18308321.54 

Detroit 0.000010 0.17625 8720740.883 

Atlanta 0.002591 0.106727 12103825.93 

Boston 0.000010 0.220699 10627127.4 

Miami 0.002110 0.125363 8119520.024 

New Orleans 0.000010 0.232683 4314819.463 

Denver 0.001766 0.141571 11614767.87 

Baltimore 0.001738 0.121676 8570717.358 

Phoenix 0.000947 0.16089 12947269.7 

Orlando 0.000979 0.153302 11092256.38 

Hampton 0.000010 0.245449 4009187.695 

Tampa 0.000630 0.165614 4195049.741 

Columbus 0.000010 0.212438 6432710.397 

Salt Lake City 0.001602 0.141284 3256680.589 

Cincinnati 0.000010 0.214433 6080783.861 

Seattle 0.003147 0.129197 9951499.287 

Cleveland 0.000010 0.196714 5975878.004 

Minneapolis-St. Paul 0.000010 0.198289 15355076 

Portland 0.000978 0.315685 821191.0646 

San Francisco 0.004225 0.073849 14331432.84 

Akron 0.000010 0.262336 3487875.185 

San Diego 0.001895 0.142316 5029392.561 

Charlotte 0.001970 0.14842 7295827.338 

Las Vegas 0.002040 0.107478 8397099.642 

Dayton 0.000010 0.263859 2711468.339 

Toledo 0.000225 0.268587 2020965.744 



80 

 

All Cities Bass-pIn Bass-qIm Bass-m 

Reno 0.001997 0.132628 1763637.8 

Raleigh-Durham-Chapel Hill 0.000659 0.19142 4973883.468 

Syracuse 0.000543 0.274189 1527549.622 

Wichita 0.000335 0.302084 1182524.923 

Nashville 0.001563 0.14888 2396166.785 

San Jose 0.005464 0.093667 2393330.194 

 

To gauge the range of the parameters, symmetric bootstrap confidence intervals (Hall, 1988) were 

created for the parameters using the ñbootò package in R (Canty, 2002).  These intervals are 

summarized in Table 2.17.  Confidence intervals were created at three different confidence levels, 

90%, 95%, and 99%.  Relative to the size of the coefficients, the q (imitation) parameters, with a 

95% confidence interval ranging from 0.15998 to 0.196501, are slightly more consistent than the 

p (innovation) parameters, which have a 95% confidence interval from 0.000946 to 0.001757. 

Table 2.17. Bootstrap Confidence Intervals for Confidence Coefficients. 

 Parameter Median 
Low-

90% 
High-

90% 
Low-

95% 
High-

95% 
Low-

99% 
High-

99% 

Bass-pIn 0.00133 0.001006 0.001688 0.000946 0.001757 0.000752 0.001897 

Bass-qIm 0.17703 0.161318 0.193776 0.159998 0.196501 0.152407 0.203139 

 

2.3.3.3 Analysis of Bass Coefficients 

To further examine the antecedents of the p (innovation) and q (imitation) Bass coefficients, 

regressions were run with these coefficients as the dependent variables and the metro 

characteristics as the independent variables. The rationale behind carrying out these regressions is 

as follows:  First, given demand estimates at the city level, the results of regression give more 

insight into how the metro area characteristics affect both potential market size and diffusion 

characteristics. Second, given no previous demand estimates, the regressions can be used to 

estimate Bass coefficients (scaled or unscaled) to create demand estimates. Third, once UAM is 

deployed in the first metros and real diffusion data are available, the regressions could be used to 

incrementally improve parameter estimation and estimate parameters for future UAM metro 

deployments.  

The metro population and the constituent variables of the SSA index were included as candidate 

independent variables.  For each of the regressions, a forward stepwise regression procedure (e.g., 

Henderson & Denison, 1989) was used. At each stage variables that gave the best increase in model 

fit were added until the model fit could no longer be improved (Bendel & Afifi, 1977).  To give 

meaningful values of coefficients (i.e., > 0.00 to 3 significant figures), the Bass parameters were 

scaled, with each of the parameter values multiplied by 1000 for p (innovation) values and by 100 

for q (imitation) values. The resulting model for the p (innovation) factor is given in Table 2.18.  

Here, the significant variables at p < 0.01 are ES2 - GDP per Capita (+ve), R1 - Heliports per 

Capita (-ve), R3 - Class B Airspace (0 present, 1 not present) (-ve), C3 - Airport to CBD Drive 

Time (+ve), and US1 - Population Density (-ve).  The variable C2 - Travel Time Index is included 

and adds to the overall model fit but is not statistically significant.  The model fit was strong, with 
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R2 = 0.854, giving 85% of variance in the p (innovation) parameters explained by the model.  

Overall, the model indicates that richer (GDP per Capita), larger (Class B Airspace and longer 

Airport to CBD Drive Time) have higher levels of innovation. The Heliports per Capita variable 

is significantly negative.  As per the ñSite Suitability Analysis: Psychometric Validationò section, 

this variable tends to be higher for smaller metros, so this is another indicator that larger metros 

have higher degrees of innovation. 

Table 2.18. Regression of Bass p (Innovation) Coefficients Against SSA Variables. 

  Bass-pIn  

Predictors Estimates CI p 

(Intercept) -7.52 -18.26 ï 3.23 0.163 

ES2 - GDP per Capita 0.03 0.02 ï 0.05 <0.001 

R1 - Heliports per Capita -92076.64 -124296.97 ï -59856.30 <0.001 

R3 - Class B Airspace (1 not present) -0.74 -1.23 ï -0.26 0.004 

C3 - Airport to CBD Drive Time 0.03 0.01 ï 0.06 0.002 

US1 - Population Density -0.00 -0.00 ï -0.00 0.002 

C2 - Travel Time Index 6.96 -3.44 ï 17.36 0.182 

Observations 36 

R2 / R2 adjusted 0.854 / 0.823 

 

To help validate the estimates, the regression was tested for multicollinearity, by calculating 

Variance Inflation Factors (VIFs).  No significant multicollinearity was found, with all VIF values 

being less than 5 (e.g., Salmerón et al., 2018).  Residual plots for the regression are given in Figure 

2.17.  The residuals are relatively constant with respect to the fitted values, which indicates a 

degree of homoscedasticity.  The normal Quantile-Quantile (Q-Q) plot shows a relatively tight fit 

of the residuals to those expected with the normal distribution.  Thus, the regression assumptions 

of normal, homoscedastic errors hold.  The leverage plot does not show any residuals with a Cookôs 

distance greater (Cook, 1977) than 0.5 or 1, indicating no overly influential observations.   
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Figure 2.17. Regression of Bass p (Innovation) Residual Plots. 

The resulting model for the q (Imitation) parameter is given in Table 2.19.  Here, the significant 

variables at p < 0.01 are heliports per capita (+ve) and class B airspace not present (+ve).  At p < 

0.05, airports per capita (+ve) and population density (+ve) are significant.  Average time to work 

(-ve) and GDP per Capita (-ve) add to the model fit but are not statistically significant at p < 0.05.  

The overall R2 is 0.766, which is a little lower than for the p (innovation) parameter, but still 

indicates a high degree of variance accounted for in the model.  There is less overall pattern than 

for the p (innovation) parameter, though most of the significant indicators (shorter average time to 

work, more heliports per capita and no class B airspace) align with smaller metro areas.  It may be 

that while smaller metros have less ñinnovationò characteristics, once there is an installed base, 

network affects are more pronounced due to stronger, more compact social ties in smaller metro 

areas. 
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Table 2.19. Regression of Bass q (Imitation) Coefficients Against SSA Variables. 

  Bass-qIm 

Predictors Estimates CI p 

(Intercept) 22.41 8.72 ï 36.09 0.002 

R2 - Airports per Capita 106619.72 10903.78 ï 202335.67 0.030 

C1 - Average Time to Work -0.42 -0.93 ï 0.08 0.099 

US1 - Population Density 0.00 0.00 ï 0.01 0.024 

R1 - Heliports per Capita 290856.86 108646.96 ï 473066.76 0.003 

R3 - Class B Airspace (1 not present) 5.90 2.48 ï 9.32 0.001 

ES2 - GDP per Capita -0.05 -0.11 ï 0.01 0.119 

Observations 36 

R2 / R2 adjusted 0.766 / 0.717 

 

As with the previous regression, the regression coefficients were tested for multicollinearity and 

all VIF values were found to be less than 5.  Residual plots for the regression are given in Table 

2.19.  As per the graphs for the previous regression, the residuals are relatively constant with 

respect to the fitted values and normal Q-Q plot shows a good fit, so the regression assumptions 

of normal, homoscedastic errors hold.  Again, the leverage plot does not show any residuals with 

a Cookôs distance greater than 0.5 or 1, indicating no overly influential observations.   
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Figure 2.18. Regression of Bass q (Imitation) Residual Plots. 

 

2.3.3.4 Overall Forecasts and What-If Analysis 

The example demand data for the Bass analysis were adapted from UAM Geomatics (2021a, 

2021b) website.  These data assume demand starting in 2022 for all metros.  However, most of 

this demand in the initial years of the analysis will remain untapped due to UAM requiring large-

scale investment and infrastructure development from one or more commercial providers before 

any commercial passenger service can take place.  In the previous section, it was described how 

the implementation date of UAM was estimated for each of the metro areas.  Given a situation 

where the actual implementation of UAM occurs several years after the start of diffusion demand 

estimates, it is likely that the demand will be somewhere between two poles: 

¶ The demand in the year of implementation will be the same as the demand estimated for 

the first year of demand estimate (in this case 2022). 

¶ Given the growth in latent consumer demand, the demand in the first year of 

implementation will be equal to the demand estimated for this implementation year. 

For example, it is estimated that the initial implementation of UAM in Dallas will be in 2028.  It 

is likely that demand for Dallas in 2028 will be intermediate to the forecast demand in Dallas in 

2022 and the forecast demand in Dallas in 2028.  To account for this issue, a scaling constant was 

used.  Let this scaling factor l be the proportion of demand that is taken from the delayed demand, 

i.e., the original predicted demand for the first year of forecast and let ρ ‗ be the proportion of 
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demand taken from the current year estimate of demand.  Using the example, let the Originally 

Predicted Demand (OPD) in Dallas in year Y be OPDY.   The Aggregate Predicted Demand (APD) 

in Dallas in year 2028 can be calculated as (2) 

 

ὃὖὈ ‗ὕὖὈ ρ ‗ὕὖὈ . 

 

A spreadsheet tool was developed in Excel to help produce estimates of future demand for UAM 

using Bass model simulations and analysis.   A screenshot from the spreadsheet is given in Figure 

2.19.  Estimates were created for different values of p and q.  The final demand estimate is created 

as a user-defined mixture of the different innovation/imitation scenarios.  This allows for different 

estimates under different data scenarios and also for what-if analyses across different 

parameterizations of the Bass model.  Each metro area has a start date for estimated UAM 

implementation.  It is likely that these will change as commercial UAM providers alter plans, enter 

new markets, and leave markets. 

 

Figure 2.19. Example Bass Output: Median p/Median q. 

The following data scenarios were included in the initial version of the spreadsheet.  These utilized 

the bootstrap confidence interval estimates for the innovation p and imitation q parameters 

summarized in Table 2.17.  The data scenarios are given below: 

¶ Original Data: The data gathered for the analyses in the previous section, primarily from 

the UAM Geomatics website (UAM Geomatics 2021a, 2021b).  

¶ SmoothedCurve: The original data were smoothed by calculating Bass parameters on the 

original data and then creating predictions based on these parameters, with demand for 

each metro area being predicted using the Bass parameters calculated for that metro area. 

(2) 
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¶ MedianpqCurve: Demand data were calculated using the median values of the p and q 

parameters calculated across all metros, but with the market size m parameter calculated 

for the specific metro. 

¶ LowpLowqCurve: Demand data were calculated using the lower bound values of 95% 

bootstrap confidence intervals derived for the p and q parameters calculated across all 

metros, with the market size m parameter calculated for the specific metro. 

¶ LowpHighqCurve: As LowpLowqCurve above, but the upper bound value of the 95% 

confidence interval is used for q. 

¶ HighpLowqCurve: As LowpLowqCurve above, but the upper bound value of the 95% 

confidence interval is used for p. 

¶ HighpHighqCurve: As LowpLowqCurve above, but the upper bound value of the 95% 

confidence interval is used for both p and q. 

The macro for merging estimates is found on the ñRunò sheet of the spreadsheet.  The macro 

has several setup parameters.  These parameters can be configured and then pressing the ñRunò 

button creates the demand estimates.  A screenshot of the configuration information is given 

in Figure 2.20.  While the six worksheets listed above were included in the initial spreadsheet, 

it would be possible to include additional estimates, for example by using different sets of Bass 

parameters, different source data, or different classes of diffusion models, such as Gompertz 

and extended Gompertz models (e.g., Kyurkchiev & Iliev, 2018; Sood et al., 2012).  For 

example, Bass parameters can be generated using surveys of consumers or experts (Mahajan 

et al., 1990) and estimates for UAM potential could be created from logit choice models. 

 

Figure 2.20. Merge Macro Input. 

The proportion delay is the previously described l parameter and controls the proportion of the 

demand that is taken from the first-year demand is calculated relative to the market entry year vs. 

the demand calculated for the year assuming no market entry constraints.  There is a constraint on 

the l parameter in that π l ρ. 

The curve mixture section of the spreadsheet allows a mixture of the different estimates.  For 

example, it may be that the best estimate is somewhere between one calculated with the individual 
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metro parameters and one calculated with aggregate parameters for p and q, but with specific 

market size m parameters. 

2.3.3.5 Example for the Los Angeles Metropolitan Area 

This section gives an example of creating overall demand estimates for the Los Angeles 

metropolitan area.  First, Los Angeles demand data8 summarized in the SSA spreadsheet from 

2022-2045 was fitted using the Bass model to create estimates of p (innovation), q (imitation), and 

m (market size) parameters.  The values of the parameters are (p = 0.001718, q = 0.152374, and 

m = 25272774.74).  These parameters were used to then create the Bass model demand curves 

described in the previous section. Figure 2.21 contains a plot of annual trips with the original 

demand series, and the smoothed data series, calculated from the derived Bass parameters.  There 

is a strong concordance between the series, with both series rising from low initial demand to 

demand between 7,000,000 and 8,000,000 annual trips in 2045. 

 

Figure 2.21. Los Angeles Annual Trips for Original and Smoothed Data Series. 

Figure 2.22 contains the smoothed data series, calculated from the Los Angeles Bass parameters, 

along with series created with the Los Angeles market size parameter, median p and q parameters, 

p and q parameters at the lower bounds of the 95% confidence intervals for the parameters, and p 

and q parameters at the upper bounds of the 95% confidence intervals for the parameters.  The 

smoothed Los Angeles series starts off higher than the series for median p and q parameters (due 

to a higher innovation parameter than average), but then trends lower (due to a lower imitation 

parameter than average).  Both of these series estimate annual demand of around 8,000,000 million 

trips in 2045.  The low and high series estimate annual demand of just under 6,000,000 million 

trips and just over 12,000,000 trips respectively in 2045.  Given a large amount of demand 

                                                   
8 Demand data is taken from that used in the site suitability analysis, collated from UAM Geomatics and other sources 
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uncertainty for both UAM and uncertainty about commercial deployments, these estimates provide 

good lower and upper bounds for market planning. 

 

Figure 2.22. Los Angeles Annual Trips for Smoothed and Aggregate pq Data Series. 

Given the current state of commercial deployments as summarized in Table 2.27 and Table 2.28 

in the appendix, a start year of 2024 is assumed as reasonable for commercial deployment of UAM 

in Los Angeles.  The previously described spreadsheet macro can be used to merge estimates and 

to trade-off different delay scenarios.  Figure 2.22 gives demand scenarios for the smoothed Los 

Angeles data series, with different values of the delay proportion l.  The PropDelay (l) = 1 series 

uses the estimates for 2022 for 2024, with each subsequent data series taking the estimates from 

two years previously.  The PropDelay (l) = 0 series assumes that latent increasing demand is met 

by the new UAM implementation(s), so the 2024 demand is taken from the original 2024 estimate.  

The PropDelay (l) = 0.5 series assumes demand in between the two demand points and is an 

equally weighted sum of the other two series. 
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Figure 2.23. Los Angeles Annual Trips for Smoothed Data Series and Different Delay Levels. 

There is only a small difference between the different series in Figure 2.23.  This is because the 

estimated implementation is only delayed two years from the initial data estimate.  For longer 

delays, the differences between the series will be larger.   

This section has shown examples of Bass diffusion curves based on the estimated Los Angeles 

demand data and has shown how different demand curves can be plotted with different 

assumptions regarding diffusion parameters and delayed demand.  Any of the curves displayed in 

this section could be combined using the curve mixture feature of the associated Excel macro.  For 

example, the Bass parameters could be ñdampedò using a combination of individual parameters 

(e.g., the smoothed series) and one of the aggregate parameter series. 

2.3.3.6 Bass Modeling Summary 

The methodology developed here is capable of synthesizing demand estimates by taking Bass 

parameter estimates, calculating demand over time from these estimates, judiciously combining 

different estimates of demand, and creating delayed estimates given information on future UAM 

deployments.   

There are several limitations to the current analysis.  Though the methodology described in this 

chapter is general, the demand estimates are based on utilizing a single set of source demand 

estimates.  The methodology is general and other sources of demand estimates could be utilized, 

including demand estimates from other data sources (e.g., KPMG/Booz Allen Hamilton), and from 

dedicated stated-preference surveys. 

As commercial UAM services have not yet been deployed, all estimates are projected, and the 

Bass parameters are calculated from these estimates.  Once initial implementations are started, it 

will be possible to estimate Bass parameters from real data, which will ground the estimates.  The 

l - proportion of delay parameter is used to control the trade-off between the unconstrained latent 

predicted demand assuming no service limitations and initial low demand for services started in 
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the future.  As with the Bass parameters, it is difficult to further tune this parameter until data are 

available from real-world implementations. 

2.3.4 Overall Demand Modeling Findings 

Assuming no substantial negative changes in public, regulatory, and political support, the US will 

be a leading market for advanced passenger mobility with forecasted growth in major metropolitan 

areas. Similar to other nascent technologies, it is anticipated that AAM passenger services will go 

through a slow initial growth period before a phase of rapid growth.  

To forecast demand, the research team used UAM Geomatics city demand projections, fitted them 

to the top 30 metropolitan statistical areas (MSAs) identified during the outcome of the site 

suitability analysis, applied an initial start year of 2024 and phased market growth based on 

academic and industry consensus for UAM launch cities, and then fitted demand to diffusion 

modeling parameters p, q, and m.9 Using the median pq curve results from diffusion modeling,10 

it was found that in the year 2045 approximately 85.4 million domestic AAM passenger flight 

operations are projected to occur, as shown in Table 2.20. It is important to note that only 30 of the 

100 most suitable MSAs were assumed to have viable advanced passenger mobility operations 

through the analysis period (2024-2045) with operations in MSAs beginning at different start 

years.  

 

Table 2.20. Domestic AAM Passenger Mobility Demand: Number of Flights. 

Study 2022 2025 2030 2035 2040 2045 

UAM Geomatics (2019) 3,751,150 4,741,210 19,314,830 28,840,730 59,540,300 123,122,360 

UAM Geomatics (2020) 1,493,330 4,500,010 16,856,840 30,589,520 63,186,110 119,663,920 

UAM Geomatics (2021) 411,980 4,278,290 17,341,850 29,864,320 61,457,850 105,497,210 

KPMG (2019)  --  -- 2,500,000  -- 22,600,000  -- 

Booz Allen Hamilton (2018)  --  -- 20,075,000  --  --  -- 

ASSURE (2022) -- 295,530 3,881,730 15,354,580 40,566,200 85,390,550 

                                                   
9 The site suitability analysis was conducted to demonstrate the top 100 most suitable domestic locations for advanced 

passenger mobility operations. It was assumed that only 30 MSAs would experience viable operations prior to 2046 

based on UAM market trajectories reviewed in an extensive market analysis (see A36 Work Package Market Analysis 

for the 100+ resources reviewed to determine the factors that influence AAM demand). Among these resources, 

Hussain and Silver (2021) offered a meaningful guidepost of temporal validation of the A36 diffusion model results, 

which estimated demand by MSA over time. 
10 The p-variable refers to innovation and q-variable refers to imitation. 
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Figure 2.24. Projected Annual Passenger Trips Over Time. 

 

AAM passenger demand and associated ticket revenue are anticipated to be highly correlated to 

ticket price. It is expected that economies of scale, technological advances, strong market 

competition, and the drive to capture market share will be the primary factors that decrease AAM 

passenger ticket fares over time (UAM Geomatics, 2021). Once ticket prices fall, AAM passenger 

mobility will become more affordable and attractive to consumers. Table 2.21 shows estimated 

AAM passenger mobility ticket prices over time. Goyal et al. (2021) ticket prices were estimated 

using an average trip length of 26 miles (as estimated by Joby Aviation) and their operational 

recoup requirements if one, two, three, and four seats are occupied by passengers and an additional 

seat is occupied by a pilot. UAM Geomatics (2021) and Blade (2021) prices were available online 

and did not require additional cost estimation.  

Table 2.21. Estimated AAM Passenger Mobility Ticket Prices Over Time (2022 USD). 

Study Type 2022 2025 2030 2035 2040 2045 

Blade (2021)  Helicopter $195 (no data) (no data) (no data) (no data) (no data) 

UAM Geomatics (2021) VTOL or eVTOL $325 $325 $208 $156 $104 $104 

Goyal et al. (2021) 

VTOL or eVTOL  

(one seat filled+ pilot) 

(no data) 

 

(no data) 

 

$296 

(no data) 

 

(no data) 

 

(no data) 

 

VTOL or eVTOL  
(two seats filled + pilot) $220 

VTOL or eVTOL 
 (three seats filled + pilot) $182 

VTOL or eVTOL  

(four seats filled + pilot) $163 
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 Pairing UAM Geomatics estimated ticket prices by market with passenger demand over time, the 

potential size of the US market can be estimated. Cumulative revenue for AAM passenger mobility 

is shown in Table 2.22 and Figure 2.25. Using the team estimates that cumulative revenue will be 

$150 million in 2025 and reach $72.48 billion by 2045 (revenue estimates provided in 2022 USD).  

Table 2.22. Domestic AAM Passenger Mobility Demand: Cumulative Revenue (2022 USD Billions). 

Study 2022 2025 2030 2035 2040 2045 

UAM Geomatics (2019) $1.54 $15.85 $34.14 $59.58 $93.23 $155.60 

UAM Geomatics (2020) $0.61 $7.17 $24.46 $47.43 $83.14 $143.76 

UAM Geomatics (2021) $0.17 $2.97 $19.45 $42.71 $77.47 $130.98 

Deloitte (2021) -- $5.00 $17.00 $58.00 -- -- 

Booz Allen Hamilton (2018) -- $2.50 -- -- -- -- 

ASSURE (2022) -- $0.15 $2.70 $10.84 $32.54 $72.48 

 

 

 

 

Figure 2.25. AAM US Passenger Market Revenue Projections Over Time (Revenue in $US Billions). 
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2.5 Appendix A: UAM Passenger Market Supplemental Resources 

2.5.1 Direct and Indirect Operational Cost Parameters and Assumptions 

Goyal et al. (2021) conducted a comprehensive cost analysis on the direct and indirect operating 

costs that original equipment manufacturers need to consider when entering the AAM passenger 

market. Table 2.23, Table 2.24, and Table 2.25, contain the assumptions that Goyal et al. (2021) 

used for their analysis. 

Table 2.23. Operational Parameters (Goyal et al., 2021). 

Element Details / Parameter Assumptions Min Assumption Max Assumption 

Number of Aircraft Seats  
(passenger seats = aircraft seats ï 1) 

Assumption: operation requires pilot 1 5 

Load Factor % 
# of seats occupied by a revenue passenger 

divided by total # of available seats 
50% 80% 

Utilization (annual # of flight hours) Assumption: 2+ seat aircraft 1000 2000 

Utilization (annual # of flight hours) Assumption: 2-seat aircraft 500 1600 

Max Reserve (min) 
Flight time for the time outside of the 

mission time at specified altitude 
20 30 

Dead-end Trips % Ratio of non-revenue trips and total trips 25% 50% 

Detour Factor % 

Lateral track inefficiencies equal to the ratio 

of actual flight distance divided by great 

circle distance between 2 vertiports 

5% 15% 

Cruise Altitude (ft) For UAM vehicles 500 5000 

Embarkation time (mins) 

Time spent during the process of loading 

UAM vehicle with passengers and preparing 

them for takeoff 

3 5 

Disembarkation time (mins) 
Time required for passengers to disembark 

the UAM vehicle after the flight 
2 3 

Battery Depth of Discharge % 
Degree to which a battery was discharged in 

relation to its total capacity 
50% 80% 
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Table 2.24. Cost Components for AAM Passenger Market OEMs (Goyal et al. (2021). 

Element Details / Parameter Assumptions Min Assumption Max Assumption 

Capital and Insurance Cost 

Vehicle flight (hours) 12k 15k 

Depreciation Rate (%) 5% 10% 

Finance Rate (%) 5% 10% 

Energy and Battery Cost 

Battery Specific Energy (Wh/kg) 300 400 

Battery Capacity Specific Cost 

($/kWh) 
200 250 

Energy Conversion Efficiency (%) 90% 98% 

Crew Cost 
Pilot Salary per year (US $) 50k 90k 

Ground Crew Salary per year (US $) 20k 30k 

Infrastructure Cost 
Cost of one super charger (US $) 200k 300k 

Cost of one regular charger (US $) 10k 20k 

Maintenance Cost 

Mechanic Wrap Rate ($/hr.) $60  $100  

Maintenance man-hours per flight 

hour 
25% 1 

 

Table 2.25. Market Development Scenario Comparisons (Goyal et al. (2021). 

Elements Assumption 

Reduction in Li-ion battery costs annually until 2025 (USD) $10/kWh reduction 

High Network Efficiency - Utilization (supercharging abilities assumed) ~4 hours/day to ~7 hours/day 

High Network Efficiency - Load Factor (%) ~65% to ~80%  

High Network Efficiency ï Dead End Trips (%) ~37.5% to~20%  

Increased penetration rates for the public's willingness to adopt Autonomous 

Vehicles from 2025 to 2035 (%) 
0.5% to 10% 

Calculated increase in telecommuting annually (%) ~10% annual 
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2.5.2 UAM Passenger Demand Validation ï Cumulative Demand by Location 

Table 2.26 shows cumulative demand for uncrewed passenger flights from 2020 through 2045 

within each selected US domestic market. For example, in New York City, it is estimated that 

more than 140 million uncrewed passenger flights will occur from the present day through 2045. 

Fine-tuning the demand projections from UAM Geomatics (2021), the research team developed 

interim estimates of demand from the present day through 2045, as shown in Table 2.27 and   
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Table 2.28. These estimates served as guideposts for the ASSURE A36 project teamôs market 

penetration analysis, which used a bass diffusion modeling framework.11  

Table 2.26. Estimated City Demand by Phase (UAM Geomatics, 2021). 

City 

City Demand by Phase (Cumulative Demand) 

2020-2024 2025-2029 2030-2034 2035-2039 2040-2045 

Los Angeles 267,720 3,250,000 10,690,000 28,970,000 59,560,000 

New York 658,850 2,860,000 27,110,000 73,150,000 145,990,000 

Dallas-Fort Worth-Arlington 352,560 3,610,000 12,460,000 35,960,000 77,120,000 

Houston 131,170 1,780,000 5,460,000 14,330,000 29,380,000 

Philadelphia 87,190 994,450 3,120,000 8,810,000 19,090,000 

Chicago 267,870 3,620,000 11,530,000 30,120,000 59,850,000 

Washington, DC 242,860 3,180,000 10,950,000 28,370,000 54,650,000 

Detroit 63,220 914,100 2,570,000 6,670,000 14,330,000 

Atlanta 107,020 1,730,000 5,290,000 12,880,000 24,680,000 

Boston 82,690 1,190,000 3,120,000 8,160,000 18,800,000 

Miami 74,490 1,150,000 3,420,000 8,550,000 16,920,000 

New Orleans 40,110 290,250 1,040,000 3,500,000 8,490,000 

Denver 110,510 1,620,000 4,850,000 12,390,000 24,980,000 

Baltimore 62,670 1,000,000 2,960,000 7,280,000 14,470,000 

Phoenix 95,720 1,280,000 3,880,000 10,260,000 21,480,000 

Orlando 72,940 1,060,000 3,090,000 7,960,000 16,560,000 

Hampton 34,990 158,130 783,730 3,110,000 7,980,000 

Tampa 31,560 442,310 1,290,000 3,370,000 7,080,000 

Columbus 62,800 472,670 1,790,000 5,790,000 13,290,000 

Salt Lake City 28,370 426,700 1,260,000 3,180,000 6,440,000 

Cincinnati 55,010 449,500 1,580,000 5,050,000 11,780,000 

Seattle 133,570 1,730,000 5,860,000 15,350,000 29,930,000 

Cleveland 55,230 583,410 1,860,000 5,440,000 11,980,000 

Minneapolis-St. Paul 141,970 1,360,000 4,580,000 13,570,000 30,580,000 

Portland 27,910 416,680 1,280,000 3,220,000 6,340,000 

San Francisco 138,470 2,320,000 7,760,000 18,290,000 32,550,000 

Akron 21,200 85,120 561,050 2,540,000 6,900,000 

San Diego 50,770 672,440 2,130,000 5,610,000 11,400,000 

Charlotte 50,770 672,440 2,130,000 5,610,000 11,400,000 

Las Vegas 60,470 994,380 2,960,000 7,210,000 13,960,000 

Dayton 22,270 95,180 467,550 1,970,000 5,320,000 

Toledo 72,940 1,060,000 3,090,000 7,960,000 16,560,000 

Reno 16,740 218,220 672,900 1,800,000 3,720,000 

Raleigh-Durham-Chapel Hill 44,690 348,520 1,370,000 4,290,000 9,580,000 

Syracuse 12,540 51,590 245,700 1,090,000 3,010,000 

Wichita 10,720 47,080 209,660 865,850 2,330,000 

Nashville 22,490 310,370 946,270 2,470,000 5,050,000 

San Jose 35,030 508,590 1,790,000 4,420,000 8,060,000 

Cumulative Demand 3,848,100 42,952,130 156,156,860 419,565,850 861,590,000 

                                                   
11 UAM Geomatics (2021) demand estimates are for 38 U.S. cities, whereas the A36 market penetration analysis 

analyzed 30 viable MSAs coming online from 2024-2045. MSAs were determined from a site suitability analysis. 
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Table 2.27. AAM Passenger Mobility Flight Demand Over Time by Major and Midsize US Market. 

MSA 

Suitability 

Score 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 

New York-Newark-Jersey City, NY-NJ-PA   74.13 70,510 

191,08

0 

397,26

0 749,820 

1,350,00

0 

1,590,00

0 

1,660,00

0 

1,840,00

0 3,070,000 3,400,000 3,790,000 4,240,000 

Los Angeles-Long Beach-Anaheim, CA   66.23 28,650 77,650 

161,43

0 304,960 549,670 675,380 697,960 757,720 1,190,000 1,310,000 1,470,000 1,640,000 

Orlando-Kissimmee-Sanford, FL   33.92 7,970 21,610 44,920 84,780 152,950 260,980 283,400 294,320 384,600 413,190 446,220 486,010 

Miami-Fort Lauderdale-Pompano Beach, FL   32.67 7,810 21,160 43,980 83,010 149,760 246,610 249,840 259,150 340,830 366,030 398,000 437,420 

Dallas-Fort Worth-Arlington, TX   39.27         662,120 686,160 715,580 792,650 1,370,000 1,530,000 1,730,000 1,960,000 

Boston-Cambridge-Newton, MA-NH   36.00         169,780 279,980 281,150 284,790 332,260 351,200 376,430 409,850 

Columbus, OH   31.73         76,950 80,410 84,690 96,360 192,080 219,780 255,290 298,360 

Minneapolis-St. Paul-Bloomington, MN-WI   31.15         248,140 255,290 264,180 288,560 491,800 551,230 627,680 720,720 

San Jose-Sunnyvale-Santa Clara, CA   34.22             117,660 132,310 213,570 232,980 253,580 277,990 

Detroit-Warren-Dearborn, MI   32.73             215,090 221,010 279,400 299,310 324,350 355,990 

San Francisco-Oakland-Berkeley, CA   31.81             602,320 651,530 933,610 1,100,000 1,080,000 1,160,000 

Chicago-Naperville-Elgin, IL-IN-WI   30.73             820,590 877,470 1,290,000 1,420,000 1,560,000 1,720,000 

Bridgeport-Stamford-Norwalk, CT   28.41                         

Washington-Arlington-Alexandria, DC-VA-MD-

WV   28.29                         

Houston-The Woodlands-Sugar Land, TX   27.83                         

Riverside-San Bernardino-Ontario, CA   26.82                         

Philadelphia-Camden-Wilmington, PA-NJ-DE-

MD   25.16                         

Indianapolis-Carmel-Anderson, IN   24.96                         

Seattle-Tacoma-Bellevue, WA   24.82                         

Allentown-Bethlehem-Easton, PA-NJ   24.45                         

Atlanta-Sandy Springs-Alpharetta, GA   24.06                         

Madison, WI   23.73                         

Providence-Warwick, RI-MA   23.64                         

Poughkeepsie-Newburgh-Middletown, NY   23.57                         

Hartford-East Hartford-Middletown, CT   23.10                         

Pittsburgh, PA   23.05                         

Wichita, KS   22.81                         

Portland-Vancouver-Hillsboro, OR-WA   22.73                         

Cleveland-Elyria, OH   22.72                         

Milwaukee-Waukesha, WI   22.43                         

Totals 

114,94

0 

311,50

0 

647,59

0 

1,222,57

0 

3,359,37

0 

4,074,81

0 

5,992,46

0 

6,495,87

0 

10,088,15

0 

11,193,72

0 

12,311,55

0 

13,706,34

0 
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Table 2.28. AAM Passenger Mobility Flight Demand Over Time by Major and Midsize US Market (continued). 

MSA 

Suitability 

Score 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 Totals 

New York-Newark-Jersey City, NY-NJ-PA   74.13 4,760,000 5,360,000 6,110,000 6,970,000 7,940,000 9,150,000 

10,520,00

0 

11,870,00

0 

13,220,00

0 

14,570,00

0 

112,818,67

0 

Los Angeles-Long Beach-Anaheim, CA   66.23 1,830,000 2,080,000 2,380,000 2,750,000 3,150,000 3,640,000 4,270,000 4,890,000 5,500,000 6,120,000 45,473,420 

Orlando-Kissimmee-Sanford, FL   33.92 537,210 599,290 673,920 770,530 877,010 1,030,000 1,190,000 1,350,000 1,510,000 1,670,000 13,088,910 

Miami-Fort Lauderdale-Pompano Beach, FL   32.67 487,600 549,550 625,520 717,900 838,840 973,620 1,160,000 1,350,000 1,530,000 1,720,000 12,556,630 

Dallas-Fort Worth-Arlington, TX   39.27 2,260,000 2,580,000 2,990,000 3,480,000 4,090,000 4,730,000 5,630,000 6,500,000 7,360,000 8,230,000 57,296,510 

Boston-Cambridge-Newton, MA-NH   36.00 457,280 515,830 598,070 705,810 858,750 1,040,000 1,320,000 1,590,000 1,860,000 2,130,000 13,561,180 

Columbus, OH   31.73 350,270 412,320 485,720 579,600 690,690 833,590 1,000,000 1,170,000 1,330,000 1,500,000 9,656,110 

Minneapolis-St. Paul-Bloomington, MN-WI   31.15 833,230 968,160 1,130,000 1,330,000 1,580,000 1,890,000 2,270,000 2,630,000 3,000,000 3,370,000 22,448,990 

San Jose-Sunnyvale-Santa Clara, CA   34.22 305,320 335,750 369,370 409,300 453,000 501,740 559,110 615,100 671,930 728,350 6,177,060 

Detroit-Warren-Dearborn, MI   32.73 398,330 447,850 513,760 595,540 705,360 828,970 1,010,000 1,180,000 1,360,000 1,530,000 10,264,960 

San Francisco-Oakland-Berkeley, CA   31.81 1,260,000 1,370,000 1,500,000 1,650,000 1,810,000 1,990,000 2,210,000 2,420,000 2,640,000 2,850,000 25,227,460 

Chicago-Naperville-Elgin, IL-IN-WI   30.73 1,920,000 2,160,000 2,450,000 2,800,000 3,190,000 3,710,000 4,280,000 4,830,000 5,390,000 5,950,000 44,368,060 

Bridgeport-Stamford-Norwalk, CT   28.41     91,060 113,610 146,730 184,740 235,850 285,570 335,300 385,040 1,777,900 

Washington-Arlington-Alexandria, DC-VA-MD-

WV   28.29     2,450,000 2,800,000 3,190,000 3,710,000 4,280,000 4,830,000 5,390,000 5,950,000 32,600,000 

Houston-The Woodlands-Sugar Land, TX   27.83     1,150,000 1,320,000 1,520,000 1,780,000 2,090,000 2,400,000 2,710,000 3,010,000 15,980,000 

Riverside-San Bernardino-Ontario, CA   26.82     127,210 160,100 196,540 248,850 312,790 375,400 438,020 500,650 2,359,560 

Philadelphia-Camden-Wilmington, PA-NJ-DE-
MD   25.16     709,120 831,350 977,190 1,170,000 1,390,000 1,610,000 1,830,000 2,060,000 10,577,660 

Indianapolis-Carmel-Anderson, IN   24.96     485,720 579,600 690,690 833,590 1,000,000 1,170,000 1,330,000 1,500,000 7,589,600 

Seattle-Tacoma-Bellevue, WA   24.82     1,280,000 1,440,000 1,630,000 1,870,000 2,130,000 2,390,000 2,650,000 2,920,000 16,310,000 

Allentown-Bethlehem-Easton, PA-NJ   24.45     219,380 272,430 342,590 427,800 541,020 651,210 761,460 871,710 4,087,600 

Atlanta-Sandy Springs-Alpharetta, GA   24.06     1,020,000 1,150,000 1,300,000 1,490,000 1,710,000 1,930,000 2,140,000 2,360,000 13,100,000 

Madison, WI   23.73     127,210 160,100 196,540 248,850 312,790 375,400 438,020 500,650 2,359,560 

Providence-Warwick, RI-MA   23.64     219,380 272,430 342,590 427,800 541,020 651,210 761,460 871,710 4,087,600 

Poughkeepsie-Newburgh-Middletown, NY   23.57     166,340 206,510 260,030 325,540 413,260 498,590 583,960 669,340 3,123,570 

Hartford-East Hartford-Middletown, CT   23.10     166,340 206,510 260,030 325,540 413,260 498,590 583,960 669,340 3,123,570 

Pittsburgh, PA   23.05             180,250 217,550 254,880 292,210 944,890 

Wichita, KS   22.81             180,250 217,550 254,880 292,210 944,890 

Portland-Vancouver-Hillsboro, OR-WA   22.73             445,490 504,980 564,490 623,990 2,138,950 

Cleveland-Elyria, OH   22.72             881,580 1,020,000 1,170,000 1,310,000 4,381,580 

Milwaukee-Waukesha, WI   22.43             713,430 827,770 942,170 1,060,000 3,543,370 

Totals 

15,399,24

0 

17,378,75

0 

28,038,12

0 

32,271,32

0 

37,236,58

0 

43,360,63

0 

53,190,10

0 

60,848,92

0 

68,510,53

0 

76,215,20

0 

501,968,26

0 
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As a validation exercise for the project teamôs diffusion modeling efforts, market projections from 

the present through 2045 were estimated using guideposts from the literature. The research team 

aligned market projections from existing research to the MSAs identified in the site suitability 

analysis. After an extensive review of AAM passenger mobility market research, it was found that 

market projections from UAM Geomatics (2021) could be reworked and assigned to MSAs to 

make the site suitability analysis and bass diffusion demand estimation spatially compatible. 

Additionally, the timing for market transitions, when new markets came online, were estimated 

using the AAM market development progression framework and milestones developed by Hussain 

and Silver (2021) and shown in Figure 2.1. 

The UAM Geomatics online dashboard provides estimates of AAM passenger mobility demand 

for 38 US cities from 2022 through 2045. Though the estimates are generally more optimistic than 

what is observed in the literature, as shown in Figure 2.26, their market forecasts offer a useful 

benchmark for demand estimation.   

City estimates were fitted to the metropolitan statistical areas that were identified in the site 

suitability analysis. In most instances, the MSAs that contained UAM Geomatics market forecast 

cities were used. This was the case for 20 of the 30 MSAs. In some instances, UAM Geomatics 

did not have market projections for cities that were geographically associated with an MSA 

identified from the site suitability analysis. In those instances, cities with similar populations to 

the primary urban center of the MSA were used.12 

After conducting the interim demand meta-analysis, the team estimated 76.2 million AAM 

passenger mobility flights in the US in the year 2045. This equates to a cumulative flight total of 

approximately 502 million flights from 2024 through 2045. The growth trajectory of AAM 

passenger mobility can be seen in Table 2.29 and Figure 2.26. It is anticipated that each flight 

carries an average of 1.49 passengers (derived from Goyal et al., 2021). 

Table 2.29. Domestic AAM Passenger Mobility Demand: Number of Flights. 

Study 2022 2025 2030 2035 2040 2045 

UAM Geomatics (2019) 3,751,150 4,741,210 19,314,830 28,840,730 59,540,300 123,122,360 

UAM Geomatics (2020) 1,493,330 4,500,010 16,856,840 30,589,520 63,186,110 119,663,920 

UAM Geomatics (2021) 411,980 4,278,290 17,341,850 29,864,320 61,457,850 105,497,210 

KPMG (2019)  --  -- 2,500,000  -- 22,600,000  -- 

Booz Allen Hamilton (2018)  --  -- 20,075,000  --  --  -- 

ASSURE (2022) -- 311,500 5,992,460 13,706,340 37,236,580 76,215,200 

 

Based on AAM market milestones and development criteria established by Hussain and Silver 

(2021) and the ASSURE A36 site suitability analysis results, it was assumed that 30 MSAs would 

launch AAM passenger mobility services from 2024 through 2045. 

 

                                                   
12 Syracuse was used as a proxy for Bridgeport-Stamford-Norwalk, CT; Toledo as a proxy for Riverside-San 

Bernardino-Ontario, CA and Madison, WI; Columbus as a proxy for Indianapolis-Carmel-Anderson, IN; Akron as a 

proxy for Allentown-Bethlehem-Easton, PA-NJ and Providence-Warwick, RI-MA; Dayton as a proxy for  

Poughkeepsie-Newburgh-Middletown, NY  and Hartford-East Hartford-Middletown, CT; Wichita as a proxy for 

Pittsburgh, PA; and Raleigh-Durham-Chapel Hill as a proxy for Milwaukee-Waukesha, WI.  
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Figure 2.26. US AAM  Passenger Flight Projections Over Time. 
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2.5.3 Other Guideposts Identified for Demand Validation 

 

 

Figure 2.27. Cumulative Revenue by Use Case in US $Billions (UAM Geomatics, 2021). 

 

Table 2.30. US Market Share and Revenue by Use Case | UAM Geomatics, 2021. 

Use Case Share 2024 2029 2034 2040 2045 

Airport Shuttle  10.9% $0.17 $1.72 $4.15 $8.41 $14.22 

Emergency Services 12.8% $0.20 $2.02 $4.88 $9.88 $16.70 

On Demand Air Taxi 37.8% $0.59 $5.99 $14.47 $29.31 $49.56 

Corporate Campus 11.5% $0.18 $1.83 $4.41 $8.93 $15.10 

Regional Air Mobility  27.0% $0.42 $4.28 $10.34 $20.93 $35.39 

Total 100.0% $1.57 $15.84 $38.25 $77.47 $130.98 

 

 

2.6 Appendix B: Site Suitability Analysis: Psychometric Validation and Site Segmentation 

The SSA gathered a wide range of data on the different potential markets for AAM.  The primary 

focus of this analysis was to rank metro areas for suitability for AAM development.  However, the 

data generated for the SSA can also give more insight into the relative strengths and weaknesses 

of the different metros as markets for AAM and can be used to better understand the potential for 

different markets and the data can be used to help psychometrically validate the SSA index. 

In this section, exploratory data analysis is used to examine the components of the SSA index and 

a principal components analysis is used to check the overall index agreement and relationships 

between the components and an overall ñpsychometricò index of market potential. 
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The components of the site suitability analysis are given in Table 2.31.  The index is composed of 

constituent components in different sub-areas.  These areas include urban structure, economic 

scale, congestion, readiness, and economic variables.  These components are range-scaled between 

0 and 1 and weighted in the overall index using the SMART method.  The variable weights (adding 

up to 100) can be found in Table 5 in the site suitability analysis.  

Table 2.31. Site Suitability Analysis Components. 

Variable Description 

Urban Structure 1 (US1)  Population Density: Average population per square mile 

Urban Structure 2 (US2) Polycentrism: Number of employment subcenters 

Economic Scale 1 (ES1) Fortune 1000 Presence: Number of Fortune 1000 company 
headquarters 

Economic Scale 2 (ES2) GDP per Capita: Gross domestic product of MSA per capita 

Congestion 1 (C1) Average Time to Work: Average one-way commute time, minutes 

Congestion 2 (C2)  Travel Time Index: Index of peak period to free-flow conditions 

Congestion 3 (C3) Airport to CBD Drive Time: Estimated driving time in free-flow 
conditions from commercial airports to central business district, 
weighted by number of commercial aircraft operations 

Readiness 1 (R1) Heliports per Capita: Number of heliports per capita 

Readiness 2 (R2) Airports per Capita: Number of airports per capita 

Readiness 2 (R3) Class B Airspace: Presence (or not) of Class B Airspace in MSA (0 
present, 1 not present) 

Readiness 3 (R4) Class G Airspace Congestion: Average total hours per square mile in 
Class G airspace 

Readiness 4 (R5) Public & Private Investment: UAM Launch City (1.0) or 

Headquarters City (0.5) 

Economic Development 
(ED1)  

Airport Short-Haul OD <150 Miles: Count of flight origins and 
destinations within MSA for distances shorter than 150 miles 

 

All variables are weighted positive in the SSA index, i.e., higher values of each variable are 

indicators of higher site suitability.  However, this does not necessarily mean that all the indicators 

are strongly correlated with one another.  For example, a large densely populated metro may have 

some advantages for UAM (e.g., high concentration of wealthy commuters, ground transportation 

congestion), but also have possible disadvantages (e.g., airspace congestion). 

To examine the relationship between the variables and between the variables and the overall 

index, several analyses were carried out.  First, inter-correlations were calculated between all of 

the variables in the SSA index, along with the overall population of each of the evaluated metro 

areas.  The results are visualized in a correlation heatmap in Figure 2.28. 

Here, positive correlations are shaded blue and negative correlations are shaded red.  One can see 

that all the urban structure, economic scale, congestion, and economic development variables are 

strongly correlated with each other and with the overall metro population.  This is due to the fact 

most of these variables are measures of economic power, which are quite strongly related to the 

size of the metro.  For example, larger metro areas are likely to have more employment subcenters 

and thus higher polycentrism.  They are also likely to have higher degrees of traffic congestion.  
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The only negatively correlated variables are the readiness variables, R1, R2, and R3.  For R1 and 

R2 it may be that given a larger population, there is less population per heliport/airport, with 

smaller metros having a minimum number of low usage facilities, possibly subsidized by the 

Essential Air Service program (e.g., Grubesic & Wei, 2012; Hall et al., 2015). R3 is 1 if a metro 

does not have a Class B airspace (which will result in restrictions on UAM flights) and 0 if a metro 

does have a Class B airspace.  As Class B airspaces tend to be found at airports in large metros, it 

is intuitive that smaller metros will on average have larger values of R3. 

 

Figure 2.28. SSA Index Correlations. 

 

To examine the patterns found in the correlation chart further, the values for each of the SSA index 

components were plotted using box plots for the metros that were selected as having the Top 10 

values of the overall SSA index vs. the metros that had lower values of the SSA index. To give 

consistency between the variables, the variables were standardized by subtracting the mean and 

dividing by the standard deviation before plotting.  The resulting comparisons, grouped by each 
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SSA index variable are given in Figure 2.29.13  Similar results are achieved in the correlation 

analysis in that the total population and all SSA index constituent variables apart from R1, R2, and 

R3 have higher values for the Top 10 metros over the non-Top 10 metros. For R1 the Top 10 and 

non-Top 10 metro values have similar interquartile ranges, though there are several high outliers 

above 2 standard deviations for the non-Top 10 metros.  As R3 is a binary variable, it is difficult 

to see a pattern, though it looks like apart from one outlier, all Top-10 values have the lowest value. 

 

Figure 2.29. Average Value of SSA Variables for Sites in Top 10 vs. non-Top 10. 

To further examine the properties of the SSA Index a Principal Components Analysis (PCA) was 

performed on the component constituents.  PCA is a method commonly used for data reduction, 

de-noising data, and finding latent components in data (e.g., Dunteman, 1989; Shlens, 2014).  In 

this analysis it is used for several purposes: i) To see if the site suitability variables load together 

into a single latent index, and ii) To see how the index components relate to the overall index.  

PCA works by extracting new mutually uncorrelated data variables from the original data, with 

each new data variable maximizing the amount of explained data variance.   

A PCA was run for the site suitability data.  The amount of variation included in each of the new 

dimensions is plotted in a ñscree plotò in Figure 2.30.  Scree plots can be used to choose the number 

of useful dimensions in the PCA solution (Jackson, 1993; Zhu & Ghodsi, 2006).  One rule of 

                                                   
13 The center of a box denotes the median, the bottom of the box the 25th percentile, the top of the box the 75th 

percentile, and the top/bottom lines the lowest/highest values excluding plotted outliers. 
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thumb is to select the number of dimensions before the ñconvex hullò, i.e., the elbow of the curve, 

where the angle of the graph changes from an obtuse to an acute angle.  In the solution in Figure 

2.30, the first dimension dominates all others with 44.0% of the data variance and is the only 

dimension before the elbow of the graph, which implies that a single dimension solution, in this 

case of market potential, may be appropriate. 

 

Figure 2.30. PCA Scree Plot. 

In PCA, a biplot (Gabriel, 1971; Gower et al. 2011) can be used to show the relationship between 

the new dimensions of a derived solution and the original variables.  To aid plotting, a second 

dimension was added, which accounted for an additional 9.5% of the data variance.  The PCA 

biplot is given in Figure 2.31.  Here, the numbered items, show the positions of the sites on the 

new dimensions and the blue arrow vectors show the relationships between the original variables 

and the new dimensions.  The direction of a vector relates to how its variable contributes relatively 

to the new dimensions, and the length of the vector relates to the strength of this orientation.  Here, 

both R1 and R4 show strong positive associations with the 2nd new dimension, and the remaining 

variables are mostly negatively associated with the 1st main dimension, with a few positively 

associated. 
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Figure 2.31. PCA Biplot. 

In PCA, the signs of different dimensions are arbitrary and given that the 1st dimension is 

negatively related to most of the original variables, the sign of this dimension was swapped to 

make it a positive measure of market potential.  In addition, in PCA, rotation of the solution is 

often performed to help simplify (i.e., make either close to 1 or 0) the correlations between the 

new variables and the original variables.  The commonly used Varimax rotation (Kaiser, 1958), 

which preserves the orthogonality of the dimensions, was used to create the simplified structure.  

Varimax rotation is orthogonal (Jennrich, 1970), in that the resulting dimensions remain mutually 

uncorrelated.  The final loadings (correlations between the dimensions and the original variables) 

for the first two new variables are given in Table 2.32.   Loadings with an absolute value of greater 

than 0.5 are highlighted. 
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 Table 2.32. Final PCA Loadings of Rotated Solution. 

Variable RPC1 RPC2 

US1 - Population Density 0.858 0.207 

US2 - Polycentrism 0.659 0.003 

ES1 - Fortune 1000 Presence 0.863 -0.045 

ES2 - GDP per Capita 0.584 -0.222 

C1 - Average Time to Work 0.768 0.251 

C2 - Travel Time Index 0.683 -0.122 

C3 - Airport to CBD Drive Time 0.652 0.018 

R1 - Heliports per Capita -0.154 0.720 

R2 - Airports per Capita -0.557 -0.032 

R3- Class B Airspace (0 present, 1 not present) -0.620 -0.040 

R4 - Class G Airspace Congestion 0.290 0.742 

R5 - Public & Private Investment 0.632 0.138 

ED1 - Airport Short-Haul OD <150 Miles 0.853 0.139 

 

The first principal component is strongly positively loaded on all variables apart from R1-R4, in 

concordance with overall market size potential.  However, R2 and R3 have negative loadings on 

this dimension.  For R2, as previously noted in the correlation discussion, smaller metros may have 

more airports per capita than larger metros.  For R3, class B airspace is more likely to be present 

in larger metros.  Overall, the first dimension can be thought of as an aggregate measure of market 

potential based on market size.  Thus, this dimension is named ñMarket Potentialò.  The second 

dimension (while less important in terms of variance explained) is positively loaded on R1 - 

heliports per capita and R4 - the level of class G airspace congestion.  As class G airspace tends to 

be lower-level airspace, the overall dimension is named ñLow Level Infrastructure Utilizationò. 

The sites from the site suitability analysis, plotted on the two new derived dimensions described 

above, are given in Figure 2.32 and with log-scaled dimensions in Figure 2.33. 
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Figure 2.32. Site Suitability Analysis Derived Dimensions. 
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Figure 2.33. Site Suitability Analysis Derived Dimensions on Log Scale. 
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There are several uses for the scatterplots in Figure 2.32 and Figure 2.33.  First, they can show the 

relative placement of the different markets, particularly on the market potential scale.  For 

example, New York has by far the highest market potential on this scale.  Second, in market 

segmentation applications, this sort of scatterplot visualization is used to identify similar markets 

to a current successful market for market entry (Kale & Sudharshan, 1987; Wind & Douglas, 

1972).  For example, in terms of characteristics, Huston, TX and Dallas, TX are similar, and less 

obviously from a geographical perspective, Boston, MA and Miami, FL are similar. 

In fact, representations of ñclosenessò of metro areas can be calculated from the other data.  To 

examine similarities between the Top 25 ranked metros for the site suitability analysis, the 

population value plus the values of the 13 SSA variables were standardized (subtracting mean and 

dividing by the standard deviation), and Euclidean distances were calculated on these data between 

each pair of cities.  These distances were then clustered using agglomerative hierarchical clustering 

using Wardôs method (Murtagh & Legendre, 2014; Ward Jr, 1963), which mimizes the data 

variance within clusters.  The resulting output, in the form of a dendrogram showing cluster 

structure, is plotted in Figure 2.34.  Here, the similarity between markets can be expressed as how 

close the markets are on the tree and the depth of the tree at which they were joined.  For example, 

the ñfirstò join is between Washington, DC and Atlanta, GA.  Both of these metro areas have 

similar population and congestion characteristics.  The ósecondò join is between Poughkeepsie, 

NY and Allentown, PA, both towns being midsized towns, just outside of the New York City 

metro areas and with similar characteristics.  Interestingly New York, NY and Los Angeles, CA 

are joined together as the nearest metros to each other, but quite late in the process.  This is 

probably because the two metros are not comparable to other metros in terms of sheer economic 

scale, but that there are still significant differences between the metros in terms of economic 

structure.  To give discrete clusters or segments, a line can be drawn perpendicular to the x-axis of 

the graph at the point where the number of linkages is equal to the number of desired segments.  

For example, for a k = 5 cluster solution, the clusters are as follows: 

1. Indianapolis, IN; Madison, WI; Poughkeepsie, NY; Providence, RI 

2. Atlanta, GA; Chicago, IL, Detroit, MI; Houston, TX; Riverside, CA; Seattle, WA; 

Washington, DC 

3. Boston, MA; Columbus, OH; Dallas, TX; Miami, FL; Minneapolis, MN; Philadelphia, 

PA 

4. Bridgeport, CT; San Francisco, CA; San Jose, CA  

5. Los Angeles, CA; New York, NY 
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Figure 2.34. Cluster Analysis using Ward's Method of top 25 Metros. 

To conclude the analysis, standardized values were calculated for the first ñmarket potentialò 

dimension by subtracting the mean value and dividing by the standard deviation.  The values were 

color-coded and summarized in Figure 2.35.  Taking the Top 10 items, the index agrees with the 

final SSA index on eight out of the ten metro areas, including Washington, DC and Chicago, IL, 

rather than Columbus, OH and Orlando, FL.  This is probably because the first factor in the PCA 

solution is loaded on the market factors, but that some of the readiness metrics are negatively 

loaded as these tend to be higher in small markets. This indicates that some of the infrastructure/per 

capita metrics may be skewed towards smaller metro areas.  In addition, there are some definite 

disadvantages of larger metro areas with respect to UAM, such as air congestion and Class B 

airspace.  Thus, a more qualitatively generated weighting scheme incorporating these factors is 

appropriate. 
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Figure 2.35. Summary of Factor 1 Market Potential Values. 

Overall, the analyses in this section have generated a high degree of insight into the components 

of the SSA index.  The correlation charts and box plots showed how the different values of the 

index relate to one another and co-vary with one another.  Most of the factors are positively 

correlated with the overall population and economic power of the metropolitan area.  However, 

several of the readiness factors are negatively correlated with the overall market power, indicating 

a trade-off between factors that make large metropolitan areas attractive, and factors that cause 

difficulties, such as the presence of Class B airspace. 

The PCA built on the previous analyses and found a single factor incorporating most market power 

characteristics.  After rotation, this index provides good face validity and agreement with the final 

SSA index.  However, it does have negative loading on some of the infrastructure variables, as the 

airports per capita, heliports per capita, and Class B airspace are negatively loaded on this 

dimension.  The Class B airspace factor is definitely a negative indicator for larger metros, though 

it may be that for larger metros the raw number of airports and heliports is as important as the ñper 

capitaò figures, as for large, diverse metros such as New York City and Los Angeles, having 

relatively fewer locations with higher passenger numbers may be advantageous for UAM 

development. 

In a more general sense, the analyses in this section also showed how segmentation techniques can 

be used to group or cluster markets and how given a successful market providers can pick markets 

with similar characteristics using segmentation methods.  This type of analysis was demonstrated 

using hierarchical clustering with Wardôs methods, but a range of clustering methods including 
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tree-generating hierarchical methods, partitioning methods that create segments directly, and 

fuzzy/overlapping methods could be employed. 
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2.6.2 Appendix: Suitability Scenario Results 

In all scenarios except the Base Scenario, the five variable categories are assigned weights of 45 

percent, 25 percent, 15 percent, 10 percent, and 5 percent, approximating the rank order centroid 

values for variable ranks one through five (45.7 percent, 25.7 percent, 15.7 percent, 9.0 percent, 

and 4.0 percent) (Goodwin & Wright, 2003). The rank one category reflects the general focus of 

the scenario. In all scenarios except one, the readiness scenario is given the second rank, as 

variables in this category tend to be negatively correlated with variables in other categories and 

therefore provides the primary constraint on the category of focus. Table 2.33 summarizes the 

variable and category weights for each scenario. The results of each Scenario are provided in Table 

2.34. 

 

Table 2.33. Suitability Variable Weighting for Additional Scenarios. 

  
Urban 

Structure  
Economic Scale 

Cong & Com 

Stress 
Infr. Readiness Exist. Short-Haul 

Category Variable  Cat. Var.  Cat. Var.  Cat. Var.  Cat. Var.  Cat. Var.  

Urban 

Structure  

Population Density 
45.0 

22.5 
10.0 

5.0 
15.0 

7.5 
15.0 

7.5 
10.0 

5.0 

Polycentrism 22.5 5.0 7.5 7.5 5.0 

Economic 

Scale 

Fortune 1000 

Presence 10.0 
5.0 

45.0 
22.5 

10.0 
5.0 

10.0 
5.0 

25.0 
12.5 

GDP per Capita 5.0 22.5 5.0 5.0 12.5 

Congestion 

Average Time to 

Work 

15.0 

5.0 

15.0 

5.0 

45.0 

15.0 

25.0 

8.3 

5.0 

1.7 

Travel Time Index 5.0 5.0 15.0 8.3 1.7 

Airport to CBD 

Drive Time 
5.0 5.0 15.0 8.3 1.7 

Readiness 

Heliports per 

Capita 

25.0 

5.0 

25.0 

5.0 

25.0 

5.0 

45.0 

9.0 

15.0 

3.0 

Airports per 

Capita 
5.0 5.0 5.0 9.0 3.0 

Class B Airspace 5.0 5.0 5.0 9.0 3.0 

Class G Airspace 

Congestion 
5.0 5.0 5.0 9.0 3.0 

Public & Private 

Investment 
5.0 5.0 5.0 9.0 3.0 

Existing 

Demand 

Airport Short-Haul 

OD <150 Miles 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 45.0 45.0 
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Table 2.34. Additional Suitability Scenario Results. 

 

Existing 

Demand

Total 

Population

US1: 

Population 

Density

US2:

Polycentrism

ES1:

Fortune 

1000 

Presence

ES2:

GDP per 

Capita

C1:

Average 

Time to Work

C2:

Travel Time 

Index

C3:

Airport to 

CBD Drive 

Time

R1:

Heliports 

per Capita

R2:

Airports per 

Capita

R3:

Class B 

Airspace

R4:

Class G 

Airspace 

Congestion

R5:

Public & 

Private 

Investment

ED1:

Airport Short 

Haul OD 

<150 Miles

Total Population 1.00

US1: Population Density 0.73 1.00

US2: Polycentrism 0.69 0.60 1.00

ES1: Fortune 1000 Presence 0.90 0.69 0.48 1.00

ES2: GDP per Capita 0.38 0.45 0.20 0.58 1.00

C1: Average Time to Work 0.63 0.61 0.41 0.60 0.41 1.00

C2: Travel Time Index 0.51 0.56 0.39 0.49 0.33 0.56 1.00

C3: Airport to CBD Drive Time 0.50 0.51 0.33 0.49 0.30 0.55 0.45 1.00

R1: Heliports per Capita -0.06 -0.07 -0.03 -0.06 -0.06 0.06 -0.17 -0.09 1.00

R2: Airports per Capita -0.33 -0.49 -0.31 -0.31 -0.25 -0.49 -0.35 -0.39 0.16 1.00

R3: Class B Airspace -0.58 -0.45 -0.43 -0.56 -0.35 -0.45 -0.30 -0.29 -0.02 0.34 1.00

R4: Class G Airspace 

Congestion
-0.18 -0.47 -0.08 -0.14 -0.02 -0.37 -0.16 -0.20 -0.14 0.25 0.14 1.00

R5: Public & Private Investment 0.64 0.51 0.38 0.59 0.28 0.36 0.37 0.30 -0.03 -0.17 -0.34 -0.25 1.00

Existing Demand
ED1: Airport Short Haul OD 

<150 Miles
0.93 0.76 0.62 0.82 0.37 0.63 0.43 0.49 -0.03 -0.35 -0.44 -0.27 0.64 1.00

Congestion

Readiness

Urban Structure Economic Scale Congestion Readiness

Urban Structure

Economic Scale
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2.7 Appendix C: Code for Bass Modeling 

This section contains code and a modeling spreadsheet description for the Bass Modeling 

spreadsheet.  Links to the files are given below. 

BassModelEstimates.R ï This spreadsheet contains the code for creating the Bass model estimates.  

The code is also listed below. 

AllCities.csv ï A csv file containing the yearly demand data collated for the site suitability 

analysis, which is used for demand estimates and to get estimates of Bass parameters. 

SSAExportMatch.csv ï A csv file containing the suitability characteristics for the site suitability 

analysis and used in predictions/validation of Bass parameters. 

AllDiffusionCurvesV2.xlsm ï A spreadsheet and associated macro for combining different 

forecasts and delaying different forecasts. 

The remainder of this section contains the following: 

¶ The R code (along with detailed comments) for analyzing demand data using Bass 

modeling. 

¶ An overview of the spreadsheet for merging and combining estimates 

¶ VBA code for merging the estimates. 

2.7.1 R Code for Basss Modeling 
#BassModelEstimamtes.R  

#This contains the R code for the diffusion modeling section of the A36 project  

#Written by Stephen L. France 2022:  sfrance@business.msstate.edu  

 

#Create a series of demand estimates for overall demand data.  

if (!require("forecast")) install.packages("forecast")  

library(forecast)  

if (!require("diffusion")) install.packages("diffusion")  

library(diffusion)  

if (!require("tidyverse")) install.packages("tidyverse")  

library(tidyverse)  

if (!require("viridis")) install.packages("viridis")  

library(viridis)  

if (!require("ggplot2")) install.packages("ggplot2")  

library(ggplot2)  

if (!require("gtable")) install.packages("g table")  

library(gtable)  

if (!require("boot")) install.packages("boot")  

library(boot)  

if (!require("sjPlot")) install.packages("sjPlot")  

https://drive.google.com/file/d/1dxdXILDSaqDzl4F69CB-ejl0SmlGLYag/view?usp=sharing
https://drive.google.com/file/d/1bDGA07VhLIVaqcRVSvN-Tje_DUXaoY0-/view?usp=sharing
https://drive.google.com/file/d/1P8B9ePHA_HMv2-o8NO47BGiwmFuxzX4Z/view?usp=sharing
https://drive.google.com/file/d/1WBhP3ru7O7IvLY96dzFrudAbTwfWMleG/view?usp=sharing


140 

 

library(sjPlot)  

 

 

setwd("~/R/FAA")   #Need to set to actual working directory  

source("DemandEstimate.R")  

source("DistFun ctions.R")  

 

################################################################################ 

#Section A: Loading/Cleaning the data  

################################################################################ 

 

#First load in the data files for the major  postal sources  

setwd("~/R/FAAMovingVehicles")  

 

#Find bass parameters for the estimates  

AllCities< - read.csv("AllCities.csv",header=TRUE)  

 

#Remove bad rows  

AllCities< - AllCities[apply(is.na(AllCities),1,"sum")==0,]  

n<- nrow(AllCities)  

m<- ncol(AllCities)  

#The input data included commas, which threw R.  The code below corrects this issue.  

NumericCols< - c(2,4:m)  

AllCities[,NumericCols]  

AllCities[,NumericCols]< -  
lapply(AllCities[,NumericCols],function(x){as.numeric(gsub(",", "", x))})  

 

################################################################################ 

#Section B: Creating Bass Model estimates  

################################################################################ 

 

#Create bass estimates  

Results< - matrix(0,nrow=n,ncol=6)  

 

#Iterate through each o f the cities  

for (i in 1:nrow(AllCities))  
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{  

  #Ensure that the data are numeric  

  YrTrips< - as.numeric(AllCities[i,4:(m - 1)])  

  #The diffusion function takes increases  

  YrTripsIncrease< - YrTrips - c(0,YrTrips[ - length(YrTrips)])  

  #We fit Bass + Gompertz, but u ltimately only use Gompertz  

  out.bass< - diffusion(x=YrTripsIncrease,type="bass")  

  out.gompertz< - diffusion(x=YrTripsIncrease,type="gompertz")  

  Results[i,1:3]< - out.bass$w  

  Results[i,4:6]< - out.gompertz$w  

}  

 

#Create data frame of estimates  

Resultsdf< - data.frame(AllCities[,3],Results)  

colnames(Resultsdf)< -
c("City","BasspIn","BassqIm","Bassm","GomppDisp","GompqGro","Gompm")  

 

################################################################################ 

#Section C: Examine and Create Overall Distributions for Bass Model Parameters  

################################################################################ 

 

#Create a density plot for estimates  

ggplot(Resultsdf, aes(x=BasspIn)) +  

  geom_histogram(aes(y=..density..),      # Histogram with d ensity instead of count on 
y- axis  

                 binwidth=.5,  

                 colour="black", fill="white") +  

  geom_density(alpha=.2, fill="#FF6666")  # Overlay with transparent density plot  

 

#Quirk of the bootstrap function, I need to create a wrapper  for the mean function to 
pass to boot!  

mean.fun < -  function(data, idx)  

{  

  df < -  data[idx]  

   

  # Find the spearman correlation between  
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  # the 3rd and 4th columns of dataset  

  c(mean(df))  

}  

 

#Create Bootstrap samples for overall Bass parameters across ci ties.  

#The idea here is that there is some damping effect and some noise in estimates  

#It is likely that using individual city estimates will overfit, but using aggregate 
sensistive enough  

temp_boot< - boot(Resultsdf[,"BasspIn"],statistic=mean.fun,R=1000)  

BasspInCI< - boot.ci(temp_boot,conf = 0.99, type = "perc")  

temp_boot< - boot(Resultsdf[,"BassqIm"],statistic=mean.fun,R=1000)  

BassqImCI<- boot.ci(temp_boot,conf = 0.99, type = "perc")  

temp_boot< - boot(Resultsdf[,"GomppDisp"],statistic=mean.fun,R=1000)  

GomppDispCI< - boot.ci(temp_boot,conf = 0.99, type = "perc")  

temp_boot< - boot(Resultsdf[,"GompqGro"],statistic=mean.fun,R=1000)  

GompqGroCI<- boot.ci(temp_boot,conf = 0.99, type = "perc")  

 

#Now create different estimates  

Resultsdf< - data.frame(AllCities[,3],Results)  

colna mes(Resultsdf)< -
c("City","BasspIn","BassqIm","Bassm","GomppDisp","GompqGro","Gompm")  

 

SmoothedCurve<- AllCities  

MedianCurve<- AllCities  

LowpLowqCurve<- AllCities  

LowpHighqCurve<- AllCities  

HighpLowqCurve<- AllCities  

HighpHighqCurve< - AllCities  

Medianpq<- c(0.0013 26092,0.1770338)  

LowpLowq<- c(0.0009456528,0.159998)  

LowpHighq<- c(0.0009456528,0.1965008)  

HighpLowq<- c(0.00175723,0.159998)  

HighpHighq< - c(0.00175723,0.1965008)  

 

################################################################################ 

#Section C: Pre dictors of diffusion parameters using site suitability data  
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################################################################################ 

 

#Load in the site suitability dataset.  There are a few cities that are on the demand 
dataset  

#and not on the Site  Suitability Analysis dataset and vice - versa, so we need to match.  

SSAExportMatch<- read.csv("SSAExportMatch.csv",header=TRUE)  

 

#Now match with the results  

MatchedRes<- cbind(Resultsdf,SSAExportMatch)  

MatchedRes<- MatchedRes[!is.na(MatchedRes$US1),]  

 

#Get a d ataset for predicting the Bass p parameter  

BasspReg<- MatchedRes[,c(2,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]  

BasspReg$R3_Stand<- as.factor(BasspReg$R3_Stand)  

#To give reasonable estimates (i.e., coefficients are not 0.000), multiply by 1000  

BasspReg$BasspIn< - BasspReg$BasspIn*1000  

#Create a base model (only predictor is the intercept) and  

BaseModel<- lm(BasspIn~1,data=BasspReg)  

FullModel< - lm(BasspIn~.,data=BasspReg)  

 

#Create a stepwise regression model to optimize model with respect to number of 
parameter s.  

StepModelp<- step(BaseModel, scope=list(lower=BaseModel, upper=FullModel), 
direction="forward")  

summary(StepModelp)  

tab_model(StepModelp,file = "StepModelp.html")  

 

#Test model for multicollinearity  

if (!require("olsrr")) install.packages("olsrr")  

library (olsrr)  

ols_vif_tol(StepModelp)  

par(mfrow=c(2,2)) #set screen up for 4 plots  

plot(StepModelp)  

 

#Get a dataset for predicting the Bass q parameter  

BassqReg<- MatchedRes[,c(3,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]  
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#Create model to predict Bass q parameters (as before)  

BassqReg$BassqIm<- BassqReg$BassqIm*100 

BassqReg$R3_Stand<- as.factor(BassqReg$R3_Stand)  

BaseModel<- lm(BassqIm~1,data=BassqReg)  

FullModel< - lm(BassqIm~.,data=BassqReg)  

StepModelq<- step(BaseModel, scope=list(lower=BaseModel, upper=FullMo del), 
direction="forward")  

summary(StepModelq)  

tab_model(StepModelq,file = "StepModelq.html")  

 

if (!require("olsrr")) install.packages("olsrr")  

library(olsrr)  

ols_vif_tol(StepModelq)  

par(mfrow=c(2,2)) #set screen up for 4 plots  

plot(StepModelp)  

 

#Get a dat aset for predicting the Bass m parameter  

BassmReg<- MatchedRes[,c(4,10,11,13,15,17,19,21,23,25,27,29,30,32,33)]  

#Create model to predict Bass m parameters (as before)  

BassmReg$R3_Stand<- as.factor(BassmReg$R3_Stand)  

BaseModel<- lm(BassqIm~1,data=BassmReg)  

Ful lModel< - lm(BassqIm~.,data=BassmReg)  

StepModelm<- step(BaseModel, scope=list(lower=BaseModel, upper=FullModel), 
direction="forward")  

summary(StepModelm) 

tab_model(StepModelm,file = "StepModelm.html")  

 

if (!require("olsrr")) install.packages("olsrr")  

library( olsrr)  

ols_vif_tol(StepModelm)  

par(mfrow=c(2,2)) #set screen up for 4 plots  

plot(StepModelm)  

 

################################################################################ 

#Section D: Create diffusion estimate for each city  

################################################################################ 
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for (i in 1:nrow(AllCities))  

{  

  YrTrips< - as.numeric(AllCities[i,4:(m - 1)])  

  YrTripsIncrease< - YrTrips - c(0,YrTrips[ - length(YrTrips)])  

  NoPeriods< - length(YrTrips)  

  out.bass< - diffusion(x=YrTripsIncrease,type="bass")  

  Tempw<- out.bass$w  

  #The actual data curve, but smoothed using the Bass parameters  

  SmoothedCurve[i,4:(m - 1)]< - difcurve(n=NoPeriods,curve=out.bass)[,1]  

  #Using median p,q across all cities  

  MedianCurve[i,4:(m - 1)]< - difcurve(n=NoPeriods,type="bass",w=c(Medianpq,Tempw[3]))  

  #Using the different extremes from the 95% confidence intervals  

  LowpLowqCurve[i,4:(m - 1)]< -
difcurve(n=NoPeriods,type="bass",w=c(LowpLowq,Tempw[3]))[,1]  

  LowpHighqCurve[i,4:(m - 1)]< -
difcurve(n= NoPeriods,type="bass",w=c(LowpHighq,Tempw[3]))[,1]  

  HighpLowqCurve[i,4:(m - 1)]< -
difcurve(n=NoPeriods,type="bass",w=c(HighpLowq,Tempw[3]))[,1]  

  HighpHighqCurve[i,4:(m - 1)]< -
difcurve(n=NoPeriods,type="bass",w=c(HighpHighq,Tempw[3]))[,1]  

}  

 

#Write to the curr ent working directory  

write.csv(SmoothedCurve,"SmoothedCurve.csv")  

write.csv(MedianCurve,"MedianCurve.csv")  

write.csv(LowpLowqCurve,"LowpLowqCurve.csv")  

write.csv(LowpHighqCurve,"LowpHighqCurve.csv")  

write.csv(HighpLowqCurve,"HighpLowqCurve.csv")  

write.csv(HighpHighqCurve,"HighpHighqCurve.csv")  

 

2.7.2 Overview of Data Merge Spreadsheet (AllDiffusionCurvesV2.xlsm) 

The Spreadsheet for Merging the estimates has worksheets for each of the different source 

estimates.  The Spreadsheet is ñgeneralò, but in the submitted spreadsheet the estimates are the 

ones created in the Bass Modeling R Code. 

A description of each of the subsheets is given below: 
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¶ OriginalData ï The original demand data from the site suitability analysis 

¶ SmoothedCurve ï The smoothed demand data, calculated by using Bass Model predictions 

using the individual city p, q, and m. 

¶ MedianpqCurve ï Forecasts for each city using the m for each city, but median p and q 

from the bootstrapping distribution confidence intervals (CIa). 

¶ LowpLowqCurve ï Forecasts for each city using the m for each city, but the lower bounds 

of the 95% CI bootstrapping distribution for the parameters. 

¶ LowpHighqCurve ï As above, but lower bound of the 95% CI for p and the upper bound 

of the 95% CI for q. 

¶ HighpLowqCurve ï As above, but upper bound of the 95% CI for p and the lower bound 

of the 95% CI for q. 

¶ HighpHighqCurve ï As above, but upper bound of the 95% CI for p and the upper bound 

of the 95% CI for q. 

¶ LosAngelesCS, LosAngelesCS2 ï Figures from the report case study for Los Angeles. 

¶ Run ï This sheet contains the macro for the combined estimates.  This sheet is explained 

in more detail in the Figure below. 

 

Figure 2.36: The Run Sheet Macro 

The sheet has two sections.  The first contains control parameters and the second contains the 

mixture proportions for the different sheets. 

¶ Proportion Delay:  This is due to the fact that raw demand estimates are from the current 

year, but implementation dates are later.  A value of 1 moves back the first (in this case 

2022) estimates to the estimated start year for the city (e.g., if a metro is estimated to start 

in 2028 the estimates are moved back six years).  A value of 0 gives the estimate for that 

particular year (e.g., for a city starting in 2028 this will be the actual 2028 value).  Any 

value between 0 and 1 gives a weighted sum of these values. 

¶ Info Columns: This gives the number of information columns before the start of the 

estimates.  The date should be in the last info column (here column 4).  This should be 

followed by yearly demand estimates. 

¶ Curve mixture: This allows a mix of different estimates.  All of these estimates (in Figure 

2.36 this is the cells B6:B12 should add up to 1). 
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¶ Run: Selecting the run button creates a new composite estimate from the other worksheets. 

2.7.3 Data Merge Spreadsheet VBA Code (from Run Button) 
'Standard VBA options for explicitly declaring variables, arrays with base 0, and 
making text comparisons of strings  

Option Explicit  

Option Base 0  

Option Compare Text  

 

Private mCurveDic As Dictionary  

Private mwsOutput As Worksheet  

Private mwsInput As Worksheet '  

Private mPropDelay As Double 'The proportion of revenue 'd elayed', i.e. from the first 
year estimated (which for the data in this project is 2022  

Private mYearCol As Long  'The column in the data spreadsheets that correspond to the 
start year  

 

 

Private Sub cmdRun_Click()  

  Dim CurRow As Long  

  Dim SheetName As St ring, SheetProp As String, SheetPropVal As Double, CurValue As 
Double  

  Dim ColText As String  

  Dim wsCounter As Long, RowCounter As Long, ColCounter As Long  

  Dim StartYear As Long, FirstYear As Long, CurYear As Long  

   

  'Get the delay proportion and the  year columns  

  mPropDelay = CDbl(Trim$(Cells(2, 2).Text))  

  mYearCol = CLng(Trim$(Cells(3, 2).Text))  

   

  'Create a dictionary to include the different proportion of demand to be created 
from each of the sheets.  

  Set mCurveDic = New Dictionary  

  CurRow = 6 

  SheetName = Trim$(Cells(CurRow, 1).Text)  

  Do While SheetName <> ""  

    SheetProp = Trim$(Cells(CurRow, 2).Text)  

    If IsNumeric(SheetProp) Then  
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      mCurveDic.Add Key:=SheetName, Item:=SheetProp  

    End If  

    CurRow = CurRow + 1  

    SheetName = Trim$(Cells(CurRow, 1).Text)  

  Loop 

 

 

  'Create the output sheet  

  Set mwsOutput = ThisWorkbook.Worksheets.Add  

   

   

  'Now go through the process of adding each forecast value  

  For wsCounter = 0 To mCurveDic.Count -  1 

    SheetName = mCurveDic.Keys(wsCounter)  

    SheetPropVal = mCurveDic.Items(wsCounter)  

    Set mwsInput = ThisWorkbook.Worksheets.Item(SheetName)  

    'If the first workbook then copy over the columns  

    If wsCounter = 0 Then  

      ColText = Chr(65) + ":" + Chr(64 + mYearCol )  

      mwsInput.Columns(ColText).Copy mwsOutput.Columns(ColText)  

      mwsInput.Rows(1).Copy mwsOutput.Rows(1)  

    End If  

     

     

    RowCounter = 2  

    'Go through each city in turn  

    Do While Trim$(mwsInput.Cells(RowCounter, 1).Text) <> ""  

      StartYear = CLng(Trim$(mwsInput.Cells(RowCounter, mYearCol).Text))  

      ColCounter = mYearCol + 1  

      FirstYear = CLng(Trim$(mwsInput.Cells(1, ColCounter).Text))  

      'Go through each time period in turn  

      Do While Trim$(mwsInput.Cells(1, Col Counter) <> "")  

        DoEvents 

        'If there is no estimate then set the contribution to be 0  

        If Trim$(mwsOutput.Cells(RowCounter, ColCounter).Text) = "" Then  
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          mwsOutput.Cells(RowCounter, ColCounter).Value = 0  

        End If  

        CurYear = CLng(Trim$(mwsInput.Cells(1, ColCounter).Text))  

        'If we are after the estimated start year for the city then build estimates  

        If CurYear >= StartYear Then  

          CurValue = CDbl(Trim$(mwsOutput.Cells(RowCounter, ColCounter).Text) )  

          'Take the (1 - proportion of delay value) for the current year  

          CurValue = CurValue + SheetPropVal * (1 -  mPropDelay) * 
CDbl(Trim$(mwsInput.Cells(RowCounter, ColCounter).Text))  

          'Take the (proportion of delay value) for the year  relative to the start of 
the estimates  

          CurValue = CurValue + SheetPropVal * mPropDelay * 
CDbl(Trim$(mwsInput.Cells(RowCounter, ColCounter -  (StartYear -  FirstYear)).Text))  

          mwsOutput.Cells(RowCounter, ColCounter).Value = CurValue  

        End If  

        ColCounter = ColCounter + 1  

      Loop 

      RowCounter = RowCounter + 1  

    Loop 

  Next  

   

  MsgBox "Finished", vbExclamation  

   

End Sub 
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3 AIRWORTHINESS REGULATIONS AND THEIR  APPLICABILITY TO 

UAM  AIRCRAFT CERTIFICATION  

Safety is a fundamental condition for UAM activities to be accepted by regulators, users, and the 

general public. The use of UAM aircraft to transport passengers will require a certification process 

that leverages additional or different technical requirements to what is covered with current 14 

CFR Part 23 or 27 type certification requirements for fixed-wing or rotorcraft. These aircraft have 

non-conventional architectures, single or distributed electric propulsion, complex battery systems, 

autonomous flight, noise, etc.  

To understand the potential certification differences between conventional and UAM aircraft, first, 

a detailed UAM classification was conducted. This classification provides information about the 

different UAM architectures considered and the specific design characteristics of each aircraft (see 

Section 3.1). This data is analyzed to understand trends and document the main differences 

between UAM architectures. Subsequently, the current established and proposed airworthiness 

standards and requirements are studied and evaluated. Due to the broad scope of work and the 

different disciplines involved in the certification of an aircraft, at the beginning of the program, 

the FAA identified three specific areas with higher priority; Crashworthiness (see Section 3.2.2), 

Battery Crashworthiness (see Section 3.2.3) and Noise ( see Section 3.2.4). 

In addition, due to the novelty of UAM aircraft, one of the main gaps in knowledge involves the 

potential rigor, oversight, and costs to streamline the certification process. NIAR leveraged 

General Aviation (GA) industry organizationsô past and current cost analysis for certification of 

similar aircraft attributes, implemented in UAM aircraft design and production processes. This 

research attempted to conduct a cost analysis for the certification of a UAM aircraft (Section 3.3).  

The present section aims to answer the following research questions, to bridge the knowledge gaps 

about the novelty of the UAM market: 

a) Can we classify UAM by categories in terms of airworthiness? What will these 

categories look like? 

b) Are current regulatory frameworks for conventional aircraft vehicles applicable? 

c) What framework is needed to regulate the airworthiness of UAM vehicles? 

d) Can a reliable estimate for certification costs be projected for UAM vehicles? 

 

3.1 Task I ï UAM Classification 

Before analyzing the data in this section, it is essential to clearly understand the definitions of 

UAM and UAM aircraft. According to the FAA, UAM is ña safe and efficient aviation 

transportation system that will use highly automated aircraft that will operate and transport 

passengers or cargo at lower altitudes within urban and suburban areas.ò By this definition, any 

aircraft that flies at higher altitudes and is not highly automated is generally not considered a part 

of the UAM system. 

From the FAA definition, it is not clear what constitutes a UAM vehicle besides the fact that it 

needs to be highly automated. Therefore, another more detailed and precise definition of a UAM 

vehicle is necessary to improve the quality of data analysis by identifying and filtering out the non-
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UAM vehicle data. The following definition from the report by Rizzi et al. provides a better 

description of a UAM vehicle. 

ñWhile not strict definitions, representative UAM vehicles attributes include electrical vertical 

takeoff and landing (eVTOL) vehicles that can accommodate up to 6 passengers (or equivalent 

cargo), are possible autonomous, perform missions of up to 100 nautical miles at altitudes up to 

3000 ft above ground level, have flight speeds up to 200 knots, and payloads between 800 and 

8000 lbsò (Rizzi et al., 2020).  

3.1.1 Overall Market 

A database of the entire UAM VTOL market was generated, where the main characteristics of 212 

vehicles were documented. The vehicles included in this database were extracted from the eVTOL 

Aircraft Directory available at evtol.news/aircraft. The generated database excludes any aircraft 

that does not fit the Rizzi definition of a UAM vehicle (Rizzi et al., 2020), is defunct, does not 

have any technical information, or was added after June 2021, which was the most recent update 

of the database at the time of writing this report. The database documented the following 

parameters: 

¶ Vehicle Architecture: 

o Vectored Thrust: an aircraft that uses any of its thrusters for lift and cruise 

o Lift + Cruise: an aircraft that has independent thrusters for lifting and cruising 

o Wingless Multicopter: an aircraft that is only equipped with lifting thrusters 

o Electric Rotorcraft: an aircraft that utilizes a single lifting rotor (electric helicopter 

or electric autogyro) 

¶ Vehicle mission purpose 

o Air Taxi: short-range, passenger mobility operations 

o Cargo: large-scale package delivery operations 

o Regional: long-range passenger mobility operations 

o Emergency Medical Services (EMS) 

o Personal Air Vehicle (PAV) 

¶ Take-off and landing configuration: whether the vehicle has vertical and/or conventional 

take-off and landing capabilities 

¶ Maturity: the current level of development of the vehicle, which was classified as: 

o Preliminary Design 

o Prototype Build 

o Subscale Flight Test 

o Flight Test 

o Ongoing Certification 

o Certified 

o Commercial Operation 

¶ Autonomy level 

o Piloted: the vehicle is designed to be operated by at least one pilot onboard 

o Remotely Piloted: the vehicle is designed to be operated by a pilot on the ground 

o Autonomous: the vehicle is designed to fly autonomously 

¶ MTOW: Maximum Take-off Weight 

¶ Number of pilots 

https://evtol.news/aircraft
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¶ Number of passengers 

¶ Estimated pilot and passenger weight: (number of pilots + number of passengers)*170 lb 

¶ Payload/cargo 

¶ Estimated total payload: estimated pilot and passenger weight + payload/cargo 

¶ General dimensions: wingspan, length, and height 

¶ Type of Propulsion System: 

o Electric 

o Hybrid 

o Hydrogen 

o Internal Combustion 

o Jet 

¶ Number of lifting propellers, including tilting rotors 

¶ Number of coaxial propeller sets 

¶ Ducted propellers (yes or no) 

¶ Number of forward propellers, excluding tilting rotors 

¶ Noise: 

o Noise quietness level compared to a helicopter 

o Noise level (dB) 

¶ Type of landing gear: 

o Tricycle, retractable 

o Tricycle, fixed 

o 4-wheels, retractable 

o 4-wheels, fixed 

o 5-wheels, fixed 

o Skids/legs 

¶ Airframe material: 

o Composite 

o Metallic 

o Composite + Metallic 

¶ First flight year: achieved or expected year of the first flight 

¶ Target operation year 

¶ Certification agency 

¶ Certification type 

¶ Country of origin 

¶ Safety features: 

o Distributed Electric Propulsion (DEP)  

o Parachute 

o Redundant flight controller 

o Other features 

¶ Control system 

¶ Sensor types 
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¶ Performance parameters: 

o Top speed: the maximum speed as specified by the OEM 

o Maximum range: the maximum range as specified by the OEM 

o Endurance 

o Cruise Speed 

o Maximum cruise altitude (mean sea-level) 

o Maximum cruise altitude (above ground level) 

o Maximum operating altitude (mean sea-level) 

o Maximum take-off altitude (mean sea-level) 

o Maximum rate of climb 

o Maximum climb rate 

¶ Electric propulsion system: 

o Number of electric motors 

o Motor model and type 

o Motor weight 

o Motor output (kW) 

o Number of battery packs 

o Type of battery 

o Battery power (kW) and battery energy (kWh) 

o Battery recharge time 

o Battery weight 

¶ Jet/Internal combustion propulsion system 

o Engine model 

o Fuel type 

o Fuel capacity 

o Fuel weight 

o Engine weight 

¶ Vehicle cost: the listing price of the vehicle as specified by the OEM 

 

3.1.1.1 Overall Market Database Breakdown 

The results obtained from the database are presented next. The data for each tracked parameter is 

presented in two charts: (1) the number of vehicles for which the tracked parameter is available 

and (2) the results of the tracked parameter broken down by the number of vehicles and the 

corresponding percentage.  

3.1.1.1.1 Vehicle Architecture 

Figure 3.1 shows the breakdown of UAM vehicles by architecture. Out of 212 vehicles, one vehicle 

data was unavailable for this tracked parameter.  Vehicle architectures, in order of most to least 

common, are vectored thrust, wingless multicopter, lift + cruise, and electric rotorcraft. The 

vectored thrust dominates 42% of the market, surpassing the wingless multicopter share of 26% 

and nearly doubling the lift  + cruise share of 23%. Electric rotorcraft is the least common, with 

only a 9% market share. While electric rotorcraft are more conventional vehicles and, therefore, 

possibly easier to be certified, most manufacturers prefer a multicopter vehicle's benefits. A 

depiction of the main characteristics of these vehicles is shown in Figure 3.2. 
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Figure 3.1. Vehicle breakdown by architecture. 

 

 

Figure 3.2. Vehicle architecture characteristics. 

 

3.1.1.1.2 Type of Propulsion System  

Figure 3.3 shows the breakdown of UAM vehicles by type of propulsion system. Out of 212 

vehicles, two vehicle data were unavailable for this tracked parameter. Types of propulsion, in 

order from most to least common, are electric, hybrid, hydrogen, IC, and jet. The electric 

propulsion system dominates 57% of the market, which nearly doubles the hybrid system share of 

32% and greatly surpasses the hydrogen system share of 10%. The combined market share of IC 

and jet systems is approximately 1%. While electric vehicles are affected in terms of range and 

payload compared to hybrid vehicles, there are high expectations that battery systems will keep 

improving. They also have some advantages over hybrids in terms of the noise produced by the 

vehicle.  On the other hand, hybrid vehicles have a significant advantage over electric vehicles 

when comparing refueling and recharging times. 
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Figure 3.3. Vehicle breakdown by type of propulsion system. 

 

3.1.1.1.3 Maturity Level 

Figure 3.4 shows the breakdown of UAM vehicles by maturity level. Out of 212 vehicles, 83 

vehicle data were unavailable for this tracked parameter. The current vehicle maturity levels, in 

order of most to least common, are flight test, subscale flight test, preliminary design, prototype 

build, ongoing certification, and certified. The first four (4) maturity levels, with the biggest 

difference of only 5%, occupy a combined market share of 94%. The two (2) remaining maturity 

levels together add up to 6%. Most vehicles in the complete database are still early in the design 

process. Still, about 1/3 of the vehicles have achieved the full-scale flight testing phase, and 5% of 

the vehicles are ongoing certification. The only vehicle that has been approved for flight is the 

LIFT Hexa, which has been approved under 14 CFR Part 103, conforming to the FAA's Powered 

Ultralight classification, for which FAA certification is not required or unavailable, as mentioned 

by LIFT Aircraft on its FAQ webpage (Lift Aircraft, 2021). 

 

Figure 3.4. Vehicle breakdown by maturity level. 

 

3.1.1.1.4 Certification Plans 

Figure 3.5 shows the breakdown of UAM vehicles by the certification agency. Out of 212 vehicles, 

159 vehicle data were not available for this tracked parameter. The fact that most of the vehicles 

do not specify which certification agency they will be working with highlights the early stage of 

most of these vehicles and the need for additional time before this can be defined. The planned 



156 

 

certification agency, in order of most to least common, are the FAA, EASA, Civil Aviation 

Administration of China (CAAC),  and others. With a difference of only 2% between each other, 

FAA and EASA cover 88% of the market. On the other hand, CAAC takes 10% of the share, and 

other agencies make up about 2%.  

Figure 3.6 provides deeper insight into the vehicles with planned or ongoing certifications under 

FAA (a) and EASA (b) guidelines. Out of 24 vehicles with the FAA regulatory framework, 14 

vehicle data were not available for this tracked parameter. The most to the least common types for 

FAA certification are 14 CFR Part 23, Part 21, Part 27, Part 103, Part 29, and Light Sport Aircraft 

(LSA). Vehicles with planned 14 CFR Part 23 certification lead the market share with 30%, while 

14 CFR Part 21, Part 27, and Part 103 have an equal distributed share of 60%. 14 CFR Part 29 

takes the remaining 10% of the share, and LSA has a share of 0%. On the other hand, out of 23 

vehicles with the EASA regulatory framework, 5 vehicle data were not available for this tracked 

parameter. The most to the least common types for EASA certification are SC-VTOL, CS-LSA, 

Ultralight, CS-UAS, and CS-23. Contrary to the vehicles with FAA regulatory framework, SC-

VTOL has the highest market share of 67%, followed by CS-LSA at 17%. Distributed almost 

equally among each other, Ultralight, CS-UAS, and CS-23 claim the remaining share percentage 

of 16%.  

 

Figure 3.5. Vehicle breakdown by certification agency (planned by OEMs). 

 

  
(a) (b) 

Figure 3.6. Intended section for Type Certif icate by OEMs from (a) FAA and (b) EASA. 
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3.1.1.1.5 MTOW 

Figure 3.7 shows the breakdown of UAM vehicles by the Maximum Takeoff Weight (MTOW). 

Of 212 vehicles, 84 vehicle data were unavailable for this tracked parameter. The most common 

maximum takeoff weight is under 2,000 lb. This frequency decreases as MTOW increases, with 

vehicles with an expected MTOW greater than 10,000 lb being the least common.  The lowest 

MTOW vehicles make up 64% of the market, whereas the highest MTOW vehicles only make up 

2%.  In terms of noise certification, if only MTOW is considered, most vehicles would be classified 

as light helicopters and therefore fall under 14 CFR Part 36 Appendix J.  

 

Figure 3.7. Vehicle breakdown by maximum takeoff weight (MTOW) [lb]. 

 

3.1.1.1.6 Mission Purpose 

Figure 3.8 shows the breakdown of UAM vehicles by the primary (a) and secondary (b) missions. 

Out of 212 vehicles, for this tracked parameter, 18 vehicle data were unavailable for the primary 

mission, and 44 were unavailable for the secondary mission. In order of most to least common, the 

primary missions of vehicles in the database are the air taxi, cargo, PAV, EMS, and regional. On 

the other hand, the most to the least common secondary missions are cargo, EMS, PAV, regional, 

and air taxi.  Based on the available information, about 25% of the vehicles studied will be multi-

purpose, which means the aircraft can carry out more than one type of mission, as shown in Figure 

3.8(b). Some manufacturers approach this multi-purpose by completely altering the interior of the 

main cabin such that there will be one fleet of vehicles for one mission type and another 

configuration for a different mission. Other manufacturers have designed the aircraft cabin to be 

modifiable by the user depending on the mission type. Another alternative proposed is a modular 

design; for example, a manufacturer may design the wings and rotors detachable from the main 

cabin and the landing gear, allowing the user to switch cabins depending on the mission. These 

considerations may affect the certification requirements of the aircraft.  
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(a) 

 

(b) 

Figure 3.8. Vehicles per (a) primary and (b) secondary mission purpose. 

 

3.1.1.1.7 Autonomy Level 

Figure 3.9 shows the breakdown of UAM vehicles by the autonomy level. Out of 212 vehicles, 26 

vehicle data were not available for this tracked parameter. The most to the least common autonomy 

levels are piloted, autonomous, and piloted remotely. The piloted vehicles dominate 54% of the 

market, while autonomous and piloted remotely vehicles take 41% and 5% of the market shares, 

respectively. While most manufacturers have chosen to design their aircraft for piloted missions, 

possibly due to the ease in certification, many others have planned on converting their vehicles to 

fully autonomous ones. That level of autonomy is highly desired amongst manufacturers since it 

would allow them to increase their passenger or cargo loads, increasing the potential revenue of 

each aircraft; however, this approach will need to be considered by regulatory agencies in the near 

future.  
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Figure 3.9. Vehicle breakdown by autonomy level. 

 

3.1.1.1.8 Estimated Total Payload 

Figure 3.10 shows the breakdown of UAM vehicles by the estimated total payload. Out of 212 

vehicles, 10 vehicle data were not available for this tracked parameter. The most to the least 

common estimated total payloads range from the order of the lightest to the heaviest. The analyzed 

trend shows that the lighter the payload, the more common the UAM vehicles. Vehicles with less 

than 500 lb payload dominate 53% of the market, followed by vehicles with less than 1000 lb 

payload, which take another 33%. Vehicles with payloads higher than 4000 lb see a market share 

of about 2%. From the vehicles with less than 500 lb payload, it is important to mention that 55% 

of those vehicles are either autonomous or piloted remotely, while 34% are piloted (no information 

available for the remaining 11%). In addition, 20% of those vehicles are reported to be used for 

cargo, 70% are intended for some sort of passenger transportation (air taxi, PAV, EMS, Regional), 

and no information was available for the remaining 10%. 

 

Figure 3.10. Vehicle breakdown by estimated total payload [lb]. 
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3.1.1.1.9 Maximum Cruise Altitude AGL 

Cruise altitude is specified in AGL since most UAM operations are expected to occur in metro 

areas surrounded by buildings and be relatively short in duration. Altitude in AGL makes the 

mission altitude somewhat independent of the sea level altitude for the operational area. 

Figure 3.11 shows the breakdown of UAM vehicles by the maximum cruise altitude Above Ground 

Level (AGL). Out of 212 vehicles, 184 vehicle data were not available for this tracked parameter. 

The most to the least common maximum cruise altitude AGL are 1,000 < h Ò 2,000 ft, 

500 < h Ò 1,000 ft, h Ò 500 ft, 2,000 < h Ò 4,000 ft, 6,000 < h Ò 7,000 ft, 4,000 < h Ò 6,000 ft. 

Vehicles operating at or below 2,000 ft make up 65% of the market, while those operating between 

2,000 and 7,000 ft take up the other 35%. No vehicles are expected to operate over 7,000 ft AGL. 

Again, the minimal information available regarding this specific parameter highlights the early 

stages of the design process for most of these UAM vehicles.  

 

Figure 3.11. Vehicle breakdown by maximum cruise altitude above ground level (AGL) [ft] . 

 

3.1.1.1.10 Maximum Operating Altitude MSL 

Different from the Maximum Cruise Altitude, Maximum Operational Altitude, on the other hand, 

is specified in terms of MSL. This is because aircraft performance depends on the absolute altitude 

of an operational area. The maximum mission altitude is limited by the aircraft altitude above sea 

level and is, therefore, not defined in terms of AGL. 

Figure 3.12 shows the breakdown of UAM vehicles by maximum operating altitude Mean Sea 

Level (MSL). Of 212 vehicles, 175 vehicle data were unavailable for this tracked parameter. The 

most to the least common maximum operating altitudes MSL are 10,000 < h Ò 20,000 ft, 

0 < h Ò 10,000 ft, and 20,000 < h Ò 40,000 ft. Vehicles operating between 10,000 and 20,000 ft 

altitude dominate the market with 62%, while those operating below 10,000 ft and above 20,000 

ft take 30% and 8%, respectively.  
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Figure 3.12. Vehicle breakdown by maximum operating altitude mean sea level (MSL) [ft] . 

 

3.1.1.1.11 Cruise Speed 

Figure 3.13 shows the breakdown of UAM vehicles by cruise speed. Out of 212 vehicles, 81 

vehicle data were not available for this tracked parameter. The database's most common cruise 

speed range for vehicles is between 120 and 180 mph, with 30% of the market share. The least 

common vehicles are those operating above 350 mph, with a 2% market share. Cruise speed ranges 

under 120 mph together makeup 46%, and the rest of the ranges between 180 and 350 mph take 

the remaining 22%.  

 

Figure 3.13. Vehicle breakdown by cruise speed [mph]. 

 

3.1.1.1.12 Endurance 

Figure 3.14 shows the breakdown of UAM vehicles by endurance. Out of 212 vehicles, 81 vehicle 

data were not available for this tracked parameter. The most common ranges for vehicle endurance 

are 0.25 < E Ò 0.5 hr, 0.5 < E Ò 0.75 hr, 0.75 < E Ò 1 hr, and 2 < E Ò 4 hr. These ranges contain 

72% of the market, followed closely by 1 < E Ò 2 hr endurance with 16%. In sum, the vehicles 

with endurance under 4 hours make up 93%, and those with endurance above 4 hours make up the 

remaining 7%.  
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Figure 3.14. Vehicle breakdown by Endurance [hr]. 

 

3.1.1.1.13 Airframe Material 

Figure 3.15 shows the breakdown of UAM vehicles by airframe material. Out of 212 vehicles, 127 

vehicle data were not available for this tracked parameter. The composite airframe vehicles 

overwhelming dominate the market with 87% while the composite + metallic and metallic vehicles 

take 9% and 4%, respectively. Even though this information is limited to only about 40% of the 

vehicles studied, it highlights the predisposition for using advanced materials.  

 

Figure 3.15. Vehicle breakdown by airframe material. 

 

3.1.1.1.14 Number of Lifting Propellers 

Figure 3.16 shows the breakdown of UAM vehicles by the number of lifting propellers. Of 212 

vehicles, 3 vehicle data were unavailable for this tracked parameter. The vehicles with 8 lifting 

propellers are the most common with 34% of the market, followed by 4 propellers vehicles with 

17% and 6 propellers vehicles with 9%. The remainder of the database is varied, with propeller 

count ranging up to 52 lifting propellers. Each of these propeller counts makes up about 5% or less 

of the market.  
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Figure 3.16. Vehicle breakdown by the number of lifting propellers, p. 

 

3.1.1.1.15 Number of Forward Propellers 

Figure 3.17 shows the breakdown of UAM vehicles by the number of forward propellers. Out of 

212 vehicles, 31 vehicle data were not available for this tracked parameter. The analyzed trend 

shows that the lower the number of forward propellers, the more common the UAM vehicles. The 

vehicles with no forward propellers make up 66% of the market, followed by 1 propeller vehicles 

with 24% and 2 propeller vehicles with 5%. For the rest of the vehicles with 3 to 10 propellers, 

each vehicle type takes less than 1% of the market. Typically, vectored thrust vehicles were 

classified as not having forward propellers. 

 

Figure 3.17. Vehicle breakdown by the number of forward propellers, fp. 

 

3.1.1.1.16 Number of Coaxial Propeller Sets 

Figure 3.18 shows the breakdown of UAM vehicles by the number of Coaxial Propeller (cp) sets. 

Of 212 vehicles, 5 vehicle data were unavailable for this tracked parameter. The vehicles with no 

coaxial propeller sets dominate 71% of the market, followed by 4cp vehicles with 20% and 8cp 

vehicles with 4%. For the rest of the vehicles with coaxial propeller sets from 1 to 6, each vehicle 

type makes up 2% or less of the market.  
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Figure 3.18. Vehicle breakdown by the number of coaxial propeller sets, cp. 

 

3.1.1.1.17 Target Operation Year 

Figure 3.19 shows the UAM vehicle operation readiness by the target year. Out of 212 vehicles, 

167 vehicle data were not available for this tracked parameter. Manufacturers are targeting that 

38% of the 45 vehicles with available projections will be fully operational by 2023. All 45 vehicles 

are expected to be in full service by 2030.  

 

Figure 3.19. Vehicle operation readiness by the target year. 

 

3.1.1.1.18 Type of Landing Gear 

Figure 3.20 shows the breakdown of UAM vehicles by the type of landing gear. Out of 212 

vehicles, 16 vehicle data were not available for this tracked parameter. The most common types 

of landing gear are skids/legs, followed by retractable tricycle gear and fixed tricycle gear. 

Vehicles with skids/legs landing gears account for 52% of the market, while retractable and fixed 

tricycle represent 24% and 20%, respectively. The vehicles with the remaining types of landing 

gear make up the other 4% of the market.  
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Figure 3.20. Vehicle breakdown by type of landing gear. 

 

3.1.1.1.19 Number of Passengers 

Figure 3.21 shows the breakdown of UAM vehicles by the number of passengers (for clarification, 

the pilot is not counted as a passenger). Out of 212 vehicles, 12 vehicle data were not available for 

this tracked parameter. Vehicles that carry one passenger are the most common, with 24% of the 

market, followed closely by zero-passenger vehicles with 22%, four-passenger vehicles with 20%, 

and two-passenger vehicles with 18%. Although the data is somewhat scattered, a subtle trend 

suggests that the more passengers the vehicles can carry, the less common it is. Each vehicle type 

makes up 3% or less of the market for vehicles carrying at least four or more passengers.  

From the 0 PAX category, 9% of these 45 vehicles do not provide enough information, 24% 

represent PAV mission vehicles that will be piloted by the user (not autonomous or remotely 

piloted), and 67% are related to cargo missions. Within the cargo mission vehicles, 90% claim to 

be either autonomous or remotely piloted, and only 7% are piloted; the remaining 3% do not 

provide enough information. 

 

Figure 3.21. Vehicle breakdown by the number of passengers. 
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3.1.1.1.20 Type of Battery 

Figure 3.22 shows the breakdown of UAM vehicle popularity by the type of battery (only for 

electric vehicles). Out of 120 electric vehicles, data for 75 vehicles were not available for this 

tracked parameter. The most common type of battery is Li -ion, followed by Li -Po and other non-

specified Lithium-based. Li -ion vehicles make up 53% of the market, while Li-Po and Lithium-

based batteries make 25% and 22%, respectively.  

 

Figure 3.22. Electric vehicle breakdown by type of battery. 

 

3.1.1.2 UAM Aircraft Main Characteristics Comparative Analysis for the Complete Database 

The following sections present comparisons between vehicle range and various parameters such 

as payload, cruise speeds, endurance, and the number of passengers for 212 vehicles in the 

complete database. However, it is noteworthy that some of these vehicles do not have the available 

data for all the parameters; thus, the comparisons only include the vehicles with the details for the 

studied parameters.  

3.1.1.2.1 Range vs. Payload 

Figure 3.23 shows the variation of total payload with respect to the range for different architecture 

vehicles. Most wingless multicopter vehicles have a short range of about 200 miles and a payload 

capacity of fewer than 1,000 lb, which are among the lowest values compared to other 

architectures. On the other hand, the lift  + cruise vehicles have ranges of close to 1,600 miles and 

payloads of up to 6,000 lb.  While electric rotorcraft seem to have a viable range and payload for 

short and light-haul missions, lift  + cruise vehicles are the most practical for longer-range and 

heavier missions. Between the extremes of the spectrum, the vectored thrust vehicles with a range 

of more than 1,200 miles and payload up to 5,500 lb are most suitable for moderate range and 

payload operations. 

To better illustrate the key takeaways from Figure 3.23, Table 3.1 shows the range and payload 

information of several UAM vehicles with different architectures from the database. Ehang 216 

and Volocopter Volocity, two wingless multicopter vehicles, have the shortest range of 22 miles 

and a payload of only 485 lb, whereas Pegasus Vertical BJ, a lift  + cruise vehicle, has the longest 

range of 1,320 miles and payload of 5,860 lb. The other vehicles with the vectored thrust 

configuration have a range between 60 to 190 miles and a payload capacity up to 992 lb. 
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Figure 3.23. Range [miles] vs. Estimated total payload [lb.]. 

 

Table 3.1. Range and payload information of several UAM vehicles.  

Vehicle Vehicle Architecture Range [miles] Estimated Total Payload [lb] 

Ehang 216 Wingless Multicopter 22 485 

Beta Alia-250c Lift + Cruise 288 1020 

Lilium Jet 4PAX Vectored Thrust 190 850 

Archer Marker 2 PAX Vectored Thrust 60 850 

Pegasus Vertical BJ Lift + Cruise 1,320 5,860 

Joby S4 1.0 Vectored Thrust 150 850 

Volocopter VoloCity Wingless Multicopter 22 441 

Vertical VA-X4 Vectored Thrust 100 992 

Hyundai S-A1 Vectored Thrust 60 850 

Pipistrel Nuuva V300 Lift + Cruise 1550 1014 

 

3.1.1.2.2 Range vs. Number of Passengers 

Figure 3.24 shows the number of passengers for each vehicle and the expected range for different 

vehicle architectures. Most wingless multicopter vehicles have a short range of about 200 miles 

and a transport capacity of two passengers, which are among the lowest values compared to other 

architectures. Lift  + cruise vehicles, on the other hand, have ranges up to 1,600 miles and a 

transport capacity of up to six passengers. While electric rotorcraft seem to have a viable range 

and transport capacity for short and light-haul missions, lift  + cruise vehicles are the most practical 

for longer-range and heavier missions. In between the extremes of the spectrum, the vectored thrust 
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vehicles with a maximum range of about 1,200 miles and transport capacity of up to nine people 

are most suitable for moderate range and a large number of passenger transport operations. 

To better illustrate the key takeaways from Figure 3.24, Table 3.2 shows the range and number of 

passengers of several UAM vehicles with different architectures from the database. Ehang 216, a 

wingless multicopter vehicle, has the shortest range of 22 miles and a transport capacity of only 

two passengers, whereas Beta Alia-250c, a lift  + cruise vehicle, has the longest range of 290 miles 

and a transport capacity of 5 passengers. The other vehicles with the vectored thrust configuration 

have a range between 150 to 190 miles and a transport capacity of four passengers.  

 

 

Figure 3.24. Range [miles] vs. Number of Passengers. 

Table 3.2. Range and number of passengers of several UAM vehicles. 

Vehicle Vehicle Architecture Range [miles] Number of Passengers 

Ehang 216 Wingless Multicopter 22 2 

Beta Alia-250c Lift + Cruise 290 5 

Lilium Jet 4PAX Vectored Thrust 190 4 

Wisk Cora Lift + Cruise 25 2 

Joby S4 1.0 Vectored Thrust 150 4 

Volocopter VoloCity Wingless Multicopter 22 1 

Vertical VA -X4 Vectored Thrust 100 4 

Hyundai S-A1 Vectored Thrust 60 4 

Pipistrel Nuuva V300 Lift + Cruise 1550 0 

Volocopter Voloconnect Lift + Cruise 62 4 
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3.1.1.2.3 Range vs. Cruise Speed:  

Figure 3.25 presents the cruise speed and range for different architecture vehicles. Most wingless 

multicopter vehicles have a short range of fewer than 200 miles and a cruise speed of about 100 

mph, which are among the lowest values compared to other architectures. Lift  + cruise vehicles, 

on the other hand, have ranges of up to 1,600 miles and cruise speeds up to nearly 500 mph. While 

electric rotorcraft seem to have a viable range and transport capacity for short and light-haul 

missions, lift  + cruise vehicles are the most practical for longer-range and faster missions. In 

between the spectrum extremes, vectored thrust vehicles have a wide variety of estimated ranges. 

Some of these vehicles have estimated ranges of nearly 400 miles cruise speeds comparable to 

lift  + cruise architectures. These vehicles are most suitable for moderate range and cruise speed 

operations. 

To better illustrate the key takeaways from Figure 3.25, Table 3.3 shows the range and cruise speed 

of several UAM vehicles with different architectures from the database. Ehang 216, a wingless 

multicopter vehicle, has the shortest range of 22 miles and a cruise speed of only 62 mph, whereas 

Pipistrel Nuuva300, a lift  + cruise vehicle, has the longest range of 1,550 miles and a cruise speed 

of 100 mph. The other vehicles with the vectored thrust configuration have a range between 50 to 

100 miles and cruise speeds between 75 to 175 mph.  

 

 

Figure 3.25. Range [miles] vs. Cruise speed [mph]. 
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Table 3.3. Range and cruise speed of several UAM vehicles. 

Vehicle Vehicle Architecture  Range [miles] Cruise Speed [mph] 

Ehang 216 Wingless Multicopter 22 62 

Vertical Aerospace VA-X4 Vectored Thrust 100 150 

Pipistrel Nuuva V300 Lift + Cruise 1,550 100 

Archer Marker 2 PAX  Vectored Thrust 60 150 

Lilium Jet 7 PAX Vectored Thrust 155 175 

Beta Alia-250c Lift + Cruise 288 170 

Volocopter Volocity Wingless Multicopter 22 62 

Hyundai S-A1 Vectored Thrust 60 180 

CityAirbus NextGen Vectored Thrust 50 75 

 

 

3.1.1.2.4 Range vs. Endurance 

Figure 3.26 shows the scatter plot of range against endurance for different architecture vehicles. 

Most wingless multicopter vehicles have a short range of about 200 miles and endurance of about 

1 hour, which are among the lowest values compared to other architectures. Lift  + cruise vehicles, 

on the other hand, have ranges of up to 1,600 miles and endurance of up to 12 hours. While electric 

rotorcraft seem to have a viable range and transport capacity for short and light-haul missions, 

lift  + cruise vehicles are the most practical for longer-range and endurance missions. In between 

the extremes of the spectrum, the vectored thrust vehicles with a range of about 1,200 miles and 

endurance of up to 13 hours are most suitable for moderate range and high endurance operations. 

To better illustrate the key takeaways from Figure 3.26, Table 3.4 shows the range and endurance 

of several UAM vehicles with different architectures from the database. Ehang 216 and Volocopter 

Volodrone, the wingless multicopter vehicles, have the shortest range between 22 to 25 miles and 

endurance of 0.4 and 0.5 hours, respectively, whereas Pipistrel Nuuva300, a lift + cruise vehicle, 

has the longest range of 1,550 miles and an endurance of 12 hours based on a cruised velocity of 

100 mph and a maximum speed of 137 mph. The other vehicles, Lilium Jet 4PAX and Lilium Jet 

7PAX, with the vectored thrust configuration, have a range between 155 and 186 miles and an 

endurance of 1 hour. 

 

Table 3.4. Range and endurance of several UAM vehicles. 

Vehicle Vehicle Architecture Range [miles] Endurance [hr]  

Ehang 216 Wingless Multicopter 22 0.4 

Lilium Jet 4PAX Vectored Thrust 186 1 

Lilium Jet 7PAX Vectored Thrust 155 1 

Wisk Cora Lift + Cruise 60 0.5 

Pipistrel Nuuva V300 Lift + Cruise 1,550 12 

Volocopter Volodrone Wingless Multicopter 25 0.5 
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Figure 3.26. Range [miles] vs. Endurance [hr]. 

 

3.1.1.2.5 Manufacturers per Country:  

Figure 3.27 shows the total number of manufacturers per country from the complete database until 

June 2021. The top countries with the highest number of manufacturers are the USA, Germany, 

France, Russia, and the UK. The US leads the global market with 54 manufacturers, followed by 

Germany and France with 14 and 9 manufacturers, respectively. As the UAM market becomes 

more popular, the number of manufacturers is expected to increase accordingly.  
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Figure 3.27. Total number of UAM vehicle manufacturers per country. 

 

3.1.2 Top 10+ Vehicles Subset 

It is reasonable to expect that only a few vehicles from the complete database will successfully 

take their designs to the operation phase.  With this in mind, the entire database was reduced to the 

vehicles with the highest likelihood of succeeding from the Top 12 OEMs based on the AAM 

Reality Index (ARI).  Table 3.5, updated on February 21, 2022, shows the Top 12 OEMs of the 

database and a total of 18 vehicles. 

The ARI is a rating tool that is described as follows by their developers SMG Consulting: ñbased 

on a proprietary formula that uses publicly available information as well as expert knowledge. It 

helps assess the industry entrants' progress toward the delivery of a certified product at mass-scale 

production. While at launch, 14 OEMs were rated, the tool is periodically updated to include new 

entrants as well as any new information on existing entrants. We plan to expand the tool to other 

areas of the AAM ecosystem. The tool is unbiased and data-based. It is not meant as an 

endorsement or a critique of any specific company, but as a simple, easy-to-use guide to the 

complexities of the AAM industryò (SMG Consulting LLC, 2022).  

The ARI is based on five elements: 

1. The funding received by the company 

2. The leading team 

3. The technology readiness  

4. The certification progress 

5. The production readiness toward full -scale manufacturing 
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Table 3.5. Top 12 OEMs and their 18 VTOL vehicles studied. Data from (SMG Consulting LLC, 2022). 

Rank OEM ARI  Funding [$M] Vehicles Country  

1 Joby Aviation 8.4 $1,844.6 S4 USA 

2 Beta Technologies 7.8 $511.0 Alia S250c USA 

3 Lilium 7.8 $938.0 
Jet 4 PAX 

Jet 7 PAX 
Germany 

4 Wisk 7.5 
Corporate 

backed 
Cora USA 

5 Ehang 7.4 $132.0 

EH 216 

EH 216L 

EH 116 

China 

6 Volocopter 7.3 $376.6 

VoloCity 

Volcanic 

VoloDrone 

Germany 

7 Pipistrel 7.2 
Corporate 

backed 
Nuuva V300 Slovenia 

8 Archer 7.2 $856.3 
Maker 2 PAX 

Maker 5 PAX 
USA 

9 Airbus 7.0 
Corporate 

backed 

CityAirbus 

NextGen 
France 

10 Hyundai 6.7 
Corporate 

backed 
S-A1 South Korea 

11 Astro Aerospace N/A N/A Elroy USA 

12 Vertical Aerospace N/A $294.0 VA-X4 UK 

 

 

3.1.2.1 Top 10+ Subset Database Breakdown 

This section presents similar analyses done in Section 3.1.1 but with a focus on the top 18 vehicles 

subset database rather than the complete database with 212 vehicles. This more focused analysis 

aims to provide a deeper insight into the market conditions since these top vehicles have the best 

chances to succeed in the operation phase.  
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3.1.2.1.1 Vehicle Architecture 

Figure 3.28 shows the breakdown of top UAM vehicles by architecture. Data were available for 

all 18 vehicles. Vehicle architectures, in order of most to least common, are vectored thrust, 

wingless multicopter, and lift  + cruise. The vectored thrust dominates 45% of the market, followed 

by the wingless multicopter share of 33%, and lift + cruise share of 22%. No electric rotorcraft are 

in this subset.  Electric rotorcraft is the closest configuration to conventional rotorcraft and, 

therefore, is the configuration where the industry has more knowledge and experience; however, 

none of the companies included in the Top 10+ database subset chose this configuration.  

 

Figure 3.28. Top vehicles ï Architecture. 

 

3.1.2.1.2 Type of Propulsion System 

Figure 3.29 shows the breakdown of top UAM vehicles by type of propulsion system. Data were 

available for all 18 vehicles. Ninety-four percent of the designs utilize electric propulsion, while a 

single design uses a hybrid system.  

 

Figure 3.29. Top vehicles ï Type of propulsion system. 

 

3.1.2.1.3 Maturity Level 

Six vehicles from the Top 10+ database have claimed they are working with authorities to certify 

their aircraft for flight.  Table 3.6 summarizes those vehicles along with the agencies and the Parts 

under which they are planning to be certified. Figure 3.30 illustrates the maturity level for the top 
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10+ vehicles set studied. Out of 18 top vehicles, 4 vehicle data were not available for this tracked 

parameter. The most common maturity level is ongoing certification, followed by prototype build, 

subscale flight test, and full-scale flight test. The ongoing certification vehicles comprise 43% of 

the market, nearly doubling the prototype build vehicles of 22% and subscale flight test vehicles 

of 21%. The remaining 2% belongs to full -scale flight test vehicles. 

 

Figure 3.30. Top vehicles ï Maturity level. 

 

Table 3.6. Top vehicles and their Type Certificate approach. 

OEM Vehicle Agency Part  

Joby S4 1.0 FAA Part 23 

Lilium  Jet 4 PAX EASA SC-VTOL 

Ehang 216 CAAC N/A 

Wisk Cora FAA N/A 

Volocopter VoloCity EASA SC-VTOL 

Astro Aerospace Elroy FAA N/A 

 

 

3.1.2.1.4 Certification Plans 

Figure 3.31 shows the breakdown of top UAM vehicles by the certification agency. Out of 18 

vehicles, data were not available for four vehicles. The most to least common certification agencies 

are EASA, FAA, and CAAC. With a difference of 7% between each other, FAA and EASA 

together comprise 79% of the market.  

Figure 3.32 provides more insight into the top vehicles with ongoing certification under FAA (a) 

and EASA (b) guidelines. Only one of the five vehicles with ongoing FAA certification had 

available data. The Joby S4 1.0 vehicle is ongoing certification under Part 23. All  six vehicle data 

with the ongoing EASA certification were available for this tracked parameter. Under the EASA 

guidelines, the common types of certification are SC-VTOL and CS-UAS. SC-VTOL has the 

highest market share of overwhelmingly 83%, while CS-UAS takes the remaining share of 17%. 
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Figure 3.31. Top vehicles ï Certification agency. 

  
(a) (b) 

Figure 3.32. Top vehicles ï (a) FAA certification and (b) EASA certification. 

 

3.1.2.1.5 MTOW 

Figure 3.33 shows the breakdown of top UAM vehicles by MTOW. Out of 18 vehicles, data were 

not available for five of the vehicles. The most common MTOW range for a vehicle is under 2,000 

lb, followed by ranges between 6,000 lb and 10,000 lb and 2,000 to 4,000 lb. The trend analyzed 

from this data suggests that the lower the MTOW, the more popular the UAM vehicles. The 

MTOW vehicles with less than 6,000 lbs make up 69% of the market. The remaining 31% belongs 

to vehicles with MTOW between 6,000 and 10,000 lbs. No vehicles in this subset have MTOW 

exceeding 10,000 lb.  

 

Figure 3.33. Top vehicles ï Maximum takeoff weight (MTOW) [lb]. 
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3.1.2.1.6 Mission Purpose  

Figure 3.34 shows the breakdown of top UAM vehicles by the primary (a) and secondary (b) 

missions. Data were available for the primary mission of all 18 vehicles. Secondary mission data 

was not available for 12 of the 18 vehicles. Air taxi is the most common primary mission, followed 

by cargo, regional, and PAV. On the other hand, the most to least common secondary missions are 

cargo, PAV, and air taxi. Most vehicles are being designed and constructed to operate as air taxis, 

but as with those in the complete database, some vehicles have a secondary mission. Some 

manufacturers approach these multi-purpose missions by modifying the vehicle as required. Some 

modifications include removing or adding the passenger seats to switch between air taxi to cargo 

and vice-versa, like BETA ALIA-250c. 

 
(a) 

 
(b) 

Figure 3.34. Top Vehicles ï Mission Purpose (a) primary and (b) secondary. 

 

3.1.2.1.7 Autonomy Level 

Figure 3.35 shows the breakdown of top UAM vehicles by the autonomy level. Data were available 

for all 18 vehicles. The piloted vehicles comprise 61% of the market, while autonomous and 

piloted remotely vehicles make 28% and 11% of the market shares, respectively.  Even though the 

certification progress and the technology readiness play a role in the ARI score, a few vehicles in 

the Top 10+ subset are designed to operate autonomously. Table 3.7 presents the autonomous 

vehicles found in this subset. 
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Figure 3.35. Top vehicles ï Autonomy level. 

 

Table 3.7. Top 10+ Subset Autonomous Vehicles 

OEM Vehicle Vehicle Type Maturity  PAX 
Target 

Operation Year 

Wisk Cora Lift+Cruise Ongoing Certification 2 2024 

Ehang 216 Wingless Multicopter Ongoing Certification 2 2025 

Ehang 116 Wingless Multicopter N/A 1 N/A 

Pipistrel Nuuva V300 Lift+Cruise N/A 0 2023 

Astro 

Aerospace 
Elroy Wingless Multicopter Ongoing Certification 1 N/A 

 

3.1.2.1.8 Estimated Total Payload 

Figure 3.36 shows the breakdown of top UAM vehicles by the estimated total payload. Data were 

available for all 18 vehicles. Vehicles with payloads between 500 and 1,000 lb compose 50% of 

the market, followed by vehicles with payloads less than 500 lb, which make up another 33%. 

Vehicles with payloads higher than 1000 lb see a market share of about 17%.  

 

Figure 3.36. Top vehicles ï Estimated total payload [lbs]. 
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3.1.2.1.9 Maximum Cruise Altitude AGL 

Figure 3.37 shows the breakdown of top UAM vehicles by maximum cruise altitude (AGL). Out 

of 18 vehicles, data were not available for 15. Two vehicles are intended to operate between 1,000 

and 2,000 ft AGL, while the other with available data is slated to operate between 4,000 and 6,000 

ft. This parameter again highlights that even for the most ñdevelopedò vehicles, some operational 

characteristics are still unavailable or not yet defined.  

 

Figure 3.37. Top vehicles ï Maximum cruise altitude above ground level (AGL) [ft]. 

 

3.1.2.1.10 Maximum Operating Altitude MSL 

Figure 3.38 shows the breakdown of top UAM vehicles by maximum operating altitude MSL. As 

for the previous parameter, very limited information is available. Out of 18 vehicles, data were not 

available for 13 of them. Of the vehicles with available data, four intend to operate below 10,000 

ft above MSL, and the remaining vehicle below 20,000 ft. No vehicles are intended to operate 

above 20,000 ft.  

 

Figure 3.38. Top vehicles ï Maximum operating altitude mean sea level (MSL) [ft]. 

 

3.1.2.1.11 Cruise Speed  

Figure 3.39 shows the breakdown of top UAM vehicles by cruise speed. Out of 18 vehicles, data 

were not available for four (4) vehicles. The most common cruise speeds are between 120 and 180 
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mph, with 43% of vehicles with available data, and between 60 and 80 mph with 36%. No vehicles 

are expected to operate above 180 mph. The other cruise speeds make up the remaining 21%. 

 

Figure 3.39. Top vehicles ï Cruise speed [mph]. 

 

3.1.2.1.12 Endurance 

Figure 3.40 shows the breakdown of top UAM vehicles by endurance. Out of 18 vehicles, data 

were not available for six vehicles. Seven vehicles (64% of this subset) expect to have an 

endurance between 0.25 and 0.5 hr. Vehicles with endurance between 0.75 and 1 hour make up 

another 18%. No vehicles in this subset expect to have an endurance of less than a quarter-hour. 

Note that only one vehicle has an endurance greater than 2 hours, the Pipistrel Nuuva 300. This 

aircraft is a lift  + cruise vehicle with an endurance of 12 hours that will be used for cargo 

operations.  

 

Figure 3.40. Top vehicles ï Endurance [hr]. 
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3.1.2.1.13 Airframe Material 

Figure 3.41 shows the breakdown of top UAM vehicles by airframe material. Out of 18 vehicles, 

data were not available for eight vehicles. Seven of the vehicles in this subset plan to use composite 

airframes, while the remaining three anticipate using a composite + metallic airframe. No 

companies in this subset anticipate relying on a completely metallic airframe. 

 

Figure 3.41. Top vehicles ï Airframe Material. 

 

3.1.2.1.14 Number of Lifting Propellers 

Figure 3.42 shows the breakdown of top UAM vehicles by the number of lifting propellers. Data 

were available for all 18 vehicles. The most common are vehicles with 8, 12, and 16 lifting 

propellers. Each configuration represents 22% of this subset, followed by 18 and 36 propellers 

vehicles with 11%.  

 

Figure 3.42. Top vehicles ï Number of lifting propellers, p. 

 

3.1.2.1.15 Number of Forward Propellers 

Figure 3.43 shows the breakdown of the top UAM vehicles by the number of forward propellers. 

Out of 18 vehicles, data were not available for eleven (11) vehicles. Vehicles with single and no 

forward propellers are the most common. Each represents 43% of the market, followed by 2 

propellers vehicles with the remaining 14%. Designs with 3 to 10 propellers are not present in this 

Top 10+ subset. 
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Figure 3.43. Top vehicles ï Number of forward propellers.  

 

3.1.2.1.16 Number of Coaxial Propeller Sets 

Figure 3.44 shows the breakdown of top UAM vehicles by the number of coaxial propeller sets. 

Out of 18 vehicles, data were available for all but one vehicle.  Most vehicle designs (twelve) do 

not plan to utilize coaxial propellers, while four plan to utilize eight coaxial propellers.  

 

 

Figure 3.44. Top vehicles ï Number of coaxial propeller sets. 

 

3.1.2.1.17 Target Operation Year 

Figure 3.45 shows the top UAM vehicle operation readiness by the target year. Out of 18 vehicles, 

data were not available for six vehicles in this subset. Most of the vehicles included in the subset, 

about 83%, plan to start operations in or before 2025. The remaining portion of vehicles is planning 

on operating before the end of the decade. Considering that only 6 vehicles are currently ongoing 

certification, this date may have to be extended. Table 3.8 presents the top 10+ subset vehicles and 

their target operation year. 
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Figure 3.45. Top vehicles ï Target operation year. 

 

Table 3.8. Top 10+ Subset Vehicles ï Target Operation Year Summary 

OEM Vehicle Vehicle Type Maturity  
Autonomy 

Level 

Target 

Operation Year 

Joby S4 1.0 Vectored Thrust 
Ongoing 

Certification 
Piloted 2024 

Beta 

Technologies 
ALIA -250c Lift+Cruise Flight Test Piloted 2023 

Lilium  Jet 4 PAX Vectored Thrust 
Ongoing 

Certification 
Piloted 2025 

Lilium  Jet 7PAX Vectored Thrust #N/A Piloted 2024 

Wisk Cora Lift+Cruise 
Ongoing 

Certification 
Autonomous 2024 

Ehang 216 
Wingless 

Multicopter 

Ongoing 

Certification 
Autonomous 2025 

Ehang 216L 
Wingless 

Multicopter 
#N/A 

Piloted 

Remotely 
#N/A 

Ehang 116 
Wingless 

Multicopter 
#N/A Autonomous #N/A 

Volocopter Volodrone 
Wingless 

Multicopter 
Flight Test 

Piloted 

Remotely 
#N/A 

Volocopter Voloconnect Lift+Cruise 
Subscale Flight 

Test 
Piloted 2026 

Volocopter VoloCity 
Wingless 

Multicopter 

Ongoing 

Certification 
Piloted 2023 

Pipistrel Nuuva V300 Lift+Cruise #N/A Autonomous 2023 

Archer 

Aviation 
Maker Vectored Thrust 

Subscale Flight 

Test 
Piloted 2024 

Archer 

Aviation 
Five Seater Vectored Thrust 

Subscale Flight 

Test 
Piloted #N/A 

Airbus 
CityAirbus 

NextGen 
Vectored Thrust Prototype Build Piloted  

Hyundai S-A1 Vectored Thrust Prototype Build Piloted 2028 

Astro 

Aerospace 
Elroy 

Wingless 

Multicopter 

Ongoing 

Certification 
Autonomous #N/A 

Vertical 

Aerospace 
VA-X4 Vectored Thrust Prototype Build Piloted 2024 
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3.1.2.1.18 Type of Landing Gear 

Figure 3.46 shows the breakdown of top UAM vehicles by the type of landing gear. Data were 

available for all 18 vehicles in this subset. Half of the vehicle designs include skids/legs. Of the 

remaining half, retractable tricycle gear is slightly favored. In general, skids or legs designs allow 

for weight reduction, while a tricycle configuration allows the vehicle to take off and land 

conventionally if required and provides a benefit in terms of aerodynamic drag. Another 

consideration is that a fixed landing gear typically results in higher drag and noise, while 

retractable landing gear systems are generally heavier.  

 

Figure 3.46. Top vehicles ï Landing gear type. 

 

3.1.2.1.19 Number of Passengers 

Figure 3.47 shows the breakdown of top UAM vehicles by the number of passengers (for 

clarification, the pilot is not counted as a passenger). Data were available for all 18 vehicles of this 

subset. Vehicles that carry 4 passengers are the most common, with 44% of the subset, followed 

closely by 1 passenger vehicle with 22%, and 2 passenger vehicles with 17%. One of the vehicles' 

primary missions is as a cargo aircraft, therefore not carrying any passengers. The two vehicles 

presented in the 0 PAX category correspond to cargo missions where one vehicle is autonomous, 

and the other is piloted remotely. 

 

Figure 3.47. Top vehicles ï Number of passengers. 
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3.1.2.1.20 Type of Battery 

All of the vehicles comprised in the Top 10+ subset, for which the battery type is available (6/18), 

use Li-ion batteries. 

3.1.2.1.21 Pipistrel Nuuva 300 

Table 3.9 shows the specifications of the Pipistrel Nuuva 300, which has the longest range and 

endurance among the top 18 vehicles. It also has a cruise speed of 100 mph and a payload capacity 

of 3,750 lb. Since it is designed for the cargo transport category, it does not carry any passengers. 

With these specifications, Pipistrel Nuuva 300 is an outlier when compared to the other top UAM 

vehicles.  

Table 3.9. Pipistrel Specifications. 

Vehicle Range 

[miles] 

Cruise 

Speed 

[mph]  

Max Cruise 

Speed 

[mph]  

Payload 

[lb]  

Endurance 

[h]  

Number of 

Passengers 

Propulsion 

System 

Pipistrel 
Nuuva 300 

1,550 100 137 1014 12 0 (Cargo) Hybrid 

 

3.1.2.2 UAM Aircraft Main Characteristics Comparative Analysis for the Top 10+ Subset 

The following section compares the range with payload, cruise speeds, endurance, and the number 

of passengers for the top 10+ vehicles. However, it is noteworthy that some of these vehicles do 

not have the available data for all the parameters; thus, the comparison results only include the 

vehicles with the details for the studied parameters.  

3.1.2.2.1 Range vs. Payload 

Figure 3.48 shows the range and payload for the top 10+ vehicles with different architectures. The 

wingless multicopter vehicles have a short range of fewer than 50 miles and a payload capacity of 

about 450 lb, which are among the lowest values compared to other architectures. On the other 

hand, the lift + cruise vehicles have ranges of up to approximately 1,500 miles and payloads of up 

to 1,020 lb. The vectored thrust vehicles with a range of about 200 miles and payload up to 1,200 

lb are most suitable for moderate range and payload operations. These trends are consistent with 

those observed in the complete database. 

 

Figure 3.48. Top vehicles ï Range vs. Payload. 
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3.1.2.2.2 Range vs. Number of Passengers 

Figure 3.49 presents the range and number of passengers for the top 10+ vehicles with different 

architectures. Wingless multicopter vehicles have a short range of fewer than 50 miles and a 

transport capacity of 2 passengers, which are among the lowest values compared to other 

architectures. Lift  + cruise vehicles that carry passengers have a similar range when transporting 

up to 4 occupants. The lift + cruise configuration that doesnôt carry passengers has a longer range 

of about 1,500 miles. The vectored thrust vehicles with a range of about 200 miles and transport 

capacity of up to 6 people are most suitable for moderate range and a large number of passenger 

transport operations. 

 

 

Figure 3.49. Top vehicles ï Range vs. Number of passengers. 

 

3.1.2.2.3 Range vs. Cruise Speed 

Figure 3.50 shows the range and cruise speed for top vehicles with different architectures. The 

wingless multicopter vehicles have a short range of fewer than 50 miles and a cruise speed of about 

60 mph, which are among the lowest values compared to other architectures. Passenger-carrying 

lift + cruise vehicles have intermediate-range and cruise speed when compared to wingless 

multicopters and vectored thrust vehicles.  On the other hand, the cargo lift + cruise vehicle has a 

range of up to about 1,500 miles and cruise speeds of 100 mph. The vectored thrust vehicles with 

a range of about 200 miles and cruise speed up to 180 mph are most suitable for moderate range 

and cruise speed operations. 
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Figure 3.50. Top vehicles ï Range vs. Cruise Speed. 

 

3.1.2.2.4 Range vs. Endurance 

Figure 3.51 shows the scatter plot of range against endurance for the top 10+ vehicles with different 

architectures. The wingless multicopter vehicles have a short range of fewer than 50 miles and an 

endurance of about 0.5 hours, which are among the lowest values compared to other architectures. 

On the other hand, lift  + cruise vehicles have shown the capacity to reach ranges of up to about 

1,600 miles and endurance of up to 12 hours when in cargo configuration. Vectored thrust vehicles 

with a range of about 200 miles and endurance of up to 1 hour are most suitable for moderate range 

and high endurance operations. 

 

 

Figure 3.51. Top vehicles ï Range vs. Endurance. 

 

3.1.3 UAM Classification Conclusions 

The results, discussed in Sections 3.1.1 and 3.1.2, provide a detailed overview of the main 

characteristics of the UAM vehicles being developed. These results allow for identifying trends 

and differences between the different propulsion methods considered. It is important to note that 

most UAM vehicles are still in the design phase and not yet ready to enter into service. However, 

the OEMs are in the race to get their vehicles into the operation phase, which could accelerate the 

growth of the UAM market in the next few years. 
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Analyzing the results from both previous sections, Figure 3.52 shows the breakdown of the top 18 

and remaining vehicles from the complete database per architecture. As discussed in Section 3.1.2, 

the top vehicles have a more realistic chance of succeeding in operations, as indicated by their ARI 

scores (see Table 3.5). The observed trend from Figure 3.52 is that the higher the number of 

vehicles for a particular architecture from the complete database, the higher number of top vehicles 

for the same architecture. For example, in Figure 3.52, vectored thrust is the most common, with 

89 vehicles and the highest number of top vehicles. On the other hand, electric rotorcraft vehicles 

have the least number, and at the time of this study, none of them receives an ARI score high 

enough to earn a place in the top 18 vehicles. This study suggests that the OEMs are most interested 

in investing in vectored thrust architecture than any other architecture.  

 
Figure 3.52. Number of vehicles vs. architecture (Top 10+ and other vehicles). 

 

Even though vectored thrust vehicles appear to be the desired choice of architecture based on their 

high number of top vehicles, Figure 3.53 provides a deeper insight into the competition by showing 

the max and min ARI scores per architecture. While vectored thrust configuration has the highest 

ARI score, it also has the lowest minimum score of only 6.7 among the top vehicle architectures. 

On the other hand, lift + cruise and wingless multicopter architectures have a minimum ARI score 

of 7.2 and 7.3, respectively, indicating that these architectures also have a reasonable probability 

of succeeding. Interestingly, wingless multicopterôs max and min ARI scores are nearly identical 

and different by only 0.1. Based on these numbers and considering the many variables presented 

in the operation competition, currently vectored thrust architectures seem to have the best chance 

of succeeding, while lift + cruise and wingless multicopter are close behind.  
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Figure 3.53. ARI max and min per architecture (Top 10+). 

 

Lastly, to understand better the reasons behind the OEMsô interest in each of the architectures, 

Figure 3.54 compares their overall performance by showing the normalized values of four critical 

variables ï cruise speed, endurance, max range, and total payload. The normalization was done 

against the maximum value in each variable category to help visualize and compare these top 

vehicles easier. Of the 18 vehicles, 6 vehicles (2 per architecture) were selected based on their 

range's maximum and minimum values. The range variable was used to determine the vehicles 

because of their availability for most of them. It is essential to point out that the high endurance 

and max range of the lift + cruise configuration are because of one vehicle (Pipistrel Nuuva 300 ï 

see Table 3.9). However, if Pipistrel Nuuva 300 is treated as an outlier, vectored thrust would show 

the best performance for all four variables. Vectored thrust vehicles excel in long-distance, fast, 

and heavy transport missions compared to the other architectures, which is consistent with the high 

from the OEMs.  

 

Figure 3.54. Normalized variables for max. and min. vehicle architecture (Top 10+).  
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To provide more insight into the data, Figure 3.55 shows an alternative analysis of Figure 3.54 by 

excluding the Pipistrel Nuuva 300 and replacing it with the second best lift + cruise vehicle in 

terms of range, Beta Technologies Alia-250c (indicated by dark blue color). Following the same 

approach for normalization as discussed previously, it is observed that vectored thrust vehicles 

also excel in endurance on top of the payload and cruise speed, with the caveat that there is no 

available endurance data for the Alia-250c. Even without Pipistrel Nuuva 300, lift + cruise 

vehicles remains the top performer in term of max range. The wingless multicopterôs position is 

unchanged in both analyses as the last performer for all categories.  

 

Figure 3.55. Normalized variables for max. and min. vehicle architecture (Top 10+ w/o Pipistrel Nuuva 

300). 

 

3.2 Task II ï Regulatory Standards Applicability  

As described by De Florio, ñregulations are intended to promote safety by eliminating or mitigating 

conditions that can cause death, injury, or damageò (De Florio, 2016). For the UAM aircraft 

industry, the conditions necessary to define these certification regulations and standards are still 

unknown. As a result, the UAM industry and the regulatory authorities will initially define these 

regulations and standards based on historical knowledge from traditional commercial aircraft used 

for both passenger and cargo operations. These regulations and standards are expected to evolve 

as more information specific to these novel vehicles is obtained.  

From the regulatory agencies' point of view, several aspects constitute a challenge to the 

certification process of the UAM aircraft, including but not limited to the distributed propulsion, 

the energy storage and distribution systems, the usage of automated systems, and the variety of 

non-conventional architectures (as presented on Section 3.1). For instance, even though UAM 

aircraft are mainly designed for VTOL operations and could use the normal rotorcraft standards 

for type certificate (specified in 14 CFR Part 27 or CS-27), electric battery requirements are not 

contemplated on those standards. Moreover, some UAM aircraft can be configured from VTOL to 

Conventional Take-off and Landing (CTOL), depending on the mission type, to increase the 
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payload weight, e.g., Sabrewing Raegal RG-1 (Sabrewing Aircraft Company), which could require 

them to use the normal category standards for type certificate (14 CFR Part 23 or CS-23). 

This section presents the approach that EASA and the FAA are currently using for UAM-eVTOL 

aircraft type certificates, as most OEMs will seek certification for their aircraft through those 

agencies, as shown in Figure 3.5 and Figure 3.31. Also, it discusses technical and regulatory 

aspects regarding aircraft crashworthiness, battery crash resistance, and noise found at the time of 

writing this document. 

3.2.1 Regulatory Agencies Approach for UAM Type Certificate 

As defined in 14 CFR Part 3 § 3.5, the term ñairworthyò means that an aircraft (or aircraft 

component) conforms to its type design and demonstrate the requirements for its safe operation. 

Considering the UAM aircraft's particular characteristics, maintaining the same airworthiness level 

will be challenging using the current regulations for normal-category airplanes (14 CFR Part 23 or 

CS-23) and normal-category rotorcraft (14 CFR Part 27 or CS-27). Consequently, this might drive 

the regulatory agencies to elaborate tailored standards for each aircraft, which will eventually 

strain the certification process (see Figure 3.56). 

 

 

Figure 3.56. UAM architectures with respect to the traditional certification categories. 

 

Currently, the regulatory agencies have worked either on adapting the existing standards to cover 

the UAM systems, technology, and operations that apply to them or creating new regulations to 

account for the fundamental differences that these vehicles present from the traditional aircraft. 

For example, as defined by EASA, ñthe distinction from conventional aeroplanes is based on the 

VTOL capability of the aircraft while the distinction from conventional rotorcraft is based on the 

use of distributed propulsion, specifically when more than two lift/thrust units are used to provide 

lift during vertical take-off or landingò (European Union Aviation Safety Agency, 2019).  

One of the components these novel aircraft present are the engines and propellers, and their path 

for certification has several unknowns. Besides the technological challenges those components 

present for certification efforts, there is also the doubt if those components might be certified 

independently or if they should be certified with the whole aircraft. Although this document does 

not go into detail about the certification of a particular component, this is a good case scenario to 
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present the FAA and the EASA approach. While the FAA does not provide a specific path, those 

components can be certified independently using some sections of Part 33 and some of the 

accepted ASTM MOCs for Part 23 Amdt. 23-64 (i.e., on ASTM F3064 and F3065). On the other 

hand EASA, on their Special Condition VTOL.2400(b) (European Union Aviation Safety Agency, 

2019) requires ñthe engine, propeller, and auxiliary power unit to be certifiedò. Furthermore, on 

MOC.VTOL.2400(b), from MOC SC-VTOL Issue 2 (European Union Aviation Safety Agency, 

2021b), EASA accepts the Special Condition E-19 as a specification to be met by electric/hybrid 

lift/thurst units that are installed on VTOL aircraft. From this, it is understood that those 

components can be certified independently  

This section briefly discusses the approach that EASA and the FAA use to address the certification 

of UAM vehicles. Even though both agencies agree on using the traditional certification 

requirements as a starting point, the former is creating a new set of rules specific for VTOL aircraft, 

while the latter is modifying the current regulatory framework to readily adapt to new technologies 

(Thompson, 2018). Since there are several stages of the certification process, the present section 

will mainly focus on the Type Certificate (TC), which is the foundation for other approvals, 

including the Production Certificate (PC) and the Airworthiness Certificate. A TC is a design 

approval issued by the regulatory agencies that demonstrate that a product complies with the 

pertinent regulations (Federal Aviation Administration, 2005).  

3.2.1.1 European Union Aviation Safety Agency (EASA) 

After reviewing more than 150 VTOLs, EASA identified the possibility of applying the same 

certification standards for traditional airplanes (CS-23) and rotorcraft (CS-27) to UAM vehicles, 

with some modifications where needed. Using this path to certify these novel vehicles will lead to 

two significant problems in the future. The first one is that it requires particular considerations to 

develop the modifications needed for each aircraft, which will not ensure equal treatment for all 

applicants. The second one is that CS-23 and CS-27 have significant differences. Therefore, 

depending on which one was used as a certification starting point, some aircraft architectures (or 

configurations) might present some advantages over others. For this reason, in 2019, EASA 

published a complete set of dedicated technical specifications in the form of a special condition 

for Small-Category VTOL aircraft (European Union Aviation Safety Agency, 2019). This 

document intends to create a consistent certification framework for all applicants, ensuring a 

comparable level of safety without limiting technical innovation.  

The certification requirements introduced on the EASA Special Condition VTOL document 

(European Union Aviation Safety Agency, 2019) are primarily based on the CS-23 Amdt. 5, with 

additional elements from CS-27, as well as new elements to address the new technologies 

presented by these vehicles where needed and establish the safety and design objectives of the 

aircraft. In this document, EASA also introduced two certification categories for this special 

condition depending on the nature and risk of the particular VTOL mission; the Basic and the 

Enhanced. For Category Enhanced, the aircraft will be required to satisfy all the conditions for a 

continued safe flight and landing and to continue to the original destination, or an alternate 

vertiport, after failure. For Category Basic, the aircraft will need to meet the controlled emergency 

landing requirements, e.g., controlled glide or autorotation.  

Later, in May 2020, EASA released the first Proposed Means of Compliance with the Special 

VTOL (MOC SC-VTOL), Issue 1 (European Union Aviation Safety Agency, 2020). This 
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document provides the means necessary to demonstrate compliance with the safety and design 

objectives described in the Special Conditions and clarifies the interpretation of these objectives 

as requested by the applicants. Lastly, based on feedback from industry and other regulatory 

agencies obtained through the Comment Response Document (CRD) for MOC SC-VTOL Issue 1 

(European Union Aviation Safety Agency, 2021a), EASA released in May 2021 an updated 

version of this proposed means of compliance: Means of Compliance with the Special VTOL 

(MOC SC-VTOL), Issue 2 (European Union Aviation Safety Agency, 2021b).  

Following the same methodology, in June 2021, the Second Publication of Proposed Means of 

Compliance with the Special Condition VTOL (MOC-2 SC-VTOL), Issue 1 (European Union 

Aviation Safety Agency, 2021c) was released. This second publication proposes new MOCs and 

adds some amendments to the MOCs already presented in the previous document. For practical 

reasons, EASA decided to sequence in two stages the final release of the Second Publication of 

MOCs with the Special Condition VTOL after receiving the comments from the public 

consultation. The first stage, released in June 2022 as the Second Publication of Proposed Means 

of Compliance with the Special Condition VTOL (MOC-2 SC-VTOL), Issue 2 (European Union 

Aviation Safety Agency, 2022b), contains the final text of all MOCs proposed at MOC-2 SC-

VTOL Issue 1 from the CRD for MOC-2 SC-VTOL Issue 1 (European Union Aviation Safety 

Agency, 2022a). The second stage will address specific sections in a Doc. No. (MOC-2 SC-VTOL) 

Issue 3, accompanied by a second issue of the CRD. After completion of Issue 3, EASA plans to 

release a document as Doc. No. (MOC SC-VTOL) Issue 3 with all final MOCs for general 

convenience. This MOC SC-VTOL Issue 3 was not available at the time of writing this document. 

In parallel, the third Publication of Proposed Means of Compliance with the Special Condition 

VTOL (MOC-3 SC-VTOL), Issue 1 (European Union Aviation Safety Agency, 2022c), was 

released by EASA in June 2022. This new document proposes new MOCs that add to the ones 

already published in MOC SC-VTOL and MOC-2 SC-VTOL. Following the same methodology, 

these MOCs will be open for public consultation. All the comments will be documented in a CRD 

and discussed/incorporated as required. Finally, EASA plans to issue a new and final MOC SC-

VTOL with all the final MOCs for general convenience. Figure 3.57 illustrates the timeline of 

EASAôs MOC for each one of the stages and publications released. On it, the publications that are 

planned to be released were also included. 

Finally, it is crucial to mention that EASA clarifies, in its MOCs documents, that some of the 

MOCs presented should be considered more as a guideline to help the applicant understand the 

objective than a definitive MOC.  
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Figure 3.57. EASAôs MOC for special condition VTOL timeline. 

 

3.2.1.2 Federal Aviation Agency (FAA) 

While EASA is creating a new set of standards to ensure a comparable level of safety for eVTOL 

certification under a ñspecial condition,ò the FAA is modifying existing aircraft regulations to 

accommodate the new technologies available on UAM aircraft. Therefore, the certification process 

starts with the FAA establishing the certification basis by identifying the specific 14 CFR parts 

and amendment levels with which the applicant must show compliance. The designation of 

applicable regulations is stated in 14 CFR Part 21 § 21.17 Amdt. 21-100 (Federal Aviation 

Administration, 2017c) and provides two options (see Figure 3.58).  

In the first one; 14 CFR § 21.17(a), the applicable requirements are designated to an aircraft, 

aircraft engine, or propeller that ñclosely matches the characteristics of a particular airplane or 

rotorcraft class, along with special conditions to address any differencesò (Baker Mckenzie, 2022). 

These requirements can be adjusted by developing special conditions, Equivalent Level of Safety 

findings, and/or exceptions to address any differences specified by the FAA (Federal Aviation 

Administration, 2005). Nevertheless, if the existing airworthiness regulations do not contain 

adequate or appropriate safety standards for the aircraft, aircraft engine, or propeller, because of 

its novel or unusual design features, the FAA can issue and amend special conditions under 14 

CFR § 21.16.  

The second option, 14 CFR § 21.17(b), allows special classes of aircraft which do not have 

airworthiness standards established in 14 CFR to use portions of airworthiness requirements 

contained in 14 CFR Parts 23, 25, 27, 29, 31, 33, and 35 that the FAA finds appropriate to the 

specific type design.  
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