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Advanced air mobility (AAM) is an emerging field in aeronautics that involves utilizing small aircraft for 

everyday transportation and other services, and many AAM aircraft are envisioned to take off and land at new 
infrastructure termed vertiports. This paper describes a variety of considerations related to AAM vertiports that 
need to be considered in the planning for and deployment of vertiports in practice. The factors include siting, 
design, regulations, safety, environmental impact, social acceptance, equity, and operational integration factors. 
Over 450 considerations were compiled from Subject Matter Experts (SMEs) participating in NASA’s AAM 
Ecosystem Working Groups (AEWGs) in October 2021. This paper consolidates these considerations and 
broadly disseminates the valuable knowledge of these SMEs. These considerations can be used by researchers 
to conduct demand and network analysis, local transportation planners to develop AAM networks for their 
community, and the AAM ecosystem members to identify policy, standards, and research gaps. 

 

I. Introduction 
Over the past several years, interest in what is now called advanced air mobility (AAM) has been growing rapidly. 

AAM is safe, sustainable, affordable, and accessible aviation for transformational local and intraregional missions [1]. 
Generally, AAM is envisioned to be enabled by novel, small aircraft that utilize electrified propulsion systems and 
increased levels of automation as well as novel air traffic management techniques that utilize a service-oriented 
architecture. Current views on AAM can be traced back to at least the early 2010s [2], with a vast expansion in interest 
since several papers were published in the 2016 timeframe describing one particular mission within AAM: passenger-
carrying urban air mobility (UAM) [3, 4]. Many believe that this UAM mission can be enabled via electric vertical 
takeoff and landing (eVTOL) aircraft that will operate from new takeoff and landing locations, which are generally 
known as vertiports. 

The vertiport concept has been around for over four decades. Originally envisioned to meet the needs of a civil 
tiltrotor (CTR) industry, which expected to have a commercially certified CTR aircraft by 2007, significant efforts 
were initiated to prepare for these anticipated operations. The Federal Aviation Administration (FAA) undertook a 
multi-year effort that included the release of a Vertiport Design Advisory Circular (AC) [5] in May 1991 and a 
Vertiport Characteristics report in February 1996 [6]. During the same timeframe, the Secretary of Transportation 
established the Civil Tiltrotor Development Advisory Committee (CTRDAC), which released its report in December 
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1995 [7]. The findings and recommendations in this report could easily be applied to AAM today; for example, the 
report stated  
“Vertiport siting is a critical factor in CTR system viability. Planning for CTR infrastructure development should be 
integrated into national and local transportation system planning.”  

Since there has not yet been a CTR commercially certified, the closest equivalent to a vertiport in today’s aviation 
infrastructure is a heliport, and the term vertiport is frequently confused with heliport. Although the Dallas Central 
Business District Vertiport [8] was likely designed using the now-canceled Vertiport Design AC [5], both the Dallas 
Vertiport and Vertiport Chicago [9]  are classified by the FAA as heliports in the airport master record database. Like 
the terms freeway, highway, parkway, and thruway, the terms heliport, vertiport, vertiplex, and vertistop are going to 
matter most to those concerned with using a specific term to convey underlying assumptions, including adherence to 
specific safety and regulatory standards as well as operational considerations. A companion paper also being presented 
at the AIAA Aviation 2022 Forum presents a proposed taxonomy for AAM [10], and more detailed descriptions of the 
current vertiport taxonomy is in [11]. This paper attempts to be independent of future nomenclature and vernacular 
and provide considerations agnostic of the passenger-carrying-sized eVTOL vehicle configuration or business case. 

 
A. Background 

NASA’s Aeronautics Research Mission Directorate (ARMD) has been expanding its efforts to help enable AAM 
over the past few years. These efforts include research, technology demonstrations, partnership development, 
advancing early adoption communities, and providing informational resources and opportunities for the exchange of 
information across the ecosystem. One element of the latter is the AAM Ecosystem Working Groups (AEWGs). 
Comprised of four groups that debuted in March 2020, the AEWGs have conducted over 80 meetings as of April 2022. 
Of most relevance to vertiport considerations is the Community Integration Working Group (CIWG). The CIWG 
focuses on the challenging issues associated with integrating AAM into local communities and providing a community-
related informational resource for the entire ecosystem. All of these meetings are open to the public, recorded, and 
announcements for upcoming meetings are distributed to nearly 2000 people who have registered to receive them.7* 

Topics presented at the CIWG are developed with input from members, an assessment of information gaps in the 
community, and collaboration with the other groups to preclude duplication by another working group. A March 2021 
meeting featured a presentation from Dr. Kapil Sheth on Regional Modeling and Simulation for Vertiport Location 
Assessment [12], and he has subsequently made presentations and demonstrations of the developed software. At 
numerous of these events, Dr. Sheth was asked for the factors that were able to be considered within the software. This 
recurring question from stakeholders across multiple organizations highlighted the need for a more comprehensive 
effort to start compiling this beneficial information. Consequently, conversations with SMEs and two, hour-long, 
virtual sessions of the CIWG that were open to the public on October 12th and 13th, 2021 were held to collect input on 
considerations relevant to the siting, design, and operation of vertiports. These sessions were announced using the 
AWEG distribution list and attended by approximately 125 people. Inputs, comments, and questions were accepted 
verbally, in the chat feature, and by e-mail. 

 
B. Paper Scope 

This paper provides the over 450 considerations compiled during those October 2021 CIWG meetings, organizing 
these considerations into relevant groupings. We provide an overview and a discussion of specific considerations that 
would benefit from additional information for each grouping. Like the UAM Maturity Level 4 Vision ConOps [13], 
this will be a “living list” that will be updated over time as policies and regulations are developed, taxonomies mature, 
and vertiports are sited, designed, and begin to operate. 

The considerations compiled and contained in this paper were elicited specifically focused on vertiports servicing 
the most demanding safety case, a passenger-carrying eVTOL aircraft flying within a metropolitan area. Consequently, 
there are considerations unique to some vehicle types or missions, such as Regional Air Mobility (RAM), that might 
not be included as part of these considerations. Likewise, this list does not capture considerations that are unique to a 
vertiport servicing only small unmanned aircraft systems (sUAS). Additionally, considerations unique to heliports, 
such as requirements from the FAA Heliport Design AC 150/5390, are also not within the scope of this paper. However, 
the considerations provided in this paper can provide a potential starting point to begin to evaluate whether a heliport 
can be utilized or modified for eVTOL aircraft. 

The following list of considerations is intended to provide value to stakeholders across the AAM ecosystem for 
various purposes. For example, these considerations may assist prospective vertiport operators in evaluating potential 
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business model trades; local communities in evaluating potential vertiport designs and locations; and researchers and 
consulting companies in conducting site, demand, and network analysis to provide feasibility assessments of potential 
locations and/or capacity impacts. 

Lastly, several assumptions are implicit in the compilation of considerations. These assumptions include that the 
vertiports will operate in localities utilizing the U.S. regulatory framework and that the FAA is both the U.S. Civil 
Aviation Authority and the Air Navigation Service Provider. Those interested in exploring vertiports in locations 
outside of the U.S. should still be able to benefit from the considerations listed below, but they will need to consider 
the relevant modifications to make the results applicable to their particular location. 

 

II. Overview of Considerations 
In this section, we provide the considerations that were solicited in the CIWG meetings along with some discussion 

of these items. We provide 18 groupings of considerations that are organized primarily to leverage domain subject 
matter experts (SMEs). For example, physical, cyber and airspace security considerations were consolidated into one 
group to enable a robust review by security SMEs during the brainstorming meetings. Additionally, the groupings 
consider areas that are within the purview of particular regulators or decision makers. For example, we separate the 
federal regulatory considerations from state and local regulatory factors. The groupings are:

● Federal Regulatory 
● State, Tribal & Local Regulatory 
● Physical - Fixed 
● Physical - Mobile and Temporary 
● Surrounding Uses 
● Vertiport Configuration 
● Economic 
● Environmental 
● Airspace 

● Demand 
● Contingency 
● Equity 
● Communications and Data 
● Security 
● Utilities 
● Safety 
● Automation 
● Other

The groupings utilized in this paper are simply one possible organization that the authors believe is useful. There 
are many other possible groupings that could be developed. For example, another possible grouping would be based 
upon life cycle, such as siting, design, nominal operations, and contingency operations. Readers are encouraged to 
consider other groupings based on their particular needs. 

 
A. Federal Regulatory 

The list of federal regulatory considerations obtained in the CIWG meetings are provided in Figure 1. The 
considerations captured here represent those that are governed by or primarily influenced by federal regulations. 

Figure 1: Federal Regulatory Considerations 
 
The assumptions of which currently established federal regulations governing aviation infrastructure development, 

design, and safety that will be applicable to the advanced air mobility (AAM) industry will play a significant role in 
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vertiport site selection, design, protection, oversight, and development of operational procedures. While the 
requirements for operations conducted under 14 CFR § 121, which we will refer to as Part 121,8 generally require 
operations to be conducted at airports that are certified under Part 139, flight operations conducted under Part 135 are 
much less stringent. Currently, Part 139.1 specifically identifies heliports as not being governed by Part 139, and, as 
such, these standards do not apply to heliports. Due to this fact, there are no governing federal requirements or processes 
for heliport certification in the U.S., and, as such, heliports are exempt from federal oversight as well as any afforded 
federal protection.  

Assuming that the aviation industry expects AAM operations to be conducted under Part 135, vertiport 
requirements will therefore not be held to the standard of Part 139 but rather Part 135. Section 135.229 stipulates that 
“[n]o certificate holder may use any airport unless it is adequate for the proposed operation.” While this may be deemed 
sufficient for most commuter and on-demand infrastructure, it remains to be seen if the general public and local 
decision makers will be able to work with this lesser degree of federal engagement and oversight flexibility as it applies 
to the expected high volume of vertiport operations.  

    Whereas pilots operating under rules governing Part 121 that routinely operate into and out of airports certified 
under Part 139 have the expectation that these sites meet specific standards and are evaluated annually, pilots operating 
under Part 135 are currently not afforded these same expectations. For the general public to allow AAM infrastructure 
to be developed in their communities, public confidence as it relates to the safety of operations and supporting 
infrastructure will need to be achieved. Providing assurances to the public that vertiports will in fact be required to 
meet published standards and that federal transportation agencies will have oversight and enforcement authority likely 
will be a key factor in achieving this confidence, and hence public perception.  

     While a vertiport is in fact already classified as an airport under Part 157.2 and proposed explanations for the 
terms vertiport and vertistop are included in the draft vertiport design engineering brief [32], many of the other terms 
associated with AAM, such as vertiplex, have yet to be defined in regulations. To allow for proper governance and 
harmony at the state and local level, AAM terminology will need to be formally defined at the federal level. The 
adoption of these formally defined terms by multiple state and local governments will support national harmonization. 
Adoption will also allow for standardized terminology to be used in the development of zoning criteria, building code, 
fire code, and ordinances that govern such permitted development.  

     Under current federal regulations, the FAA has not been provided oversight authority of private-use facilities. 
While there are standards published for all aviation infrastructure facilities, private-use standards are categorized as 
recommendations only [5]. In a 2000 FAA survey questionnaire that was distributed by the National Association of 
State Aviation Officials (NASAO) to all 50 states, the FAA specifically stated, “To the extent that they choose to do 
so, the design of private heliports is regulated, NOT by the FAA but by the 50 States” [14]. The survey asked the 
specific question, “Does your state law require a license or some other form of state approval for Private, Hospital or 
Public Heliports?” Only 12 states indicated that they required any form of license or approval by the state. This is 
significant because out of the nearly 6,000 heliports in the U.S. only 58 are categorized as pubic-use with the remaining 
99% being classified as private-use [15]. If few states continue to provide significant oversight of private-use 
infrastructure and the federal government does not provide authority to the FAA for this task, municipalities will then 
be faced with the responsibilities associated with providing oversight for private vertiports. It is likely that most states 
do not have the staffing nor the expertise to address the considerations associated with providing this oversight of 
private vertiports.  

   Vertiport funding and operating paradigms, as they pertain to state and municipality governance, will be dictated 
in large part as to how vertiports are both categorized and too what extent different government agencies have oversight 
and enforcement. As of the writing of this document, the federal government only recognizes two specific use cases in 
the current regulations, which are Public-Use and Private-Use [16]. While all states and territories recognize these two 
terms, many states have additional categories that allow for added flexibility as well as increased oversight and 
regulatory constraints. These categories include but are not limited to commercial-use, hospital, prior permission 

 
8 From this point forward, we will use shorthand to refer to the relevant sections of Title 14 of the Code of Federal Regulations; 
specifically, we will say “Part #” to refer to 14 CFR § #. The sections we will refer to are Parts 121 (entitled “Operating 
Requirements: Domestic, Flag, and Supplemental Operations”), 135 (entitled “Operating Requirements: Commuter and on 
Demand Operations and Rules Governing Persons on Board Such Aircraft”), 139 (entitled “Certification of Airports”), 157 
(entitled “Notice of Construction, Alteration, Activation, and Deactivation of Airports”) and Part 77 (entitled “Safe, efficient 
use, and preservation of navigable airspace”).  
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required, personal-use, and restricted-use. To date, Public-Private collaborative aviation infrastructure funding efforts 
also identified as the Airport Investment Partnership Program (AIPP)9, have had very limited success in the U.S.  

In the United States (U.S.), pertinent information for a specific takeoff and landing site is captured in the FAA 
Airport Master Record program, which is now provided for by the FAA’s new online Airport Data and Information 
Portal (ADIP) [15]. From this data interface, the information for a specific takeoff and landing site, which is collated 
in FAA Form-5010 [17] is readily accessible online. 

Unfortunately, the Airport Master Record Program does not currently maintain all the data that would be desired 
for future vertiports. For example, current federal data capture protocols are likely insufficient to allow for the 
protection of the airspace of both heliports and vertiports, which is of paramount importance to longevity and overall 
safety. While FAA Form-7480, entitled “Notice for Construction, Alteration and Deactivation of Airports” [18], does 
include Approach/Departure headings, it currently only allows for a single one to be recorded. Additionally, after the 
FAA completes an airspace evaluation and issues their official airspace determination letter, the airport master record 
and FAA Form-5010 do not have the capability to capture an approach/departure path. In most cases, this information 
has been completely lost over the years for existing heliports. Currently, the FAA AC 150/5390-2C, heliport design 
guide allows for curved approach/departure paths, for which there is no current data capture mechanism within the 
FAA Form-7480, Form-5010 or the Airport Master Record database. Given that the FAA has never been provided 
oversight authority from Congress for private-use aviation facilities, combined with a significant lack of airspace data 
capture capabilities, it is extremely difficult for heliport and vertiport owners to protect their airspace from obstructions 
such as buildings, antennas, power lines and light poles being built within a vertiport’s airspace.  

The airport master record also allows for the identification of each individual site through a special identifier known 
as an Airport Location Identifier. This location identifier provides for a searchable database within which interested 
parties can find relevant information for specific locations at or near which they plan to operate. Entities that use this 
information for planning purposes include but are not limited to Department of Homeland Security, Federal Emergency 
Management Agency, Department of Defense, helicopter air ambulances, search-and-rescue operators, first 
responders, and drone operators. This information is what many pilots use to fulfil their obligation as a pilot in 
command under Part 91.103 for preflight actions prior to beginning a flight [19]. 

Due to a lack of incorporated data in the airport master record database on numerous private-use facilities, many 
facilities do not have an airport location identifier, hence making these facilities unknown and invisible to anyone 
searching for them. With current advancements in the concept of beyond visual line of sight operations for UAS, this 
lack of data and awareness of takeoff and landing sites represents a significant risk factor. According to a NASA report 
issued January 1, 2019, by the Aviation Safety Reporting System (ASRS) there are an estimated 1,600 to 1,800 
heliports in the U.S. whose information is not accounted for in the current FAA airport master record database [20].  It 
would impact planning and operations for future vertiports should vertiport owners and operators not be able to record 
all the pertinent data related to their facilities and have awareness of nearby facilities. 

Applicable regulations, taxonomy, data accountability, and data sources are several of the considerations associated 
with this federal regulatory grouping. Others include OSHA and ADA requirements for future vertiports and will likely 
be addressed as the initial considerations are evaluated, reviewed and solutions proposed. 

 
B. State, Tribal, and Local Regulatory 

This grouping of considerations captures those related to state and tribal laws, local ordinances, regulations, and 
rules. The current list is shown in Figure 2. Currently the interactions between aviation and local interests typically 
occurs at airports, within the vicinity of the airport, at the sites of aircraft mishaps, and over the considerations captured 
in Figure 2. The stakeholders, their roles and responsibilities and the taxonomy used for these interactions are common 
enough that communications do typically occur unimpeded. AAM operations are changing that dynamic. Not only are 
the interactions going to be much more frequent, but the taxonomy of AAM is still evolving.  

 

 
9 Originally established by Congress as the Airport Privatization Pilot Program (APPP) under the FAA Modernization and 
Reform Act of 1996 it was later renamed the Airport Investment Partner Program (AIPP) under the FAA Reauthorization of 
Act of 2018.  



6  

Figure 2: State, Tribal, and Local Regulatory Considerations 
 
Rather than being able to build upon current terminology used in referring to heliports in local codes and 

ordinances, many municipalities incorrectly utilize the term helipad in referencing vertical flight infrastructure. The 
term helipad is not a defined term in the federal regulations nor is it defined in the FAA advisory circular AC 150/5390-
2C. The only location that the term helipad is listed is in the Aeronautical Information Manual Pilot/Controller Glossary 
where it states that a helipad is part of a heliport or airport. In defining a repeatable process for vertiport site selection, 
harmonized and accurate terminology is going to be extremely important.  

Voluntary, consensus standards build upon taxonomies to propose requirements that can be adopted or tailored by 
localities. For example, a community could exercise its responsibility for fire safety by adopting a specific fire safety 
standard. Key organizations that publish standards related to local communities include the International Code Council 
(ICC) [21], National Fire Protection Association (NFPA) [22], ASTM International [23], International Organization 
for Standardization (ISO) [24], and the Illuminating Engineering Society (IES) [25]. Most municipalities adopt these 
standards which then become enforceable ordinances. In conducting a vertiport site selection evaluation for potential 
infrastructure and potential vertiport design, code research and the capability to meet compliance play a large role in 
what makes a site viable or nonviable. This is currently more challenging as many of the standards associated with 
vertiports are either still in development or not yet started. A potential consideration while these standards are being 
developed is to look at older standards that may provide the foundation for future related vertiport standards. While 
the FAA does publish advisory circular AC 150/5190-4A, A Model Zoning Ordinance to Limit Height of Objects 
Around Airports, it was published over 35 years ago and has never been updated [26]. This publication still provides 
some good information for municipalities to consider when developing ordinances for AAM infrastructure.  

State laws and local ordinances that are in harmony with accepted federal and international standards will likely be 
more easily adopted and would contribute to common national implantation of vertiports. When developing local 
ordinances for vertiport site selection protocols or design requirements, pointing to a federal or international standard 
rather than a unique local requirement could reduce the entry barriers for local operations by vertiport developers and 
operators and potentially the need for local governing bodies to become subject matter experts to keep their ordinances 
aligned with advances in AAM technologies and their localities attractive for AAM operations. For those municipalities 
looking to embrace AAM, having ordinances and codes in place that address zoning standards for aviation 
infrastructure along with conditional use permitting processes that recognize that laws and standards are still evolving 
and will likely require multiple levels of interdependent approvals will greatly assist in the approval processes. An 
example of this is a conditional-use approval process that incorporates language such as “Contingent upon a favorable 
FAA airspace determination letter being received.”   

Other considerations with a state, tribal, or local perspective contained in the list are those associated with plans, 
including planning goals, land use plans, state aviation system plans, and local and master transportation plans. It is 
likely that many of the stakeholders addressing these issues will need to expand on their areas of expertise whether it 
is the aviation experts gaining knowledge about ground transportation or the local city planner gaining knowledge 
about aviation. To enable the gaining of this expertise to occur, resources to be compiled, expertise gained, cross 
domain challenges appreciated, and it is efforts like compiling these considerations and others that will support 
stakeholders, planners, and decision makers at the state and local level. 
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C. Physical – Fixed 
The considerations in this grouping, which are shown in Figure 3, are physical obstacles or likely permanent 

regulatory restrictions near a vertiport which could impact operations. They can also be anticipated obstacles, such as 
if an adjoining property has development rights for a 40-story building but is currently a vacant lot. 

 

Figure 3: Physical - Fixed Considerations 
 
Physical obstructions in the area surrounding a vertiport may also impact the available usable airspace. One of the 

first steps into any vertiport placement analysis, assuming instrument flight rules (IFR) operations, is to perform a 
Terminal Instrument Procedures (TERPS) evaluation. The purpose of the TERPS evaluation is to identify the required 
obstacle clearance of existing structures for each landing/takeoff area for applicable procedures, i.e., straight-in, 
circling, alternate, and takeoff. This allows for flight in instrument meteorological conditions (IMC) without fear of 
collision with unseen obstacles. [27] Along with possible constraints from existing infrastructure, the allowed uses on 
abutting properties must be considered in depth as the primary surface of the take-off and landing area sphere/cone of 
clearance [28] impacts any changes to those abutting properties in the future. Early coordination with the FAA during 
vertiport location planning is critical to understand these limitations to potential approach and departure procedures 
prior to building a vertiport. 

Regulatory restrictions include both the current land use designation of the vertiport site and the rights of the 
property owner. There have been cases where property owners have sold the space above a building or property up to 
its buildable height. In these air rights transactions or transfers of development rights, owners sell their rights to build 
in the space above their property to buyers who want to construct something larger than they would otherwise be 
allowed to build [29]. For example, if a parking garage operator sold the air rights above their garage, a proposed 
vertiport terminal that would extend into this space could likely not be built without the approval of the owner of the 
air rights. Height districts are geographical areas where maximum building heights are limited, and this should be 
considered when siting a vertiport as well.  

The physical considerations in Figure 3 must be weighed and balanced with consideration of anticipated future 
development patterns and the vision of the jurisdiction as it seeks to accommodate population shifts, increases, or 
decreases in density, and development such as the current trend towards mixed use neighborhoods where residential 
and commercial buildings are in proximity.  

 
D. Physical – Mobile and Temporary 

The considerations within this grouping are shown in Figure 4 and are physical things of a changing or temporary 
nature. They are considerations that are both planned for and anticipated. Planned considerations are those that involve 
a process where the vertiport operator could have the opportunity to provide input whereas anticipated considerations 
are those for which there is no or minimal prior notification but would likely occur over the life of a vertiport. 

 

Figure 4: Physical – Mobile and Temporary Considerations 
 

The planned for mobile and temporary considerations include cranes/construction staging and changing land use 
designations. These things likely require permitting in advance and so the permitting process should include evaluating 
the impact on vertiport operations. Future local land use is the potential for the locality to decide to change the land 
use designation e.g., from transportation to industrial of a potential or existing vertiport site, revoke a land use waiver 
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or the vertiport operator desires to expand the vertiport such that they would need to petition the locality for a change 
to the land use designation.  While such things as mobile and temporary cranes are planned for at the federal level 
under Part 77 with the filing of FAA Form 7460-1 [29.1], only public-use facilities are fully accounted for in the FAA’s 
Obstruction Evaluation / Airport Airspace Analysis (OE/AAA) system [29.2].  Private-use facilities are not accounted 
for in the OE/AAA notice criteria search unless they have an IFR procedure associated with them, and only then for 
notification purposes not for airspace protection.   

Anticipated considerations include debris, such as a stick from a tree, that blows onto the vertiport from elsewhere 
or foreign object debris (FOD), e.g., a pen dropped by a passenger on the pad. Another example is lightning protection 
infrastructure that is only deployed when there is the threat of lightning or an urban wind shadow when the surrounding 
buildings create an area of calm air over a vertiport under specific conditions such as winds from a specific direction 
and speed. Another anticipated condition is the potential for static discharges. All aircraft develop electrostatic charge 
while flying and in large helicopters this can exceed 100,000 volts [30]. While serious injury is typically prevented by 
grounding the aircraft prior to touching the aircraft, the potential for inadvertent discharges should be considered [31]. 

While these considerations reflect events that are temporary and potentially insignificant over the operational life 
of a vertiport, they still merit consideration to support safe and efficient operations.  
Furthermore, vertiport siting decisions may also be impacted by the anticipated frequency of certain temporary 
considerations. For example, locating a vertiport adjacent to tall trees increases the likelihood of debris entering the 
vertiport movement areas on a regular frequency to include at some point in the future, as the trees grow, they may 
penetrate the vertiport’s airspace and become a hazard to navigable airspace. 

 
E. Surrounding Uses 

Consideration of the surrounding areas is critical when selecting vertiport locations and designing vertiport 
operations. [11]  This grouping encompasses considerations arising off the vertiport property, but within the local 
vicinity. These considerations can impact the vertiport during site selection, design, or operations and may also change 
over the life of a vertiport. The vertiport can also impact the surrounding area and modify these considerations. 

The factors shown in Figure 5 can generally be divided into two categories: ones that are impacted by features of 
the surrounding area and ones that impact those same surrounding areas. As will be discussed below, these categories 
are not necessarily mutually exclusive. 

 

Figure 5: Surrounding Uses Considerations 
 
The proximity of a vertiport to existing infrastructure is a primary siting factor. Infrastructure considerations 

include current local land use (e.g., school, hospital, park, or other noise sensitive areas), emergency response (e.g., 
fire stations), and direct connection to other transportation options (i.e., intermodality) [32][33]. For early vertiport 
siting, proximity to these types of existing infrastructure can enable timely development and operations by reducing 
the development lead time of these ancillary criteria (e.g., land use designated for transportation). On the other hand, 
flight operations may be hindered if vertiports are sited too close to other types of infrastructure. For example, 
proximity to a wind turbine farm may limit approach and departure paths and cause disturbances to airflow that could 
hinder safe flight operations or interfere with NEXRAD Radars [34, 35]. 

Understanding where AAM flights are needed or desired is another primary vertiport location criteria. Potential 
vertiport locations may be selected for proximity to areas of anticipated high demand, such as business centers, 
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sports/entertainment facilities, cargo distribution centers, and transportation centers (e.g., bus stations, train stations, 
traditional airports). Each of these is likely already located in an area with favorable zoning for industry, business, and 
a future vertiport. However, many cities recognize the need to protect residential and similar areas. For example, zoning 
ordinances in Los Angeles County, California state, “Residential Zones preserve, protect, and enhance areas for 
residential land uses in a range of densities; provide for orderly, well-planned, and balanced growth of residential 
neighborhoods; and ensure adequate light, air, privacy, and open space for each dwelling. These zones also provide for 
the appropriate location of public and semi-public uses such as schools, parks, and religious facilities that can serve 
and complement residential uses.” [36] It is in these locations or other sensitive locations where local groups are most 
likely to raise concerns about privacy, safety, noise, and traffic. To achieve positive public perception of a particular 
vertiport location, it is important for planners to develop and provide the appropriate mix of services while protecting 
the community’s desires. Several mitigations to help find the right balance include limiting the size and operating hours 
of a vertiport and limiting the size and types of aircraft the vertiport services.  

Vertiport access should also be addressed during planning. For ground traffic, the entrances and exits to/from the 
vertiport should be designed to reduce large queues or gatherings but enable ease of access to pedestrians and users 
that arrive via other modes of transport. On the flight side, the airspace approach and departure corridors should be 
designed to reduce noise impact to identified sensitive areas with the potential for additional noise constraints for 
vertiports near particularly sensitive areas. 

 
F. Vertiport Configuration 

There are myriad factors to consider when determining the configuration of a vertiport, and a list of factors gathered 
from the CIWG meetings are shown in Figure 6.  
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Figure 6: Vertiport Configuration Considerations 
 

Multiple of these considerations relate to aircraft performance in the vertiport environment. Although eVTOL and 
other AAM aircraft have been advancing rapidly for the past few years, high-quality performance data is not yet fully 
known or understood, and, as such, determining the appropriate geometry and supporting airspace required for a 
vertiport is much more challenging than designing traditional aviation infrastructure. This is likely why the FAA has 
chosen a conservative approach to designing vertiport infrastructure as outlined in their draft engineering brief, which 
was released in early 2022 [37].  

While many in industry are indicating that eVTOL aircraft will have equal to or greater performance capabilities 
than that of most helicopters, this fact has yet to be proven out in real world testing in urban environments. If eVTOL 
aircraft are to be certified under Part 23, because this standard currently does not require aircraft to demonstrate the 
same levels of controllability and maneuverability that a helicopter certified under either Part 27 or Part 29 does, early 
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vertiport site selection and design should take into account this performance uncertainty. To allow for these unknowns, 
increasing of the size of a vertiport’s geometry and accounting for the impact on site selection may be one of the better 
near-term risk mitigation strategies. At such time that validated empirical performance data for each individual eVTOL 
aircraft has been developed, verified, and shared, these more conservative standards may then be adjusted, as 
appropriate, to better reflect each aircraft’s demonstrated capabilities and/or deficiencies. This is in keeping with the 
FAA and NASA’s concept of the UML 1 – 4 roadmap [38], e.g., the crawl, walk, run approach [39], which has been 
carefully laid out to assure optimum safety for the flying public.  

Passenger comfort considerations can influence vertiport siting, design, and operations. These include such things 
approach and departure paths that allow the aircraft designer and operator to optimize for vibration, G-loading, noise, 
temperature, and seating space to name a few [40]. Vertiport site selection will influence the airspace design and 
consequently, the impact the vibration and G-loading will have in the vertical, lateral, longitudinal, roll, and pitch axes 
on human physiology [41]. While an aircraft may be able to safely accomplish the required flight maneuvers of landing 
and taking off at a particular location, it will be the paying public who determines whether or not they are comfortable 
and confident enough to routinely use these modes of transportation. Site locations whose supporting airspace does not 
consider the impact that G-loading has on human physiology in all axes will more than likely be negatively impacted 
by poor community adoption.  

A significant concern during the design of aviation infrastructure is what impact flight operations will have on the 
operational safety of this infrastructure. One specific consideration that must be addressed carefully is rotor wash and 
downwash. Pad size, the configuration of pads at the vertiport, passenger ingress and egress routes and the placement 
of vertiport infrastructure needs to consider the amount of rotor wash and downwash that each potential aircraft will 
create and what impact that will have on vertiport operations. This may require increasing the overall geometry of the 
landing area as well as increased distances between landing pads and parking areas, for example.  

As noted, there are still significant unknows relating to vertiport configurations. As aircraft performance and 
airspace design questions begin to be resolved it will be possible to begin looking at the other considerations such as 
safety and operational procedures, regulatory compliance and vertiport performance features such as capacity.  

 
G. Economic 

The economic considerations for vertiports gathered from the CIWG meetings are shown in Figure 7. The primary 
economic considerations for vertiport placement, development, and operations can be divided into three areas: vertiport 
development costs, how those capital and operating costs are recovered, and revenue generation.  

 

Figure 7: Economic Considerations 
 
Vertiport costs are fairly straight forward and can be broken into capital costs (e.g., land purchase/use, 

development/building, large equipment, improvements, etc.) and operating costs (personnel, small equipment, upkeep, 
etc.). Many of these costs are paid up front and are needed for entrance into the market, while others are the part of 
continued operation. There are ways to reduce out-of-pocket vertiport costs. Localities can obtain grants, aircraft 
operators can exchange funding for stock or developers can leverage existing infrastructure (e.g., siting a vertiport on 
an existing parking garage) or utilize vertiports for multiple purposes (e.g., collocating passenger and cargo facility 
uses). Another good example is leveraging a public/private partnership to subsidize part of the cost of a vertiport that 
is primarily used for UAM passenger carrying operations to also be an operating location for public good missions, 
like medical transport during emergencies.  
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Capital, operational, and maintenance costs are typically captured through users’ fees (e.g., the price for the ticket). 
Additional sources of revenue could include private sources (e.g., through a corporation, non-profit, or local business 
investment organization), public sources (e.g., subsidies or payment for services), or revenue generated as a result of 
the commercial ventures co-located with a vertiport (e.g., restaurants or rental space). Regardless of the sources of 
funding, to be economically viable, the vertiport will need to recover both start up and operational costs. 

The anticipated means of cost recovery and continued revenue generation can impact the overall system and should 
be considered during planning. A critical economic factor will be the expected demand for AAM services and that 
demand’s responsiveness to the price (i.e., its elasticity). Demand can be influenced by non-cost factors, like 
availability of other options and acceptability of the service. On the supply side, a major factor is the capacity of the 
system, i.e., how many users (or operations) the system can support. These non-cost factors impact the price users are 
willing to pay. There is a relationship between the price of AAM services and the number of users requesting those 
services. If prices are too low, demand could increase beyond capacity, which would increase service time (long lines). 
On the other hand, if prices are too high, demand will be hampered, and AAM services may only be practically usable 
by a small portion of the population. The right balance must be found to provide cost recovery and revenue generation 
from the infrastructure without either overly stimulating or limiting demand.  

 
H. Environmental 

The environmental grouping contains considerations related to climate, weather, and the local environment, such 
as if the potential vertiport is in a flood plain or on or next to a body of water. The environmental considerations 
captured in Figure 8 have been divided into two themes; those requiring significant effort to mitigate and those that 
have necessary or likely manageable mitigations. The thinking in dividing the considerations into two themes was to 
begin to categorize them into ones that would either entail substantial costs or large design choices and those that could 
be addressed with minimal costs or minor design choices. Recognizing that not all vertiports would be required to 
address considerations in these categories an example of the first theme could be a vertiport in Miami would likely be 
planned to survive hurricanes and projected sea level rises and an example of the second category is the likely routine 
design feature to slightly slope a vertiport pad allow for rain to flow off the pad. 

 

Figure 8: Environmental Considerations 
 

 Within the significant effort to mitigate theme are both the vertiport’s climate and potential changes to that climate 
over the expected life of the vertiport. Generally speaking, the impacts of climate change are attributed to multiple 
worsening events, including increased frequency and intensity of fires, tornadoes, and hurricanes [42]. Similar to other 
infrastructure, vertiports will need to have procedures for severe weather e.g., suspending operations for specific 
weather conditions or provide pre-planned alternative landing sites as localities anticipate increases in violent weather 
episodes. Another climate change concern for vertiports is data is indicating that bird migration patterns have shifted 
northward and towards higher elevations since the 1940s [43]. For example, while a vertiport in Georgia could 
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anticipate seeing birds migrate through on their way to Florida—1.2 million nocturnally migrating birds flew through 
Georgia on just April 26, 2022 [43]—in the future these birds could overwinter in Georgia. As a result, consideration 
of the climate change for the life of a vertiport should consider both the direct impact to the vertiport and aircraft 
operations, e.g., aircraft performance at higher temperatures, and the indirect impact, e.g., rising sea levels or increasing 
frequency of hurricanes or fires.  

     Within the second theme are the necessary or manageable environmental mitigations for consideration. The 
National Environmental Policy Act (NEPA) requires federal agencies to assess the environmental effects of their 
proposed actions prior to making decisions. The range of actions covered by NEPA is broad and includes making 
decisions on permit applications, adopting federal land management actions, and constructing highways and other 
facilities such as vertiports which for example, would impact the waters of the United States [44]. Inventory and 
assessment of NEPA’s categories must be conducted to understand the baseline of required environmental assessments 
of siting and operating new vertiports. Additionally, in 20 U.S. states, additional local environmental reviews are 
required [45]. Once a baseline for the affected environment is established under NEPA and any relevant state law 
guidelines, then the local jurisdiction must assess if there are additional studies that should be conducted to fully assess 
any environmental impacts that may occur as a result of a vertiport location or operations. The emergency landing sites 
associated with a proposed vertiport must also be considered as part of the environmental assessment to ensure that the 
environmental issues associated with these emergency sites are also factored into the environmental analysis. Noise 
and potential emissions concerns need to be assessed to assure that the NEPA and any relevant local levels are met, 
otherwise additional mitigations may be required. Assessment of any potential environmental justice [46] impacts must 
also be reviewed at the local level to ensure that potential unintended consequences from the vertiport or associated 
transportation planning decisions are identified and addressed.  

 
I. Airspace 

The Airspace considerations in Figure 9 capture how the management of the surrounding airspace impacts the 
vertiport. The airspace grouping is intended to be scoped to the airspace within the local vicinity of the vertiport along 
with considerations resulting from other airspace structures in this same local area. Because of this scope the grouping 
also captures considerations that result from these airspace structures.  

Figure 9: Airspace Considerations 
 
The immediate airspace surrounding a vertiport and how that airspace is managed has a significant impact on 

operations and should be considered when researching vertiport placement. Several factors have a direct impact on the 
amount of airspace available to support operations close to the vertiport, these include location within or near controlled 
airports, no-fly zones, special use airspaces, or sensitive flight areas (e.g., over schools, hospitals, churches, etc.). These 
nearby airspace restrictions may limit the size and/or location of approach paths, departure corridors, or holding areas. 
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Adhering to these restrictions can reduce the overall number of operations the vertiport can support. Thipphavong et 
al. provides a good discussion regarding many airspace considerations (not just vertiport related) for UAM operations 
[47]. 

The density of operations in the vicinity of the vertiport is also a consideration for placement. This can be due to 
operations at that new vertiport alone or when combined with air traffic from other vertiports and/or traditional airports. 
As the density of operations increases, the need for both tactical and strategic management of the traffic flow also 
increases. However, options for managing traffic while aircraft are airborne may be limited, depending on several 
factors. For example, the relative size of the available airspace surrounding the vertiport for urban operations may be 
insufficient for the envisioned demand and result in an alternative vertiport site selection. In addition, eVTOL aircraft 
envisioned for such operations may have limited energy capacity to support significant holding times and may require 
additional landing pads at a vertiport or within the vicinity of the vertiport. Ground holds may be an effective traffic 
management technique, but could impact the design of a vertiport, requiring space to accommodate extra ground traffic 
that does not restrict the use of the vertiport for other cleared takeoff and landings. 

Additional airspace considerations include allowing for anticipated aircraft performance, migratory patterns, and 
the passenger experience resulting from steep or shallow approach and departure paths. Understanding and addressing 
airspace considerations will require close coordination with the FAA. 

 
J. Demand 

Demand considerations for AAM services shown in Figure 10 should be weighed across missions and consider 
costs to understand their impact. First consider UAM passenger-carrying operations. An early assessment for locating 
vertiports would be to determine travel needs of the population, including origins, destinations, and trip purposes, 
because AAM services will generally provide more time benefits when they are located closer to desired origins and 
destinations. This will require consideration of the implications of locating vertiports close to residential and business 
facilities which could include locating many small vertiports near these areas and/or co-locating vertiports with existing 
urban ground services (i.e., multimodal integration) to move passengers the “last mile.” Passenger-carrying trips to 
other areas of high demand (e.g., an airport) could leverage the same neighborhood vertiports used for commuting 
purposes and would feature at least one vertiport with commensurate capacity. AAM services to special events could 
also feature a vertiport with flexible capacity to be able to meet the high demand periods and scale down when no 
events are scheduled. 

 

Figure 10: Demand Considerations 
 
AAM cargo services would have different use cases and hence a different demand profile. The need for vertiport 

locations would map to where goods are located and needed (i.e., distribution centers, seaports, airports, etc.), but not 
necessarily people. One concept is for larger AAM aircraft to move packages from goods distribution centers out to 
neighborhood facilities where customers can pick them up directly or receive a last mile delivery by sUAS or ground 
vehicle. These neighborhood pickup facilities can be collocated with neighborhood vertiports, sharing operations 
between passenger- and cargo-carrying aircraft or using passenger aircraft to also carry cargo. This sharing of 
operations may also be true for vertiports located at airports. 

Another AAM mission to consider is air medical flights. While many hospitals already have heliports to support 
medical emergency flights, future AAM concepts include the common use of new air ambulances, which will require 
more hospitals to either retrofit their existing heliport to meet vertiport operational standards or build a new vertiport. 
Medical flights also include delivery of necessary emergency care personnel and equipment to the site of an emergency. 
Similar to today’s emergency operations, there will continue to be the need to identify and develop Predesignated 
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Emergency Landing Areas (PELA) suitable for safe emergency medical takeoff and landing operations throughout an 
urban area. As AAM proliferates, medical-related services, including transport of non-emergency patients, workers, 
visitors, and surgical supplies can be considered. While those operations are more in line with passenger carrying AAM 
operations, from a facility point of view, a hospital will need to consider whether patients’ needs will require the 
separation of emergent and non-emergent vertiport facilities. Another demand-related consideration for these “public 
good” flights is the anticipated positive public perception for these missions. 

Regardless of the mission, there will likely be times when the demand for landing services at a vertiport will be 
greater than capacity. This may be caused by many factors, including reductions in capacity due to weather or an 
increase in demand for a particular vertiport due to a special event. The demand capacity balancing (DCB) at the 
vertiport and the surrounding airspace will need to be managed [39]. Strategic DCB can be managed through price 
increases. This is common with current ride-sharing and express lane dynamic pricing [48, 49]. DCB is also an issue 
for vertiports collocated with other modes of transportation. 

Other demand considerations include analysis models and tools that can evaluate different DCB methods and tools 
such as dynamic pricing and the roles and responsibilities associated with DCB and include dynamic sizing of both the 
vertiport and the AAM system. Dynamic sizing could include pads or vertiports that are only open during peak periods 
such as a vertiport at an office park only being open during “rush hour”. During off peak periods these pads could be 
used for parking, maintenance, or the vertiports could be used for suitable outdoor activities. 

 
K. Contingency 
 The contingency considerations grouping in Figure 11, captures non-routine events at the vertiport and across the 
multiple systems that interface with the vertiport. While most are captured here, some appear in other groupings, such 
as lost communications procedures in Section M. Contingencies are an area where the multiple dependencies of 
potential AAM operations are on full display. Contingency considerations can be identified in multiple ways, including 
scenarios, exercising contingency plans, and lessons learned. The considerations here reflect three themes: 
contingencies involving the aircraft, those involving the vertiport, and those related to procedures and preparations for 
potential contingencies. 
 

Figure 11: Contingency Considerations 
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 Aircraft contingencies are those that originate with the aircraft, but impact vertiport design and operations. A “land 
immediately” aircraft emergency could have a mitigation of building sufficient emergency landing sites or the 
operational requirement to keep one pad open at a multipad vertiport. A fire aboard an aircraft would be mitigated in 
the vertiport design phase by installing firefighting equipment, and additional mitigations could include conducting 
drills to test the fire response plan along with shutting down the vertiport until the aircraft fire is extinguished. 
 Vertiport contingencies include loss of power, a hazardous material spill, fire, sensor signal losses, equipment 
failures, or weather-related events that impact vertiport operations. Because the vertiport will likely be more closely 
integrated within the community than typical airports or heliports, risks associated with the integration of the vertiport 
within the community and its proximity to specific locations should be considered. These considerations could be 
potential risks associated with large, unplanned activities near a vertiport, such as a fire in a nearby building or 
demonstration. Some of these contingencies are more likely to occur than others and can be addressed through a Safety 
Management System (SMS) risk mitigation process. This risk management process can also identify additional 
contingencies and considerations.  
 Some of the considerations included in Figure 11 are the anticipated need for procedures or areas that should be 
considered when the vertiport is located and designed. Anticipated required procedures include addressing hazardous 
materials (HAZMAT) spills, an aircraft mishap on a pad, or the closure of a single or multiple pads. These procedures 
would also include Emergency Action Plans, steps for required notifications, reporting, and the potential need for an 
investigation. Contingencies to be considered during the vertiport planning phase would include the travel distance and 
time to emergency responders, the types of medical facilities within easy travel distance, or more mundane 
contingencies, such as passengers being able to access other forms of transportation to get home if the vertiport is shut 
down due to weather.  
 Identification of contingency considerations should be subject to a rigorous process during the planning and design 
phase to enhance the safety of vertiport operations and to seek to reduce the need for potentially expensive retrofits to 
mitigate unconsidered contingencies. 

 
L. Equity  

Many past transportation planning efforts and projects have not given much consideration to equity. Consideration 
of equity in the planning process allows for evaluating if the approval process, the impacts of the planned operations, 
and the realization of the goal(s) of the project (e.g., a new vertiport on a specific site) are equitable to all stakeholders. 
Equity means that everyone in a community has access to the same opportunities and that the considerations and results 
of a vertiport development bring reasonable benefits to all without unduly penalizing one segment of a population. 
Taking an inclusive approach throughout the entire process of planning and operating AAM is imperative in achieving 
equity. Having a continuous dialogue with all segments of the population affected can help ensure equity is achieved. 
Stakeholders in this process include aviation professionals, aircraft designers and operators, and the community 
stakeholders that represent all residents, business owners, private property owners, and any other population that local 
jurisdictions have in their communities. 

 

Figure 12: Equity Considerations 
 
A list of equity considerations from the CIWG meetings are given in Figure 12. These equity considerations 

primarily address two types of equity: social and access equity. Social equity is concerned with providing impartiality, 
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fairness, and justice to all members of the community. Such social equity considerations include ensuring individuals 
across socioeconomic demographics realize benefits from AAM services and that negative impacts of operations (e.g., 
noise, visual pollution) are also appropriately distributed.  

Access equity considerations have two themes. One is the ability of all members of the community to be able to 
utilize this new form of transportation and is a key part of the definition of AAM [10]. The other access equity theme 
is the equitable access to scare resources. The current list of considerations for this second access theme highlight the 
fact that the airspace surrounding a vertiport and the vertiport itself can likely only accommodate a limited number of 
vehicles. These considerations highlight the desire for means to equitably allocate the capacity of the vertiport and its 
surrounding airspace, including the appropriate prioritization of operations, such as giving priority to emergency 
services. 

The multifaceted nature of equity considerations will make addressing them over the life of a vertiport project a 
substantial challenge and will likely have significant implications to the viability of a locality’s AAM system. 

 
M. Communications and Data 

Communications and data considerations are closely intertwined with many of the considerations in the other 
groupings, including contingency, security, and automation. When considered from a broader ecosystem perspective, 
the communications and data considerations provided in Figure 13 are needed to integrate the vertiport with the vehicle 
and airspace systems. For this list, the considerations were bounded to the vertiport environment and its interfaces with 
other AAM systems. So, the location of navigation and surveillance equipment at the vertiport is captured in the 
vertiport configuration considerations grouping, but considerations of the navigation and surveillance systems beyond 
the vertiport environment are not captured as part of this paper. For this current list show in Figure 13, the 
considerations have three themes: the data or information itself, procedures and interfaces with other systems, and the 
actual communications system and its characteristics.  

 

Figure 13: Communications and Data Considerations 
 
Data considerations are associated with the information itself. This information could be vertiport weather 

information, advisory or flight clearances, local surveillance data, or navigational data. These considerations focus on 
the information that is needed by the personnel and systems working to ensure the vertiport operations are safe and 
efficient. 
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Procedures and interface considerations capture the rules or expectations governing communications and the 
systems that will need to gather or exchange data. The brainstormed procedure considerations include communications 
plan(s), lost communications procedure(s), and data sharing policies and procedures. Interface considerations include 
the expected data exchanges between actors and/or system components and the paths that the information is expected 
to take through the communications hardware. Data interfaces reflect the vertiport entities’ requirements to exchange 
information to function safely and efficiently, such as the vertiport operator receiving flight plans from the aircraft 
operator or the vertiport operator communicating with the FAA through FIMS [50]. Interface considerations also 
include information access for things like passenger connectivity to the internet or the locality remaining aware of 
operations to be able to deploy first responders or add extra buses in the event of a vertiport closure. 

The third theme contains considerations related to the vertiport communications systems themselves. These 
considerations include the hardware/infrastructure, spectrum, wires, and lines over which data travel and performance 
metrics for these systems, such as reliability, availability, and susceptibility to interference. Concerns here include 
whether the spectrum is approved and available, whether there is interference or loss of signal, and if the system 
transmits data in a timely manner. Communications paths capture connectivity to where data are needed (e.g., the 
vertiport operator) or how the information is transmitted (e.g., wirelessly, land line, fiber, or via the Internet).  

 
N. Security Considerations 

Currently the security grouping captures security considerations across three areas and notes some considerations 
that are likely common to all three. The three areas are physical, cyber, and airspace. It was decided for this initial 
collection of considerations to keep them within one grouping for the potential synergies and efficiencies. Like other 
groupings, this initial list of security considerations shown in Figure 14, was intended to be broad with the thought that 
at this stage, more considerations were better when balanced against the potential of not capturing ones that later turned 
out to be significant. 

 

Figure 14: Security Considerations 
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 Physical security considerations are related to ensuring threats to the physical elements of the vertiport or its 
operations are mitigated, e.g., passenger and cargo screening, prevention of cargo theft and tampering, and restricting 
physical access to portions of the vertiport. One unanticipated consideration came out during discussions: the need for 
physical security associated with vertiports located close to an international boarder. Though eVTOL aircraft may have 
short range missions, this would not preclude them from conducting international fights in some locations, and those 
international vertiports would need the capability to screen international passengers, conduct customs inspections, and 
ensure other requirements associated with entering or leaving the U.S. are met.  

 Considerations associated with cyber security are more challenging as expertise in this area is still resident with a 
small number of people who are working to inform other members of the ecosystem. While the cyber ecosystem is still 
maturing, some generalizations can be made about the considerations captured so far. Cyber-related considerations 
generally consist of those for the protection of: electronically stored data, the sensors and networks that collect or create 
data, and the software that runs these systems, provides access to the data, or verifies that security systems are 
functioning properly. In the vertiport environment, examples of things requiring cyber security could be the list of 
passengers who have already been cleared by security, the system that tells the vertiport operator that a pad is empty 
and ready for operations, or the software that allows or restricts access to information, such as proposed aircraft 
departure times. 

The third area in this grouping is airspace security. Programs, tools, and procedures listed in Figure 14 provide 
means to increase safety. Examples of these include the Private Charter Standard Security Program, tools such as 
Temporary Flight Restrictions (TFRs) or procedures such as global positioning system (GPS) testing. Other programs 
increase safety by preventing unauthorized use or by creating procedures such as those to intercept rogue aircraft. 
These programs also develop and exercise procedures for communication and clarify lines of authority for areas with 
overlapping or unclear responsibilities, such as with law enforcement entities in the case of stolen aircraft or for 
operations of a vertiport co-located with an embassy. 

 
O. Utilities 

Today, heliports can be sited and operated with minimal consideration to utility availability or capacity. Often, 
private heliport owners can plan basic facilities needing only water access. The National Wildfire Coordinating Group 
standards for helicopter operations states that only water for drinking and utilities are required for a permanent helibase 
[51]. There is a recognition as AAM is explored that, while electric service will be critical to eVTOL aircraft operations, 
future vertiports will also likely need to allow for other energy sources, such as hydrogen, data connectivity, and 
integration with utility services, e.g., sewage, natural gas, etc.  

 

Figure 15: Utilities Considerations 
 
Infrastructure and utilities play a large role in vertiport siting and design considerations. Having access to the 

required utilities, like an adequate power grid, is crucial. Older infrastructure may require large overhauling or 
expansion to support AAM operations at vertiports. This kind of improvement would require a large amount of 
collaboration with various jurisdictions in many cases, such as town, city, and county coordination. Utility 
infrastructure projects could potentially also take considerable time to complete and be very costly to upgrade, extend, 
and/or provide to vertiports.  
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Zoning and land use designations also have an impact on utilities. For example, a vertiport could need a specific 
zoning to be able to store fuels onsite, or a local land use plan that prioritizes agricultural uses could preclude a vertiport 
access to adequate electrical service. The requirement for easements across private property to provide access to the 
electric grid or other utilities is another aspect that is crucial to assess for a potential vertiport site. The approval process 
for access to utilities will likely go beyond simple physical considerations and also include community goals, such as 
a desire for carbon neutrality, and the impact on other community services, such as disruptions to utility service and 
traffic that may occur if a freshly paved, four-lane thoroughfare had to be torn up to provide access to the desired 
utilities. 

The utility considerations grouping shown in Figure 15 captures not only the current focus on electrical service, 
but also looks out to the future with considerations around graceful degradation, resiliency, and future fuels. 

 

P. Safety 
Safety has a very large scope. The considerations captured in Figure 16 are safety-related items that did not neatly 

fit into one of the other groupings. This list of considerations is focused on vertiports specifically, and so it does not 
include many other safety considerations, such as the safe operation of the vehicles while in flight, that are important 
to AAM in general. However, the list does include more general safety considerations that touch on vertiports, such as 
the FAA program to mitigate hazards posed by wildlife. 

 

Figure 16: Safety Considerations 
 

The current list of safety considerations has two themes: SMSs and processes to improve safety. SMSs include 
both the systems themselves and the tools and techniques used to enable these systems. Part 139 certified airports in 
support of Part 121 operations are required to have a SMS [52]. With the upcoming FAA rule making that will now 
mandate all Part 135 operations to have an SMS, it is yet to be seen if heliports and vertiports that support these Part 
135 operations will be required to have an SMS. While a having a vertiport SMS may not end up be a requirement, it 
could be a great capability that can provide benefit if integrated into the early stages of the site selection process.  

Processes to improve safety include accident reconstruction capability, simulation, and modeling tools to discover 
failure modes that identify tools and techniques that can be included as part of SMSs, and the wildlife strike query 
process and database [53]. Pilot education has been identified as a major issue in regard to rotorcraft infrastructure 
accidents in that neither the FAA nor the aviation industry have an education or training program in place that teaches 
pilots what constitutes properly designed vertical lift infrastructure [54]. Vertiport operational risk analysis processes 
could be utilized in the future to provide specific education and testing as to what constitutes proper site selection 
criteria and for developing AAM infrastructure.  

Like with other groupings, this set of considerations will continue to grow, and, because of the universality of 
safety considerations, it will be important to note the relationships and touch points with other closely related 
groupings, such as contingency, communications and data, and automation. An example of linked considerations is the 
execution of a contingency triggers an automated collection and transmission of the relevant data to the appropriate 
entities. 

 
Q. Automation 

The automation considerations grouping is likely the least mature of the groupings. Those shown in Figure 17 
capture some services, functions, and capabilities that are anticipated to be automated. They are grouped here because 
they are thought to utilize some degree of automation irrespective of the potential role of the human in enabling that 
function. A resource for a pathfinding effort related to identifying automation considerations is the Vertiport 
Automation Software Architecture and Requirements document sponsored by NASA’s High Density Vertiplex (HDV) 
subproject that identifies vertiport-specific automation functions [17]. 
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Figure 17: Automation Considerations 
 
The themes emerging from this initial list of automation functions include passenger/cargo handling, interfaces 

between automated systems, and functions that monitor automation performance. Passenger/cargo handling 
automation functions could include security screening and reservations as well as ticketing/check-in systems. 
Automation interface functions examples include identifying when a vertiport has available capacity or how operations 
are coordinated across vertiports with close geographic proximity. The UAM Airspace Research Roadmap [55] has 
initial automation interface considerations, and subsequent updates of the roadmap document will likely contain greater 
detail. The third theme, monitoring automation functions, includes the capability for graceful degradation, error 
reporting, and reliability.  

 
R. Other 

Even with 17 groupings of considerations, a number of considerations did not logically fit within one of the 
previously discussed groupings. These considerations are captured in this 18th “other” grouping and shown in Figure 
18. The considerations here reflect three themes: strategic, synergistic, and informed evolution. 

 

Figure 18: Other Considerations 
   
The strategic considerations are typically long-term, cross domain, have large unknowns, are highly dependent 

upon external factors, and require collaboration across a wide variety of stakeholders to address. Some of the more 
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challenging of these considerations include multi-modal integration, sustainable city planning, and anticipating public 
travel preferences over time. Multi-modal integration is the integration of vertiport facilities with other modes of travel. 
While this is often thought of as co-locating vertiports with other existing or planned transportation hubs, it also goes 
beyond the physical integration of transportation modes. For example, integrated transportation planning could 
consider the tradeoffs to achieve resiliency benefits by being able to shift demand across the other modes when one or 
more modes are disrupted. Sustainable city planning; forecasting trends, such as whether people will migrate into or 
out of city centers; or accounting for other strategic types of considerations, such as local impacts of climate change, 
will require considering the long-term view and will impact both individual vertiports and the design of the entire 
system of vertiports. 

The synergistic considerations within this grouping are cross domain and also require collaboration across a wide 
variety of stakeholders. The capability to utilize common or compatible infrastructure for communications, navigation, 
surveillance, data networks, and charging equipment across multiple forms of transportation will support addressing 
these considerations. Also within this theme is the visual integration of infrastructure in harmony with the community’s 
culture and the ability to rapidly incorporate improvements across modes of transportation. Another synergistic 
consideration is evolving taxonomies. The same term can have a different meeting in different domains or be used and 
received by the public differently. For example, in English, the word nova refers to a particularly bright star, but in 
Spanish “no va” means “does not go”. Consequently, the release of the Chevrolet Nova car experienced poor sales in 
Spanish-speaking markets since it was called the Chevrolet “No Go”. 

The last theme in this grouping is informed evolution. These considerations capture the ability to incorporate 
lessons learned to improve the design, operation, and safety of vertiports. Lessons learned can come from multiple 
sources including existing heliports, vertiports that will be built while guidance is being finalized, and vertiports built 
for special events, such as the Olympics. Lastly, evolving ordinances and case law will impact the planning, operations, 
and public perception of vertiports. 

Over time it is likely that these considerations can be defined in greater detail and either move to one of the other 
groupings or evolve into one or multiple additional groupings. 

 

III. Conclusions 
 In this paper we have collated and overviewed over 450 considerations applicable to siting, designing, and 

operating a vertiport. The purpose of this paper was to fill an identified knowledge gap, document the results of the 
crowdsourcing effort capturing the extensive experience of ecosystem members across multiple domains, and provide 
a document that can be a starting place for local decision makers and researchers as they begin to study various multi-
vertiport systems and plan for early adoption of AAM. The effort validated that planning and designing vertiports will 
require expertise across the entire AAM ecosystem. Although this paper makes progress in this direction and 450 
considerations vastly exceeded the number expected to be identified, we did not attempt to categorize the 
considerations by the degree of potential impacts on safety. We also did not conduct a gap assessment within each 
grouping or organize the considerations by the timeframe in which they need to be considered. For this reason and the 
fact that new considerations are continuing to be added to this “living list,” this paper must be viewed as a snapshot 
in time with needs for updates to continue to provide benefit into the future. 
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