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Urban Air Mobility (UAM) is a promising component of future mobility systems. To ensure its smooth and viable
implementation, it is crucial that authorities, organizations, public services and stakeholders in general consider
not only economic aspects but also environmental, safety and socio-economic factors through a holistic
approach. However, the current literature primarily focuses on specific subtopics of UAM individually, failing to
address the topic in an integrated and comprehensive manner. This study aims to overcome this limitation by
conducting a Systematic Literature Review (SLR) on UAM, analyzing a database of 129 articles published be-
tween 2017 and 2023. Specifically, a bibliographic coupling analysis and a Multiple Correspondence Analysis
(MCA) were performed. The results include a list of 150 indicators used to assess environmental, safety and socio-
economic impacts of UAM, as well as the identification of four core thematic clusters: (1) UAM Technology and its
Sustainability; (2) Environmental Assessment; (3) Traffic Management for the Airspace Industry; and (4) Passenger
Transport and Demand Management. The findings of this research complement existing literature and contribute to
the development of the field by shedding light on UAM’s key stakeholders, impacts and the indicators used to

assess these impacts.

1. Introduction

The concept of Urban Air Mobility (UAM) emerged from techno-
logical developments as a solution to address widespread urbanization
and sustainability concerns [1,2]. It is defined as an “emerging concept
that envisions a safe, efficient, accessible, and quiet air transportation system
for passenger mobility, cargo delivery, and emergency management within or
traversing metropolitan areas” ([3], p. 119). Currently, aviation organi-
zations and logistics companies are developing flying taxi services in an
effort to promote UAM, with expectations for a debut in the coming
years [4-6]. Thus, UAM is anticipated to provide several advantages
across various domains, with potential applications in multiple sectors,
including healthcare [7] and law enforcement [8], since “[UAM] has the
potential to disrupt air transportation, providing disruptive innovation not
only to aviation but also to mobility systems and urban planning” ([9], p. 1).
Nonetheless, although several authors explore the topic within the same
context, a consensus regarding the adequacy of the term “Urban Air
Mobility” has not been attained. The literature diverges on this matter,
and terms such as UAM, Innovative Air Mobility (IAM), Unmanned
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Aircraft Systems (UAS) and Advanced Air Mobility (AAM) are frequently
used interchangeably [9-11], lacking standardization across
publications.

The current literature on UAM consists mostly of Systematic Litera-
ture Reviews (SLRs) that focus on specific topics rather than adopting a
holistic approach. Within this scope, existing SLRs have examined UAM
demand analysis [4], vertiport location and capacity [12], noise [13],
security and safety concerns [14], vertiport design and operations [15]
and autonomous and electric ground transportation [10]. Among the
SLRs analyzed, only one has taken a broader approach to UAM. Keller-
mann et al. [16] addressed drones for parcel and passenger trans-
portation within the socio-technical debate on drones’ utilization for
transportation purposes. Nevertheless, these authors identified as a
limitation the inability to cover the entire spectrum of articles on the
topic due to the high density of information within the thematic areas of
research. They suggested that future research should expand the scope
of analysis.

The need for a holistic approach to UAM is further emphasized by the
upcoming requirement to integrate this type of mobility into Sustainable
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Urban Mobility Plans (SUMPs) to enhance the Trans-European Trans-
port Network (TEN-T) corridors [17]. Achieving this goal necessitates
collaboration among multiple stakeholders [16,18]. However, the
identification of key stakeholders and their specific roles in UAM
implementation remains unclear in the current literature and requires
further exploration. Consequently, several aspects must be more thor-
oughly addressed and researched to develop a detailed understanding of
the challenges that must be overcome to ensure the successful imple-
mentation of services utilizing UAM technologies [4,12].

Within this scope, the current literature clearly highlights the need
for further research on UAM, particularly regarding: (1) social aspects,
such as public acceptance and user adoption; (2) environmental aspects,
including noise and visual pollution; (3) economic aspects, such as
manufacturing and design costs [4]; and (4) safety aspects, encom-
passing accident scenario planning and travel safety [4,12].

Hence, this study makes two main novel contributions: (1) it adopts a
holistic and integrated approach that considers UAM’s social, environ-
mental, economic and safety aspects, which are often analyzed sepa-
rately in the current UAM literature; and (2) it compiles a list of
indicators from the literature used to assess environmental, safety and
socio-economic impacts of UAM’s implementation. This list consolidates
social and economic indicators under the same category (i.e., socio-
economic impacts), as most of them overlap between these two areas.

This study complements the literature by providing an integrated
analysis of UAM’s impact areas and indicators. In practice, it offers key
insights to local authorities, municipalities and other policymakers,
enabling them not only to develop more accurate urban planning stra-
tegies that consider both society and sustainability but also to enhance
their decision-making processes to ensure the smooth integration of
UAM services and increase their likelihood of success. The research
questions that this study aims to answer are as follows:

- Who are the main stakeholders and what are their roles in the
implementation of UAM?

- What factors influence perceptions of noise, visual pollution and
overall acceptance of UAM by citizens?

- What are the main evaluation criteria used to assess the environ-
mental, safety and socio-economic impacts of UAM implementation?

A content analysis of the thematic clusters containing 129 articles
was conducted to answer the research questions mentioned above.
Moreover, an in-depth bibliometric analysis, including a descriptive
analysis, an analysis of the thematic evolution of the main topics and a
bibliographic coupling analysis and a Multiple Correspondence Analysis
(MCA) were performed to provide a more holistic and comprehensive
approach to the topic.

The remainder of this paper is structured as follows: Section 2 ex-
plains the methodology adopted. Section 3 presents the bibliometric
analysis of the literature, including a descriptive analysis, the thematic
evolution of the topic and the bibliographic coupling analysis. Section 4
encompasses the MCA, the presentation of key research themes,
geographical scope and methodological approaches along with their
respective relevant references and frequencies, and recent research on
UAM. Section 5 concludes with the findings, limitations of the study,
theoretical and practical impacts, and suggestions for future research.

2. Methodology

Bibliometric analysis “allows, within a certain research field, influential
authors and their interrelations to be identified, providing researchers with a
solid basis for positioning their contributions and detecting new avenues for
future research” ([19], p. 904). In the current study, a bibliometric
analysis was conducted according to the procedures outlined in Ferreira
and Ferreira [20]. The protocol followed comprised six steps: (1)
formulation of research questions; (2) selection of a database; (3)
formulation of the search string; (4) identification of criteria; (5) review
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of previous research; and (6) integration of outcomes.

The analysis performed allowed for the identification of the main
stakeholders of UAM and their roles in its implementation, the factors
contributing to perceptions of noise, visual pollution and overall citi-
zens’ acceptance of UAM, as well as the most relevant evaluation criteria
used to assess the environmental, safety and socio-economic impacts
resulting from the implementation of UAM. Furthermore, this analysis
provided insights into the topic regarding the annual evolution of the
number of publications, as well as the identification of the most relevant
journals, keywords and themes. The bibliometric maps were generated
using the Bibliometrix software [21].

The data used were provided by the Scopus database, which “com-
bines an expertly curated abstract and citation database with enriched data
and linked scholarly literature across a wide variety of disciplines” [22]. The
choice of Scopus is justified by its broad coverage, as it includes more
journals and publications compared to other databases, such as Web of
Science [19,23].

The search string defined for this study comprised the following
terms: (“urban air mobility”) OR (“innovative aerial services™) OR
(“advanced air mobility ") OR (“unmanned air mobility*””) OR (“air taxi*”)
AND (“soci* accept*”) OR (“impact*” OR “assess*”). The application of
this search string, conducted in December 2023, resulted in 568 docu-
ments. Several restrictions were imposed to ensure homogeneity: (1)
only articles and reviews were included, while conference papers, con-
ference reviews, book chapters, errata and editorials were excluded; (2)
only documents published between 2013 and 2023 were considered
resulting into 167 articles; and (3) the sample was limited to articles or
reviews written in English (Korean, Spanish, Portuguese, Japanese and
Chinese were removed). The application of these criteria resulted in 160
documents. Finally, a content analysis was performed on each docu-
ment’s title, abstract, keywords and introduction. As a result, 31 articles
were excluded for the following six reasons related to the research
content: (1) it was not directly related to UAM; (2) it did not address
UAM’s stakeholders, impacts or indicators; (3) it focused exclusively on
aerodynamics; (4) it focused exclusively on physics; (5) it focused
exclusively on optimization; and (6) it focused exclusively on
electronics.

The remaining documents were included since they were directly
related to UAM and, specifically, to its stakeholders, impacts and/or
indicators. Nevertheless, it is important to highlight that, even though
the current study was developed within the scope of management/
business, the direct removal of articles and reviews from other subject
areas without any content analysis would jeopardize the study, as some
of these documents offered important insights related to the research
questions. Therefore, only documents that focused exclusively on or
were restricted to other areas and did not provide any valuable contri-
bution to the present study were excluded. Hence, as illustrated in Fig. 1,
the final sample comprised 129 documents.

The database output was refined and standardized by creating a
thesaurus file and uploading it to VOSviewer to merge all the different
formats of the authors’ names. Furthermore, using the Bibliometrix R
package, the sources and keywords were standardized through the
manual correction of their spelling (e.g., “Urban Air Mobility” and
“UAM”).

Furthermore, we employed MCA to obtain an in-depth understand-
ing of the data and complement the analyses performed with VOSviewer
and Bibliometrix. MCA is an exploratory multivariate method for the
numerical and graphical analysis of multivariate categorical data that
conducts an indicator matrix homogeneity analysis to create a low-
dimensional representation of the original data [21]. The advantages
of this technique result from the combination of content analysis and an
expert-based approach, allowing “researchers to synthetize up-to-date
findings and graphically depict the intellectual structure of the research
field” ([24], p. 2).
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1. Scopus Database
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3. Bibliometric analysis
3.1. Descriptive analysis

The present SLR was based on 129 articles published between 2017
and 2023, directly related to UAM and focusing on UAM’s stakeholders
and/or impacts and/or indicators. These publications encompassed a
total of 64 sources, 389 authors, 6612 references and 429 author key-
words. Based on Fig. 2, it seems evident that the number of publications
until 2019 was relatively low, with only one publication in 2017, two in
2018, and five in 2019. However, 2020 marked a shift in this trend, with
16 publications, followed by 26 in 2021, 33 in 2022, and 46 in 2023.
Overall, a continuous growth in the number of publications has been
observed over the years.

Concerning the journals with the highest number of publications, it is
possible to observe in Fig. 3 that these include: Aerospace Science and
Technology (9); Drones (9), Sustainability (Switzerland) (8); and Journal of
Air Transportation (7).

Regarding the five most globally cited documents, these are: Kel-
lermann et al. [16] (147 citations); Al Haddad et al. [25] (127 citations);
Bauranov and Rakas [26] (101 citations); Cohen et al. [27] (96 cita-
tions); and Fu et al. [28] (91 citations) (see Fig. 4).

The contributions of these five studies are as follows:

- The first study, entitled “Drones for Parcel and Passenger Trans-
portation: A Literature Review” [16], is a systematic literature review
(SLR) of 111 articles published between 2013 and March 2019 that
addresses the technical and social debate on the use of civil drones
for transportation. The study sheds light on the expected benefits,
potential problems, anticipated barriers and proposed solutions. It
offers an interdisciplinary perspective on the use of passenger and
delivery drones through the analysis of the following clusters: public
acceptance, environmental issues, urban planning and infrastruc-
ture, ethics, safety and security, and societal implications.

The second paper, entitled “Factors Affecting the Adoption and Use of
Urban Air Mobility” [25], develops adoption and intention to use
models for UAM by identifying and quantifying the factors influ-
encing its adoption and utilization. The study aims to enhance the
understanding of user perceptions, acceptance and willingness to

AERD

CIENCE AND TECHNOLOGY

DRONES

SUSTAINABILITY (SWITZERLAND)

JOURNAL OF AIR TRANSPORTATION
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adopt UAM, based on user profiles and adoption time horizons. The
models assume intra-city and on-demand transportation of passen-
gers operated by completely automated electric vertical take-off and
landing (eVTOL) vehicles, as well as integration with public trans-
port systems, offering a ride-pooling option.

The third article, entitled “Designing Airspace for Urban Air Mobility: A
Review of Concepts and Approaches” [26], reviews concepts related to
urban airspace design, pointing out strengths and weaknesses and
offering recommendations for a broader approach. It develops a
framework for assessing these concepts and identifies structural
factors that define urban airspace capacity, size and geometry. These
factors are allocated into four groups (vehicle, social, safety and
system) that affect the airspace’s physical structure. The paper also
analyzes proposals for urban airspace management based on the
abovementioned factors, identifying commonalities and highlighting
best practices in airspace design.

The fourth study, entitled “Urban Air Mobility: History, Ecosystem,
Market Potential, and Challenges” [27], focuses on UAM’s history,
ecosystem, industry state and possible evolution through a
multi-method approach, including 106 interviews with industry
leaders and two workshops with stakeholders. Regarding UAM’s
history, present developments and expected milestones, the authors
divide them into six distinct phases of historical and expected evo-
lution: (1) concepts of the “flying car” from 1910 to 1950; (2) basic
UAM operations using programmed helicopter services from 1950 to
1980; (3) the reappearance of on-demand services in the 2010s; (4)
corridor services using vertical take-off and landing (VTOL) intended
for the 2020s; (5) hub-and-spoke services; and (6) point-to-point
services.

The fifth paper, entitled “Exploring Preferences for Transportation
Modes in an Urban Air Mobility Environment: Munich Case Study” [28],
explores user preferences for urban transport modes (e.g., public
transportation, private cars, autonomous flying taxis, and autono-
mous taxis) and UAM adoption through a case study in Munich,
Germany. This study analyzes the influence of service features on
user choices and identifies characteristics of potential UAM users by
applying a preference questionnaire to 248 residents of the metro-
politan region of Munich.

§ APPLIED SCIENCES (SWITZERLAND) -0
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Overall, these articles comprehensively address UAM’s economic,
social and regulatory dimensions, focusing on its stakeholders, impacts
and indicators. They contribute to improving the understanding of UAM
and its services and provide insights into the three research questions of
this study.

3.2. Evolution by themes

To explore publications focused on UAM in the context of its stake-
holders and/or impacts and/or indicators between 2017 and 2023, the
Bibliometrix software was used, as it allows for obtaining the thematic
evolution of keywords over designated timespans. As shown in Fig. 5,
the results present the evolution of themes over time based on the au-
thors’ keywords.

The timeline was divided into three periods: (1) 2017-2020, which
includes 24 articles; (2) 2021-2022, which contains 59 papers; and (3)
2023, which encompasses 46 documents. This division is justified by the

2017-2020

urban air mobility

‘ drones

Fig. 5. Thematic evolution map.
Source: Bibliometrix Software

2021-2022

i)

Global Citations

difference in the number of articles published each year, as the number
of publications was relatively low until 2020. The highest peaks
occurred between 2020 and 2021 (with 10 more articles) and between
2022 and 2023 (with 13 more articles). It is seen that the literature has
evolved significantly in the last two years. This division provides a
clearer view of the most recent trends.

According to Fig. 5, during the first time period (i.e., 2017-2020), the
topics were mostly concentrated on “urban air mobility” and “drones”.
In the second time period (i.e., 2021-2022), new topics emerged, such as
“vertiport”, “air taxi” and “unmanned aerial vehicle”, while the theme
“drones” converged with “unmanned aerial vehicle”. In the final time
period (i.e., 2023), two new topics appeared: “acceptance” and “vertical
take-off and landing (VTOL)”, while the topic “unmanned aerial vehicle”
converged with “urban air mobility”, and the term “vertiport”
converged with “air taxi” and “acceptance”. This analysis helps to un-
derstand the thematic development of the literature on the topics under
study.

2023-2023

air taxi
urban air mohility

urban air mobility]

vertiport

v

acceptance

air taxi

vertical take-off and landing (umi];

unmanned aerial vehicle
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3.3. Key stakeholders and their role in UAM'’s implementation

To identify the key stakeholders, as well as their role in UAM’s
implementation, and thus answer the first research question of this
study, a content analysis of the articles was conducted. It was verified
that the involvement of diverse stakeholders is necessary, namely reg-
ulators, authorities, UAM operators, airspace management service pro-
viders, infrastructure providers, original equipment manufacturers,
UAM users [29], guideline development organizations, governments,
agencies and key players in the aviation industry and market, to attain
effective implementation of UAM [30]. In a more detailed analysis, Ali
et al. [31] highlight the importance of effective collaboration among
three groups of stakeholders: UAM manufacturers, end-users and regu-
lators, for efficient and safe UAM operations. Specifically, their roles
encompass the following aspects: (1) manufacturers are required to
fulfill operational obligations and regulations; (2) regulators are
required to identify the mandatory regulations for UAM operations, as
well as the operators’ training stipulations; and (3) end-users can in-
fluence the performance of UAM operations through their interaction
with the operator. In turn, Al-Rubaye et al. [32] include consumers and
local government agencies in the UAM ecosystem, in addition to vehicle
manufacturers, UAM service providers and airspace regulators.

Schweiger and Knabe [33] introduced a Vertidrome Airside Level of
Service (VALoS) framework, which merges the requirements of several
stakeholders: the vehicle operator, the passenger and the vertidrome
operator. Each stakeholder has specific performance targets and metrics
[34]. Therefore, this framework allows the alignment of diverse stake-
holders’ interests while fostering efficient and sustainable vertidrome
planning and subsequent operation. Moreover, when necessary, other
stakeholders, such as booking platform operators, pilots, air navigation
service providers and U-space service providers, can also be included in
the framework [33].

In this context, the stakeholders’ perspectives concerning UAM’s
operation, benefits, challenges and risks associated with early use cases
are considered crucial for the successful deployment of passenger UAM.
These perspectives help establish the right use cases for the current stage
of UAM development, leading to improved adoption rates and
economically feasible use cases [35]. The stakeholders in the UAM
ecosystem include policymakers, consultants, product owners, in-
vestors, researchers, pilots, journalists, managers in aviation corpora-
tions and supporting institutions [35]. These stakeholders identify
emergency/medical services and airport shuttles as the most suitable use
cases for the early operations of passenger UAM. These use cases are
expected to offer the greatest potential benefits while having low
complexity. The main challenges and benefits for implementing pas-
senger UAM, as perceived by the stakeholders, are as follows: commu-
nity acceptance, infrastructure and regulations are the primary
challenges, while higher quality of life, economic gains and environ-
mental impact reduction are the most significant benefits.

Moreover, the stakeholders consider technology failure, physical
object interference and air and ground accidents as the key hazards.
Regarding risk assessment, community backlash is perceived as the most
hazardous risk due to its high probability of occurrence and significant
impact on viability, placing it in the very-high-risk zone. Other relevant
risks, categorized in the high-risk zone, include turbulent weather, un-
profitable business models, accidents, technology failure, object inter-
ference, inadequate Air Traffic Management (ATM), battery-related
issues and pilot errors [35]. Although the benefits and challenges
perceived by different stakeholders may vary, in the context of a holistic
approach, they must be considered in an integrated manner. Neverthe-
less, the stakeholders mentioned above are not the only ones with a key
role in UAM’s implementation. Apart from the end-users of UAM ser-
vices, non-users, as citizens, are vital for UAM’s success. Their lack of
acceptance may represent a significant constraint for the integration of
these services into societies. Kellermann and Fischer [36] addressed the
public acceptance of drones by analyzing context-, subject- and
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object-related factors that affect the public’s perception of drone utili-
zation. These factors included: (1) regulation, infrastructure and
airspace management, and technology’s impact on quality of life and the
social fabric of the community; (2) people’s attitude toward technolo-
gies in general; and (3) environmental friendliness, security and safety,
and technology usefulness.

3.4. Bibliographic coupling

The next step in this SLR involved the creation of a bibliographic
coupling analysis. Bibliographic coupling “occurs when two articles
reference a common third article in their bibliographies, indicating that there
is a probability that the two articles address a related subject matter. The
‘coupling strength’ of two given articles is higher the more citations to other
articles they share” ([371], p. 349). In this regard, a coupling map was
developed using the Bibliometrix software and was utilized to identify
the key dimensions of this research (see Fig. 6).

In Fig. 6, the four main themes of this study can be identified: (1)
UAM Technology and its Sustainability; (2) Environmental Assessment; (3)
Traffic Management for the Airspace Industry; and (4) Passenger Transport
and Demand Management. The clustering process was developed directly
by the Bibliometrix software, which allocated the majority of the articles
to the corresponding clusters. This process was based on keyword fre-
quency, being important to emphasize that it is expected to exist some
topic overlaps among different clusters. Thus, the clusters reflect the
thematic directions and general orientations of the studies included in
them and they should not be considered as mutually exclusive or ab-
solute. However, since the software only coupled 94 out of the 129 ar-
ticles, the content of the remaining articles was thoroughly analyzed to
accurately allocate them into the respective clusters. As a result, 6 ar-
ticles were subsequently integrated into Cluster 1, 4 articles into Cluster
2, 16 articles into Cluster 3, and 9 articles into Cluster 4. However, it is
important to note that although some articles were automatically allo-
cated to the clusters by the software, their relationship with the main
topics of the corresponding cluster is not always evident. Consequently,
the following analysis will focus on the most relevant articles. Never-
theless, for each cluster, a list of the indicators identified within all its
corresponding articles was created. This list encompasses the main
evaluation criteria used to assess three primary impact areas (ie.,
environmental, safety and socio-economic) resulting from the imple-
mentation of UAM. It provides information regarding each indicator’s
definition and effect, the type of drone associated with it, how the data
was extracted, and whether the indicator was defined and measured (see
Appendix). The development of the bibliographic coupling analysis
enabled the answering of the second and third research questions of this
investigation, shedding light on the contributing factors for the per-
ceptions of UAM’s noise, visual pollution and general acceptance, as
well as on the identification of the main evaluation criteria mentioned
above.

1) UAM Technology and its Sustainability Cluster. This cluster comprises
35 articles that examine UAM technology and sustainability from a
variety of perspectives. These perspectives include the technological
aspects of UAM vehicles and their components, the external envi-
ronmental factors impacting operations, social acceptance issues and
the infrastructures and operations necessary for UAM’s successful
integration into urban systems.

UAM has evolved from initial helicopter flights to on-demand
mobility services, which are expected to be followed by the introduc-
tion of corridor services utilizing VTOL aircraft [27], marking a new era
in the urban transport system [10]. UAM could improve urban mobility
[38] and allow citizens to overcome on-ground traffic congestion [5],
while reducing travel times between places in urban contexts [39].

Enhancing sustainability is one of the main goals of introducing UAM
into mobility systems. Hence, the development of environmentally
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Traffic Manageinent for the Airspace Industry

Fig. 6. Coupling map.
Source: Bibliometrix Software

sustainable UAM vehicles is vital to decrease environmental issues like
noise emissions, climate change and global warming [40]. In this regard,
these authors found that sustainable aviation fuels have the same per-
formance as more traditional fuels while causing a significantly smaller
environmental impact. Nevertheless, Straubinger et al. [41] stated that
UAM services produce fewer CO2 emissions compared to fuel-based
cars, but when compared to electric cars, those emissions are higher.
In turn, O’Reilly et al. [42] highlight the importance of the existence of a
fuel management ecosystem approach to improve sustainability and
decrease pollutant emissions, while Zaporozhets et al. [43] state that the
electrification of aircraft is perceived as a solution to decrease these
emissions and fuel consumption. Moreover, Kiesewetter et al. [44] state
that even though hybrid engine designs are considered more pollutant in
terms of emissions compared to current public transportation options,
the increasing understanding and research on hydrogen and sustainable
fuels has the potential to transform them into a more environmentally
friendly alternative. Furthermore, Enconniere et al. [45] examined a
conceptual coaxial rotorcraft performance and concluded that emissions
are significantly reduced at high velocities when flights occur at
elevated altitudes.

In addition to the characteristics of UAM vehicles, their specific
components also play a key role in improving sustainability, with po-
tential direct impacts on the introduction and utilization of UAM ser-
vices. In this regard, Johnsen et al. [46] concluded that the
implementation of a hybrid turboelectric power system in a UAM
vehicle requires the application of several measures related to: (1)
thermal management, with the necessity to integrate effective cooling
solutions that are adequate to cope with high temperatures; (2) elec-
trical safety features, with the need for the implementation of battery
protections; and (3) battery sizing, with the necessity to ensure that the
batteries have the appropriate size to fully power the system.

Nevertheless, it is important to acknowledge the challenges faced by
UAM technologies in terms of external conditions, particularly related to
the environment. In this scope, Wang et al. [47] analyzed electric flights
in unpredictable and extreme urban environments, concluding that the
performance of electric vehicles is influenced by several external factors,
including micro-climate, seasonal variations, wind and the urban heat
island effect. In line with this, Reiche et al. [48] state that low temper-
atures, thunderstorms and strong winds may be some of the biggest
weather issues. Thus, the analysis and prediction of weather conditions
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are vital to ensure the safety and efficiency of UAM operations [49], as
well as to enhance citizens’ acceptance of UAM and their perception of
these services as a safe transportation alternative [48].

Social receptiveness and acceptance, along with the potential
adoption of UAM technologies, are also influenced by perceived benefits
and concerns, the anticipated fulfillment of urgent social needs, the
suitability of UAM per flight purpose, and environmental features and
issues [18,50], such as noise [51]. Moreover, aspects related to safety,
travel cost, travel time [28], trust, service reliability and automation
costs [25] may be vital for consumers’ adoption of UAM services.
Nonetheless, it is important to note that according to Straubinger et al.
[1], who analyzed and assessed a scenario where UAM was introduced,
welfare gains were obtained for high-skilled households, whereas wel-
fare losses occurred for low-skilled households.

In general, UAM’s success depends on the system’s operational ef-
ficiency [52]. Therefore, the impacts of flying sensors [53], synthetic
sensors [54] and battery performance [55] on UAM operations must be
analyzed and optimized. In addition, flight planning and trajectory
definition are also vital to minimize operating costs and travel time
while supporting and improving operational planning and efficiency
[56,57]. In terms of infrastructures, vertiports have a crucial role in
UAM’s successful implementation and operation. Their placement,
reachability, and frequency impact the overall accessibility of UAM
[58], while their location is a key factor that impacts the risk of collision
in UAM operations [59]. Shao et al. [60] enhanced the importance of a
multi-vertiport system to guarantee efficient and safe UAM operations in
an elevated flight density context. Nevertheless, it is important to note
that vertiports’ construction, maintenance and operation cause energy
consumption and produce emissions [61].

Based on the analysis of the documents contained in this cluster, it
was possible to identify 28 indicators within 11 articles and allocate
them into environmental, safety and socio-economic impact areas as
shown in Table 1 (in Appendix). The impact area with the most repre-
sentation pertained to environmental impacts, counting 15 indicators,
followed closely by socio-economic impacts with 12 indicators, while
the least represented impact area concerned safety impacts with a single
indicator. Only four indicators were referred to in these documents more
than once: “Effective perceived noise level (EPNL)”, mentioned in two
papers [44,51]; and “Households”, “Low-skilled households” and
“High-skilled households”, referred to in two articles as well [1,41].
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These last three indicators were also the most measured among this
cluster, as they were measured in the two articles in which they were
addressed. In this context, from the 28 indicators of this cluster, only 16
were measured.

2) Environmental Assessment Cluster: This cluster incorporates 48 docu-
ments, with many focusing on environmental aspects such as noise
and visual pollution. Additionally, the potential environmental im-
pacts of UAM operations, vehicles and their components on the
overall introduction of UAM are also explored in these studies. These
documents examine how UAM could affect environmental sustain-
ability, emphasizing the need for environmentally friendly solutions
to mitigate negative impacts such as noise emissions and visual
disturbances.

The introduction of UAM services to urban mobility brings multiple
environmental benefits, including a reduction in CO2 emissions due to
decreased ground traffic, which contributes to mitigating global
warming and climate change, ultimately paving the way toward carbon
neutrality [62,63]. Additionally, UAM services promote modal shifts,
offering a solution to urban traffic congestion [11,62,63]. UAM for de-
livery purposes can also reduce greenhouse gas emissions compared to
ground vehicles, improving air quality and enhancing sustainable
mobility. Furthermore, UAM services offer social benefits, such as
improved accessibility and faster medical deliveries [13]. However, it is
important to recognize that increasing the number of vertiports and
lowering the cost of UAM services could potentially lead to higher
emissions [64].

Addressing potential negative environmental impacts, such as noise,
is crucial for the successful introduction and adoption of UAM services
[65]. This is because excessive noise can undermine the positive social
and environmental effects that UAM could offer [13]. Virtual flight
simulations show that flight paths significantly influence noise distri-
bution [66,67], while a high-fidelity computational approach reveals
that buildings create reflections that amplify the spread of noise [68].
Moreover, because UAM operations occur at low altitudes, noise from
these vehicles may not be masked by buildings or ambient noise,
potentially disturbing residents [69].

Beyond the propagation and emission of noise, understanding psy-
choacoustic factors and human perception of noise is essential to miti-
gating its effects and improving social acceptance [70]. The main
psychoacoustic factors linked to noise annoyance include tonality,
sharpness, loudness, roughness and impulsiveness [13]. Among these,
loudness is the primary cause of noise annoyance. UAM-generated noise
is often perceived as more disturbing than that of road traffic or tradi-
tional aircraft [13].

Gao et al. [71] proposed the concept of virtual acoustic terrain to
support noise-conscious trajectory planning for UAM in complex urban
environments. This tool also aids in selecting vertiports that minimize
social impact. Addressing noise is critical not only to ensuring public
acceptance but also to protecting citizens’ health, as noise can lead to
cognitive impairment, sleep disturbances, cardiovascular issues and
mental health challenges [13].

Regarding visual pollution, Thomas and Granberg [72] identified
two main contributors: the number of UAM vehicles and the distance
between the viewer and the vehicle. However, visual pollution from
UAM vehicles used for medical emergencies is generally more tolerable.
Key factors influencing visual pollution include the vehicle’s purpose (e.
g, passenger transport, cargo, or medical emergency), the environment
(urban or rural), appearance, awareness, distance, movement and the
temporal component [72]. Visual pollution can lead to anxiety, stress,
decreased work efficiency and distraction [72], similar to the health
impacts of noise. To mitigate these effects, flight routes can be adjusted
to ensure that UAM vehicles fly over water or sparsely populated areas,
avoiding sensitive landscapes [26].

Noise, visual pollution, air emissions, energy consumption and space
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requirements per passenger all contribute to the environmental indica-
tor for UAM assessment, as outlined by Ploetner et al. [73] and Al
Haddad et al. [74]. These environmental impacts directly affect public
acceptance [75], with acceptance dependent on how UAM services are
introduced and the perceived benefits to society [76]. In drone delivery
applications, noise, visual pollution and stress due to increased airspace
traffic can significantly influence public acceptance [75]. The charac-
teristics of UAM vehicles and their components also play a crucial role in
determining the environmental impacts of these services [77]. Factors
such as noise, life-cycle cost and sustainability are important when
choosing between different fleet options [78], and a balanced fleet
heterogeneity is vital for optimizing operational efficiency and service
quality [79].

Regarding the environmental impacts of UAM vehicle components,
air pollutant emissions are closely tied to the power production system
of these vehicles [64]. The use of hydrogen fuel cells offers the potential
to reduce key issues associated with batteries and decrease environ-
mental impacts [80]. Furthermore, hybrid hydrogen-powered plants
may reduce emissions and energy consumption [81], while
hybrid-electric systems help lower NOx emissions and overall environ-
mental impacts [82-84]. Although batteries can also reduce environ-
mental issues, they face challenges regarding duration [85] and safety,
which must be addressed for their viability [86]. Solid-state batteries
may provide a solution to these challenges.

From the analysis of 52 indicators identified across 8 articles in this
cluster, socio-economic impacts emerged as the most significant cate-
gory, with 38 indicators, followed by environmental impacts (12 in-
dicators) and safety impacts (2 indicators) (see Table 2 in Appendix).
The most frequently mentioned indicators were “Energy consumption”
and “Air emissions”, which appeared in three articles [64,73,74].
Fourteen indicators were only measured once, while the remaining in-
dicators were not measured.

3) Traffic Management for the Airspace Industry Cluster: This thematic
cluster comprises 25 articles, many of which examine airspace traffic
management, particularly in relation to UAM operations and
infrastructure.

A proper Air Traffic Management (ATM) system is essential for the
successful launch and ongoing development of UAM operations,
requiring the collaboration of multiple stakeholders [87,88], such as
airline managers, transport system regulators and airport managers
[89]. As noted by Vascik et al. [90], the following key questions need to
be addressed for UAM operations: (1) “What airspace volumes may the
operators fly in?”; (2) “How should traffic be structured in this airspace?”;
and (3) “How are ATC [Air Traffic Control] services provided in this
airspace?” (p. 124). Traffic structure pertains to the trade-offs between
structured and unstructured airspace concepts in terms of system per-
formance, while ATC services’ provision involves trade-offs between a
distributed and centrally managed system [90]. Integrating passenger
UAM at airports with traditional runway systems is advised only during
off-peak hours or for airports with small runways, as otherwise, it could
lead to traffic delays [91]. Furthermore, Rajendran et al. [92] suggest
that U-space traffic management decisions should factor in charging
time for UAM vehicles, as extended charging periods could significantly
reduce vehicle utilization and affect customers’ waiting times, thus
impacting the overall user experience.

In terms of airspace safety and security management, direction and
speed control are important for conflict identification and resolution
without compromising safety, unless UAM vehicles are particularly
efficient while hovering [93]. Situational awareness is also critical to
ensure safety and guide decision-making [94]. In this context, several
security and procedural checks must be conducted [95], including pre-
ventive measures for adverse weather conditions, to ensure passenger
safety [96] and avoid potential hazards for the aircraft [97].

Airspace security remains a significant concern for UAM’s operations
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and traffic management due to the vulnerability of UAM technologies to
cyber-attacks [98]. This necessitates the implementation of measures to
combat these threats while ensuring data privacy [99] and overall
cybersecurity [100]. Additionally, infrastructure is critical to UAM’s
traffic and operations management [101]. Zhang et al. [102] analyzed
vertiport capacity and concluded that congestion is more likely to occur
at the landing platform rather than the takeoff platform. Sinha and
Rajendran [103] explored the location of these infrastructures based on
potential demand and recommended larger vertiports for airports with
higher demand. Preis and Hornung [104] examined vertiport airfields’
operational dynamics, concluding that there is a threshold beyond
which operations become unstable, leading to an exponential increase in
passenger delays. Nonetheless, capacity constraints could limit UAM’s
introduction and operations, with challenges such as insufficient infra-
structure opportunities [105] and logistical capacity issues affecting
operational efficiency [105,106].

A comprehensive content analysis of this cluster’s papers identified
15 indicators, grouped into environmental, safety and socio-economic
impact areas. The most significant impact area was socio-economic,
with 12 indicators, while environmental impacts had fewer indicators,
at only two. Safety impacts were even less represented, with only one
indicator (see Table 3 in Appendix). The indicator “Arrival punctuality”
was mentioned more than once, appearing in two papers [33,34], and
was the most frequently measured indicator, being evaluated in both
articles. Out of the 15 indicators identified in this cluster, 11 were
measured.

4) Passenger Transport and Demand Management Cluster: This theme
encompasses 21 articles, many of which focus on the current state of
UAM and its prospects for implementation. These studies emphasize
the crucial role of public and user acceptance in ensuring the suc-
cessful integration of UAM services into urban mobility.

Kellermann et al. [16] state that the literature has increasingly
addressed the utilization of drones for passenger and delivery trans-
portation purposes, driven by expectations of economic benefits, as well
as environmental and social enhancements. Nevertheless, several tech-
nical specifics, as well as potential impacts of drones on the environment
and society, remain uncertain. To overcome arising barriers and chal-
lenges, UAM services should address legal and technical issues, public
acceptance, planning and infrastructure aspects, economic consider-
ations, safety and security, and environmental factors.

Concerning the current state of UAM development and the future
prospects of UAM passenger transport, Pons-Prats et al. [9] identified
the major operational and implementation challenges of UAM, which
were divided into five areas: (1) Technology (propulsion systems,
autonomous vehicles, vehicle design and 5G network); (2) Infrastructure
(take-off and landing areas, network design and integration, communi-
cation infrastructure and ATM/U-space); (3) Services (on-demand ser-
vices, UAM as a Service and high luxury UAM); (4) Societal
Considerations (safety, noise reduction, privacy, and land use and visual
disruption); and (5) Policies (regulation and certification). All these
areas are interrelated and, therefore, must be considered together for the
successful introduction of UAM, with direct collaboration between
diverse stakeholders playing a crucial role.

To improve social acceptance, mitigation measures can be applied.
These may include: (1) limiting the minimum altitude for drone flights;
(2) defining no-fly zones for drones; (3) establishing strategic locations
for vertiports; (4) developing public knowledge regarding drone oper-
ations and technologies; (5) limiting or avoiding drone hovering; (6)
promoting the use of renewable energy sources to recharge batteries; (7)
ensuring proper battery maintenance to extend their lifecycle; (8) using
eco-friendly drones; (9) ensuring that drone service costs align with the
value of the activity; (10) fostering a safety and risk culture within the
drone industry; (11) flying direct paths to reduce air time and avoid
unnecessary route extensions; (12) utilizing various methods to enhance
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communication security; (13) promoting activities concerning drone
operations and technologies to encourage public engagement; (14)
highlighting the environmental benefits of drones; and (15) ensuring
that the electronic devices on drones cannot be used to violate privacy
[107]. Furthermore, marketing strategies must be developed to improve
consumers’ perceptions of these services while addressing their concerns
[108].

Besides general consumer acceptance and perception [109], it is also
important to understand consumers’ willingness to utilize UAM services
[110], which is influenced by six predictors: value, familiarity, happi-
ness, fun factor, fear and wariness of new technology [111]. In this re-
gard, it is vital to understand and analyze the potential demand and
market potential of UAM services to provide information for: (1) sup-
porting public sector planning and decision-making processes; and (2)
assisting private sector investments and infrastructure development
[112]. It is important to highlight that several factors influence UAM’s
market demand, such as cost, time, congestion, distance, privacy, and
safety [4].

Based on the estimated demand for these services, the location of
infrastructures and vertiports must be defined. While Rajendran and
Zack [6] state that the “willingness to fly” rate and time savings do not
significantly affect decisions regarding location and the number of sites,
Lim and Hwang [113] argue that the number and location of vertiports
significantly affect travel time.

Roy et al. [114] developed a framework to identify the fleet size
necessary to meet user demand and concluded that the profitability of an
operator is influenced by factors such as income distribution, ticket
price, population density, fleet size, vehicle operating costs and top-level
aircraft requirements. Meanwhile, Rajendran and Shulman [115]
analyzed air taxi operations to determine the number of vehicles needed
to meet UAM demand and found that the number of vehicles and ride
capacity settings do not significantly affect the total number of
customers.

Regarding the selection of the best alternatives for package delivery,
Rajendran and Harper [116] concluded that UAM alternatives are not
the best sustainable, time-efficient or cost-effective options due to the
current lack of operational sites. However, UAM services also provide
non-monetary benefits for the environment and society. These benefits
include: (1) passengers’ travel time savings; (2) reduced passengers’
safety costs; (3) cost and delivery time savings in drone package de-
livery; (4) time and inventory cost savings in eVTOL cargo delivery; (5)
savings in bridge inspections’ costs and travel time delays; (6) cost
savings in agriculture; (7) life-saving benefits of drones in medical de-
liveries; (8) increased tax revenue for governments; and (9) savings in
the social cost of greenhouse gases [117]. Ditta and Postorino [118]
suggest an urban air network that incorporates a third (vertical)
dimension to assist low-airspace air traffic, while Husemann et al. [119]
state that dispatcher parameters, such as the urgency of a request and
the frequency of re-optimization, greatly affect fleet efficiency.

In general, the critical success factors with the most influence on the
adoption of air-taxi services include: (1) government regulations; (2) a
skilled workforce; (3) a conducive research environment; (4) emissions;
and (5) battery range [120]. It is also important to highlight that safety is
a critical issue in the aviation industry, and UAM for passenger trans-
portation is no exception. Therefore, understanding the main causes of
air taxi accidents is essential to finding effective solutions to improve
safety. The main sources of accidents are: (1) flight crew errors; (2)
technical failures; and (3) environmental factors [121].

Based on the examination of this cluster’s documents, 55 indicators
across 11 articles were identified and categorized into environmental,
safety, and socio-economic impact areas (see Table 4 in Appendix). On
the one hand, the two most relevant impact areas were safety impacts,
with 27 indicators, and socio-economic impacts, with 24 indicators. On
the other hand, the least relevant area was environmental impacts, with
only 4 indicators. The most frequently mentioned indicator was “Tech-
nological failures of autonomous systems”, which was referenced four
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times [4,16,35,121]. Fourteen indicators were mentioned three times,
seven indicators were mentioned twice, and the remainder were cited
only once. Only 15 of the 55 indicators in this cluster were measured,
and each was measured only once.

4. Discussion

To complement the bibliometric analysis, a MCA based on the au-
thors’ keywords was performed. This MCA resulted in a factorial anal-
ysis map, which was subsequently analyzed and refined to retain only
the keywords relevant to key research themes or methodological ap-
proaches. The final factorial analysis map is presented in Fig. 7.

The map projects the two most representative dimensions based on
explained variance. Dimension 1 accounts for 25.95% of the explained
variance, while Dimension 2 accounts for 16.36%. These dimensions
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primarily reflect themes related to technology and sustainability, and
traffic and demand management, respectively.

Furthermore, to summarize the current state of UAM research and
enhance its understanding, the literature was analyzed and classified
into three main categories: key research themes, geographical scope and
methodological approach. Fig. 8 presents these three overarching topics
along with their respective subtopics and the most relevant references
associated with each.

Regarding the key research themes, the analysis identifies the
following areas: (1) UAM sustainability, addressing the importance of
sustainable vehicles and components in promoting environmentally
friendly mobility solutions; (2) UAM technology, focusing on the design
and performance of vehicles, which are essential for the successful
integration of UAM services; (3) UAM infrastructures, emphasizing
vertiports—particularly their location, capacity and accessibility—as

on-demand air mobility] ®

ﬁ\'eatl\ef L]

.|'rml’3— .

l; L .
electric velucleS[® oty
emerging technology
acceptanc [Galctu

conce

it of operations [conops P

‘airspace management

air tra

@ [environmental nois.

Diml
%var explained: 25.95%

A
Key Research Themes

-
Methodological Approaches

Fig. 7. Factorial analysis map.
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Fig. 8. Relevant references concerning UAM’s key research themes, geographical scope and methodological approaches [122-128].

critical factors for the smooth implementation of UAM; (4) UAM oper-
ations, encompassing operational efficiency, safety and constraints, all
of which must be considered in an integrated manner; (5) airspace traffic
management, which requires collaboration among multiple stake-
holders for effective management, while also addressing potential se-
curity concerns such as cyberattacks; (6) UAM potential demand,
exploring market potential, demand estimation and user satisfaction to
ensure that the demand for UAM services is adequately met; (7) socio-
economic impacts, examining UAM as a means to improve mobility,
including aspects such as social acceptance, intention to use and the
costs associated with this emerging mode of transportation; (8) safety
impacts, related to factors such as weather conditions and accidents,
which significantly affect the viability and reliability of UAM; and (9)
environmental impacts, addressing potential issues like noise and visual
pollution, as well as the benefit of reduced emissions.

These key research themes provide important insights to enhance the
understanding of vital elements that ought to be considered in an inte-
grated way to promote the successful integration of UAM in mobility
systems. From a stakeholder standpoint, these themes depict various
responsibilities of UAM ecosystem players, namely: (1) the role of reg-
ulators and manufacturers in improving operational safety and com-
munity trust; (2) the role of local authorities and urban planners in
incorporating UAM operations in an efficient and safe way into current
mobility systems; (3) the role of stakeholders’ cooperation to enhance
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air traffic management; and (4) the promotion of public engagement and
consideration of environmental aspects to foster social acceptance. From
a policy perspective, these themes highlight the necessity of frameworks
that integrate technological, safety, environmental and socio-economic
aspects to properly regulate UAM operations and coordinate them
with current transport modes. The key research themes pave the way for
future research, namely in respect to the development of integrated
frameworks for local authorities and other policymakers to successfully
integrate UAM services in urban contexts.

Concerning the geographical scope, the countries with the highest
research output are located in Europe (i.e., Germany, the UK and Italy,
with a combined total of 40 publications), North America (i.e., the
United States, with 30 publications), and Asia (i.e., China and South
Korea, with a combined total of 20 publications). The listed references
correspond to the most cited articles authored solely by researchers from
the respective countries.

Based on the methodologies employed in the 36 articles that address
UAM indicators, it seems evident that quantitative methods were the
most commonly used (i.e., in 24 articles), particularly simulations (used
in ten papers), mathematical models (in three articles), and analytical
models (in one paper). Although qualitative methods were less
frequently employed (i.e., in only 7 articles), literature reviews were
used in six papers and questionnaires (including the Delphi method) in
one.
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In turn, Fig. 9 presents the following information: (1) the key
research themes based on the list of indicators identified in the literature
for the environmental, safety and socio-economic impact areas,
including the frequency of each impact area and the frequency of the
respective indicators (both frequencies were calculated from a total of
150 indicators); (2) the number of papers from each geographical re-
gion; and (3) the number of articles using each methodological approach
(ie., quantitative or qualitative), as well as the frequency of papers
employing each specific methodology (both frequencies were calculated
from the 36 articles that include indicators).

The focus areas and indicators addressed in studies related to envi-
ronmental impacts account for 22% of the total indicators, comprising
the following: emissions savings (9 indicators; 6%), noise (8; 5.3%),
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power/electricity requirements (6; 4%), vehicle performance (5; 3.3%),
visual pollution (3; 2%), infrastructure (1; 0.7%), and biodiversity (1;
0.7%). Safety-related indicators, which represent 20.7% of the total,
include accidents (6; 4%), technological aspects (6; 4%), interactions
with the environment (6; 4%), human errors (4; 2.7%), weather condi-
tions (2; 1.3%), vehicle safety (2; 1.3%), technological failures (2;
1.3%), infrastructure safety (1; 0.7%), road impacts (1; 0.7%), and risk
(1; 0.7%). Socio-economic indicators represent the majority, with 57.3%
of the total, and cover mobility experience (41; 27.3%), UAM operations
(12; 8%), employment and business development (6; 4%), urban space
(5; 3.3%), accessibility (4; 2.7%), social well-being (3; 2%), households
(3; 2%), inclusivity (3; 2%), affordability (2; 1.3%), costs (2; 1.3%),
housing (2; 1.3%), privacy (1; 0.7%), security (1; 0.7%), and noise (1;
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Fig. 9. UAM’s key research themes, geographical scope, methodological approaches and their respective frequencies.
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0.7%). Considering these percentages, it is possible to verify that the
majority of indicators identified in the literature pertains to socio-
economic impacts, while the minority concerns to safety impacts.
Given that safety is one of the key aspects for UAM operations and their
acceptance, further attention should be given to this topic. Moreover,
the large majority of studies has a quantitative approach, which high-
lights the necessity of more qualitative studies to be developed in this
area of study.

Regarding geographical distribution, nearly half of the total research
output was produced in Europe (45.7%), notably in Germany (17.8%),
the UK (7 %), and Italy (6.2%), followed by North America (26.4%),
with the US alone accounting for 23.3%, and Asia (19.4%), particularly
China and South Korea, each contributing 7.8%.

As for methodological approaches, among the 36 articles that
included UAM indicators, more than half (66.7%) employed quantita-
tive methods, primarily simulation modelling (27.8%), followed by
mathematical modelling (8.3%) and analytical modelling (2.8%).
Meanwhile, 19.4 % used qualitative approaches, such as literature re-
views (16.7%) and questionnaires, including the Delphi method (2.8%).

Overall, the insights of this figure provide both theoretical and
practical contributions. Regarding the former, it can clarify the current
state-of-the-art of the topic and recognize which areas require further
investigation. Concerning the latter, it can support policymakers and
decision-makers in taking more conscient decisions supported by data.

4.1. Recent research on UAM

In order to gather insights regarding recent research on UAM (i.e.,
post-December 2023), which is when we applied the search string, we
followed the same procedures of our initial analysis, namely the same
database (i.e., Scopus), the same search string, and the same inclusion
and exclusion criteria. The only difference was the time range, since we
only considered articles since January 2024.

Recent research has been addressing public acceptance and recog-
nizing its importance for the implementation of UAM [129,130]. While
Li et al. [129] addressed UAM user acceptance, having concluded that
perceived safety has a positive impact on trust, perceived usefulness is a
solid intention predictor, environmental awareness has a moderate
positive effect on acceptance and counterbalances the negative impact
of high price sensitivity, Vongvit et al. [130] analyzed the impacts of
customer perceived value and trust on the intention to use UAM as a
public transportation, concluding that the former positively impacts the
latter. Furthermore, in addition to addressing UAM for passenger
transportation, recent studies have been addressing UAM for last-mile
freight [131,132]. Thus, Farazi and Zou [131] provided an operation
planning framework that intends to prepare UAM to be community
friendly and economically efficient in the context of package delivery.
Specifically, these authors elaborated a method to quantify the noise
impact of UAM operations on communities as well as a programming
model that optimizes this aspect along with total shipping cost. The
results show the trade-off between the reduction of shipping cost and
noise impact on community. Zhao and Feng [132] concluded that UAM
services, including drone window-docking delivery service, parking fees
at the near vertiport and distance to the vertiport are vital elements that
affect choosing UAM-friendly neighborhoods, since individuals are more
likely to opt for these neighborhoods when they offer these services,
provide affordable parking facilities at vertiports and are closer to them.

To understand the type of SLRs that were conducted since January
2024, we added the following term to the search string: AND (“systematic
literature review”). The results included only two articles: Askarzadeh
et al. [133] and Carrera et al. [134]. The first study conducted a SLR
regarding the growing drone utilization on road condition monitoring,
concluding that drones are a cost-effective and promising tool for
infrastructure management due to significant return on investment and
cost benefits, being reliability, safety enhancements, cost and time
savings, and improved mobility the main drivers behind their adoption.
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The second study developed a SLR concerning the incorporation of
flying cars in urban transportation, concluding that they have become a
technically feasible solution to improve urban air mobility, but for its
successful integration, it is necessary to overcome challenges related to
regulatory frameworks, vehicle design, infrastructure development,
energy efficiency and social acceptance.

When comparing the SLR of this study with those of the two articles
previously mentioned, it is possible to verify that there are several dif-
ferences among them. While our study addressed UAM in a holistic way,
Askarzadeh et al. [133] provided a more segmented approach focusing
on drones in the specific context of road condition monitoring,
addressing their applications and benefits, and Carrera et al. [134]
focused specifically on flying cars, examining the incorporation of
autonomous flight systems, electric propulsion and regulatory frame-
works required for their integration in urban environments.

Notwithstanding, some similarities were also verified. Although in
the scope of road condition monitoring, Askarzadeh et al. [133]
addressed drones’ safety and economic aspects and briefly mentioned
societal and environmental impacts. In turn, Carrera et al. [134]
addressed flying cars’ social impacts, such as social acceptance, envi-
ronmental impacts, including noise, as well as safety and economic
aspects.

5. Conclusion

Over the last couple of years, UAM has progressively caught the
attention of researchers and entrepreneurs, as evidenced by the
continuous growth in the number of publications each year since 2017.
This study presents a holistic approach to UAM, aiming to overcome the
main limitations identified in the literature through several bibliometric
analyses. A descriptive analysis was conducted, providing insights into
the evolution of publications, the most productive countries, the top
journals in terms of publication volume and the top five most cited
studies. The thematic evolution of UAM was then explored, and a the-
matic evolution map was presented and analyzed. Then, a bibliographic
coupling analysis was performed. Finally, a MCA was developed to
provide further insights on the data and complement the bibliometric
analyses developed with VOSviewer and Bibliometrix. Through the
content analysis of the articles included in the four clusters, compre-
hensive insights were gathered to address the study’s three research
questions.

Regarding the first research question, which aimed to identify the
main stakeholders and their role in UAM’s implementation, it was found
that the key stakeholders in UAM include airspace regulators, local
government agencies, authorities, UAM operators, airspace manage-
ment service providers, infrastructure providers, vehicle manufacturers,
transport system regulators, agencies, airline managers, airport man-
agers, UAM service providers, product owners, consultants, policy-
makers, investors, researchers, pilots, journalists, managers in aviation
corporations, UAM users and citizens. Effective cooperation and syn-
ergies among these stakeholders are crucial to ensure the successful
launch and development of UAM operations, including proper air traffic
management (ATM). Collaboration among UAM’s end-users, manufac-
turers and regulators is especially important for ensuring safe and
effective UAM operations. End-users influence UAM operations’ per-
formance, manufacturers fulfill operational regulations, and regulators
define compulsory regulations and operator training requirements. The
perspectives of stakeholders regarding UAM’s benefits, challenges, risks
and operations related to early use cases are key to the successful
introduction of passenger UAM. Defining the appropriate use cases for
this stage of UAM’s development can enhance adoption rates and ensure
economically viable scenarios. Overall, it is concluded that the UAM
ecosystem encompasses stakeholders from the technical side (manu-
facturers, service operators, U-space operators, infrastructure pro-
viders), the business side (investors, product developers, consultants),
the society (users, non-users, citizens, media), as well as regulators and
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policymakers. Successful management of this ecosystem requires early
collaboration from all involved entities, which may pose as a significant
challenge since different stakeholders have different perspectives, re-
sponsibilities and priorities. Moreover, stakeholders face several bar-
riers, including regulatory deficiency, elevated investment costs,
technological embryonic stages and uncertainty regarding the accep-
tance of these technologies. Therefore, it is vital that collaborative
frameworks that consider these diverse viewpoints and barriers are
developed to align expectations, overcome challenges and provide
guidelines for the successful implementation of UAM.

The second research question aimed to determine the factors
contributing to perceptions of noise, visual pollution and general
acceptance of UAM by citizens. It was found that flight paths impact
noise distribution, and buildings generate reflections that increase noise
spread. The most relevant psychoacoustic factors connected to noise
annoyance include tonality, sharpness, loudness, roughness and impul-
siveness. Loudness is perceived as the primary cause of noise annoyance.
Regarding visual pollution, the two main contributors are the number of
UAM vehicles and the distance between the UAM vehicle and the
viewer. Other important factors include the vehicle’s purpose, appear-
ance, awareness, formation, noise, environment, movement, number of
vehicles and the temporal component. The most significant of these
factors are: (1) purpose, i.e., whether the UAM vehicle is used for
transporting cargo, passengers, or medical emergencies; and (2) envi-
ronment, which refers to whether the UAM vehicle is seen in a rural or
urban setting. Overall, the noise and visual pollution of UAM services
affect public acceptance. Acceptance will depend on how these services
are introduced and the level of perceived benefits by society. This em-
phasizes the importance of considering the public’s needs and demands
when implementing UAM services. Additionally, in the context of drone
delivery, anticipated risks, including noise, visual pollution and stress
due to lower airspace traffic, significantly impact public acceptance.
UAM’s social acceptance is influenced by perceived concerns and ben-
efits, the expected fulfillment of urgent social needs, vehicle and service
safety, the appropriateness of UAM for specific flight purposes, and
environmental issues such as noise and visual pollution.

To answer the third research question, which sought to identify the
main evaluation criteria used to assess the environmental, safety and
socio-economic impacts of UAM implementation, a list of indicators was
created for each impact area. In total, 150 indicators were identified and
categorized into three impact areas: (1) Socio-economic Impacts, with
86 indicators, representing the most widely studied area; (2) Environ-
mental Impacts, with 33 indicators; and (3) Safety Impacts, with 31
indicators. These indicators were spread across 36 articles, with 11 ar-
ticles from Cluster 1, 11 from Cluster 4, 8 from Cluster 2, and 6 from
Cluster 3. The analysis revealed that the socio-economic impact area was
the most prominent in Clusters 2 and 3, while Cluster 1 focused on
environmental impacts, and Cluster 4 addressed safety impacts. The
indicators were further classified into subcategories across the three
main impact areas: environmental, safety and socio-economic. This
study revealed that while numerous studies focus on UAM, only a few
analyze the impacts of new UAM technologies and services in populated
environments. Specifically, only 37% of the predicted indicators were
measured in the publications analyzed, with most studies addressing
socio-economic impacts (24%), followed by environmental (11%), and
safety (2%). While safety is a fundamental requirement for UAM ser-
vices, there is a clear need for more research to quantify safety in-
dicators. To facilitate the integration of these indicators into broader
mobility and urban planning studies, future research should define the
variables used for estimating UAM impacts and provide equations for
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their quantification. This would allow UAM to be more seamlessly in-
tegrated into Sustainable Urban Mobility Plans (SUMPs), enabling
evidence-based decision-making regarding the quality of transport sys-
tems in cities. Although current research focuses on passenger services,
further insights into drone operations are needed, as small drone ser-
vices are more likely to be deployed before passenger mobility.

This research, like any other, has limitations (1) a single database (i.
e., Scopus) was used, potentially limiting the scope of articles included;
(2) the study period was limited to December 2023, so more recent
studies were not included, being just briefly addressed on the “Recent
Research on UAM” sub-section; and (3) conference papers, reviews, book
chapters and non-English documents were excluded to ensure a homo-
geneous sample. Future research may address these limitations by
incorporating more recent publications, other document types, and
different languages to complement the results obtained.

Additionally, further studies could explore the quantification of
UAM’s environmental, safety and socio-economic impacts, developing
standardized metrics for urban planning and mobility management.
There is also a need for research into integrating UAM into existing
urban mobility frameworks, such as Sustainable Urban Mobility Plans
(SUMPs), and understanding the public’s perception and social accep-
tance of UAM services. Further, examining safety risks, economic
viability and environmental sustainability, alongside cross-disciplinary
collaboration, will be essential for the successful deployment and inte-
gration of UAM systems in cities worldwide. Overall, future research
should focus on the development of integrated frameworks and road-
maps that take into account: (1) the perspectives of diverse UAM
stakeholders; (2) environmental, safety and socio-economic impacts;
and (3) the importance of community engagement.
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Appendix

Table 1
Indicators of Cluster 1 — UAM Technology and its Sustainability.

Impact Areas Indicators Title | M d | Effect Definition Defined Type of How the data was Sources
Drone extracted
COZS:E’::S‘:::I& Yes - ! C:OE e::{;‘:i‘::__ Yes Passenger Mg?:ulﬁ;:.];:"c Straubinger er al. ([41], p. 16)
COj::;::;o s Yes - &; Eé; ':;;z:;r:’ Yes Passenger M‘;?;i.ul\l::;;m Straubinger et al. ([41], p. 16)
fi}::_:;c::f Yes h_‘,o“g;{::;: ;?:; Gir® Yes Passenger M{;?e] 1?“91“": Straubinger er al. ([41], p. 16)
i “Electricity per UAM - .
E'““';]‘igtb‘m Yes g for ake-of Yes | Passnger M‘;‘:ﬂuﬁj“o:"“ Straubinger et al. ([41]. p. 16)
and landing’
.. : “Electricity per § 0
Elech{;}ﬁ{u‘a\ o Yes kilometre han'zo‘maf Yes Passenger M‘;?:Jﬂt:;?w Straubinger er al. ([41], p. 16)
travel UAM
“Number of carbon
i credits to be invested Passenger and g
B Al e Carbon Credits Yes + and purchased to Yes Cafgo Case Study O’Reilly er al. ([42], p. 8)
neutralize the emissions™
“A single event metric
that considers both the
sﬁz‘:{il?s%of;“‘e No :;:;Z mﬁfﬁ;ﬁ:ﬁ:; Yes Passénml:; and Literature Review | Kiesewetter et al. ([44]. p. 24)
standardized duration of
15"
“A single event metric
Maximum sound 2 "IMF FEpTRIES the Passenger and > : .
Jevel (Limax) No maximium A- weighted Yes Careo Literature Review | Kiesewetter er al. ([44], p. 24)
sound level recorded e
during an event”
Equivalent “A cumulative measure Plasengarand
sound level No of a continuous sound Yes c 2 Literature Review | Kiesewetter ef al, ([44]. p. 24)
(Leq) level that represenis the aree
total energy of sound
experienced over a
specific time period”
“A time-based
measurement that
indicates the duration,
T“’“E:")““ No s‘;e’::ﬁ”:';;ni‘;:f; Yes Pmé:f; ml| b Revicw: | Ricscwetieretal, ([44),p-24)
airerafi-related noise
exceeds a predetermined
A-weighted sound level”
“The cumulative count of
Number Above occtirrences where the Fassengerand
Noise Level No nolse Surpasses a Yes ¢ Literature Review | Kiesewetter ef al. ([44], p. 24)
(NANL) predetermined threshold argo
level”
“The length of time
during which a varying
sound level, detectable
amidst ambient noise, is B and
Time Audible No audibly perceivable by a Yes “séng“ Literature Review | Kiesewetter ef al. ([44], p. 24)
hwman observer with argo
normal hearing who is
actively attentive to
aireraft noise”
“The perceived noise
Effective level of a sound source, : 1)and 2) 5 ; i
perceived noise No considering the 12) ‘I\';:s Passenger and b am‘Ri)TI. 2 DX 24): 2 K"ﬁ a{i 5[44]' p-
level (EPNL) sensitivity of human ) Ho Cargo e ) B Em [51]
hearing”
“Number of complete
charge/discharge cycles
it can undergo before its = S e
PO’I?'fer bai]t:ry‘ Yes cv:pacil;:‘icays toa Yes - Cars and Model Qiao et al. ([55]. p. 4)
S5 certain level under ideal ATED
temperature and
T ey
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AR | v e e | Yo | P =4 | Simulation Shao et al. ([60], p. 20)
“The average number of
Weather wsarﬁerf imfe.d hours Passenger and Survey and .
Safety Impacts Yes - during the UAM Yes ot . Reiche er al. ([48]. p. 6022)
Impacted Hours operational day (TAM- Cargo Statistical Analysis
6PM Local Time)”
“[Amount of time spent] ]
Travel time Yes to move benveen Yes Passenger Mam:mai Postorino & Samé ([39]. p. 2)
origin/destination pairs™
" ) 1) Straubinger et al. ([1]. p.
Houscholds 1) and 2) Total numbe{: of 1) and 1) and 2) 1) an_d 2)_Mode_] 11): 2) Straubinger et al.
Yes households 2) Yes Passenger Numerie Simulation ([41]. p. 16)
Low-skilled | 1)and2) “Total number of low- | 1yand | 1)end2) 1) and 2) Model 1)1 f*.”z“"si"‘f;‘b‘?‘ al (Si}l’-
houscholds Yes : skilled households® | 2)Yes | Passenger | Numeric Simulation % )([ ek
Highskilled | Dend2) | | “Totalmumberofhigh | Dand | 1jand2) and2) Model | ) f‘f“z")";":ie“’?‘ al. ([1 3}1"
houscholds Yes skilled households™ 2) Yes Passenger MNumeric Simulation » (l“lupml'%? Fak:
“Time spent in a
Socio-Economic h;;ne.];l?[l@%d e :: (:l:’;:?:.b‘::;ﬂ:'a;w:r Tex Pugonger mmmi Rinjha ol ([52], p. 515)
Impact: UAM aireraft”
Out-of-vehicle “Time spent out of a :
travel time Yes motorized vehicle, such Yes Passenger mtrtlﬁgn;‘cal Rimjha er al. ([52]. p. 515)
(OVTT) as walking or Weiting® ode
Affordability of Tiles g e porest
Blic bansport quarillé of the . : ;
By No + population's household Yes Passenger Literature Review Biehle ([58]. p. 4)
for the poorest P P
'Up budget required to use
group public transpart”
“[Number of] people
with reduced mobility
Inelusivity for [that] can actively and
maobility- Ne + Jully participate in Yes Passenger Literature Review Bichle ([58]. p. 4)
impaired groups society rather than
experience
discrimination and
accessibility restrictions
on public transport due
to their dition™
“How much distance
peaple have to bridge in_
A : order to reach public
HECEE ‘i No + transport services and Yes Passenger Literature Review Bichle ([58], p. 4)
mobility services how often these services
are provided for the
respective localify”
“Citizens ' perceptions
towards the
Z : P affordability,
Sausfncnm with No '+ safety, reliability and Yes Passenger Literature Review Bichle ([58], p. 4)
gubhic.tanpect easiness to obtain a
particular mode of
transport”
“[Level of] Satisfaction
of loeal populations with
Quala:g;:.;pubhc No + f;;t::ﬁc:i:::m Yes Passenger Literature Review Bichle ([58], p. 4)
green spaces such as
pﬂ?‘h’"
Average delay | yey . F‘ﬁ:};ﬁﬁ;g;)‘w No Pm;;ﬂ;;“d Simulation Shao et al. [60]
[ Not clustered by the software.

Table 2
Indicators of Cluster 2 — Environmental Assessment.

16



M.R. Santos et al.

Socio-Economic Planning Sciences 104 (2026) 102392

Impact Areas Indicators Title | Measured | Effect Definition Defined | Type of Drone Howeiht:‘(:::l bkl Sources
1) Al Haddad et al,
¥ -
Energy I;;;i;) “Toral energy 12)):':;’ 1). 2) and 3) 1), 2) and 3) Case ([74]. p- 232): 2)
consumption Y‘ " consumption (kWh)” DN Passenger Study Ploetner et al. [73]: 3)
. )No Zhno et al. [64]
i 1) Al Haddad er al.
oy Tymad2) “Toral wiremitsions | D20 | 1),2)uad 3) 1), 2) and 3) Case ([74], p. 232): 2)
Air emissions No: 3) - 2) and
Y‘ (CO2, NOx)” N Passenger Study Ploetner et al. [73]: 3)
o yHp Zhao et al. [64]
“Index based on dB
N | emitted at a zone divided | 1) Yes: | 1)Passenger: | 1) Case Study:2) '%[‘;_1]“;'1""2 3"2)’:’2‘?‘
by the _?opu_.!'anan.?‘em"y 2)No 2) Passenger Case Study Ploctner erl. [73]
in this zone’
“Index based on
kilomerres travelled above 1) Al Haddad er al.
" ; < s 1) Yes; | 1) Passenger: 1) Case Study: 2)
7 Visual pollution No - a zone divided by the ([74]. p- 232); 2)
Envuonm:mai population density in this 2o 2) Passenger Caze Sy Ploctner et al. [73]
Impacts zone”
Average space
required per No } “Vertiport area 1) Yes: | 1) Passenger: 1) Case Study; 2) 12[‘;:1]!{ ad‘;gﬁr,:;{'
transported = {Sgm)/Passenger” 2)No 2) Passenger Case Study P]ueln‘:ler o [_;31
“Environmental impact
resulting from
[mp;::t t‘ij f No - construction or Yes Passenger Case Study A Haddadzz.r?af_ (741,
construction infaskricture p.232)
-
“Life eycle or
sustainability of an
Life cycle No + aiternative (how much Yes Passenger Case Study Al Haddadi;;‘;;' (741,
does it last, or is P
it reusable?)"
Number of animals
Animal impact No - affected by UAM No Passenger Case Study Al Haddad et al. [74]
operations
“Total energy used by the
Fleet energy LAM network Case Study Prakasha et al. ([78], p.
(kWh) . ™ or UAMSoS [System of | T Fanseager Simulation 8)
Systems] fleer™
oo “Energy used by network
kilmgnyet};r Yes ) divided by the total Yes Passen: Case Study Prakasha er al. ([78], p.
(KWh/km) distance travelled within et Stmulation 8)
the network”
Energy per “Energy used by
passenger- _ the aircraft per kilometer Case Study Prakasha er al. ([78]. p.
Lilometer Ye accounting for the load Ll Passcnger Simulation 8)
{(EWh'km) facior™
. Passenger, . .
. . “Number of drones flying Group discussion,
Visual density Yes - in the vicinity” Yes C:aga‘and Silation Stolz er al. ([76]. p. 839)
S:ﬁgggm‘:? No - “Number of accidents™ Yes Passenger Case Study e Hadd:dzgrz?L (743,
Safety Impact :
’ . 2 “Number of fatalities per 2 . : Bauranov & Rakas
Safety level No - passenger-mile” Yes E 25 1 ¢ Review ([26]. p. 20)
“Sum of affected
dwellings due to take-offs i . § 1) Al Haddad er al.
Privacy No - and landings in a buffer 12);—::‘ 12))1;”3:'13“' D (éa.s: i::g 2 ([74]. p. 232): 2)
area around each s i Ploctner et al. [73]
vertiport”
“Equity in the incomes af
& hma Resnoanie UAM users ; o 1) Al Haddad er al.
Impacts Equity No + (percentage difference in 12);::' E))I:,Zii:gm n %ﬁi‘s&}; 2 ([74], p. 232): 2)
incomes of UAM users v, et Ploetner et al. [73]
non-UAM users)”
“Percentage of household i i § 1) Al Haddad et al.
Affordability No + incoma devetad to ig;;‘:' ‘2)} l;‘;z“‘*z 1 ‘é::: Sst? 2) ([74]. p. 232): 2)
transport” eng Y Ploetner et al. [73]
Accessibility to Yo . “Average accessibility to Yes Passen Case Stud Al Haddad et al. ([74].
employment employment per zone” et Y p. 232)
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Accessibility to

Average accessibility to
certain areas when

poeri No compared ta ather No Passenger Case Study Al Haddad et al. [74]
transportation modes
. “Toral travel time saved
Tﬂtai:::; fane No compared jwi.rh status-guo Yes Passenger Case Study Al Hadtdzi,‘)ﬂ' 74}
{
. “Congestion on the
C(O ngz:;c;n No ground (hours or vehicle- Yes Passenger Case Study Al Haddadzgf;)z!, (74},
A kilomeires travelled)” B
Inconvenience “Total time spent in
(Access, egress, No access, egress, and Yes Passenger Case Study Al Haddad};rz‘;!. (741
.-Eﬁm:) ..aﬁme(. .4. P.
N “Reliability or on-time
On-tume No performance of the Yes Passenger Case Study M Hedetery’ 0741
performance i p-232)
alternative
“Induced demand for
transport (increase in
Induced demand No number of rrips) Yes Passenger Case Study AlTiaddad gl (741
p-232)
resulting from the chosen ’
alternative™
Public transport “Percentage share of = Al Haddad et al. ([74].
modal share Ll public transport” s Passenger Gane.Shudy p- 232)
Total number of “Total number of trips Al Haddad er al. ([74],
pasasnger trips No travelled” Yes Passenger Case Study p.232)
Total passenger E “Total kilomerres Al Haddad er al. ([74],
Liloimetess No frivallad® Yes Passenger Case Study p.232)
e . . § 1) Al Haddad er al.
st St No ‘Tnvestment costs .of zhs 1) Yes; | 1)Passenger: 1) Case Study; 2) ([74], p. 232): 2)
chosen alternative 2)No 2) Passenger Case Study Ploetner et al. [73]
; 1) Al Haddad er al.
@ . . 2
Gpeestiiig cots No Operating costs pff‘he 1) Yes: | 1)Passenger; 1} Case Study; 2) ([74], p. 232): 2)
chosen alternative 2)No 2) Passenger Case Study Ploctner et al. [73]
i “Perceived security of Al Haddad e al. ([74],
Security No P Yes Passenger Case Study p. 232)
. . o “Quality of life or welfare Al Haddad et al. ([74],
Quality of life No - erri:e {aimunrq"{ e i s p- 232) i
“Social inclusion of
Social nclusion No groups with reduced Yes Passenger Case Study Al Haddadzgrz;zi“ ({741,
mobility™ P
“Impact of alternative on Hadd
Job impact No Jjobs (due to automation in | Yes Passenger Case Study & dz?;;;' (74},
the case of UAM)™ P
; “Housing relocation as an Hadd
lﬁz::;nfn No impact of land-use change | Yes Passenger Case Study A dz;';;'l' (4.
from UAM? P
“Urban sprawl as an
addad . ([74].
Urban sprawl No impact of land-use change |  Yes Passenger Case Study AR 2?2;]: ([74]
from UAM® P
Income 5 "Qhafige o tncoms
distribution over Ne d‘sm?mm overspace as Yes Passenger Case Study Al Huddad et al. ([74],
an impact of land-use p. 232)
fpace change from UAM"
“Change in housing cost
Housing cost No as an impact of land-use Yes Passenger Case Study Al Hadd:dz;;‘;i (7],
change from UAM" )
“Change in population
Population & density as an impact of Al Haddad et al. ([74],
density No land.use change from Yes Passenger Case Study p. 232)
UAM”
Impact of x Impact of doubters on the
kb No i) tation of UAM No Passenger Case Study Al Haddad er al, [74]
T Number of restrictions
ining I e and
luggage and No pertaming uggag No Passenger Case Stu Al Haddad er al, [74
(gralp g:iza) group size on UAM “ng dy 74
services
Relocation of Companies’ relocation as
erarta No an impact of land-use No Passenger Case Study Al Haddad er al, [74]
pant change from UAM
“Extent to which
alternative is scalable (in
i i the case of UAM, a Al Haddad et al. ([74],
Scalability Ne change i Yes Passenger Case Study p. 232)
vertiport configuration

without big efforts)”
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I - “Time used vs time on the Al Haddad er al. ([74],
Utilization rate No ground” Yes Passenger Case Study p.232)
: " Number of “empry Al Haddad er al. ([74].
Efficiency No - flights” Yes Passenger Caze Study p. 232)
Revenue . “Total number of Case Study Prakasha er al. ([78]. p.
I gers R passengers transported” Xe Paigenger Simmlati B)
“Elapsed time from
Wait time Yes - demand creation in the Yes Pagsenger (;:::J]S:::i Fuakniin e;;!f. (8l p.
simulation until take-off”
Average wait Yes “Average wait time oj; all Ve —— ET’“ ‘Smdy Prakasha er al. ([78]. p.
time revenue passengers 8)
“Percentage of revenue
Success passengers Pral
percentage of Yes + waiting less than the Yes Passenger C‘:‘sc Sh'_'dy ha et al, ([78]. p.
T S Simulation 8)
wait time rarget wait time of 13
min”
“ i i
. Barie-of deadiiee figher Case Study Prakasha et al. ([78], p.
Deadhead ratio Yes - (non-passenger carvying Yes Passenger s i
: £2y Simulation 8)
ights)
Vehicle “Ratio of the number of
atilization Yes + passengers to Ii‘»‘li seating Yes Passenger Algorithms Kim ([79], p. 8)
e Maximum number of
passengers supported by Mathematical
number of Yes s done inchiding the No Pagsenger Formulas Melo er al. [80]
PREaTasS pilat
“dverage load factor of
all revenue and deadhead Case Study Prakasha er al. ([78], p.
Load factor Yes flights (compured Yes Passenger Sennlation 8)
exeluding the pilot) ”
Table 3
Indicators of Cluster 3 — Traffic Management for the Airspace Industry.
Impact Areas Indicators Title Measured | Effect Definition Defined Typred Hew the duta wes Sources
Drone extracted
“Total CO2 emissions for I
CO2 Emissions Yes - conventional air traffic [in Yes Passenger Analytical Model Alz;g 1 !l’d:;)a.’.
Envi 1 i BN
Impacts “Total energy
Energy Consumption Yes consumption for air taxis Yes Passenger Analytical Model Alz;;‘:l]l eld f;)af'
[in kKWh]” i
“The maximum number of
. atreraft an Air Traffic
Saftty Tipacts | -onitor Alert 1;‘“"““““ No Control (ATC) controller | Yes P’”E“E‘r aod | e lsion B“l"(‘[‘;fi 5“;’;“1"“
fMas can handle ar any given argo P
time”
Waiting fime Yes 8 e meay Yes | P Sieatilation Model | D Vit etal ([101),
interconnections = p- 13)
_ “Frequency (probability) _—
Breakdowns/maintenance ) - T Di Vito et al. ([101],
delays Yes - = c:f deh?s ﬁ'om . Yes T g S n Model p. 13)
“Number of architectural
Accessibility of wayside barriers = G Di Vito et al. ([101],
infrastructures i encountered/mimber of Yes : 2 et p-13)
obstacles™
, i “Number of modes fores
St Enonomcis Modes in a single ticket No included in a single Yes Passenger Simulation Model DrVusatat. ({101}
Impacts ticket™ p- 13)
: “Total cost of travel " > Di Vito et al. ([101],
Cost of travel Yes [EURO/PAX]" Yes Passenger Simulation Model p. 13)
“Percentage of flights
departing on-time from
the gate parking position
. that meets the off-block o S Schweiger & Knabe
Depattnre penciuskly e | dlaydon gkl | P G3L.p. 7
considers the additional
time required to leave the
gate (dDGS)”
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“Percentage of flights
arriving at the gate 1) Schweiger &
1 . 1) and 2) parking position meeting | 1) Yes: 1)and 2) 1) Simulation: 2) g %
Arrival punstiality Yes the in-block delay (dIB) 2)Neo Passenger Case Study Knabe A([SS]‘ P.7).2)
5 Schweiger et al. [34]
target and which equals
the dTF™
“The individual resulting
" delay for each flight at - S Schweiger & Knabe
Ranemaly Yes inte rvivel (TATE  and | 5% ||| Peskeng ([33L.p.7)
departure (TAOBT)”
Travel Time Yes “Total travel time” Yes P 2 Simul, Model Di “to:fgj Qo).
Response fime o service Yes “dverage [ume] to restore Yes p g Simulation Model Di Vito et al. ([101].
interruptions the service P 13)
“dverage number of
aperations that can be :
Practical hourly eapacity No accommodated within an Yes Passeng Simulation Sdméf;%? c :;nabc
acceptable average delay 5B
for a given demand”
“Number of customers E
. : Case Study; Rajendran et al.
Customers Served Yes ssrusdp;;;\s‘hwieper Yes Passenger Simulation Madel ([02]. p. 9)
[ Not clustered by the software.
Table 4
Indicators of Cluster 4 — Passenger Transport and Demand Management.
How the data was
Tmpact Areas Indicators Title | Measured | Effect Definition Defined | Type of Drone extracted Sources
; Reduction in the number takel .
Reduml?n of No + of pollutant emissions due Ne Passenger 2 5o Adess Desai et al. [35]
polhiion to decrease in traffic s=asion; Sucreys
Carbon emissions Reduction in the number = Stakeholders” i
reduction N - of carbon emissions Ne Pasvenger session; Surveys Dews el [35]
Environmental “[Number of] CO2
Impacts x emissions linked to aerial . .
Inﬁ“;ﬁz;‘gz Yes - vehicles (such as those No Pass;n ai il Simulation Scenario Dlt(T lfcsll’ostolr)mo
related to operational and arg P
disposal phase charges)”
GTOH]}I]O‘T!SG gas No - L nfgrelenlwuu Neo B wni) Simulation Scenario | Ditta & Postorino [118]
£as Cmission Cargo
Decrease number of road kel .
kel No + aceidents due to lower No Passenger B 5 ldcrls Desai et al. [35]
road safety twaffic session: Surveys
B} 1) Passenger: 1) Stakeholders”
Aechnological Number of powertrain 2) Passenger session: Surveys: 2) 1) Desai er al. [35]: 2)
Failures of No - ; No 4 P S e .
s failures (Light D & Goraj [121]
POWEINRN Aircraft) Modelling; Statisti
g‘l’,‘if:f; 1) Stakeholders’
1 1 . - - 1 .y
T;cl'll;mlugn::fal % Number of GPS/receiver % (Light scs?:m: Sun_:)rs‘. 2) T\l).Dclsa‘n;lGai. [35{2.i) .
Safety Impacts N N ) failures N Aireraft): 3) ; R oraj [121]:
GPS/receiver P i Modelling; Statistics; 3) Long eral. [4]
B 3) Literature Review
Cargo
1) Passenger:
2) Passenger 1) Stakeholders'
Technologieal (Light session: Surveys; 2) 1) Desai et al. [35]: 2)
Failures of No . Number of problems with No Aireraft); 3) Mathematical Dziugiel & Goraj [121]:
autonomous the autonomous systems Passenger and | Modelling: Statistics: 3) Long et al. [4]: 4)
systems Cargo; 4) 3) Literature Review: | Kellermann et al. [16]
Passengerand | 4) Literature Review
Cargo
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1) Passenger:

2} Phsscnger 1) Stakeholders”
A o 5 session: Surveys: 2) | 1) Desai et al. [35]; 2)
Collision with No Niaticenf vollivions ol No . (ngﬂh;_ 3 Mathematical Dziugiel & Goraj [121]:
Piloan :r. e Modelling: Statistics: 3)Longeral. [4]
o a_f@ 3) Literature Review
Coll}su_)'xz _\wth tall No Nmnb:;ﬁ:{ cg]i:_stons with No S Stqke]:wlda_‘s‘ Desai et al. [35]
1 g L session; Surveys
Colliuiou_ with No Number of co]]lisions with No Faiiger Stalkellm]dm_'s‘ Desai et al. [35]
power lines power lines session; Surveys
i Ut |
3 session: Surveys: 2 ai et al. ;2
Pilot errors Neo Number of e}l:to:s s by No Al (Ll%;t_ 3 Mathematical Dziugiel & Goraj [121];
P! 4 fror g | Modelling: Statistics: 3) Long et al. [4]
még 3) Literature Review
Number of passenger 1) Passenger; 1) Stakecholders” . "
‘Paxsmga No interferences with the No 2) Passenger session: Surveys: 2) NP acal. AL
interference 5 g Long et al. [4]
systems and Cargo Literature Review :
L) Passengers |y gy peholders®
: Number of cyber-hacking 2) Passenger sesziun' Surveys: 2) 1) Desai et al: [SSE 2)
Cyber-hacking No S No and Cargo; 3) © * o Long et al. [4]: 3)
; 2
situations P ra Literature R:"_'icw, 3) K. etal. [16]
amg L. ; B o enﬂ]ﬂmm i
1) Passenger: kel 5
Hijacking of the Number of hijacking 2) Passenger 8&21211 Su;]dﬁ? 2) 1) Desai et al. [35]: 2)
autonomous No situations of autonomons No and Cargo: 3) | ;o o000 Rﬂ‘ﬁl ') Long er al. [4]: 3)
aircraft aircrafts Passenger and Liter Revi i Kellermann er al. [16]
1,)) 1::;:“’3“‘“* 1) Stakeholders’
Number of hazardous = (L e;tgu session; Surveys; 2) 1) Desai et al. [35]: 2)
Battery failure No situations regarding No iz Sﬂ ) 3) Mathematical Dziugicl & Goraj [121]:
battery failure Passent 5 sl Modelling: Statistics: | 3) Kellermann et al. [16]
‘“é'?g @ | 3) Literature Review
" : 1) Passenger: 1) Stakeholders’ 1) Desai et al. [35]: 2)
Ina:ir:(‘l&u;t:ﬁ;::lmd No N“u::ﬁrgfw piY ﬁ“ Ne 2) Passenger session: Surveys: 2) | Daziugiel & Goraj [121]:
g (Light Mathematical 3) Long et al, [4]
trained for maintaining Aireraft); 3) | Modelling: Statistics;
safety margins P, gerand | 3)Li Review
Cargo
?}iﬂsm@m DSakeholdar®® | ypocio peray
Air and ground . Number of air and ground “’“’?“ session; Surveys; 2) g o
3 No 2 Nao and Cargo; 3) A il Long et al. [4]: 3)
accidents accidents P 5] Literature Review: 3) Kell etal. [16]
mg;g Bt pssay ermnann ef al.
DPassenger: |y g o olders’
Weather 2 lz_}:?;i‘:sﬂ' sesston: Surveys; 2) 1) Desai er al. [35]; 2)
conditons No Amount of turbulence No Aircraft): 3) Mathematical Dziugiel & Goraj [121]:
P * 4 Modelling: Statistics: 3) Long et al. [4]
assg:fe; a0 3) Literature Review
Z i Number of physical 1) Passenger: 1) Stakeholders i ,
Phy::rcfil objest. No object interferences with No 2) Passenger session; Surveys; 2) n D;sm e:fai} [?:]] )
ks UAM and Cargo Li ¢ Review PIE
1) Passenger: .
Ouboard R mbmlg 2) Passenger selsllit.:kds;::: 3 | DDessieral (3532
mzﬁ:f;)"séﬁn_s No occurrences of onboard Ho ;mi Cavgo;izl Literature Review: 3) Kd}onl g ot d:st[ﬂi': ‘3 6]
chioning subsystems WE Literature Review :
1) Passenger: 3
Number of 1) Stakeholders ; :
Ground systems = malfunctioning 4) Parscuger session: Surveys: 2) 1) Desai et al. [35]; 2)
g No S No and Cargo: 3) : : Long er al. [4]: 3)
malfunctioning occurrences of ground Pamenierd Literature Review: 3) Kell etal. [16]
systems ;:_FKP Literature Review :
Malicious Number of oceurrences of 1) P: & 1) Stakehold . x
passenger No passenger malicious No 2) Passenger session; Surveys; 2) I D:sm a raj", [?45]] 2
behavior behavior and Cargo Li ¢ Review W
Improperly . .
designed No Nlﬁmﬁfﬁ;ws No Passenger si:i:‘?‘;::_:ﬁ Desai er al. [35]
infrastructure s
3 Passenger . it 4
“Mean Time Between g Mathematical Dziugiel & Goraj ([121],
A Yo Incidents and Aceident” Aes !(}"g:;) Modelling: Statistics p. 659)
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Pagsenger

“Mean Time Between . Mathematical Dzigiel & Goraj ([121]
MTBCF N A . i Y Light : S 4
u Critical Failures ez ;H:‘;B) Modelling: Statistics p. 639)
» - . s Passcnger .
Light Aircraft Number of light aircraft 2 Mathematical _— .
Accidents Ne accidents No (;“lghl Modelling: Statistics Doingiel & Gorgj [121]
Aircraft)
1) Passenger
. 5 {Light 1) Mathematical e ;
Engine Failure No Nomber of cngine failure. | 450 | AireraB);2) | Modelbing; Statistioss [112}1]?22‘;’5‘3] & ?;"f 4
oreumences Passenger and | 2) Literature Review k ong et al. [4]
Cargo
= i Passenger .
Landing gear Number of landing gear 2 Mathematical i ;
fathure No failure occurrences Ny (Light Modelling; Statistics Decingiel & Qo [X21)
Adreraft)
: . : Passenger .
Air traffic Number of air traffic i Mathematical - .
controller error No controller errors No (,'T"Ight Modelling; Statistics Dziugiel & Goraj [121]
Aircraft)
“How much an individual
is willing to pay to lower
Value of a specific degree of risk Data-driven
Statistical Life Yes or how much risk an Yes Passenger quantitative cost- Dulia et al. ([117].p. 9)
(VSL) individual is ready to benefit analysis
tolerate by not paying for
the risk reduction”
i 1) Passenger: s
Faster Travel and bctli ?:T;cﬁ::;i?t:?vim 2) Passenger “lslii:ksegf‘ li:: 2) 1) Desai et al. [35]: 2)
R"d"é‘f travel No compared fh-traditional | N ;“d C""?";:A Literature Review: 3) | Long et ”;[E,i ﬁ .
£ transportation means AlREnREr Literature Review S
Cargo
1) Passenger: s
Socio-Economic Rgduced Binher o 2) Passenger 1) .S‘B,kdww“? 1) Desai er al. [35]; 2)
Reduced traffic vehicles on the roads 3 session; Surveys: 2) 5
Impacts H Na 3 , No and Cargo: 3) i ik Long er al. [4]: 3)
congestion associated with Bas nd Literature Review: 3) Kall etal, {16]
implementation of UAM Enger Literature Review . :
5 1) Passenger: .
R d_ume fa 2) Passenger 1) ISta'kehol'der? 1) Desai er al. [35]; 2)
Reduced commute No commute travel due to the No and Cargo: 3) | Sessiom Surveys; 2) L fal [4]: 3
travel times reduction of traffic Pas & ;md Literature Review: 3) K‘]img ELa: [a?:' [%6]
congestion “Cng“ Literature Review TSNS Ak
i s 1) Passenger; 1) Stakeholders’ s
Community Number of citizens 2 1) Desai et al. [35]: 2)
No s No 2) Passenger session: Surveys: 2) i
backlash against UAM 0d Cego Gl R et al. [16]
Number of regions more .
Clmpwved No easily accessible through No Passenger Sta\l.kcllwlda:s Desai et al. [35]
onnectivity UAM session; Surveys
G turi 1) Passenger; 1) Stakeholders* " ;
Noise levels No Nmsz:;:'; lands g take- Ne 2) Passenger session: Surveys: 2) b D; aY g;a:} [ff]] 2
me and Cargo Li Review ong £
Ur:.prqﬂ'table No Income losses No Passenger Stn'kehosldm Desai et al, [35]
b urveys
. . Amount of necessary v
C.em'ﬁc:;:; # No investment for No Passenger siml.”;ldm?: Decsai et al. [35]
certifications kil
Adr taxa Price for air taxis to Stakcholders’ i
certification costs No obtain certifications No Passcnger session; Surveys i
ity Number of streets lders®
Crtiog No converted into green No Passenger Stalkellm - Desai e al. [35]
development siiaces session; Surveys
; : ; : Stakeholders’ i
Labor expansion No Number of jobs created No Passenger seanion Sirveva Desai et al. [35]
Job losses No Number of jobs losses No Passéz;g; and Literature Review Kellermann er al. [16]
Aul';x)rl Iahuttie al..'ld Travel demand
i G ket Number of daily trips modeling:
potential demand Yes ; yinp No Passenger Simulati g 4 Goyal et al. [112]
regneding diily potential demand imulations:
2 Constraint Analysis
frips
Airport shuttle and i}
air taxi markets’ Number of daily Trz,:ld;ilei:lmtnd
potential demand Yes passengers’ potential No Passenger Sim Mmioi; i Goyal et al. [112]
regarding daily demand Gomstraiiih: Anslysis
passengers
1 Travel demand
v::lﬁgl:}lpotenﬁ:ll Yes Midget vl o gueaitial No Passenger |_nodelilng; Goyal et al. [112]
4 demand annually (USD) = Simulations; ¥
Constraint Analysis
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“Number of air taxis DMADV (Define,
Alr taxis potential Yes required to fulfil the Yes _ Measure, Analyze, Rajendran & Shulman
demand potential demand for ng Design. and Verify) ([115], p. 1)
UAM in New York City” Approach
; Operating Cost for :
Operating Cost Yes eVTOL (3/h) No Passenger Framework Roy eral. [114]
Intention to use air Number of people that
s Yes e e No Pagsenger Surveys Astfalk et al. [110]
“dmount of money that Dby
Value of Travel travelers are willing to S :
Time Savings Yes e 1o vuding e traval Yes Passenger qmnht:t;::l c::— Dulia et al. ([117]. p. 7)
time” ¥
SVTOL passenger “Estimated number of Data-driven
mPe & Yes passenger tips by eVTOL Yes Passenger quantitative cost- Dulia eral. ([117]. p. 9)
ps in year” benefit analysis
“Arithmetic mean
of the waiting times of all
served reguests. The
v waiting time is defined as y
Mean Waiting 3 y Simulat Hi etal ([119].
Time Yes the time b,mi.een the Yes Pagsenger Modelling 5. 10)
passenger’s requested
boarding time and the
actual start of the
boarding time.”
: iz “The longest time ;
M Simulation H etal ([119].
2 ﬁmewamng Yes any of the passengers Yes Passenger Modelli 10) sl
served had to wait,” e P
) ‘Percentage of how many =l H etal. ([119].
Pooling share Yes passengers were pooled Yes Passenger i
: 5 Modelling p4)
with other passengers
“The share of passengers,
Mean pooling that were pooled vs. the Simulation Hi etal ([119],
share 22 total number of X Panyciger Modelling p. 10)
i gers served”
I Not clustered by the software.
Data availability [13] Lotinga M, Ramos-Romero C, Green N, Torija A. Noise from unconventional
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