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A B S T R A C T

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 

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 

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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Fig. 1. Sample Selection Process

Fig. 2. Evolution of the number of publications.
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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 

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.

Fig. 3. Top Journals (by number of publications).
Source: Bibliometrix Software
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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 

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.

Fig. 4. Most global cited documents.
Source: Bibliometrix Software

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

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” ([37], 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 (i.e., 
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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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 

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]. 

Fig. 6. Coupling map.
Source: Bibliometrix Software
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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 

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 

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 

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 

Fig. 7. Factorial analysis map.
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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 

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.

Fig. 8. Relevant references concerning UAM’s key research themes, geographical scope and methodological approaches [122–128].
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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 
(i.e., 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%), 

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; 

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. 

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 

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.
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Table 2 
Indicators of Cluster 2 – Environmental Assessment.
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Table 3 
Indicators of Cluster 3 – Traffic Management for the Airspace Industry.
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Table 4 
Indicators of Cluster 4 – Passenger Transport and Demand Management.
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