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The increasing use of commercial aviation in the last decades has urged us to reconsider landside airport
accessibility to meet the evolving demand. At the same time, the third (vertical) dimension in urban and sub-
urban areas - i.e. the lower airspace up to 500 m above the ground - has yet to be substantially exploited for
transportation. Soon, technological advances in electric vertical take-off and landing (eVTOL) aircraft could
enable the commercial use of Urban Air Mobility (UAM) for airport access. Through a case study in Bavaria,
Germany, and Austria, this research aims to investigate the potential users’ willingness to pay for a novel UAM
AirShuttle service, which could connect the airport of Munich with important points in its catchment area, and to
analyse their transportation mode choices when accessing the airport. A stated preference mode choice survey
was disseminated through an online panel during March 2023 in the catchment area of the airport to assess the
current travel behaviour of the population, including the ownership of mobility instruments, the current state of
airport accessibility and the satisfaction of the respondents (N=218) with the currently available modes.
Furthermore, the survey investigated directly how much the respondents were willing to pay to use the Air-
Shuttle and their sociodemographic background. The results were evaluated using descriptive statistical analyses
and discrete choice modelling. The findings reveal that most respondents were satisfied with the current access
modes and found their pricing reasonable. On the other hand, their willingness to pay for UAM services was
lower than expected. This study yields important implications for the industrial stakeholders of UAM and for
policymakers; by analysing the results, it was concluded that the expectations of the industry and potential
customers regarding UAM pricing in the short term could be different and that its benefits and implications for
society should be carefully weighed by policymakers.

Organization). Meanwhile, the third spatial dimension above the ground
remains largely unused for short-range trips within an urban area or
between neighbouring urban locations — in such cases, air transport was

1. Introduction

Over the years, demand for mobility has steadily evolved, requiring

new infrastructure development that enables safe, efficient and
comfortable transportation, be it within urban areas, agglomerations,
regions or between different countries (Noussan et al., 2020). However,
demand for transportation can be distinguished between demand for
short and demand for long-distance trips. For the latter, integrating air
transport with overground and underground transport modes has suc-
cessfully satisfied mobility needs; according to the International Civil
Aviation Organization (ICAO), around 4.5 billion passengers were car-
ried on scheduled flights in 2019 (International Civil Aviation
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not considered given the high time losses due to security checks,
boarding and disembarking procedures, including baggage claim (Sun
etal., 2018). In this context, recent technological advances have enabled
flights with electric vehicles, which can hover and navigate above urban
areas (Park et al., 2018). Urban Air Mobility (UAM), and more generally
Advanced Air Mobility (AAM), is a low-altitude aerial transportation
system designed to carry passengers and cargo on urban and suburban
routes on demand (Hill et al., 2020; Wu and Zhang, 2021). Although
traditional helicopters are currently used in urban aerial transportation,
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UAM aims to utilise electric vertical take-off and landing (eVTOL) ve-
hicles, colloquially known also as flying taxis, with less noise emitted
than conventional helicopters. According to the European Union Avia-
tion Safety Agency (EASA, n.d.), those aerial vehicles are planned to take
off and land on vertiports, which are infrastructures dedicated to the
transportation of passengers or cargo by eVTOLs, and will enable an
almost vertical flight trajectory during take-off and landing. According
to the European aircraft manufacturer Airbus, which has recently
introduced the CityAirbus NextGen, a fully electric prototype eVTOL,
those vehicles will be manually piloted in the beginning until the UAM
market is mature enough for autonomous operations (Airbus, n.d.). In
this context and while focusing on passenger transport, several air ser-
vices have been defined in the literature with specific characteristics of
the UAM system (e.g. air taxis and airport shuttles) (Schuchardt et al.,
2021; NASA, 2018b).

Emerging transportation technologies pose numerous potential
challenges to policymakers (National Academies of Sciences Engineer-
ing, and Medicine, 2024). Even though UAM as a holistic concept has
recently gained notable interest from numerous researchers and stake-
holders, system development is still constrained by the lack of existing
regulations, air traffic control procedures, uncertainty about its envi-
ronmental impact and the absence of suitable infrastructure and coor-
dination with ground transportation (Wang and Qu, 2023; Cohen and
Shaheen, 2021; Bauranov and Rakas, 2021; Vascik and Hansman, 2017).
In addition to significant constraints, public acceptance represents a key
factor in being able to include UAM among the existing transportation
systems (Karami et al., 2024; Al Haddad et al., 2020; Shaheen et al.,
2018; Vascik, 2017). In this regard, EASA has conducted a compre-
hensive analysis of the societal acceptance of UAM operations, where
safety issues and noise disturbance emerged as main concerns. Also, it
emerged that airport shuttle services could be the most valuable UAM
passenger service (EASA, 2021). Airport shuttle services could provide
scheduled or on-demand flights between airports and strategic sites in
urban and metropolitan areas (Cohen et al., 2021; Roland Berger, 2020)
and could reach up to a range of 200 km, depending on the features of
the eVTOL (Airbus, n.d.). Furthermore, considering that air travel
speeds have stagnated in the last decades (Rothfeld et al., 2019), aerial
airport shuttle services could contribute to achieving the European
Commission’s challenge of 4-h door-to-door intra-European air travel.
Currently, this kind of service is the most probable application among
UAM systems, also due to the interest of airport operators to inaugurate
new facilities that could fulfil the demand during major events, i.e. the
Milan-Cortina Winter Olympic Games in 2026 (SEA Milano, 2022).
Following this trend, the following research aims to explore the de-
terminants of demand for a UAM AirShuttle concept in the metropolitan
area of Munich, which could connect the wider metropolitan region with
Munich International Airport (MUC), and to estimate the willingness of
potential passengers to pay for this novel service.

Thus, the objective of this study can be summarised into the
following two research questions: can UAM operators meet the expec-
tations of individuals concerning aerial airport shuttles, by focusing on
the pricing considerations of potential customers, and how can the
future demand for an airport shuttle be estimated? To the best of our
knowledge, a study that focuses on transportation mode choices
including UAM to and from airports in Central Europe, while placing an
emphasis on the pricing of this new mode, does not exist. Focusing on a
test case for the airport of Munich, we consider not only mode-specific
attributes but also the established travel behaviour and the socio-
demographic background of the respondents.

The remainder of this paper is structured as follows. A literature
review is first presented, concentrating on the main aspects that are
being discussed in this study. After that, the methods, including the
mathematical background of the estimated models, the data collection
and the subsequent data analysis are described. Particularly, to analyse
the preferences of potential users and their willingness to pay, a stated
preference (SP) survey has been realised, followed by extensive data
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analyses and discrete choice modelling aiming to identify relevant fac-
tors associated with the currently used transportation modes and the
UAM AirShuttle in the near future. After collecting data, a methodology
to analyse the data and develop suitable models that can generalise the
patterns that emerged is applied, aiming to formulate recommendations
for public policymakers and stakeholders in the aviation industry. The
former could benefit from this analysis by preparing better for the
introduction of UAM, while the latter could observe the current study as
a first analysis of the potential benefits of UAM as an airport shuttle and
as an evaluation of the potential gains they should expect in return.
Finally, conclusions are drawn, and recommendations about the future
steps of this work are briefly presented.

Although the study provides interesting insights, it also has limita-
tions. Firstly, the survey is developed based on assumptions about the
operational scheme of the UAM AirShuttle, and different assumptions
could have resulted in contrasting results. Moreover, this study relies on
an SP survey, and respondent bias can influence the accuracy of the
answers, either due to survey design or the selection of participants.
Finally, as with every study in the field of travel behaviour, it is
impossible to capture the heterogeneous behaviour of the population in
its entirety. As a result, the decisions of the participants may have been
influenced by factors not captured by this work.

2. Literature review

To conduct a suitable analysis of the potential transport demand for
an aerial airport shuttle, it is essential to understand the current back-
ground and the stages of development in terms of operations, market
analysis and pricing. Due to the uncertainty related to the operational
characteristics of this service, an investigation of the published literature
assists in defining the main assumptions of this study.

2.1. Operational characteristics and assumptions

As the literature suggests, the process of using UAM could be similar
to commercial aviation. For example, Porsche Consulting (2018)
described the process in five steps; access to the vertiport (first mile),
boarding, flying route, disembarking and, eventually, egress to the final
destination (last mile). Those steps could represent five degrees of
freedom regarding any operational assumptions in the studies that
require presuming some critical characteristics of the service in ques-
tion. According to Rothfeld et al. (2021), the processing time and the
number of vertiports (within the geographical area of operations)
significantly influence the total travel time savings when UAM is
compared to ground transport modes. In that matter, different studies
have made diverse assumptions; Porsche Consulting (2018) assumed 3
min. each for boarding and disembarking, and 5 min. each for the first
and last miles. Further, Bulusu et al. (2021) assumed a processing time of
5-15 min., which does not include access or egress time to the vertiport,
while Fu et al. (2019) included 5-10 min. indicating the total walking
and waiting time. Al Haddad et al. (2020) assumed a boarding and
de-boarding time of 5 min. in total, i.e. including the landside part of the
trip in each direction. Furthermore, Pukhova et al. (2021) associated the
increase in boarding time with waning demand, as expected.

Also, to investigate the service feasibility, Shamiyeh et al. (2018)
provided a summary of UAM vehicle concepts regarding cruise speed,
capacity and range. Regarding the cruising speed of aerial vehicles,
which primarily influences the in-vehicle travel time, the spectrum of
assumptions is wide even within the same studies. Porsche Consulting
(2018) assumed speeds ranging between 70 and 120 km/h for multi-
rotor intracity aircraft to 150-300 km/h for tiltrotor and tilt-wing
intercity vehicles. Several companies, such as Lilium Aviation, Volo-
copter and Airbus, displayed eVTOL vehicle concepts with different
features depending on the use case. The Lilium tilting-wing (lift and
cruise) aircraft could achieve speeds up to 300 km/h (Hawkins, 2017),
which could be suitable for long-range services; meanwhile, the Volocity
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rotary-wing by Volocopter and the CityAirbus lift and cruise aircraft by
Airbus could achieve speeds up to 110 km/h and 120 km/h respectively,
appearing suitable in urban environments and short-range services. In
the context of Germany and central Europe, Ploetner et al. (2020) based
their results on a reference vehicle (100 km/h) but noted only slight
differences in demand with slower (50 km/h) or faster (350 km/h) ve-
hicles, stressing the importance of pricing and processing times for
short-distance missions. Similarly, Fu et al. (2019) studied different
scenarios with speeds ranging from 50 to 300 km/h but stated that
higher speeds cannot compensate for higher processing times. In their
study in Zurich, Switzerland, Balac et al. (2019a,b) applied speeds be-
tween 60 and 240 km/h but also identified the relatively higher
importance of processing time compared to the cruising speed. More-
over, Binder et al. (2018) described a vehicle that can travel above urban
areas at cruise speeds of 150 mph (240 km/h), while Rimjha et al.
(2021a) calculated UAM travel times in Northern California at speeds of
120 mph (190 km/h).

Another relevant issue highlighted in the literature is the range of
eVTOL vehicles. As UAM is conceived to be operated mainly by fully
electric aerial vehicles to minimise noise disruption over densely
inhabited areas, its limited battery range is potentially seen as an
operational constraint (Vascik et al., 2018). The whitepaper of Uber
(2016) assumed that a possible configuration could provide up to 120
miles (222 km) of range, although clearly stating that vehicles with
lower speed and range could be more suitable for efficient short-distance
operations. Similarly, the CityAirbus NextGen will provide a range of 80
km at a maximum speed of 120 km/h (Airbus, n.d.). According to
Ploetner et al. (2020), a comprehensive UAM network in Bavaria, Ger-
many, would require a vehicle range of 180 km — nevertheless, reducing
the available range to 110 km still enables 95 % of all connections.
Moreover, it is argued by other authors that (hybrid) fuel cells com-
plemented by batteries are the only viable source of energy for
multi-rotor eVTOLs when operations exceed 60 miles (110 km) in urban
scenarios (Ahluwalia et al., 2021).

The performance and attractiveness of UAM as a transport system
can be influenced by eVTOLs’ features and operational factors. The
former includes all constraints that limit the scope of application due to
vehicle design, e.g. the number of passengers per flight, the possibility to
transport luggage on board and whether the vehicle can navigate
autonomously or not. For example, Asmer et al. (2021) developed their
study about UAM as airport shuttles by considering four-seat flying
vehicles including luggage, while Fu et al. (2019) also envisioned an
autonomous flying taxi with four passengers at once, however, without
providing further information about their capability to transport
luggage. Still, Brunelli et al. (2023) analysed the passengers’ willingness
to use aerial airport shuttle services in Italy by exploring shared or un-
shared UAM alternatives that included a small suitcase and investigated
the influence of automation acceptance on passengers’ choices. Other
important operational factors include the properties of the service that
can be configured independently by each operator or can even get
adjusted dynamically to adapt to the demand. Among them are
trip-sharing, e.g. to reduce the cost per passenger (Ahmed et al., 2021; Al
Haddad et al., 2020), the provision of pre-departure amenities such as
lounges and workplaces, the possibility of in-flight entertainment,
internet connectivity and mobile network coverage, which could enable
an almost seamless workflow for business passengers.

2.2. Market demand for UAM

The idea of airport access with flying taxis, either as scheduled ser-
vices or on-demand mobility, is not new. According to NASA (2018a),
shuttle services to and from major airports could take over a significant
part of the travel demand for UAM in the near term. In 2019, Blade
launched on-demand urban flying using helicopters from Manhattan in
New York City to John F. Kennedy Airport (JFK) and later to Newark
Liberty International Airport in New Jersey, promising a travel time of 5
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min with starting fees of 195 $ (179 €) (Blade, n.d.). Uber proposed a
similar on-demand helicopter shuttle service between Manhattan and
JFK, which could be booked as a regular Uber ride (Introducing Uber
Copter, 2019). The main advantages of those services according to their
providers are the possibility to skip road traffic (since New York City is
the second most congested city in North America (TomTom, 2022)), to
enjoy the views over the city and enhanced amenities (e.g. a lounge)
while waiting for a ride and, finally, the seamless booking procedure
(Blade, n.d.).

Current research shows that eVTOLs may broaden the potential
market for flying airport shuttles (Roy et al., 2020). California, espe-
cially Los Angeles and the Silicon Valley region, is often seen as a suit-
able scenario for flying taxi operations due to the high-income and
high-density population, the notable percentage of long-distance com-
muters and the ensuing road traffic congestion (Antcliff et al., 2016).
Rimjha et al. (2021b) estimated that UAM could capture 2.4-3.6 % of
the market share in airport access trips to and from Los Angeles Inter-
national Airport and around 1750 one-way passenger trips daily to
Dallas-Fort Worth International Airport (Rimjha et al., 2021c). Goyal
et al. (2021) projected that aerial airport shuttles and flying taxis will
transport around 82,000 passengers per day in the US in their early years
of adoption — 98 % of that demand will stem from trips longer than 30
min by ground transport.

Nonetheless, the demand for UAM has been studied more extensively
also in a wider context, focusing on intraurban and interurban passenger
services. Binder et al. (2018) found that individuals in the US were
generally interested in using flying taxi services, especially for
time-sensitive business trips and commuting from rural areas. Using a
simulation-based assessment of UAM in Munich, Rothfeld et al. (2021)
found that the service could provide travel time savings for 3-13 % of
urban trips, especially over travel times of 50-55 min. On a global scale,
Mayakonda et al. (2020) performed a sensitivity analysis in 31 major
cities worldwide that underlined the importance of the supply, i.e.
vertiport density and UAM ticket cost, on the demand; in all study cases,
the demand for UAM fell under 1 % of the total passenger-km if prices
rise above 1.2 $/km' (1.1 €/km).

As urban air mobility is not yet a reality, researchers have largely
resorted to models to predict its future demand. Fu et al. (2019)
developed discrete mode choice models based on a stated preference
survey from Munich, Germany, which included automated flying taxis
among other modes. Based on their models, Fu et al. (2022) imple-
mented agent-based simulations to investigate the impact of UAM on
urban trips and concluded that it is not probable to notice a sufficient
reduction in ground traffic levels after the introduction of flying taxis in
the metropolitan region of Munich; instead, they named the premium
airport passenger demand as a potential market. Similarly, Ploetner
et al. (2020) found that UAM could account for just 1 % of the modal
split in the Munich Metropolitan Region in the long term, while demand
may increase to 3—4 % on distances over 40 km, despite the vast majority
of those trips being under 40 km. In summary, Straubinger et al. (2021)
concluded that none of the different studies exceeded a maximum share
of 4 % in overall traffic. Also, the results from Rimjha et al. (2021a)
indicated that sufficient demand can only be achieved with low fares
and a dense network of vertiports, which is consistent with the findings
of Rothfeld et al. (2021).

2.3. Pricing

In general, the total trip cost can be split into two components ac-
cording to the bibliography: the fixed and the variable component, which
may vary by the number of passengers, the trip length, the origin and the
destination nodes and the time of day. In 2018, Booz Allen Hamilton

11 US Dollar ($) = 0.92 Euro (€) on April 3, 2023. All currency conversions
are approximate.
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Table 1

Assumed monetary cost structure of UAM operations from selected publications.
Reference Fixed cost Variable cost Temporal horizon Country
All trip purposes
Uber (2016) - 1.5 €/pkm Short term USA

0.2 €/pkm Long term
NASA (2018a) - 3.2-5.5 €/pkm Short term USA
1.2 €/pkm Long term

NASA (2018b) - 0.9 €/pkm Long term USA
Balac et al. (2019a) 6.1 € 0.6-4.2 €/km - Switzerland
Mayakonda et al. (2020) - 0.3-6.6 €/pkm Long term USA
Ploetner et al. (2020) — 4.94 €/km - Germany
Goyal et al. (2021) - 3.58 €/pkm + 50 % - USA
Straubinger et al. (2021) 30 € 0.2-2.4 €/km - Germany
Wu and Zhang (2021) 9.2-27.6 € 0.5-1.0 €/km - USA
Coppola et al. (2024) - 3.5 €/km - Italy
Airport access
Porsche Consulting (2018) 100 € for 34 km - Long term Germany
Choi and Park (2022) 88-99 € for 47 km - - South Korea
Rimjha et al. (2021c¢) 13.8 € base fee and 18.4 € landing fee 1 €/km - USA

pkm = passenger-kilometre.
1 mile = 1.852 km.

submitted to the National Aeronautics and Space Administration (NASA)
the final report of their UAM market study, which assumed a price of
6.25-11 $ per passenger-mile (3.2-5.5 €/passenger-km) (NASA, 2018a).
Also, Balac et al. (2019a) assumed a base fare of 6 SFr.? (6.1 €) in Zurich,
Switzerland, along with a variable cost between 0.6 and 4.2 SFr./km
(0.6-4.2 €/km), stating that charges under 0.6 SFr./km are not attainable
because they fall even below the cost of car ownership. In their study in
Bavaria, Germany, Ploetner et al. (2020) found that a price of 4.94 €/km,
including taxes, is enough to achieve a profit margin of 5 % on operation
with two passengers per vehicle. The authors considered that a decrease
in vertiport landing fees, combined with the carriage of four passengers,
may resultin a feasible price of 1.75 € per passenger-km (pkm). In roughly
the same geographic area, Straubinger et al. (2021) based their analysis
on a fixed price of 30 € to which variable costs of 0.2-2.4 €/km were
added. Also, Wu and Zhang (2021) applied a base charge of 10-30 $ per
trip (9.2-27.6 €) and a variable unit cost of 1-2 $ (around 0.5-1 €/km)
elsewhere. Still, the analysis conducted by Goyal et al. (2021) in the near
term expects that a five-seat air taxi trip could cost around 6.25 $/pas-
senger-mile (3.58 €/passenger-km) with an uncertainty of +50 %.
Focusing on accessibility to airports through flying taxi services, the trip
cost between the city centre of Munich and the airport (MUC) was esti-
mated at 100 € (for 34 km) by Porsche Consulting (2018), while in Rimjha
etal. (2021c) trips to Dallas-Fort Worth International Airport were priced
as 2-4 $/mile (1-2 €/km) plusa 15 $ (13.8 €) base fee and a 20 $ (18.4 €)
landing fee. In the study of Choi and Park (202.2), the economic feasibility
of an aerial airport shuttle to connect Seoul Station and Incheon Inter-
national Airport was investigated. Existing taxi users were considered as
initial conversion targets to evaluate a UAM service fare range, with the
authors assuming that UAM passengers could be high-income customers.
The fare range of UAM in Seoul was set at 96-108 $ (88-99 €) for 47 km,
assuming that it can reduce travel time by 30-40 min compared to taxi
services. This price range was considered appropriate to overcome the
investment in infrastructures, cover operating costs for the aerial airport
shuttle and obtain an appropriate rate of return. Recently, Coppola et al.
(2024) performed a stated preference UAM experiment where they
assumed a unit service fare of 3.5 €/km in Milan, Italy.

Eventually, it is expected that UAM services may become more
affordable. Thus, in the long term, this technology is expected to make
progress and demand may increase, leading to economies of scale (Balac
et al., 2019a,b), which in turn may reduce the cost of operations even
further (Thipphavong et al., 2018). Crown Consulting (NASA, 2018b)

2 1 Swiss Franc (SFr.) = 1.01 Euro (€) on April 3, 2023. All currency con-
versions are approximate.
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presumed that the price could be as low as 0.93 $/passenger-km (0.9
€/passenger-km) by 2030, NASA (2018) 2.5 $/passenger-mile (1.2
€/passenger-km) in the long-term and Mayakonda et al. (2020) 0.3-7.2
$/passenger-km (0.3-6.6 €/passenger-km) by 2035. Uber (2016) has
predicted a passenger price of 2.97 $/mile (1.5 €/km) initially, 0.98
$/mile (0.5 €/km) in the near-term and finally, 0.47 $/mile (0.2 €/km)
in the long-term. In Table 1, the UAM service price assumptions have
been summarised, which later helped to hypothesise a suitable fare for
the UAM AirShuttle in this study.

Therefore, by reviewing the existing literature, two gaps could be
identified, which also shape the methodology and the case study in the
next sections. First, although most studies focused on the effects of the
introduction of a UAM system in the long term, the present research
investigates a short-term introduction, specialising on an aerial airport
shuttle as a use case. Second, this study attempts to estimate how much
potential passengers are willing to pay by asking direct questions about
their pricing preferences. This allows us to assume realistic pricing
conditions during analysis and to compare the determinants of UAM
demand with the existing modes in the near future.

3. Methodology
3.1. Methodological framework

Based on the existing background, this research aims to analyse the
prospective use of a UAM AirShuttle to connect major urban areas with
airports. This section presents the methodological approach (Fig. 1) that
was used to analyse the aspects of pricing of the service in question and
to estimate a discrete choice model for airport access and egress based
on a stated preference (SP) survey. The results of this survey were used
to explore the users’ transport mode preferences, also in terms of will-
ingness to pay. Thus, section 3.2 introduces the general structure of the
SP survey with different distance segments, section 3.3 describes the
stated preference scenarios with details about the attributes and the
levels of the alternatives in question and, finally, section 3.4 introduces
the theoretical background employed to develop suitable models and
perform the relevant analysis.

3.2. General specification of the survey

As stated, UAM services and particularly an aerial airport shuttle
could supplement existing ground transport modes to improve airport
accessibility; however, this system has never been tested on a large scale.
In order to explore the determinants of the potential demand for this
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Fig. 1. Schematic methodological framework of this research (own elaboration).

new transport system, a stated preference (SP) experiment has been
defined according to the methodology found in the literature (Hensher
et al., 2008; de Dios Orttizar and Willumsen, 2011). The SP experiment
was included in a survey that consisted of three parts; part one explored
current travel behaviour to and from the airport, such as identifying the
journey’s origin/destination, investigating which means are usually
chosen and the reasons behind, and the frequency of access to the
airport. Furthermore, depending on the availability of transport means
given by the respondent (e.g. a private car, a business car or a public
transport subscription), this part followed an adaptive design in order to
reduce the number of redundant questions. Part two included the stated
preference experiment, where each respondent received six questions,
two of which related to choosing an airport access mode (stated pref-
erence), while the remaining asked the respondents to insert a suitable
price for the AirShuttle according to the levels of the attributes of other
modes (contingent valuation). In the case of MUC, to ensure that all
respondents were placed in realistic conditions regarding their ori-
gin/destination points, three travel scenarios were approximately
defined, covering the airport catchment area with distances of 30, 60
and 120 km. Before proceeding with this, the UAM concept and the
airport shuttle service were introduced, showing an eVTOL prototype
(CityAirbus NextGen, although not explicitly named) with the relevant
technical characteristics. The respondents were informed that eVTOLs
can only take off and land on vertiports, while it would also be probable
that they share their ride with other passengers and that they can only
take their hand luggage on board due to weight restrictions (heavy
luggage can be transported on the ground). In addition, the introductory
paragraph stated that the same safety levels as traditional aviation will
be guaranteed. In part three, the respondents’ sociodemographic back-
ground and their attitudes towards flight safety and automation in
transportation were surveyed (not part of this investigation); flight
safety has been examined based on six statements concerning the pro-
pensity to fly, the perception of risk in flight, and how safety is perceived
in flight compared to ground transport modes (Clothier et al., 2015;
Seriwatana, 2018). The same approach, i.e. with six statements, was
used to evaluate the respondents’ knowledge and inclination towards
new automation technologies, electric vehicles and their perception
(Stilgoe, 2021; Ziefle et al., 2014; Thiel et al., 2012). In addition, two
questions investigated the satisfaction rates with current transport
modes and prices. The questionnaire concluded with sociodemographic
queries about gender, age, income, education, employment, household
status and country of residence.
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3.3. Designing the stated preference experiment

The SP scenarios in the survey’s second part include the main al-
ternatives of transportation modes to access the airport in the context of
Munich and the new UAM airport shuttle service, i.e. private car, public
transport, ride-hailing, car-sharing and AirShuttle. It should be noted
that car-sharing was omitted from the 60 and 120 km scenarios, as the
service is currently unavailable in cities of the study area other than
Munich, while pre-booked car rental was omitted altogether as the SP
scenarios aimed to capture the demand from local passengers. For UAM,
we assumed an average occupancy of two, halving the travel cost.
Special emphasis has been placed on its introduction horizon. According
to the description before the survey’s second part (SP), the AirShuttle is
expected to enter service in less than five years (i.e. before 2029). The
main goal is to decrease the travel time between the airport and the main
points of interest in the study area. Based on the literature and the in-
dustrial stakeholders of the UAM AirShuttle in the metropolitan region
of Munich, the service would be provided by an eVTOL with a four-seat
capacity, operating at 120 km/h with a range of 80 km. For distances
over that range, 5 min were added to the travel time since travellers may
be required to transfer into another eVTOL. According to industrial
stakeholders, integration of UAM and airport security is not envisaged in
the early stages. Recent discussion indicates that regulatory authorities
have not yet established standards for vertiport operations and that if a
similar approach to helicopter flights gets adopted, UAM passengers and
luggage might not require screening at the vertiport (Hoffmann et al.,
2023). This would mandate security checks at the airport, and thus, this
study does not consider the potential time savings due to integration
with airport security.

It is generally argued that a random survey design can perform
equally well as an efficient design (Walker et al., 2018). Thus, the SP
part has been specified by considering a random design, drawing from
the full factorial design including four different attributes and one, two
or three levels depending on each attribute (Table 2). The attributes of
the modes have been defined as follows:

e In-vehicle time (minutes) is the total net time spent in the vehicle
without considering any other time spent outside the vehicle.

e Waiting time (minutes) includes the time used to reach a trans-
portation mode, waiting at stops, and any processing time due to
check-in, security controls and boarding procedures at the vertiport.

e Travel cost (€) is the total cost incurred by the corresponding mode.
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e Availability (%) is the probability that a vehicle (of the means of
transportation chosen) is available at the time of a user’s departure.

The levels of each attribute were defined based on targeted sampling
through popular online tools. For example, we approximated the travel
time by private car, car-sharing and ride-hailing through Google Maps,
whereas in the case of public transport, the website of the German
Railways (www.bahn.de) was utilised to estimate the travel time, the
waiting time and the cost. As a consequence of the definition of waiting
time, all transportation modes would drop passengers off before airport
security, i.e. it was not assumed that security is integrated between the
UAM AirShuttle and the airport terminal. The cost of private car use was
estimated at about 0.65 €/km - by considering Germany’s best-selling
car (Volkswagen Golf; ADAC, 2022) — plus a price component related
to MUC parking. The car-sharing cost was based on the main sharing
operators’ fares (i.e. 0.16-0.39 €/min in ShareNow and Sixt share),
adding the average airport unlock fee. Ride-hailing was priced around
2-3 €/km in the short scenario (30 km) and 1.8-2.3 €/km in the longer
scenarios (60 and 120 km) based on sampling from the Uber and Free-
Now mobile applications. Subsequently, the prices were rounded up-
wards to the nearest 0 or 5 €, where it seemed reasonable, and pivoted
around the reference levels based on the magnitude of the values
(Table 2). As the survey is referring to the near future, no major de-
viations from the current levels with regard to the monetary cost are
expected, and even then, pivoting around the reference level most likely
accounts sufficiently for future price increases. Worth noting is the
calculation background for UAM; after consultation with industrial
stakeholders, the price was set at 6-10 €/km and was later lowered to
4-10 €/km, while also assuming occupancy of two passengers. This
re-evaluation was the result of the first pilot trial of the survey (with 22
respondents), during which none of the respondents selected the
AirShuttle.

Generally, each respondent answered six stated preference questions
in random order: two questions asked the respondent to choose one
mode based on the attribute levels (direct mode choice) and four
questions asked about the price that the respondent would be willing to
pay in order to use the UAM by taking account the attributes of all other
modes, as seen in Fig. 2. The latter question group is termed the
contingent valuation (CV) technique with open-ended questions, where
the respondents are asked to state how much they are willing to pay for
UAM. Despite the fact that CV has often come under criticism for not
measuring accurately the preferences of the respondents, it has been
used in several studies in transportation (de Dios Orttizar and Will-
umsen, 2011), especially to investigate trade-offs (between time and
cost, safety and cost, etc.). All six responses per respondent were
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Imagine that you want to travel 30 km to or from the airport of Munich. Which mode of transport would
you choose for this trip?

Public

Car Tt Car-sharing  Ride-hailing UAM
In-vehicle time (Min.) 50 50 50 50 20
|Waiting time (Min.) 0 15 10 5 45
Travel cost (€) 40 13 35 70 105
\Availability (%) 100 100 50 100 100

@ Choose one of the following answers
Car
Public Transport
Car-sharing
Ride-hailing
UAM
None. I would not choose any of the above.

Other

Imagine that you want to travel 30 km to or from the airport of Munich. How much are you willing to pay
to use the UAM considering all other options?

Public
Car-sharing  Ride-]
Transport
In-vehicle time (Min.) 30 60 30 30 20
(Waiting time (Min.) 0 15 20 10 30
Travel cost (€) 35 7.5 30 60 ?
\Availability (%) 100 100 100 50 100

Please insert an acceptable price:

@ Only numbers may be entered in this field

Fig. 2. The stated preference experiment with direct choice (top) and asking
the respondent for a suitable price (bottom).

considered in model development. It is important to mention that each
respondent viewed a unique random combination of selected scenarios.
A screening question was utilised to test the suitability of the responses.

3.4. Discrete choice modelling

In order to properly analyse the survey results and to estimate mode
choice models, the random utility theory has been applied. Particularly,
we estimated two models by introducing mixed logit (ML) methods:

Table 2

Basic design attributes and levels in the SP experiments.
Attributes Private Car Public Transport Car-sharing Ride-hailing UAM
30km
In-vehicle time (Min.) 30, 40, 50 40, 50, 60 30, 40,50 30, 40, 50 15, 20, 25
Waiting time (Min.) - 5,15 10, 20 5,15 15, 30
Travel cost (€) 35, 40, 45 7.5,13 30, 35, 40 60, 70, 90 60, 105, 150
Availability (%) 100 100 50, 100 50, 100 50, 100
Attributes Private Car Public Transport Car-sharing Ride-hailing UAM

60 km
In-vehicle time (Min.) 50, 60, 70 60, 75, 90 - 50, 60, 70 30, 35, 40
Waiting time (Min.) - 10, 20 - 5,15 15, 30
Travel cost (€) 55, 60, 65 20, 25, 30 - 110, 140, 170 120, 210, 300
Availability (%) 100 100 - 50, 100 50, 100
Attributes Private Car Public Transport Car-sharing Ride-hailing UAM
120 km

In-vehicle time (Min.) 90, 110, 130 105, 120, 135 - 90, 110, 130 60, 65, 70
Waiting time (Min.) - 10, 20 - 5,15 20, 35
Travel cost (€) 90, 100, 110 25, 30, 35 - 220, 250, 280 240, 420, 600
Availability (%) 100 100 - 50, 100 50, 100
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first, a rich model incorporating travel behaviour and sociodemographic
variables and, second, a simple model including only the modes’ attri-
butes, which can be used for demand estimation when individual-
specific data are not available (in the Appendix). Starting with the
standard multinomial logit model, the average utility of each alternative
i for an individual n is defined by the random utility model (Cascetta,
2013; Train, 2009):
Uin = Vin + €in with Vin = ﬂlTxin (1)
where Uy, is the utility associated with each alternative i; Vi, is the
systematic part of the utility; ¢;, is the random utility component; g; is a
vector of the estimated parameters for alternative i; and x;, is a vector of
the observable variables considered for each alternative i. Therefore, the
probability that alternative i is chosen from a choice set C, of alterna-
tives by individual n is:
Vin
S et

by

J

P(i‘cn) = (2)

Moreover, to allow for random taste variation and correlation in
unobserved factors over the questions (agent effect as the sample is
composed of six observations per respondent), we use ML models. The
ML probability takes the following form (Train, 2009):

pic) - [

where f(3) is the mixing distribution of the logit function. In this study,
the alternative-specific constant of each alternative is decomposed into
one deterministic (ASC;) and one normally distributed random compo-
nent with standard deviation 64sc,. Monte-Carlo integration with 10,000
draws has been used to estimate the ML models.

Furthermore, a scaling factor for the travel cost of all modes is
introduced, which converts the total trip cost to per kilometre cost and
considers the deviation of the given prices from the average stated
willingness to pay for UAM. This was an optional normalisation step,
which, however, enhanced the interpretability of the results:

eﬂiTXin

i @)
el
J

fp)d(p)

Travel cost;

4
WTPgqedy, * Trip length )

Cost factor; =

The stated willingness to pay WTPsteqy,, i the result of the direct
measurement of the willingness to pay for the AirShuttle through a
contingent valuation approach, after removing any outliers, as
explained in section 3.3. Hence, the utility functions of the alternatives
i=1, 2 ...,j generally take the following form:

Ui =ASC; + Brigyel cos; “COSt factori + Pr_enicte rime, “In — vehicle time;

+ Bwaiting dme,* Waiting time; + Bayquapiiey, “Availability;

+ Briip tengen; TP length + Prrayer behaviour; *Travel behaviour
)

Finally, an important trade-off in transportation mode choice models

is the value of time (VoT), i.e. the amount of money a traveller is willing
to spend to save a unit of time. In this study, it is designated as the in-
direct value of time, in order to distinguish it from the direct measurement

of the stated willingness to pay, and is given by the following equation
(in €/hour) for linear-in-parameter model specifications:

+ Bsociodemographics;* Sociodemographics + ... + oasc,

__0U;/dInVehicle time;

ﬁln—vehicle time;
VoT; = = 1*60
ot 0U;/dTravel cost;

©

:B Travel cost;

Please note that it is necessary to utilise equation (4) for the (indi-
rect) VoT, as the utility functions of the alternatives (5) include a cost
factor, rather than the cost directly. In this study, ‘indirect’ is used to
distinguish the value of time (VoT) calculated through the model
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coefficients from the ‘stated’ willingness to pay (WTP) estimated directly
through the answers of the respondents in the contingent valuation
experiments.

4. Data collection and analysis
4.1. Case study setup and data collection

In order to explore airport passengers’ preferences, Munich Inter-
national Airport (MUC) and its catchment area offer an excellent case
study. With 41.6 million passengers in 2024, MUC is the main interna-
tional gateway of Bavaria and the second busiest airport in Germany by
passenger traffic (Munich Airport, n.d.). Bavaria is the second most
populous state in Germany, with over 13 million inhabitants (Statistik
Bayern, n.d.). Within Bavaria, the city of Munich has 1.56 million in-
habitants, whereas, in the vicinity (metropolitan region) of Munich,
around six million people live, a number that is projected to rise to 6.3
million by 2030 (Stadt Miinchen, n.d.). Furthermore, seven out of the
top ten communities with the highest purchasing power in Germany are
concentrated in this area (Ploetner et al., 2020).

The catchment area of MUC expands southwards to the Austrian
states of Salzburg and Tyrol. The former has a population of around 560
thousand (Land Salzburg, 2022) and the latter around 760 thousand
(Land Tirol, n.d.). Both areas are important destinations for tourism due
to their location near the Alps. Although the capital cities (Salzburg and
Innsbruck, respectively) of those Austrian states have their own airports,
they are less connected than MUC, with fewer destinations and highly
affected by winter seasonality. On the other hand, Lufthansa, a major
player in the European civil aviation market, has established a hub at
MUC with many continental and intercontinental destinations.
Furthermore, more than 33 thousand employees work at the premises of
MUC (Munich Airport, 2022).

Currently, MUC can be reached by a multitude of different modes
depending on the origin or destination (as shown in Table 2). According
to the airport’s latest statistical annual report (Munich Airport, 2025, p.
12), the most popular modes of access are car (as driver or passenger),
public transport (rail, urban-suburban rail, city bus, and regional buses),
ride-hailing services (taxi, Uber, etc.), rental cars and car-sharing
(pay-per-minute and pay-per-kilometre). The main railway station and
the city centre are served by two urban-suburban rail lines (S-Bahn)
within 40-50 min, while the same trip can be covered within 30-60 min
using road transport. For trips outside the city of Munich, car-sharing
services are not available — instead, private car, public transport or
ride-hailing must be used. Although public transport connections usu-
ally require a transfer at the main railway station of Munich, a regional
railway service to the northeast connects the airport directly with the
cities of Freising, Landshut and Regensburg. It isn’t easy to estimate the
travel time by road transport, as this depends heavily on the destination.
For distances well over 60 km by rail, a change either in the main rail-
way station, the east railway station of Munich or at one of the stations
along the northeast railway line is required; especially from Salzburg
and Innsbruck, intercity (IC and EC) services terminate at the main
railway station or the east railway station of Munich and thus require a
transfer to the urban-suburban trains (S-Bahn) to MUC.

An overview of the study area with the planned origins or destina-
tions of the AirShuttle is shown in Fig. 3. As the objective of this paper is
neither to study the optimal positioning of vertiports within each city
nor to produce exact calculations of travel times or travel costs, only
approximate locations are depicted. For the sake of simplification, we
categorise roughly the origins or destinations in three travel distance
groups: 30, 60 and 120 km, as mentioned in section 3.3. The survey
followed an adaptive design depending on each respondent’s landside
trip origin or destination to the airport, with each participant seeing the
questionnaire that corresponds to their distance group (30, 60 or 120
km) based on their answer to the initial question about the usual start or
destination for their trips to MUC.
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Fig. 4. Descriptive analysis of the factors influencing the current mode choice to the airport.

Responses were collected through an online panel (Bilendi GmbH) in
March 2023. The survey generated 218 complete responses in total, with
148 of the respondents residing in Germany (67.9 % of the sample), 69
in Austria (31.7 % of the sample) and one in another country. The
average completion time was 8.5 min, while all responses with a
completion time of less than 3.3 min (one-third of the initially planned
10 min) were discarded from the sample. It is important to note that the
German subsample includes respondents exclusively from Upper Bava-
ria, whereas the Austrian subsample comprises responses from the states
of Salzburg and Tyrol. All respondents were selected by the field
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institute as they indicated that they use MUC for at least one roundtrip
per year.

Overall, as seen in Table 3, a satisfactory representation of gender,
principal occupation, place of residence (urban area or countryside), car
ownership and driving license was achieved. Shortcomings in the sam-
ple can be observed with regard to the absence of respondents younger
than 18 years old, who were excluded from data collection, the over-
representation of employed people (full-time and part-time) and the
overrepresentation of households with two members in comparison to
the census data. The summary statistics of the collected sample are
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Table 3
Sociodemographic characteristics of the total sample (Bavaria and Austria).
Indicator Value Sample  Bavaria Austria
(%) (%) (%)
N=218 (2011) (2022)
Sample size Bavaria 67.9
Austria 31.7 - -
Other 0.5
Gender Female 53.2 51.1 50.7
Male 46.8 48.9 49.3
Age <17 0 17.0 17.3
18-29 17.0 14.5 14.0
30-39 26.1 12.3 13.8
40-49 18.3 16.9 13.1
50-59 17.0 14.0 15.2
60-69 16.5 10.8 12.4
70-79 4.6 9.5 8.2
>80 0 5.0 5.9
N/A 0.5 - -
Occupation Full-time employed 58.7 53.4 48.6
Part-time employed 17.0 4.4 3.9
Pupil, student or 4.6 3.5 -
apprentice
Housewife/ 3.2 1.8 3.9
Househusband
Unemployed 0 20.3 22.0
Retired 15.1 16.6 7.1
Other 0.9 - -
N/A 0.5
Size of household (no. 1 25.7 36.0 40.2
of members) 2 53.7 31.4 31.7
3 11.5 14.8 13.3
>4 6.0 17.8 14.7
N/A 3.2 - -
Monthly net 0 0.5
household
income (€) <1000 5.0
1000-2000 15.6
2000-3000 17.9
3000-4000 18.8 2313.7° 2320.3
4000-5000 12.8 per per
person person
5000-6000 9.6
6000-7000 4.1
>7000 4.1
No answer 11.5
Area of residence Urban 66.5 53.0" 59.0°
Countryside 33.0 47.0" 41.0°
N/A 0.5 - -
Driving license Yes 93.1 90.0° -
No 6.9 9.0°
Car ownership (per 0 16.1 19.0° -
household) 1 48.6 55.0"
2 27.1 22.0°
>3 8.3 5.0

2 Statistik Bayern (n.d.)
b infas, DLR, IVT & infas 360 (2018).
¢ The World Bank (2021)

presented in Table 3 next to the latest available census data from Bavaria
(Statistische Amter des Bundes und der Linder, 2014) and Austria
(Statistics Austria, 2022) unless indicated- in the cases of Salzburg and
Tyrol, regional data were not readily available, and therefore, statistics
on the federal level (Austria) are shown instead. This is not expected to
impact the outcome of this study, as the social structure is consistent
across Austria.

4.2. Data analysis

4.2.1. Current mode choices to or from the airport by sampled indicators
Among the 218 respondents, 93.1 % stated that they hold a driving

license. As expected, the main mode of non-drivers (6.9 % of the sample)

when accessing MUC was public transport (PT), followed by car as a
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passenger, meaning that a large percentage of the respondents were
driven by others to the airport (Fig. 4). Furthermore, drivers considered
private car alternatives first (38.9 % as a driver and 18.2 % as a pas-
senger) before public transport (39.4 %), while the numbers of responses
for ride-hailing and car-sharing were low (2.5 % and 1.0 % respectively).
From data analysis by gender, it emerged that female users preferred
public transport to reach the airport (44.0 %), whereas male respondents
were mostly inclined to use the car as drivers (44.1 %). Based on the
household income, respondents of lower (less than 3000 €/month) and
middle (3000-7000 €/month) income tend to prefer PT instead of
driving to the airport, although road-based modes still come first when
summed. On the contrary, members of high-income households showed
a clear preference towards driving (car as driver 66.7 %), although the
presence of high-income respondents in the sample was rather low (n =
9). With regard to the age of the respondents, it seems that younger
respondents preferred road-based modes (61.2 % car as driver, car as
passenger, car-sharing and ride-hailing), while older participants were
almost equally split between road-based modes (54.2 %) and PT (45.8
%).

Based on the distance classification, travellers in the vicinity of the
airport, i.e. 30 km, used primarily PT (59.7 %), whereas travellers
residing at longer distances from the airport, i.e. about 60 or 120 km,
were more dependent on private cars as drivers or passengers (62.8 %)
(Fig. 4). Further, the interviewees gave different answers regarding their
mode choice depending on their trip purpose: business travellers were
more inclined towards road transport (car as driver 40.0 %; car as pas-
senger 16.0 %; car-sharing 8.0 %, ride-hailing 4.0 %), whereas tourists
and travellers visiting family or friends were almost split between road
modes and public transport (42.7 %). Overall, the most prominent
transport modes of access to MUC were private car (as driver 36.2 %, as
passenger 19.3 %) and PT (41.3 %), and a dominant alternative was
apparent in most cases; only people that have no driving license were
clearly inclined in favour of PT (captive riders) and respondents from
high-income households decided in favour of private cars. It is important
to mention that those comparisons are potentially restricted by a lack of
statistical significance.

4.2.2. Satisfaction with current modes to or from the airport

The exploration of respondents’ current mode choices from/to the
airport of Munich showed that the differences between the various de-
mographic segments are minor, with only very few indicators resulting
in noteworthy differences (driving license, monthly household income).
In the next step, the satisfaction levels of current transport modes and
their pricing to reach the airport have been investigated (Fig. 5).
Regarding the former, only 4.1 % and 8.7 % of interviewees were “very
dissatisfied” or “dissatisfied” with their current mode choice. Almost
22.5 % of the respondents stated to be “neither dissatisfied nor satis-
fied”, while the rest had a positive or very positive impression about that
matter (64.6 % car as driver, 69.1 % car as passenger and 62.2 % PT).
With respect to the cost of accessing the airport, the level of satisfaction
seemed to reduce slightly. Dissatisfaction with the pricing was some-
what higher than before, with 17.0 % (total) being either “very dissat-
isfied” or “dissatisfied” (car as driver 20.3 %) The users of public
transport seemed to be the most satisfied group (67.8 % “very satisfied”
or “satisfied”), followed by passengers driven to the airport and drivers.
In all cases, at least half of the respondents were either “very satisfied” or
just “satisfied” with the cost of accessing the airport. In the cases of ride-
hailing and car-sharing, the number of responses was very low (n = 2
and n = 5, respectively), and therefore, commenting may lead to
unrobust conclusions. Generally, the existing ground access modes to
Munich Airport seem to be well perceived by their passengers, which is
an expected result considering the multitude of transport options (see
section 4.1).

The existing high levels of satisfaction with ground access to MUC,
including the high satisfaction with current prices, could impose nega-
tive implications on the success of aerial airport shuttle services. This
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Fig. 5. Satisfaction levels with current access modes and their prices to MUC.
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hypothesis is supported by the early findings on potential modal shift
after UAM implementation. Particularly, just 11 % of the sample decided
to switch modes and exploit UAM services to reach the airport, assuming
no major differences among alternative ground modes with regard to the
calculated attribute levels and to the values of the attributes in reality.
As can be seen in Fig. 6, the largest number of UAM users (right column)
would switch from public transport or car as passenger (left column).

Car as passenger

M Ride-hailing
== Car-sharing

Fig. 6. Mode shift after UAM introduction.

4.3. Stated willingness to pay for UAM

Furthermore, this study also aims to investigate the stated willing-
ness to pay (stated WTP) for UAM, i.e. how much the respondents are
ready to pay to use the aerial airport shuttle, studying the prices inserted
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by the respondents. A quantitative analysis of the stated WTP is dis-
played in Fig. 7; in order to conduct this investigation, the outliers were
first systematically removed by employing the interquartile range
method. Despite the low stated value of WTP for the airport shuttle
(mean WTPseq,,,, = 0.84 €/km, standard deviation 0.47 €/km), the
overall observed data are almost consistent among different socio-
demographic segments. Particularly, it emerged that the following
segments of the sample showed a slightly higher willingness to pay:
female respondents (0.86 €/km), those not in possession of a driving
license (0.93 €/km), travelling for business (0.85 €/km) and in shorter
distances (0.95 €/km for distances less than 30 km). Also, as it turned
out, respondents with high household income (>7000 €/month) were
willing to pay a considerably higher price (1.16 €/km) than respondents
with middle (3000-7000 €/month, 0.87 €/km) and lower (<3000
€/month, 0.73 €/km) household income. However, it is worth noting
that the stated prices were consistently lower than those of regular taxi
services (currently around 2 €/km in Munich) - this finding could have
serious implications for the short-term success of UAM as an airport
shuttle, assuming a cost of 4-10 €/km upon introduction and imposes
questions about the positioning of this new service in the current
transport market. Finally, to make the stated WTP comparable with the
results of the discrete choice model, the average value was multiplied by
the assumed eVTOL speed of 120 km/h, thus resulting in an average
hourly stated willingness to pay of 100.8 €/h.

5. Model specification and estimation

The survey results have been used to estimate two panel-data mixed
logit (ML) mode choice models using the open-source package Biogeme
(Bierlaire, 2023). The models were estimated after removing the alter-
natives ride-hailing and car-sharing, as the frequency of their occurrence
in the sample was low (14 observations each, i.e. 1.1 % of the sample
each). Similarly, the ‘None. I would not choose any of the above.” and
‘Other’ alternatives were excluded because they were not selected by
any of the respondents. In particular, the three mode alternatives (Car,
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Fig. 7. Sample stated willingness to pay (€/km) for an aerial airport shuttle.

PT and UAM) have been explored through an ML model explaining at-
tributes that are specific to each transport mode (i.e. travel cost,
in-vehicle time, waiting time, trip length and availability), introducing
individual-specific variables that describe the established travel behav-
iour to and from the airport of Munich and associating the sociodemo-
graphic attributes of the respondents with the available modes. A
reduced version of the model is included in the Appendix, which omits
the variables related to the current travel behaviour of the respondents
and their sociodemographic characteristics, thus making it easier to
apply in data scarcity. The ML models consider the serial correlation due
to the panel structure of the data during model estimation. All reported

estimation results include statistically significant coefficients at a 10 %
significance level, with the alternative-specific attributes having been
scaled (reduced) by a factor of 100. The following section interprets and
explains the values of the parameters in the first ML model in relative
terms.

To account for the repeated choices from each individual (serial cor-
relation) in the stated preference experiment, we developed a panel data
mixed logit (ML) model. Such models estimate random taste variation and
correlation in unobserved factors across individuals by introducing nor-
mally distributed alternative-specific error components that explore how
the perceptions of the same options may vary across individuals, i.e. by

Table 4

Panel-data mixed logit mode choice model (ML model).
ML model Ground Modes Urban Air Mobility

Car Public Transport AirShuttle

Parameters (f;) Value Rob. t-stat. Value Rob. t-stat. Value Rob. t-stat.
ASC 8.11%** 4.45 - - 8.77%%* 6.06
Travel cost —6.36%** —5.44 —6.36%** —5.44 i —8.02
In-vehicle time —7.98%x* —6.26 —4.28%* —3.82 -3.82
Waiting time - - - - —4.22
Travel behaviour
Car ownership - - - - —1.28* -1.84
Previous modecqr 1.26* 1.85 - - - -
Previous modepr - - 4,11 %% 4.31 1.98%* 2.56
Business trip - - - - 1.83** 2.38
Sociodemographics
Age=so - - - - —0.94%* -2.33
Household income < 3000 ¢ - - - - —0.76* -1.93
Household income 7000 ¢ - - - - 3.33%* 2.14
oAsC 2.47% %% 5.56 2.55%** 5.45 - -
Summary of statistics
No. of observations 1280
LL (0) —1406.22
LL (final) —476.53
Adj. Rho-square (0) 0.65
AIC 987.05
BIC 1044.59

Value of Time (approx.): 51 €/h (Car), 27 €/h (Public Transport), 70 €/h (AirShuttle).

Note that equation (4) from section 3.4 is necessary to estimate the VoT.
Significance levels (Rob. p-value): 0 “**** 0.01 “*** 0.05 “** 0.1.
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considering the individuals’ tastes (Hensher et al., 2008; Train, 2009). In
particular, due to the panel structure of the dataset, ML model treats the
coefficient variation over users, even if it is constant over the choice
conditions for each person. In the specification of the ML model (Table 4),
a normally distributed alternative-specific error component (c64sc) per
alternative tries to capture the serial correlation in the observations from
each respondent. There are highly significant distributed error terms for
private car and public transport, although in the case of UAM, only the
constant component of the error term was found to be significant. None-
theless, this output reveals that there is indeed heterogeneity between the
individuals in the sample, which could not be measured by the survey and
is modelled through the error terms.

The model coefficients are mostly reasonable in sign and magnitude
and consistent with prior expectations (Table 4). Increases in travel costs
are considered more negative in traditional transport modes (—6.36)
than the UAM AirShuttle (—2.48). Similarly, the in-vehicle time in
public transport and UAM is more enjoyable than the time spent driving
a car (—4.28 vs. —7.98) due to the opportunity to use any in-vehicle time
productively or with entertainment. Interestingly, the waiting time for
UAM is evaluated more negatively (—6.79) than the in-vehicle time
(—4.28); the potentially long access time, the mandatory check-in pro-
cedures and security checks that occur before boarding the eVTOL could
lead to significant time losses and consecutively to a loss in the
competitiveness of the AirShuttle. In contrast, the availability of UAM
did not prove to be significant, although it is planned as a reliable on-
demand service to the airport, thus requiring high levels of availabil-
ity throughout the day. The trip distance did not prove to be a significant
determinant of mode choices in any of the modes.

Regarding the travel behaviour of individuals and their sociodemo-
graphic data, the model includes parameters about age (greater than or
equal to 50 years), household income of users, car ownership, the pre-
vious modes used to reach the airport and the trip purpose. Among the
usual trip purposes investigated in this study, business travellers seemed
to prefer UAM (1.83) compared to private car and public transport.
People who usually drive (or are driven) to the airport were rather
willing to continue doing so, as shown by the positive coefficient for car
(1.26) and the lack of significance for UAM. Likewise, public transport
riders were more likely to adhere to their previous choice (4.11) than to
switch to UAM (1.98) to reach the airport of Munich. The respondents’
corroboration of their established way of accessing the airport confirms
the data in Fig. 5, which shows that the current transport modes are
considered satisfactory. Although unexpected, no significant relation-
ship between a subscription to public transport and the use of public
transport to access the airport could be established. This could be
partially explained by the zonal structure of public transport tariff sys-
tems in Germany and Austria, which usually require a high ticket sup-
plement to reach the airport, or by the fact that connections from urban
or suburban areas require a special rate. Also, having a driving license
did not have a significant impact on any of the modes, although it was
expected to positively influence the utility of car. This result could be
related to the well-developed railway network around the area of
Munich airport, where drivers can potentially choose PT and save the
expensive parking fees at the airport (which were not considered
extensively in the survey design, as shown in Table 2). Similarly, a
significantly negative relationship was found between car ownership
and the AirShuttle (—1.28) but not between car ownership and the use of
cars, confirming the special nature of airport trips.

Furthermore, the ML model integrated variables that describe the
sociodemographic background of the respondents. Respondents aged 50
years old and above were less likely to replace their current mode with
UAM (—0.94) than their younger counterparts. The household income
was found to be crucial for the choice of UAM, as demonstrated by the
highly positive coefficient for monthly net income of 7000 € or more
(3.33), in contrast to lower income levels (less than 3000 € per month),
which results in higher UAM disutility (—0.76) for this population
segment. Thus, respondents of higher income levels are more likely to
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use the AirShuttle for their airport access and egress trips than re-
spondents with lower income. With regards to gender, no significant
effects were observed, confirming the findings of Fu et al. (2019), who
identified no difference between male and female respondents in the
adoption of an automated flying taxi. In contrast, this result contradicts
the findings of Al Haddad et al. (2020), who found that females tend to
be more conservative than males in early and long-term adoption of
UAM while also being less interested in the new service.

The satisfaction indices from Fig. 5 could also be integrated into the
modelling framework. However, as one of our future goals is to apply the
mode choice models in demand forecasting for the AirShuttle, only at-
tributes of the population that are usually measured by statistics
agencies or by household travel surveys (e.g. car ownership, usual mode
choices, trips purpose, age, gender, income) have been considered. The
satisfaction with the current mode choices to the airport is usually not
captured in those statistics and thus would make the generalisation of
the model’s findings a difficult task.

A simplified version of the model can be seen in Table 5 (Appendix).
This model includes only the attributes of the modes, and any variables
related to the travel behaviour of the respondents and their socio-
demographic background were omitted. The magnitude of the co-
efficients is very similar to the previous model, and the model also
includes significant panel effects, as expected. Its advantage is that the
model can be used even when details about the population are absent.

6. Discussion and policy insights
6.1. Mode choice models and sociodemographic parameters

Interesting results emerged from the analysis of the proposed model.
Based on the alternative-specific constants (ASC), the car and the Air-
Shuttle were almost equal, which means that the same person would
have almost the same preference for UAM and the private car, all other
attributes being equal. However, this finding should be interpreted with
caution, as the survey was structured in such a way that biased answers
in favour of UAM may have been possible (see the comments about
contingent valuation in section 3.2). The experimental design, where
respondents were asked how much they were willing to pay to use UAM
after considering the attributes of all other modes (Fig. 2), may have led
to uncertain answers and unrealistic expectations. Carrying out an SP
survey while the UAM alternative has yet to exist requires a detailed
description of this new mode, thus devoting space disproportionally
between the modes (as the other alternatives were mostly known to the
respondents). Despite that, the answers of potential users could still
include some bias due to the lack of knowledge about the proposed
service. An attention check question was utilised to examine whether the
user was paying attention to the experiment.

A common outcome among transportation mode choice models is the
influence of the in-vehicle time on mode choice. In particular, UAM was
modelled as a mode with characteristics similar to PT, as the travellers
will be able to spend their time productively or with entertainment
during the trip. As expected, the respondents valued the in-vehicle time
of UAM and PT less negatively than the in-vehicle time of the car, which,
as a mode, requires the attention of the driver and, therefore, precludes
any other activity. Considering that those findings could be related to
typical passengers’ behaviour who want to avoid missing their sched-
uled flight (Tam et al., 2008), the AirShuttle could be perceived as a
positive travel choice alternative, as its flight time is more predictable
(and shorter) than travel time on the ground due to congestion, acci-
dents, or other unpredictable time losses. Still, the coefficient values in
favour of PT reflect the statistical analysis, which expressed the re-
spondents’ preference for public transport in the study area. On the
contrary, the waiting time variable referring to UAM has a strong
negative influence on AirShuttle’s utility, which could be a bias related
to the lack of consistent information about the waiting time before UAM
flights. It became apparent that users with higher income are inclined to



F. Adamidis et al.

choose UAM services and, therefore, could be one target sociodemo-
graphic segment. Finally, respondents who currently access the airport
by car are more likely to continue using the car than shifting to Air-
Shuttle, and accordingly, respondents using PT are more likely to
continue using PT than flying in a UAM. Based on the models, it is
possible to outline a preliminary profile of users that could utilise the
AirShuttle service to/from MUC, close to our expectations: users
younger than 50 years, travelling for business reasons, with high
household income.

Since one of the main objectives of this study was to estimate the
willingness to pay, it was decided to explore the VoT based on the ML
model. Thus, using the statistically significant coefficients of in-vehicle
time and cost, the Value of Time (VoT) has been approximated for
each choice alternative. From the results, it emerges that the VoT of
travellers using the car is high (51 €/hour), demonstrating that users are
still willing to pay high prices to be able to travel independently and
avoid being tied to a schedule. Regarding PT, the VoT obtained (27
€/hour) is more in line with previous results in the same study area (e.g.
Fu et al., 2019), also confirming that PT is a competitive choice within
the catchment area of MUC due to its coverage and availability. The VoT
of UAM - estimated at 70 €/hour- raises expectations that respondents
may be more willing to pay higher fares than PT to use innovative and
fast air services to reach the airport. This value is comparable to the
work of Coppola et al. (2024), who found a median of 69 €/hour for
airport access and egress with UAM in Milan, Italy. The high VoT may be
justified by the higher temporal importance of airport ground access and
by the high income levels of the sample in the Munich metropolitan
area. As discussed in section 4.3, each respondent also directly specified
their willingness to pay to use UAM (average stated WTP of 100.8
€/hour), with the result being higher than the respective VoT estimated
by the ML model. This reveals the bias of the respondents when con-
fronted with direct questions and may also underscore the limitations of
our survey design stemming from questions where the exact travel cost
of UAM was given by the respondent (contingent valuation).

6.2. Implications for industrial stakeholders

Assuming that the proposed methodology yields a representative
approximation of the willingness of potential UAM users to pay, we
observe a consistently low stated willingness to pay. The average stated
price of 0.84 €/km is lower than the price tag that stakeholders in the
UAM ecosystem are expected to charge upon the introduction of the
service (4-10 €/km). Additionally, the stated price is lower than that of
regular taxi services (currently around 2 €/km in Munich), indicating
that the survey respondents could have underestimated the cost of
airport access. Still, UAM services in the short term may be overpriced
relative to the travel time savings they offer. It is worth mentioning that
other studies about the introduction of UAM in Munich and the sur-
rounding areas have consistently assumed a higher price, e.g. 0.2-2.4
€/km plus 30 € in Straubinger et al. (2021) or 3 €/km by Porsche
Consulting (2018), whereas Ploetner et al. (2020) have estimated that
the service is expected to achieve a small profit at 4.94 €/km. This im-
plies that costs are expected to fall in the long term, potentially
capturing higher demand, although those price levels are not likely to
approach the average stated value of 0.84 €/km.

Despite the anticipation of industry stakeholders and the local
administration that UAM is going to expedite and simplify airport ac-
cess, this aligns differently from the viewpoint of travellers to and from
the airport of Munich. There is a strong indication that the already
existing options cater well for most of the respondents in our survey;
almost 85 % of the respondents stated that they are ‘very satisfied,
satisfied or neutral’ with the current means of access, while more than
80 % of the respondents were also satisfied (or neutral) with the cost of
those modes (Fig. 5). Furthermore, the estimated mode choice model has
shown that travellers are likely hold on to their existing mode choices
rather than switch to UAM. Additionally, the expected time savings after
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waiting and boarding time are limited based on the basic design attri-
butes and levels of our experiment (Table 2), designed on rational as-
sumptions and exchange with industrial stakeholders. Therefore, further
effort should be invested in discovering a market niche which is not well
served by the existing modes and, as a result, could provide higher,
unexploited demand. These findings confirm the concluding remarks of
Rimjha et al. (2021a) that UAM requires a dense network of vertiports so
as to minimise time losses due to access and egress and low fares for
sufficient demand, and the conclusions of Ploetner et al. (2020), who
underlined that minimising time loss is an important factor for the
success of the service.

Although the scope of this study is limited to the factors that contribute
to UAM demand forecasting, while at the same time ignoring important
aspects of operations, some recommendations can still be formulated. The
results have shown that a potential UAM passenger could be younger than
fifty years old, with a high household income and travelling on a business
trip. As it became apparent in the ML model (Table 4), respondents seemed
to decide in favour of their established mode choices even after the
introduction of UAM. However, most results were in accordance with our
expectations and prior findings. As a consequence of the observations
above, stakeholders from the industry should either refer to the afore-
mentioned population segments upon introduction in order to maximise
the utilisation of UAM or try to persuade the population segments that
seemed to ignore the new service.

6.3. Implications for policymakers

An important finding of this study concerns satisfaction with the
current modes. The airport of Munich is seen as an accessible airport in a
relatively large geographical area, while this relates not only to the
available options per se but also to the current price levels. On the other
hand, UAM is introducing a new mode that targets travellers of high
income, who are also willing to pay higher prices to save time and avoid
the traditional transport modes. However, the observed discrepancy
between the stated willingness to pay of the respondents and the price
assumed by industrial stakeholders suggests that this system might not
introduce significant changes in the status quo of airport access in the
short term. Although many hail UAM as a solution to congestion prob-
lems in major cities, other researchers have previously shown that only a
small percentage of trips could be replaced by UAM (Pukhova et al.,
2021) unless a very high number of vertiports is installed. Nonetheless,
the technology developed for UAM could be utilised as an environ-
mentally sustainable alternative to conventional helicopters (Rothfeld
et al., 2021).

Furthermore, several other factors could prove important for plan-
ning and operating UAM services. As Al Haddad et al. (2020) mentioned,
important concerns arise about the noise and visual impact of eVTOLs in
densely populated areas, as well as about the community acceptance of
low-altitude aviation. Moreover, an issue could be integrating UAM into
the existing transportation systems to establish effortless transfers and
minimise time losses (Wang and Qu, 2023). Similarly, the issue of ver-
tiport siting seems to play a paramount role in the UAM ecosystem
(Straubinger et al., 2020), while pricing strategies and land re-
quirements seem to impact social welfare, either positively in highly
skilled households or negatively in low-skilled households (Straubinger
et al.,, 2021). Strategic concerns can be associated with managing
airspace above inhabited areas (Brunelli et al., 2022) and integrating
UAM operations in close proximity to airports (Vascik et al., 2021).
Therefore, policymakers may have to face many challenges before the
introduction of UAM (Cohen et al., 2024).

As such, the findings of this study could be further useful when
introducing UAM into simulation models that enable an evidence-based
evaluation of the aforementioned concerns, thus resulting in policy
recommendations. For instance, the developed mode choice models can
be incorporated into agent-based simulations, as previously seen in
Rothfeld et al. (2021), which allow for capturing interactions not only
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among UAM passengers but also between passengers of different
transport systems. Additionally, a simulation platform can model the
long-term behavioural changes of the travellers within the study area,
through iterations in learning by the agents, and the impact of intro-
ducing UAM on the environment (e.g. greenhouse gas emissions and
noise), accessibility, social welfare and other indicators can be assessed
(Ditta and Postorino, 2023). Also, the simulation framework can
investigate UAM pricing schemes and charging strategies for eVTOLs,
thus providing useful insights to local governments regarding technol-
ogy investment and infrastructure planning.

6.4. Study limitations

The proposed methodology enabled a macroscopic investigation of
UAM as an airport shuttle but posed several limitations. In preference
surveys where respondents lack experience with the proposed alterna-
tives, as is the case with UAM, bias can influence the accuracy of the
responses due to the description of the alternatives, the selection of
participants and the uncertainty stemming from the survey’s design. We
attempted to counterbalance bias by selecting respondents with diverse
sociodemographics, using a random design in the survey and placing the
sociodemographic questions and the attitudinal statements after the
stated preference experiments. Furthermore, we developed a relatively
simple design that aimed at ensuring accessibility and transparency for
the respondents. It can still be argued that the omitted modes (for
example, private transfers) could capture an important share of traffic to
and from the airport, or that omitted service attributes (e.g. number of
transfers, existence of many co-passengers, delay probability) could
have influenced the findings. Additionally, the resulting data was
imbalanced with regard to the choice frequency of each mode. It is
important to mention that different operational characteristics (such as
trespassing of airport security checks for UAM passengers) are expected
to impact the demand for AirShuttle. Lastly, an important limitation of
SP surveys is the gap between the intentions and the future actions of the
respondents, i.e. it is not certain that the actions of travellers will reflect
the stated decisions in this survey.

7. Conclusions

In this study, a framework was presented to assess the mode choices
of individuals for ground access trips to the airport of Munich and to
analyse their preferences after the introduction of an aerial airport
shuttle (UAM). The first aspect focuses on satisfaction levels with the
currently available transport modes and their respective cost. The sec-
ond aspect is centred on the stated willingness to pay for an AirShuttle
based on the direct responses of the survey participants. In the third and
last focal point of this study, we develop mode choice models that
consider the short-term introduction of UAM, aiming to find relevant
factors that could potentially play a role in the choices of individuals
while placing an emphasis on the current travel behaviour and the
sociodemographics of the sample. To this aim, we disseminated a stated
preference (SP) survey through an online panel in Bavaria (Germany)
and the two neighbouring states in Austria, namely Salzburg and Tyrol.
The survey included questions about the established travel behaviour of
the respondents, their sociodemographic background and their trans-
portation choices when travelling to and from the airport of Munich. As
we observed that a very low percentage of individuals selected UAM
during the pilot experiments, a part of the SP questions was inverted by
asking the respondents directly how much they were willing to pay to
travel to the airport in an eVTOL. The collected sample of 218 re-
spondents was first analysed for its representativeness of the population
structure with regard to the sociodemographic characteristics of the
study area. Thereafter, satisfaction with the existing transport modes to
and from the airport of Munich was investigated while also focusing on
satisfaction with the current price levels (prior to the introduction of
UAM). In the final part of the methodology, mixed logit transportation
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mode choice models were developed in order to investigate which fac-
tors were considered by the respondents during the stated preference
experiments.

Overall, the results challenge the idea of an aerial airport shuttle
(based on the eVTOL technology) from urban and rural areas sur-
rounding the airport up to a radius of approximately 120 km. First and
foremost, the participants of the survey reported high levels of satis-
faction with the currently available modes of transport, with the results
being consistent across different modes, even when considering the out-
of-pocket cost of using those modes. With regard to the direct (stated)
measurement of the willingness to pay for UAM, it turns out that there is
a difference between the expectations of the industry stakeholders and
those of potential users, a fact that could challenge the success of UAM in
the early stages of operations. Moreover, the modelling results
confirmed that the in-vehicle time, the travel cost and the waiting time
are important attributes that determine the mode choice — an observa-
tion that is widely shared with existing research. Variables of socio-
demographic importance, such as age and income, as well as variables
that describe the existing travel behaviour of the respondents, such as
the trip purpose, the possession of a driving license and the habitual use
of a car or public transport, also explain the choice of mode with UAM.

Based on the findings that were summarised in the previous para-
graph, this work delivers valuable insights to industrial stakeholders and
policymakers. By considering the direct (stated) measurement of the
willingness to pay, the expectations of potential passengers and UAM
stakeholders seem to differ as the average value of 0.84 €/km is gener-
ally lower than the price assumed in relevant research (Ploetner et al.,
2020; Fu et al., 2019) or anticipated by the industrial stakeholders of
UAM. As a result, policymakers may not expect significant changes with
regard to airport access in the coming years, although it is important to
note that this study focused only on the expectations of customers under
rational assumptions.

Despite the interesting findings, this work came with important
limitations that need to be investigated in subsequent studies. In the
future, a more comprehensive study may either confirm or reject the
current findings, considering the relatively simple design of the current
survey. Emphasis should also be placed on the reasons why most re-
spondents did not select UAM, unless they were forced by survey design,
and which features would make the service more compelling. It would
also be interesting to study the relationship between the VoT and airport
access/egress. Additionally, business travellers’ profiles should be
investigated further, as they constitute the target sociodemographic of
the potential UAM users. Finally, a subsequent iteration could focus on
integrating psychometric indicators such as the perceptions and atti-
tudes of respondents about current topics in aviation.
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Appendix B

Table 5
Panel-data mixed logit model with basic parameters.

Basic ML model Ground Modes Urban Air Mobility

Car Public Transport AirShuttle
Parameters (fi) Value Rob. t-stat. Value Rob. t-stat. Value Rob. t-stat.
ASC 6.96%%* 3.83 0 - 6.31%%* 6.01
Travel cost —6.82%%* —5.53 6.827%* —5.53 —2.56%** —7.78
In-vehicle time —8.19%** —6.24 —4.89%%* -4.14 —4.89%%* —4.14
Waiting time - - - - —6.50%** —3.94
oasc 3.09%** 5.67 3.20%** 5.85 - -
Summary of statistics
No. of observations 1280
LL(0) —1406.22
LL(final) —522.19
Adj. Rho-square (0) 0.62
AIC 1062.37
BIC 1092.83

Significance levels (Rob. p-value): 0 “***’ 0.01 “** 0.05 “** 0.1.

Data availability
Data can be made available on request for reasonable purposes.
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