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Abstract: Assessing the impact of new mobility systems (e.g., shared mobility services, mobility as a
service (MaaS), and Mobihubs) in urban contexts remains a challenging endeavor due to the varying
priorities (social, economic, and environmental) of different stakeholders and restricted and/or
limited availability of data. In a broad sense, new mobility services (NMS) can be characterized as a
way of optimizing the ownership and use of a variety of mobility resources, tailored to the needs of an
entire (urban) community. In this context, providing an up-to-date and critical review on the impact
of NMS is the main contribution and added value of this study. To this end, this study presents an
in-depth review of NMS and their diverse features (e.g., car sharing, bike sharing, Mobihubs, etc.),
as an alternative to privately-owned travel modes. By reviewing more than 100 relevant sources
from academic journals (Google Scholar, Science Direct, and Web of Science) and media reports, this
study explains the key elements on how to address the impact assessment of NMS in terms of social,
environmental, and economic aspects of sustainable mobility services. This study concludes that the
implementation of NMS offers the potential to promote efficiency, sustainability, social equity, and
quality of life. The main findings of this study serve as a perfect starting point for mobility providers
and policymakers who are concerned about the growing demands for clean and green cities.

Keywords: new mobility services (NMS); impact assessment; social, environmental, and economic
aspects; shared mobility; MaaS; Mobihubs

1. Introduction

The demand for new and innovative solutions to enhance their efficiency has increased
in parallel with growing pressure on urban passenger transportation systems. Other
pressures such as rapid urbanization, congestion, and pollution are just a few of the
examples that have given rise to this wave of transportation innovation. It is therefore time
to rethink the problems caused by urban mobility [1]. With increasing pressure on urban
passenger transportation systems, the demand for new and unique solutions to increase
their performance has increased. New mobility services (NMS) (e.g., mobility as a service
(MaaS), Mobihubs, shared mobility concepts, and smart bike solutions) are therefore part
of an incremental shift in travel behavior toward a multimodal system, particularly in
urban areas [2]. In fact, they are effectively contributing to mobility evolution and healthy,
clean, spacious, accessible, and livable cities. By definition, NMS refer to public and private
transportation services that are mostly available on-demand and are generated and run
by mobile technology and real-time location data. In fact, MaaS and shared mobility
concepts (e.g., car sharing, bike sharing, smart bike, ride hailing, scooters, e-scooters, e-
bikes, Mobihubs, etc.) are categorized under NMS. The implementation of such concepts
in NMS is a game changer that could considerably modify the current mobility system and,
therefore, has a significant impact on society and the way we use our public space [3]. Car
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sharing, ride hailing, ride sharing, microtransit, and bike sharing are some examples of
NMS currently being developed [4,5]. Each type has specific fundamental service features
and business models that is discussed in the following sections.

Therefore, interest in NMS has grown significantly in recent years [3,4], not only
because of the local increase in transportation-generated negative externalities [5] but also
due to the latest new technologies’ solutions, particularly in the urban context [3,6,7]. NMS
are user-centric, focusing on general aspects, and responsive to the needs, habits, and
preferences of travelers and society. They allow customers to gain access to transportation
services on demand and for short- and long-term periods [1,8]. Furthermore, the differences
between public transportation and private ownership are often blurred by NMS.

The emergence of NMS over the past decade has changed the urban mobility landscape
and offers a wider range of individual mobility solutions [4,9,10]. Therefore, a proper
analysis of the risk potential and NMS of an innovative technology, as well as the resulting
opportunities for society, is vitally important in order to make strategic decisions in both
politics and industry [11]. In this way, we need, first and foremost, an enabling method
in the technological aspect of NMS that makes the NMS product more affordable and
accessible to a wider population. For example, the user must pass a qualification process in
the case of car sharing once. This may not be convenient for some, or vehicles can normally
be obtained from distributed sites throughout a service area. In other words, vehicles can
be accessible from a small number of old car rental locations (e.g., airports) [12].

NMS can be viewed as the crucial tools of urban mobility policies and sustainability,
focusing on the environmental aspect. In the urban environment, the expansion of infras-
tructure is almost never an option and not a sustainable long-term solution. Furthermore,
it is not cost-effective, there is a lack of space, and it creates environmental problems.
Thus, citizens are willing to have customized and flexible solutions rather than strictly
regulated public transportation. During the last decade, environmental characteristics
have attracted growing attention; therefore, it is compulsory to focus on the environmental
impact assessment of NMS [13]. The main focus of the policies associated with new and
sustainable mobility services is on protecting the environment and climate change. In this
way, sustainable mobility attempts to minimize the environmental impacts and increase
climate change mitigation. It is worth mentioning that the reduction of pollutant emis-
sions and greenhouse gases is the main goal of most interventions focusing on sustainable
mobility development [14–17].

Gompf et al. (2020) [5] stated that there are new mobility solutions based on shared
use that all have resulted from the ongoing efforts toward climate change mitigation
and quality of life improvements in cities. They concluded that these ongoing efforts
lead to a considerable effect on the use of vehicles. In a review study by Machado et al.
(2018) [1] on NMS including shared transportation modes, it was stated that considering
the high and increasing motorization rates, solely the emergence of shared modes is not
capable of mitigating the transportation problems in large cities. It can, however, help
solve the situation of congestion and pollution by decreasing the number of vehicles in
circulation and urban emissions among the strategies that are being employed. Along
with increasing the mobility services in cities worldwide, the issue automatically arises
that mobility services can lead to more sustainable transportation options and thus to
a better quality of life. To achieve this goal, taking all three sustainability dimensions
(economic, environmental, and social) into account is vital. For example, improvements
in environmental impacts could lead to adverse social consequences. This is important in
order to prevent burden shifts [5].

Since NMS are relatively a new concept, there are few scientific publications exploring
impact assessments of such mobility services in terms of social, environmental, and economic
aspects of sustainable mobility services [6,9]. Therefore, the novelty of this study refers to
providing an up-to-date and critical literature review on the impact of NMS in cities’ context
that can highlight the main contribution and added value of this study. This review study
involves the main concepts of NMS (e.g., shared mobility concept, Mobihubs, and MaaS
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platforms) in urban contexts. In addition, this study explains the key elements on how to
address the impact assessment of NMS in terms of social, environmental, and economic
aspects of sustainable mobility services by reviewing 110 relevant sources from scholarly
journals and media reports. This study ultimately attempts to answer the following question:
“What are the main social, environmental, and economic contributions of NMS to sustainable
mobility services?” The remainder of this paper is organized into six sections. The next section
presents a detailed outline of the overview of NMS; this is followed by the methodology
used. The remaining sections refer to the impact assessment of NMS in terms of social,
environmental, and economic aspects and discussion on the NMS impact assessment. The
final section concludes the main remarks and presents policy implications.

2. Overview of New Mobility Services

Mobility is at the core of the urban sustainable development and transportation
policies that are established in cities [1,8,12] that increasingly integrate social, economic,
and environmental components [12,18]. Given that about 50% of the world’s population
lives in cities, society is looking for alternatives to address the challenges of urbanization.
Over the last decades, a large number of passenger transportation options have been
developed, which are called mobility services. Such mobility services have been suggested
as a promising option for addressing current challenges [5]. Compared to established means
of transportation, NMS has been categorized as more efficient, predictable, reliable, useful,
accessible, and seamlessly connected, as well as offering easier payment options [4,19].
NMS also contribute to reducing the demand for parking, pollution, and traffic jams,
and for users, they save energy and transportation costs. Each of these NMS aligns
with a particular niche, but they also partly overlap with each other and with means
of transportation that have been established. The main issue here is which service is
best for a given trip, depending on the distance of the trip and the amount of flexibility
(time-available destinations) during the trip.

NMS development and implementation are a process that is incorporated in both
formal and informal institutional settings, which require institutional changes within and
between different organizations at many different levels [4]. Here, the focus is on a collec-
tion through institutional contexts of fairly stable formal and informal rules and practices.
In the context of NMS, the focus on the institutional settings is motivated by their absence
in the development of policy or general strategies in which institutions are often considered
as a “given” condition or reduced to a static constraint. As a result, the knowledge about
the inherent diversity and complexity of institutions is still insufficient [20]. In order to
understand the prerequisites for NMS, we need to know how an action is possible in
relation to formal and informal institutional characteristics. In this regard, Scott (2014) [21]
and Niemann (2013) [22] point out that the potential of policy-making actors is often multi-
faceted. This role, for instance, could be a professional identity, such as a provider of public
transportation, a car rental company, or a policymaker for transportation. It should be
noted, however, that institutions are changing and developing and that local adaptability
to reforms is at different levels, highlighting the dynamic and contextual characteristics of
the organizations [20].

2.1. Shared Mobility Services

The concept of shared mobility services has grown over the last few decades on how
to integrate such services into urban transportation systems and make them more effective
from a social, economic, and environmental point of view [1,8,18,23]. The sharing of the
vehicle rather than private ownership and connecting users and providers using technol-
ogy are the primary bases of the shared mobility services [8]. Shared mobility services
can make an important contribution to achieving key urban mobility objectives. Shared
mobility can lead to significant improvements quickly and at relatively low technologies’
risks [24]. In addition, shared mobility services are transforming the traditional transporta-
tion industry, as they have the disruptive potential to generate a shift through the use
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of technology toward social, environmental, and economic efficiency [1]. Nonetheless,
new shared mobility services can generate both positive and negative externalities. As for
positive externalities, with new forms of taxation, the new tax revenue could be generated
from new services. However, the use of data by new providers of mobility is at the core
of marketplace control [8,25]. The negative externalities of shared mobility vary depend-
ing on the service model, local attributes, and time of day. Indeed, to fully understand
the effects, more research is required [26]. The increasing levels of car ownership and
the dominant preference for private cars are among the key challenges for sustainable
cities [27–29]. Urban policies have begun to recognize car sharing as a potential tool to
tackle the challenges mentioned in the previous section. The slow-but-steady move toward
shared mobility services such as car sharing and bike sharing has been one approach to
address the challenges, especially in combination with traditional public transportation.
Thus, there could be different integrated modes of transportation to serve as a substitute
for private ownership of vehicles [28]. Significant research has been conducted on the
effects of car sharing, the representation of user characteristics, and the understanding of
barriers to adoption in various contexts, most of which are based on personal motives and
the system’s feasibility from a consumer-demand aspect [18,27,30]. The need for new and
creative solutions to improve car-sharing productivity has increased with rising pressure
on urban passenger transportation systems. These pressures include road accidents and a
strong reliance on fossil fuels, which make it essential to identify the basic driving modal
choice factors and the rationales behind private-car dominance. Increasing environmen-
tal concerns and high dependence on fossil fuels are putting the transportation sector
under pressure. Governments have to make additional efforts to speed up the contribu-
tions toward more effective urban mobility solutions in order to achieve the ambitious
environmental targets in sight [31].

Car sharing is described as a mode of shared transportation in which the same vehicle
is used by several individuals [1,28]. The main advantage is that the individuals could enjoy
using the vehicle free from the duties and costs of owning one. Normally, fuel, parking, and
maintenance are provided by the car-sharing operator, and each time the participants use
the car-sharing options, they pay a specific fee [1,18]. It is worth mentioning that sharing
of vehicles has already existed for a long time, e.g., in families or between neighbors, and
only recently has the uptake of commercial car sharing taken place [30].

The bike-sharing system definition is very similar to car-sharing models [1,32]. Bike-
sharing stations are usually concentrated in urban environments and provide one-way station-
based access (bicycles can be returned to any station) or round-trip station-based access
(bicycles should be returned to the picked-up station) [1]. In a study by Shaheen and Chan
(2016) [33], the history of shared mobility within the urban transportation landscape was
discussed, focusing on first- and last-mile public transit connections. According to their study,
bike sharing has the potential to affect public transit systems, serving as an effective and
efficient first- and last-mile connection. There are some options provided by free-floating
bike sharing for users, e.g., offering different types of bicycles and returning them to different
locations. In recent years, bike-sharing schemes have grown in popularity across the globe.
In 1965, in Amsterdam, the first development of bike sharing, known as “White Bikes” was
started [34]. In Denmark, in 1991, the second generation of bicycle sharing was originally
opened, requiring a refundable deposit to unlock and use a bicycle [35]. In France, in 1998, the
third generation of bike-sharing system was opened to deter theft and promote the return of
bicycles [34]. A highly flexible GPS and smartphone dockless system, power assistance, and
easier installation are the main features of the fourth generation of bike-sharing systems [36].
It is currently possible to divide globally operated bike-sharing systems into two categories:
dockless-bike-sharing and docked-bike-sharing systems. There are also a range of locations for
pick-up and drop-off provided by bike sharing. It is worth mentioning that most bike-sharing
operators cover the costs of storage, parking, and maintenance [37].

Over the last three decades, personal vehicle sharing has grown from a collection of
local grassroots organizations to global industries [28,29,38]. Traditional car sharing, while
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expanding, has a small network of vehicles and locations. Peer-to-peer car sharing is the
next generation of shared vehicle services that addresses barriers to capital cost growth
and land use by integrating relevant technologies such as personal vehicle sharing. By
increasing mobility between modes and offering greater alternatives to vehicle ownership
in more geographical locations, peer-to-peer car sharing has the potential to impact the
transportation industry [38,39]. Personal car sharing is one of the newest additions to
shared-use vehicle services [38,40].

There are also other types of NMS such as ride hailing, scooters, e-scooters, e-bikes,
and peer-to-peer ride sharing, and other flexible and shared modes are increasing their
presence in our urban landscape. To be specific, ride hailing is a mobility solution that
connects passengers and local drivers using their personal vehicles. With ride hailing, the
client uses an app (e.g., UBER) to book a ride. The car has a professional driver who collects
the customers and drives them to their destination at an agreed meeting place [41]. Peer-
to-peer ride sharing is an innovative approach in which owners of vehicles temporarily
rent their private cars to others [39]. This option for mobility is part of the larger shared
economy based on the notion of collaborative consumption rather than ownership [42].
The smart-bike solution combines the smart data of big-data analysis and is able to connect
the bike, owner, store, and cloud service to the bicycle ecosystem, which is categorized
both under shared mobility systems and private owners. The main features and elements
of smart-bike solutions include platforms for sharing a status on social media, smart-
bike accessories, cycling social-media interaction website, big-data smart cloud platform,
etc. The smart bikes could be also shared by the owner through a specific platform (e.g.,
StadtRAD Hamburg), which is called a smart-bike-sharing system [43].

2.2. Mobihubs

A Mobihub is a recognizable, physical place where at least two modes of transporta-
tion are frequently interconnected. For a neighborhood, Mobihubs could be the main
mobility hub, similar to train stations in cities, and they can also be easily integrated
into route planning facilities [44]. There is a desirable yet type-dependent link to public
transportation [44]. To be specific, a mobility hub is a location, such as a bus stop or
train station, where individuals can enter or exit a mobility mode [45,46]. Mobihubs have
a transportation-network focal point [47] that seamlessly combines multiple modes of
transportation, multimodal support infrastructure, and position strategies to build activity
centers that optimize the connectivity of the first/last mile [45]. Providing connectivity for
urban or rural areas is the main feature. Although these transportation stops are generally
readily accessible for pedestrians and cyclists, car parking is of greater significance, usually
provided by park-and-ride facilities. Considering Mobihubs features, the interchange hub
concept (also transportation hub) is of relevance to be discussed. An interchange hub
is a place that provides a passenger with a seamless journey in a joint travel chain with
distinct modes of transportation. In this concept, intermodality is necessary to integrate
the various modes into one efficient mobility planning. Thus, while the Mobihubs are
essentially about connectivity and dispersal to the transportation system, interchanges
involve the interconnection of different transportation systems [48].

There are also a few nontransportation-related functions of Mobihubs for different
neighborhoods such as automatic parcel vending machines, small shops to buy snacks, etc.
Ancillary functions such as shops, restaurants, etc. are included in the nonrelated functions.
Mobihubs are presenting an opportunity to integrate various sustainable transportation
options to improve connectivity across different regions at a time when transportation
services, infrastructure, and amenities are rapidly evolving [45,47]. Mobihubs have the po-
tential to become a catalyst in regions aimed at protecting the environment and promoting
sustainable transportation choices and organize low-emission transportation options [45].

2.3. MaaS

MaaS was proposed as part of the solution to common transportation challenges
(e.g., transfer options, reliability, integration, etc.) [4,7,40], which is considered as a new



Sustainability 2021, 13, 3074 6 of 20

mobility service, and its implementation is in progress [49]. To be specific, a MaaS operator
provides a variety of transportation options to satisfy a customer’s request (e.g., public
transportation, car or bike sharing, taxi or car rental/lease, and/or a combination of
transportation services) [4,7]. One of the first comprehensive MaaS definitions was given
by Hietanen (2014) [50] as follows: “a mobility distribution model in which a customer’s
major transportation needs are met over one interface and are offered by a service provider.”
Therefore, MaaS is a vision of integrating temporally efficient modes across a variety of
spatial efficiencies, deployed in a geographical context, thereby improving the functionality
of the transportation network [6,49,51,52].

To define MaaS comprehensively, there should be at least the three following aspects.
These aspects indicate the link between MaaS [53], Mobihubs, and shared mobility ser-
vices [4,7], directly and indirectly: (i) MaaS is a user-centered concept [54], according to
which, the individual on-demand travel needs are in line with a tailored mobility package,
and (ii) MaaS is a co-modal service. The main aspect of MaaS is that the software makes
many travel modes more accessible to individual users. Travel needs are fulfilled by find-
ing the most proper integration of travel modes for the operation, and (iii) MaaS services
are provided via a digital, user-friendly interface, typically a smartphone application [7].
Public transportation is the backbone of the MaaS offer services along with the other modes
of service for certain trips [28]. In combining all modes of travel, MaaS offers a “big bang”
approach to enabling a digital system that can be easily implemented and priced based
on the time of day (to the minute), geography (by location and type of road), and modal
efficiency (both spatial and temporal) [19]. Therefore, MaaS has the potential for positive
social impacts [55] through both media and scholars. MaaS has also the potential to reduce
environmental damage resulted from urban traffic as well as the creation of new business
opportunities for the transportation industry [7,11]. Figure 1 has been designed by the
authors to illustrate the core characteristics of MaaS based on the literature review.

2.4. Interlinks among MaaS and Mobihubs

MaaS creation and implementation is a process that is rooted in both formal and
informal institutional settings and, as such, involves institutional adjustments at several
different levels within and between various organizations [4]. MaaS offers citizens easier
access to more mobility options (e.g., Mobihubs) and optimally reduces the volume of
car traffic if, from a street design and urban space allocation perspective, there is also a
coordinated approach toward all mobility services. In addition, it gives the opportunity
for a larger number of citizens to meet their mobility needs without having to own a car.
The concept behind MaaS is that, until and unless we provide them with a service that
provides the benefits of convenience, reliability, and low costs, citizens will not give up
private cars as their preferred mode of transportation [55], while applying intermediary
MaaS integrators (IMIs) into one seamless service [6]. Part of the challenge is that setting
up such an innovative integrated mobility platform means moving beyond traditional
company exclusive control [4,49]. Although a Mobihub’s main function is mobility, it could
also include other services. They could, for example, provide people with opportunities to
access information about neighborhood activities, bike helmet lockers, and mobile food
units. A Mobihub could act as delivery and collection points and provide storage facilities
when using shared cars, etc. Depending on the characteristics and needs of a neighborhood,
a Mobihub may also be useful for business parks, shopping areas, or housing projects [46].

Table 1 is the result of the literature review performed by the current study, and it
summarizes a few studies focusing on MaaS and shared mobility concepts. The main aspect
of this table is that in the last column, the contribution of each NMS to urban mobility
is discussed. As discussed by Shaheen and Cohen (2013) [38], Wittstock and Teuteberg
(2019) [11], and Giesel and Nobis (2016) [30], the main contributions of the NMS include lower
GHG emissions, reduced ownership of private cars, and reducing energy consumption.



Sustainability 2021, 13, 3074 7 of 20

Sustainability 2021, 13, x FOR PEER REVIEW 7 of 20 
 

 
Figure 1. Core elements of MaaS schemes as derived from the literature review. Source: study findings. Figure 1. Core elements of MaaS schemes as derived from the literature review. Source: study findings.



Sustainability 2021, 13, 3074 8 of 20

Table 1. Overview of defining MaaS and shared mobility services impacts explanations. Source: study findings.

Study/Year Topic Definition and Explanation NMS Impact

Shaheen and
Cohen (2013) [38]

Car sharing and
personal vehicle
services

Shared mobility (or short-term car
use) systems offer a versatile solution
that meets the world’s diverse
transportation needs, while reducing
the negative impacts of ownership of
private cars.

The impacts of car sharing are listed as environmental
land use, social effects, and transportation. Lower GHG
emissions and reduced ownership of cars and kilometers
of vehicles driven are environmental advantages also
associated with car sharing, as it transfers walking,
cycling, and public transit journeys.

Giesel and Nobis
(2016) [30]

Impact of car sharing
on car ownership

Car-fleet sharing and shared mobility
systems are made up of new models
with low GHG emissions and low
energy consumption. On the
consumer side, in order to combat the
detrimental effects of car supremacy,
car sharing seeks to minimize the use
of cars as well as car ownership.

The mobility and environmental effects of car sharing are
diverse and can be both positive and negative. This is
also true of the influence of car sharing on ownership of
private vehicles. Although car owners can shed their cars
as a result of car sharing, it is also conceivable that car
sharing ultimately contributes to the purchase of cars.

Wittstock and
Teuteberg (2019)
[11]

Sustainability impacts
of MaaS

MaaS reflects a very recent concept of
mobility, which involves divergent
core characteristics.

The influence of MaaS on overall GHG emissions within
a given area must be considered to be highly debatable,
as different effects may drive overall emissions in
divergent directions. Similarly, new business
opportunities, high levels of collaboration, and
operational optimization are seen as important economic
benefits for MaaS, allowing various companies to operate
more profitably.

Becker et al.
(2020) [51]

Welfare impacts of
shared mobility and
MaaS

By providing transportation services
tailored to the needs of the individual
traveler, MaaS is an effort to address
market segmentation.

The MaaS effects are much greater when fleets of shared
modes are introduced into the network. To be clearer,
shared mobility and MaaS systems would allow device
efficiency (travel time and cost) to be slightly increased
while reducing energy consumption dramatically.

Grignard et al.
(2018) [47]

Impact of new mobility
modes on a city

Applying meaningful simulation
models contributes to a better
understanding and analysis of the
effects of NMS on various
stakeholders in cities.

NMS are currently being developed and it is not possible
to reliably measure or predict either their characteristics
or the behavioral changes they make. That is why
methodologies need to work with a high degree of
ambiguity in order to examine the effects of these choices.
Integrating a multitude of stakeholders into the
discussion is a tactic to eliminate uncertainty.

Shaheen et al.
(2019) [39]

Peer-to-peer (P2P) car
sharing

Peer-to-peer car sharing is an
innovative vehicle-sharing approach
in which vehicle owners temporarily
rent their personal cars to others.

P2P car sharing has the potential to be utilized in a
variety of environments for land use and could be an
important strategy to further stress car ownership. More
importantly, P2P car sharing can reduce vehicle
ownership, particularly with respect to vehicle
suppression.

Wright et al.
(2020) [55]

Incorporating
carpooling in the MaaS
market of suburban
areas

As it currently exists, MaaS seems to
be primarily concerned with a certain
segment of society, people living in
the vicinity of high-quality public
transportation for daily trips, as well
as access to car sharing/car rental for
other trips that cannot be used in
public transportation.

MaaS options could potentially be more attractive in the
suburban markets with existing carpool supplier systems
or travel planning apps/services. However, the quality
of data supplied from external sources can be a problem,
as with all MaaS systems.

Smith et al. (2020)
[6]

Intermediary MaaS
integrators

Intermediary MaaS integrators (IMIs)
are intermediate actors that assemble
and distribute offers from
transportation providers to MaaS
providers.

IMIs should only be introduced if there are essential
motivations for using their services, and they should
ideally be introduced to go beyond the provision and
delivery of technical facilities, to have clear and identified
objectives, and to be independent and capable actors.

Bell (2019) [46] Mobihubs and users’
needs

Mobihubs could be a mobility hub for
a neighborhood, same as what the
train stations currently do for cities,
and they can easily be integrated into
route planning facilities.

In order to increase attractiveness and accessibility, the
intermodal Mobihubs are not only an essential access
point for the potential users themselves. The potential for
additional demand in certain city centers, by closing the
gap between the transportation stop and the surrounding
area, can adapt to seasonal changes and make alternative
modes of transportation attractive for additional users.
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Table 1. Cont.

Study/Year Topic Definition and Explanation NMS Impact

Aono (2019) [45] Best practices for
mobility hubs

Mobility hubs (Mobihubs) are often
defined as areas that are seamlessly
connected by a variety of sustainable
modes of transportation. Hubs offer
an opportunity to use new
transportation technology to increase
user experience and resilience, in
order to help cover the first and last
miles of travel hubs.

Several partnerships (e.g., planning, services and
elements, and land development and funding) are often
involved in the implementation of mobility hubs. These
partnerships involve various stakeholders such as
business improvement associations, public agencies,
private mobility, technology companies, and private
operators.

3. Methodology
3.1. Data Collection

This review study conducted an in-depth literature review to explore the NMS impact
assessments in terms of social, environmental, and economic aspects. The data were
obtained from five broad and most appreciated scholarly databases: ISI Web of Science,
Google Scholar, Science Direct, Scopus, and Picarta between 1986–2020. To perform the
data collection, the following major keywords were used: (1) NMS, (2) MaaS, (3) Mobihubs,
and (4) shared mobility services. The research focused on studies explaining specific
issues linked to the abovementioned three keywords, while reducing the initial large
number of papers produced from different databases. In addition, the study examined
a wide range of topics (e.g., direct/indirect links between MaaS/Mobihubs and shared
mobility services, defining MaaS and shared mobility services impacts, etc.) relevant to
NMS, while recognizing that efforts to quantify or categorize keywords would require
additional robust analysis data that were limited to this study. Overall, the current study
included published papers focused only on English-written research papers published in
peer-reviewed international journals. Moreover, most of the reports used for this article
have been developed by international organizations, including the UN and the World Bank
(e.g., [23,56]).

3.2. Qualitative Assessment

This paper presents a qualitative assessment study based on a critical literature review.
The review was conducted in three main steps. In the first step, 110 original articles were
collected. To do so, some inclusion criteria were applied to collect the relevant articles.
Defining such inclusion criteria is very important and can influence the outcome of the
review process [57]. The inclusion criteria for this study included: (1) date and source: the
relevant articles were obtained from five broad and very credible scholarly databases: ISI
Web of Science, Google Scholar, Science Direct, Scopus, and Picarta between 1986–2020; (2)
geographic location of the studies: in the current paper, the focus was mainly on European
studies as NMS concepts are practicing in these regions more considerably [58–60] as well
as some other countries (e.g., Australia, US, China, etc.); (3) type of publication: the main
focus was on the peer-reviewed articles, though we also collected some technical reports
(e.g., insight reports and policy briefs) and web-based guidelines. We included the editorial
and commentary papers as well; and (4) study type: in this paper, empirical, review articles
and cross-sectional studies were considered.

In the second step, 80 original articles, which were relevant to NMS, MaaS, shared
mobility, and urban mobility were re-sorted based on their title and abstract. In the third
step, papers were further re-sorted based on the impact assessment of NMS in terms
of social, environmental, and economic aspects of sustainable mobility services, which
resulted in 52 journal articles.

Figure 2 shows all the three steps of our data collection and qualitative assessments.
As shown in the figure, the qualitative analysis was implemented through three main steps.
The first step was to collect a critical literature review from various sources and included
the results of the articles focusing on NMS and its main concepts. The second step was
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to only choose the studies that have direct links with new mobility impacts, and the last
step was to choose those studies that focused on the impact assessment of NMS in terms of
social, environmental, and economic aspects of sustainable mobility services.
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4. Impact Assessment of New Mobility Services in Terms of Social, Environmental,
and Economic Aspects

NMS are a key issue for city planners and users [3,47]. It is a rather complex task to
assess the impact of NMS evolution as it involves many variables including new technolo-
gies such as MaaS and Mobihubs and new social habits such as vehicle sharing. To enhance
the consistency of long-term decisions, we need a deeper understanding of various scenar-
ios. To explore various options and to convey the results of various decisions, computer
simulations might be a way to better understand this evolution [4,47]. There is a decline in
the use of private cars and a rise in the use of public transportation. Some people, however,
in some cases, still prefer NMS over public transportation. Overall, NMS replace more
private car trips than public transportation trips. While the aims of the NMS are not quite
the same as those of private cars or public transportation, they are partially complementary.
Finally, evidence shows that NMS are commonly used in conjunction with public transit
and may broaden the public transit catchment area [3]. Based on relevant studies [3,4,47],
high levels of NMS implementation were more attractive to the users, and the literature
review showed that the MaaS and Mobihubs had a positive impact on the demand of users.
The scope of this paper is limited to three aspects of sustainable mobility services (social,
environmental, and economic), but the findings provide the background and key points of
NMS impact assessments that could be used by the research community to design surveys.

4.1. Main Impacts of New Mobility Systems on Urban Transportation
4.1.1. Social Aspects: Safety, Security, and Accessibility

Transportation infrastructure investment in the safety, security, and accessibility fields
is the cornerstone of growth-promoting strategies [18,61]. Motorway investment, the pre-
ferred alternative for governments, yields substantially lower returns in poor institutional
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contexts than the humbler secondary path. The returns of transportation maintenance
expenditure are also affected by government agencies [60]. There are increasing calls for
regular monitoring and evaluation of safety, security, and accessibility strategies of new
mobility operators, especially in developing countries where new mobility systems safety
and security concerns abound [56,61]. Moreover, shortcomings in transportation facilities,
whether in terms of capability, efficiency, protection, security, or accessibility, are closely
related to higher social costs, which can hinder economic activity. For example, shared
modes are generally used to replicate existing public transportation modes in the urban ar-
eas, which are at higher rates of motorization [1]. However, they can be seen as one strategy
that can contribute to the reduction of circulating vehicles by mitigating the effects of traffic
jams and pollution. There are therefore potential improvements to the competitiveness,
efficiency, social equity, and urban quality of life through the implementation of shared
mobility systems. Shared mobility solutions can bring environmental benefits and address
social aspects, including modal shifts, fewer trips, distance reduction, less parking space
requirements, etc. Therefore, there is a need to investigate the shared mobility impacts on
transportation planning from a sustainable and urban governance perspective [27].

4.1.2. Environmental Aspects: GHG Emissions Reduction and Livable Cities

What follows in this paragraph refers to the impacts of practicing NMS [29,62]. By
using car sharing, there are a number of benefits for policymakers including facilitating
the use of existing public transportation systems, fostering higher density development,
minimizing transportation energy use and greenhouse gas emissions, and reducing the
need for extra highway and parking capacity [62]. Furthermore, car-sharing options have
been implemented as a service that eliminates the need to purchase a private car and
provides a versatile alternative to traditional car hire services in different cities. While these
services do not inherently mean a decline in the use of cars, they aim to curb the ownership
of vehicles. More importantly, they let drivers pay as they go. As part of their planning
principles, certain low-car housing systems have adopted car sharing, thereby reducing
the land take of parking facilities [18,28].

Research indicates that car sharing can provide significant environmental and social
benefits [63,64]. Such benefits include lowering GHG emissions and increasing the use of
alternative forms of transportation, such as public transportation, walking, and cycling.
Car-sharing cars are newer than the average personal vehicles in today’s industry and
have a higher average fuel economy in general [65]. Car sharing has been regarded as an
effective method for demand management, capable of displacing fuel consumption that
would otherwise occur in its absence, as it addresses customer mobility needs without the
personal car. Walb and Loudon [66] applied the STAR assessment and found that a car was
sold by 17% of the members, while 43% postponed the purchase of a vehicle. In terms of
MaaS, it should also be noted that although the environmental impact of a vehicle while in
use is most frequently discussed, a life-cycle perspective on vehicles should be included in
order to gain a fuller understanding of the environmental impact of a vehicle [67]. This
leads us to suggest that it is not enough to simply use cars with a lower environmental
impact but that we need to use cars less than the other modes of transportation. Therefore,
when developing MaaS, the following criteria should be considered:

• Reducing environmental impact per kilometer traveled
• Better modes of transportation than car use: walking, biking, and public transportation
• Vehicles with lower emissions per person kilometer

Evidence shows that the construction of MaaS and Mobihubs leads to a substantial
reduction in the use of private cars for single occupancy and an increase in the use of public
transportation, leading to a large reduction in congestion, urban air pollution, and CO2
emissions [9,54]. Such benefits take place with less private-car ownership and more shared
vehicles. Under these conditions, the way people live in towns can be changed toward
less traffic emission and decreasing required parking spaces. This indicates the strength
of the shift and the significant benefits of increasing the use of shared mobility and the
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integrated use of different mobility services [9]. Overall, NMS impact assessment provides
transportation operators with important insights into the key factors. The transportation
operators should take these factors into account when implementing shared mobility, MaaS,
and Mobihubs that could effectively reduce the demand for private vehicles. Researchers
and transportation planners dealing with NMS should, in particular, pay attention to
how different transportation operators can integrate and deliver their services as one
product [54].

4.1.3. Economic Aspects: Lower Costs and Increased GDP

Overall, the following three factors appear to contribute to the continuing growth
of shared mobility systems worldwide: (i) cost savings; (ii) convenience of location, use,
and access; and (iii) awareness of the environment [38]. For example, the sharing of
personal vehicles, which is defined as “short-term access to private vehicles” [26], enables
the high cost of acquisition to be spread over a higher customer base. The potential
economic benefits of sharing are, therefore, the greatest. In a study by Streeting and Brown
(2019) [63], their results showed that by 2050, lower vehicle accident rates using NMS are a
key economic benefit, improving GDP by $46 billion AUD. About 87–89% of this increase
in GDP accounts for improved labor productivity and lower insurance costs. They also
showed that in Australia, NMS could enhance employment by 200,000–274,000 full-time
equivalents, or about 1–2%. The proportion of total paid car business trips made by Uber in
a number of cities in the United States has reached around 50%, based on another study by
Fischer (2019) [64], and there is some proof that this share increase reflects a decrease in the
proportion of business trips made by taxi. In China, bike-sharing programs have become
the most attractive investment option since 2016. The sector has reached a turning point
where, due to cash limits, many small- and medium-sized dockless bike companies have
gone out of business. More recently, Mobike and OfO, the first bike-sharing companies in
the field, together account for almost 90% of the market [65].

4.2. Overview of MaaS and Shared Mobility Services Impact Assessments

In similar studies on mobility impact assessments, one way to measure the impact
of NMS is to use “expert scores”. This method provides us with information about trans-
portation activities and urban mobility implications. In terms of quantitative assessments,
in a study by Kilian-Yasin et al. (2016) [66], they employed a deductive quantitative survey
study to explore the social acceptance of alternative mobility systems in Tunis. Using this
method allowed them to identify the problems resulted from traffic flows and define the
main critical points causing high amounts of CO2 emissions in the city and massive traffic
jams during peak hours.

As mentioned before, we can use experts’ scores as a qualitative assessment of a
mobility service. A study was performed by Lopez-Ruiz et al. (2013) [18] to assess the effect
of multiple policy decisions by scoring methods. These are focused on present knowledge
of the effects of interventions and are not necessarily based on model estimates. Thus, using
the Delphi method, the scorecards of the measures presented in these studies are typically
produced. This approach allows experts to address a set of questions about the effects
and consequences that according to their expert opinion, individual measures may have.
In different rounds, this series of questions are answered. Average scores are obtained
after each round from the responses of the experts, and these findings are shared at the
beginning of the next round of questioning. In this way, individual scoring is affected by
the responses of the peers of the participating experts in each round. This iterative process
is carried out before the scorecards hit a convergence stage.

Schipper (2008) [67] has developed an approach to estimate transportation-related
GHG emissions. This approach is called “ASIF”: (A (total activity), S (modal share), I
(modal energy intensity), and F (carbon content of fuels)), which is calculated as follows:

GHG = Activity × modal Share × energy Intensity × carbon content of Fuels
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where GHG shows the released greenhouse-gasses emissions; activity refers to the perfor-
mance of the transportation; modal share refers to freight transportation and the modal
split of the passenger; energy intensity refers to the energy demand by mode of the trans-
portation; and fuel is the carbon intensity per unit of energy demand.

There is a template to measure the abovementioned variables (total activity, modal
structure, modal energy intensity, and carbon content of fuels) based on scientific literature,
which is provided in Table 2. As shown in the table, a low/medium scale was used, as the
values are relatively small for each measure and the impact of each measure is presented
separately. In order to prepare Table 2, the scoring template should focus on the following:
(1) how to avoid unsustainable transportation practices, (2) how to change unsustainable to
sustainable transportation mode, and (3) how to improve current behavior in transportation
activities in new mobility systems. In addition, the scoring templates should also include
details on how various urban measures can affect economic, social, and environmental issues.

Table 2. Average experts’ scores for measuring new mobility systems. Source: (Lopez-Ruiz et al. (2013) [18]).

Measure
A-S-I Effect E-S-E Effect

Avoid Shift Improve Economic Social Environmental

Maintenance and investment, including security,
safety, and accessibility of MaaS Medium Low Medium - Low Medium

Improvement of the efficiency of city logistics using
car sharing Medium Low Medium Medium Medium Medium

Measures to boost the performance of energy
efficiency and the environment in NMS Low Low Medium - Low Low

Plans for corporate, school, and customized mobility Medium Low Low Low Medium Medium
Car-sharing and bike-sharing schemes Medium Low Low - Low Low

Telecommunications Medium Medium Low Low Low
Parking management Low Medium Medium Low Low Medium

Measures of dynamic traffic management Low Low Low Medium Low Low
Ecodriving promotion Low Low Low - Low Low
Low-emission zones Low Medium Low Low Medium

To wrap up this section, a quick overview of the impact assessment of NMS in terms
of social, environmental, and economic aspects of sustainable mobility services has been
developed as follows:

- Currently, one of the main challenges of city planners is NMS. They are changing the
transportation industry, either by offering new radical solutions for mobility or by
transforming conventional means of transportation with technology [3,47].

- Evidence shows that NMS are commonly used in conjunction with public transit and
that the catchment area of public transit can be expanded [47].

- A major part of sustainable mobility planning is shared mobility facilities, which
create jobs, foster economic growth, and encourage energy use, air quality, and CO2
emission mobility policies [48–51].

- There are increasing calls for regular monitoring and evaluation of safety, security,
and accessibility strategies of shared mobility operators, especially in developing
countries where mobility safety and security concerns abound [18,34,52].

- Expert scores indicate that the effect on sustainability metrics of corporate mobility strate-
gies continues to rise over time. School mobility initiatives also seek to improve connectiv-
ity to schools by taking students to their destination in a convenient and sustainable way
via bus services or by encouraging parents and teachers to carpool [29,53].

- The car-sharing concept has been launched in various cities as a service that eliminates
the need to purchase a private car and provides a versatile alternative to traditional
car rental services [54].

- Developments in MaaS and Mobihubs contribute to a significant reduction in the use
of private cars for single occupancy and an increase in the use of public transporta-
tion, leading to a significant reduction in congestion, urban air pollution, and CO2
emissions [1,55].
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5. Discussion: Impact Assessments of New Mobility Services Using Different Methods

This study presented a critical literature review on different types of NMS (e.g., shared
mobility, MaaS, and Mobihubs) to replicate the impact assessments of these mobility
systems in terms of social, environmental, and economic aspects of sustainable mobility
services. Given that NMS are an inherently dynamic and complex integrated transportation
system, a coherent multiscale impact assessment should include modeling the roles, func-
tions, behaviors, and interactions of the core NMS. Furthermore, emerging technologies
would not be enough for cities and/or countries to achieve their sustainability targets,
according to the literature. Indeed, much of the work concludes that achieving urban
transportation sustainability requires careful urban policy planning to reduce the gap
between consumer demand and green transportation supply by applying incentive tools
and measures [68]. In addition, we clearly emphasize that technological development in
the transportation sector is not successful unless profound organizational and behavioral
improvements in the transportation sector are followed [18].

We should concentrate on the shared mobility role in reducing the number of pri-
vate vehicles per family to highlight its contribution to the social aspect and on how the
consumers abandon ownership of their vehicles and use shared transportation services
for their convenience. However, in some studies (e.g., [69]), shared mobility has been
regarded as an isolated system. In other words, the complexity of its interaction with other
modes of transportation is ignored by shared mobility, which makes it very difficult to
explore its impact on the transportation system. According to a study by Snelder et al.
(2019) [58] and their suggested method, it can be argued that the modeling approach is
an appropriate strategy to gain initial insights into the effects of shared mobility. Their
suggested model consisted of new transportation and parking concepts as well as how
they influence mobility options and traffic conditions.

Focusing on the economic aspect, finding access to new jobs can become relatively
impossible for most unemployed people (if the neighborhood is no longer served by public
transportation). However, a shift toward the growing use of shared mobility solutions
could lead to a new circle of options for transit if shared mobility proves to be primarily
a substitute for public transit. We have already discussed in the previous sections that
there is evidence that shared mobility can lead to the achievement of desirable results from
a public perspective (e.g., less pollution and congestion). For example, the time-based
pricing model of car sharing is actually a form of congestion pricing, as more has to be
paid by users who drive during peak hours (and thus experience longer travel times).
Therefore, a wider use of car sharing would effectively “privatize” the differentiated time
and location of road prices [70]. In order to promote modes like walking and cycling, the
government can also promote “direct” support for car-sharing schemes. For people who
otherwise rely more on their personal vehicles, enhancing investments in pedestrian and
bike infrastructure can foster an environment in which car sharing is more viable.

Based on the findings of this study, there are different insights into how shared modes
can help improve the transportation system’s performance. To investigate current traffic
problems, various modeling tools exist, but few are able to explore the effects of future
mobility systems. Many of the existing instruments discuss particular concerns and are
limited to the current mobility modes [47,51]. NMS are currently being developed and
it is not possible to quantify or predict either their attributes or the behavioral changes
they produce in an exact way. That is why approaches need to deal with a high degree of
ambiguity to explore the effects of these choices. Integrating a multitude of stakeholders
into the debate is a way to minimize confusion. To quickly develop, modify, and test
various scenarios, modeling systems are required [47]. These findings are consistent with
the findings of several studies by Becker et al. (2020) [51], Snelder et al. (2019) [58], Ho et al.
(2020) [40], and Grignard et al. (2018) [47].

In the case of MaaS and its contribution to the social aspect, the actual level of coopera-
tion within a MaaS system can, in practice, vary from one situation to another. In particular,
Moovel integrates national mobility across Germany through a single smartphone platform.
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The Swedish startup Ubigo that buys operators for urban travel and then offers combined
household mobility on one platform is one of the few examples of MaaS delivery of tailored
services. This startup was developed to explore whether the new service concept for more
sustainable urban transportation met the needs and requirements of the users. As another
example, a key component of MaaS in a study conducted by Becker et al. (2020) [51] is to
allow travelers to unbiasedly select modes for each journey.

In the context of social aspects of NMS impact assessments, it is worth noting that
in many countries, the COVID-19 pandemic has resulted in unprecedented measures to
change travel behavior [71]. Many users have begun to prefer to travel by private cars,
which is not falling under the sustainability policies of urban mobility. In a study by
Campisi et al. (2020) [72], their findings showed that before the COVID-19 pandemic,
there had already been a positive trend in using shared mobility services and banning
private cars in urban travel corridors. However, after the emergence of COVID-19, people
are less likely to use shared mobility services. There are also a few survey-based studies
(e.g., [73–75]) reporting that urban travel patterns were significantly influenced by the
COVID-19 pandemic. During the pandemic period, the use of shared mobility decreased
by 35% compared to before the pandemic, and road users became more dependent on
private modes of mobility (i.e., bicycles and cars) [72].

Considering the role of MaaS in terms of economic and environmental aspects, MaaS
systems field experiments showed that people make better choices in such a setup, both
saving money and lowering CO2 emissions. In addition, similar findings show that shared
modes can be an effective alternative for replacing bus services that are underused. In
this context, the study by Ho et al. (2020) [40] highlights an important challenge linked to
the integrated mobility innovator across the MaaS business model since it has been found
that the effect of integrated mobility services on public preferences differs significantly
from MaaS consumer category. MaaS uptake is increased by providing a pay-as-you-
go alternative, but this model encourages less sustainable choices since pay-as-you-go
adopters plan to retain their travel habits. A certain level of use would be assured by
mobility companies, such as a car-sharing company, which can thus give subscribers
more discounts as compared to pay-as-you-go users. Studies [76,77] further suggest that
MaaS might improve transportation system accessibility and create new economic growth
opportunities. However, in MaaS cases, the number of users is small and limited. It was
argued that this is because of innovation obstacles to MaaS developments (e.g., [54,78]).
For example, barriers may arise within or between operational organizations.

As a final point, governments are reluctant to increase NMS market penetration at
present, with the exception of the pilot projects. In other words, governments are not
interested in encouraging NMS implementation. The main reason for this could be the lack
of strong evidence and the range of models to show the main advantages of NMS. Another
reason could be that NMS are a relatively new concept that is still progressing and that it
takes more time for governments to respond [8,79,80].

6. Conclusions and Policy Implications

This study aimed to present a critical review on NMS impact assessments in terms of
social, economic, and environmental aspects as well as its different concepts (e.g., shared
mobility, MaaS, Mobihubs, etc.), as an alternative to privately owned travel modes. The
findings showed that NMS have begun to draw the attention of transportation consumers, the
media, public authorities, and the general transportation market. NMS gain some influence
over the transportation narrative through their creative ways of improving mobility. The
increased use of NMS could minimize car ownership instead of using public transit, cycling,
or walking for individuals who do not use a private vehicle as their primary mode of
transportation. The transition to NMS would be responsible for any declines in new vehicle
ownership. However, relative to the total number of transactions involving vehicles per year,
these declines are likely to be very limited. The way people value, use, and think about
personal vehicles is being changed by NMS. Therefore, NMS are evolving the expectations
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of the public on using vehicles. NMS would probably contribute to a change in preferences,
discovering new modal shifts that do not involve the user owning a vehicle.

A number of significant policy implications have been derived by the findings of this
study for public and private sector stakeholders in mobility services. These implications are
related to whether NMS constitute a cost-effective alternative to conventional private and
public modes of transportation from a social point of view. The implications also relate to
the degree to which the future leverage of relevant policies for mitigation of GHG emissions
for urban transportation should be based on NMS services. First, there are certain policy
implications for the finding that the widespread deployment of NMS leads to a reduction
in transportation-related CO2 emissions, in almost all cases. The most obvious barrier
of NMS deployment is that long-term institutional obstacles to such deployment (which
are not economically justified or contradict other policy objectives) should be eliminated
altogether. More specifically, the findings showed that it is very likely that shared mobility
would reduce the use of private cars much more than the use of public transportation.
Therefore, not only in terms of GHG emissions but also in the form of reduced tailpipe
emissions of air pollutants, the net environmental effect of shared mobility would be
positive. Second, by adapting applicable regulations and policies, such as transportation
subsidies, taxation policies, and public transportation concepts, the implementation of the
NMS can be encouraged by law-making authorities. Thus, the positive impacts of NMS
could extend to other urban externalities that result from the excess use of private cars,
such as congestion, noise, and traffic accidents. Third, regional and local authorities may
further contribute to developing favorable conditions for NMS by designing, for example,
urban design and transportation infrastructures. The important outcome of this finding is
that key policies (e.g., taxes and subsidies) should also target other (possibly more effective)
ways of decarbonizing urban transportation. Fourth, in future NMS projects, private actors
have an important role to play, and both public and private transportation systems are
needed to make NMS a viable alternative to private cars. Fifth, NMS implementation needs
funding. Support would most likely come from public or private actors, or a combination
of both. Sixth, public actors may be involved in contributing to the establishment of NMS
if the strategies being introduced lead to social objectives, such as greater connectivity,
reduced congestion, or reduced CO2 emissions. Seventh, it is recommended to reduce the
uncertainties with regard to the costs, value of time, user acceptance of NMS, and sharing
concepts, by initiating pilot projects and further studying the business models to get a
better understanding of the user costs. Finally, a clearer view of the transition to future and
related NMS scenarios is recommended, and the impacts are subsequently assessed during
the transition phase. This enables the development of adaptive policies that are needed in
an era of MaaS, Mobihubs, and shared concepts of mobility.

In conclusion, in order to obtain a more in-depth understanding of NMS potential,
future studies and impact assessment projects would benefit from involving a different
range of mobility stakeholders and empirical information. In addition, researchers in future
studies should focus not only on how NMS affect travel behavior and car ownership but
also on how each NMS component affects the demand-side using model building and
solving. This study focused mainly on three (social, environmental, and economic) aspects
of NMS impacts assessments. Thus, future studies could also include other aspects such as
legal, political, technological, and institutional aspects while assessing NMS impacts. Given
the fact that the spatial focus of the current study was on urban mobility context, future
studies should explore the other spatial analyses (rural, local, and pre-urban territories)
of the NMS impact assessments. Moreover, considering the COVID-19 pandemic, it is a
relatively new area of research to understand travel patterns and provide recommendations
for using NMS during a viral pandemic based on different national contexts and global
mobility indicators. The bottom line is that NMS serve as a promising mobility solution
and are expected to make a major contribution to the future reform of urban mobility.
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