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Abstract: The purpose of this paper is to highlight the critical aspects of islands context transportation accessibility by suggesting a
more innovative, safer, and more sustainable framework for public transport service (PTS) and place-based organisation, as well as
by integrating the latest tendencies in mobility. Specifically, this research focuses on multimodal integration models for PTS that
consider the existing infrastructure system and the socioeconomic issues typical of an island environment. This topic has received
inadequate consideration in the scientific literature on islands. To achieve these aims, an analytical-numerical approach is adopted.
Starting from initial origin-destination matrices (O/D) surveyed by the National Institute of Statistics (ISTAT), a methodology was
implemented to compute the geographical distribution of trips, and thereafter, the values distributed over the whole region were
interpolated by Surfer software with the Kriging method. This methodology was applied to the Sardinia case study particularly
emblematic because it has seen a tremendous transition over the previous decades, resulting in a massive socio-economic gap
between inland and coastal areas, that led to an increase in private vehicles for transportation purposes, primarily for business and
pleasure. The application, replicable in other islands that have highlighted the same socio-economic problems linked to poor mobility
planning, shows an accessible spatial planning approach, combining PTS and rental for driver services, by considering the principles
and issues of island contexts. This research gives an important scientific contribution by emphasising the quality of transport
infrastructures, place-based organisation, population distribution, and physical configuration of the Insular Region, as well as by
considering the most pressing issues of island contexts. Findings could help island governments in revising their policy and practice
of transport, accordingly.

Keywords: Accessibility, Place-based Organization, Sardinia Transport System, Smart and Sustainable Island, Public
Transport Service

1. Introduction

The high efficiency of an island's transportation network is vital for economic, social and territorial
development (Smart Islands Projects and Strategies, 2016; C 306/51, 2017; Smart Island World Congress,
2018; Desogus et al., 2019; Garau et al., 2019a). This is primarily due to the interdependence of different
areas (the inland and coastal ones), which, in a geographically limited content, require the adoption of
integrated planning between public and private transport by considering the socio-demographic
characteristics of each area and the physical configuration of the territory (Garau et al., 2019b; Barabino et
al., 2022). As a result, this study will use the concept of insularity in connection to mobility to suggest a
more innovative Public Transport Service (PTS) planning system that can adapt to the intrinsic
characteristics of the island context.

In recent years, the use of data and digital technologies in the mobility sector enabled many island

governments to enhance and increase the efficiency of their public transportation services (Ibrahim, 2003; Lo
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et al., 2008; Yadav et al., 2017; All Ireland Smart Cities Forum, 2022; Smart Nation Singapore, 2022).
Recognising the importance of Intelligent Transport Systems (ITS) in planning the whole island area, these
governments have adopted integrated policies and regulations that include the full lifecycle of transport
facets such as infrastructure systems, integrative services, and customer information (lbrahim, 2003;
Proskawetz, 2013; Tilocca et al., 2017; Coni et al., 2018; European Commission, 2022a). However, many
islands have accessibility issues, limited market opportunities, and high costs associated with essential public
service supply (COM 616 final, 2008). Additionally, island governments' transportation policies should
include several measures tailored to local and geographical characteristics that promote socioeconomic
development in a geographically complex, closed, and limited system (European Parliament, 2003). In these
contexts, the concept of accessibility becomes a priority to alleviate the economic, social, and demographic
gap that exists between coastal and inland areas (Cohesion Policy Department, 2018; Garau et al., 2020a;
Pinna et al., 2021). The literature has extensively shown how, in an insular environment, accessibility and
rapid movement of people are critical for equal development amongst island communities with different
connotations (Varakantham et al., 2017; Moreno-Monroy et al., 2018; Coni et al., 2020). Indeed, as
underlined by Chlomoudis et al. (2011), “the notion of ‘insularity’ encompasses not only a geographic
condition that pertains to a multitude of islands, but it also reflects a series of other social and demographic
characteristics that stem from this geographic particularity”. In these contexts, Karampela et al. (2014)
noted that transport is a key factor in island development and that connections within the island system “not
only concern the level of established linkages but also relate to the extent of accessibility and
communications under the constraints of scale economies, micro-climate, and spatial reach of networks”.
Furthermore, several strategic projects on the use of digital technologies for the development of insular PTSs
enabled different administrations to make choices calibrated to the existing and specific problems of each
island and subsequently improve the territory by creating strategies for growth and transformation from a
place-based organisational and management perspective (Dameri, 2013; Ho, 2017; Gupta et al., 2019;
Heaton et al., 2019). In this regard, the European Union's Strategic Plan 2020-2024 for Mobility and
Transport establishes that the various governments should first collaborate with other interested parties to

promote and strengthen sustainable public and collective transport services through interconnection with
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other modes of transport, such as “active mobility (walking, cycling) as the backbone of urban mobility
Governments need to be encouraged by all stakeholders to work more methodically” (European
Commission, 2020, p. 12). Also, the Smart Islands Projects and Strategies (2016) establishes the government
priority of an island as “its ability to implement integrated solutions to the management of infrastructures”
(p.1). Island policies “should consider a large scale and long-term investment in public transport which
attempts to provide a wider choice of modes, as well as a comfortable, convenient, reliable, and attractive
alternative to the private car” (lbrahim, 2003, p.206). With these goals in mind, various governments and
organisations have implemented accessibility policies based on the concept of a smart island in conjunction
with strategic initiatives to enhance internal public transportation services via digital technologies and
innovative data. Indeed, the smart island is seen as a region in which the island's uniqueness might trigger
beneficial processes to foster a sustainable local economy and a good standard of living via the use of ICT.
Considering the example of Curacao (Kingdom of the Netherlands), Goede (2018) states that it is required
“to reform the public transport system to increase the level of mobility of the population” (p.154). Singapore
administrators also see integrated and continuous multimodal public transport as the backbone of its land
transport system (Lam et al., 2006). Singapore has been involved for years in a technological innovation
project that includes various areas of island development (Smart Nation Singapore, 2022). Yadav et al.
(2017) stress the need to integrate “sophisticated information and communication technologies (ICT) with
traditional urban infrastructure together with the participation of various stakeholders to create a more
equitable and sustainable system” (p.1249). In this regard, Soomauroo et al. (2020) argue that "islands
typically have high energy costs, due to a lack of economies of scales and expensive fuel costs resulting from
their insularity and remoteness” (p.7). They underline the need for facilitators of sustainable transport that
identify an electric fleet to have not only important environmental and economic benefits, but also
multimodality in order to obtain less carbon-intensive mobility models. Arneodo et al. (2017) highlight how
the smart mobility service has to consider a new and integrated approach to strategic planning and, in
parallel, the development of different technological components (Torrisi et al., 2021; Pellicelli et al., 2022;
Garau et al., 2021) . The implementation of the mobility service would serve to facilitate “citizen’s life

during their travels across the Region or improving their awareness of all the offering mobility possibilities
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using specific info mobility services” and also to “improve the control and management capability over the
whole regional mobility” (Arneodo et al., 2017, p. 1). In this regard, Mantero (2022), focusing on the socio-
territorial dynamics of six European islands, underlines the need for “changing people’s approach to
distances and accessibility, introducing and promoting new lifestyles, a new concept of time, new social
relationships, more new habits and behaviours in general” (p.5).

In the last ten years, the approach to accessibility has significantly changed thanks to digital solutions and
information systems that have facilitated more sustainable mobility alternatives, as well as the development
of indicators, multimodal platforms and applications able to combine different transport modalities (Willing
et al., 2017; Keller et al., 2018; Melkonyan et al., 2020; Orozco et al., 2021, Carra et al., 2022). However, a
feasible project based on real data and underlying problems correlated with insularity is still lacking in the
literature. Specifically, there is a lack of intermodal spatial planning for islands that is capable (i) of
enhancing shared mobility for areas with low demand and, therefore (ii) of reducing the gap between weak
internal areas (rural contexts with low density and high depopulation rate) and strong coastal ones and, (iii)
of reducing the gap between low-quality shared public transport and unsustainable individual private
transport, by considering the existing infrastructure.

To fill these gaps in the scientific literature on island contexts, the study’s main aim is to develop an
accessible spatial planning approach, combining PTS and rental services with the driver, by considering the
principles and problems of island contexts. To accomplish this, the paper begins with a theoretical study that
connects the principles of insularity and territorial accessibility (section 2), and then the paper focuses on the
case study of Sardinia (section 3), particularly emblematic not only because it is an island context but also
because, over the years, its geographical configuration has led to a transport system that favours coastal
areas, creating a strong socio-economic gap in the hinterland. Section 4 describes the methodology for
conducting spatial analysis based on the most recent available data on origin-destination mobility combined
with real data using the Kriging method. Section 5 applies the methodology to the case study region,
emphasising the articulation of homogenous zones that need intervention and providing a new territorial

proposal. Finally, the results are discussed, as well as the research's future directions (section 6).
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2. The principles of insularity and accessibility: state of the art

The accessibility in and for the islands is not a new problem. However, a review of the literature reveals
that mobility and accessibility solutions in island cities remain inadequate and unsuitable for the increase of
public road transport during the summer season, when the islands are exposed to higher stress (Zhou et al.,
2011; Sudiarta, 2013; Luis, 2015; Smart Island Italia, 2022) and that, until recently, mobility planning is
based on a logic of private transport (Bakogiannis et al., 2018). Ibrahim (2003) stresses the importance of
implementing solutions that encourage the use of public transport by limiting the use of cars. He also
highlights how, in an island context and with a limited land supply, it is not enough to improve public
transport modes, but it is necessary to “enhancement of all intermediate and end-point facilities, such as
linkways, customer service and service information” (Ibrahim, 2003, p.1). Mateu et al. (2020) note how the
promotion of transport infrastructures and mobility policies are essential both for lowering regional
disparities and providing access to the island and peripheral regions, and for the economic, social, and
territorial development of the whole island. They also add as “it is important to recognise the increase in
accessibility and connectivity from the islands ushers in new formulas to export products and strategies to
promote research and innovation policies” (Mateu et al., 2017, p.56). Therefore, the mobility sector acquires
fundamental importance in the socio-economic development of an island context. Thus, transport planning
must consider the diversity of island spatialities and centre-periphery relationships (Grydehgj et al., 2019).
Grydehgj et al. (2020) highlight how the improvement of connectivity must start from the specificities of an
island because there is no single solution as island communities face various challenges. In this regard,
Monfort also argues (2009) that each island is characterised by its insularity and political and socio-
economic specificities and that these must be the basis for planning island mobility (Monfort, 2009).
However, Garau et al. (2019) find several structural problems prevalent in various island contexts. Most of
these problems are due to inadequate infrastructure design, especially in the larger islands or island regions.
In essence, they are related to the increased expense of sea and air transport, communications and

infrastructure as a result of natural and climatic constraints, limited useable land, and barriers to access to

school and health services (Garau et al., 2019b). Thus, it is significant to emphasise a key distinction
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between islands for the purposes of this study: medium and small islands (small islands that are part of
archipelagos and have a limited area of land) and large islands (which are Nations or island regions).

The first ones have regulated transport planning, by following specific strategic goals through the
Sustainable Island Mobility Plan (SIMP). These specific objectives (Tab. 1) are aimed at problems caused by
insularity, such as 1) guaranteeing a minimum level of accessibility to the main destinations’; 2)

guaranteeing services for all citizens and 3) building a transport system that contributes to the financial,

social and environmental sustainability of an island (Sustainable Island Mobility Plan, 2017).

Tab.1 Strategic goals of a SIMP reworked by the authors.

Strategic goals of a SIMP

1) Guaranteeing a minimum level of accessibility to the main destinations

Improved safety and security across the whole island road network and overall transportation system.

Logistics chain optimisation

High-quality and more accessible public transport (ICT use, on-demand service provision, etc.)

Improving air and/or sea transportation (from/to and around the island)

2) Guaranteeing services for all citizens

The re-allocation of public space and the restriction of traffic access and parking

Stimulating car-free vacation destinations

New ways of using the car (e.g., car-sharing, car-pooling, etc.)

Optimising the design of multi-modal hubs and terminals

3) Building a transport system that contributes to the financial, social and environmental sustainability of an island

Promoting car-sharing, car-pooling, bike sharing and other forms of sharing economy

Efficient management of the seasonal peak of travel and parking demand and reduction of the subsequent air and noise pollution

Stimulating projects at the nexus of mobility and energy, such as electromobility, to promote alternative fuels and the smartening
of the island electrical grids

A significant change in the modal split towards sustainable transport modes

Promoting walking and cycling (creating a comprehensive pedestrian and cycle network, restoration of hiking trails, bike-sharing,
etc.)

Intelligent transport management and information systems (ITS), on-demand service provision, ICT use, etc., integrating the
existing and new mobility services.

Source http://www.scottish-islands-federation.co.uk/wp-content/uploads/2017/11/Smart-Islands-Initiative-Sustainable-1sland-Mobility-Plan.pdf

Table 1 shows how SIMPs are related to development goals related to sustainable and smart mobility.
These goals are also valid for the major islands, which do not yet have a standard rule. However, for major
islands (such as Sardinia in Italy), mobility planning becomes more complicated, both in the territorial
context (where the extension establishes a clear distinction between inland and coastal areas despite its

precise boundaries) and in the social realm (where demographics and inclusion are inextricably linked to the

L In this study, the authors consider the accessibility as the ability to reach a place. Indeed, it is of relevance the possibility to access
easily to the main destinations because the Sardinia is the third largest Italian Region. However, owing to low population w.r.t. other
regions, its infrastructure network is old and does not help reach all destination quickly. Therefore, improving the access, by e.g.,
improving exiting connections, the road network with paths adjustments, providing higher coordination among several PT would
expect to increase the accessibility.
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island's transportation system). Therefore, this leads to reflect on two accessibility principles related to the
major islands and strongly connected to the insularity and accessibility concepts and to the structural
problems of the major islands: (i) equity, cooperation between areas and geography of the place and (ii)
population distribution and social inclusion. These two principles are briefly described below.

(i) Equity, cooperation between areas and geography of the place. Numerous studies have revealed that the
island territory's internal constraints manifest themselves, in most cases, in a distinct division between
interior and coastal zones (Cross et al., 1999). Indeed, the inland areas of the islands contain undeveloped
territorial capital, and social-economic decline that is caused by a lack of essential services and of the social
costs associated with production and consumption processes (National Strategy for Internal Areas, 2022). In
this regard, the already-tested smart island projects (Chatzimpiros, 2013; C 268/8, 2015; Boletin Oficial Del
Estado, 2015; Smart Islands Projects and Strategies, 2016; Smart Islands Declaration, 2018) provide a cross-
sectoral strategy for the whole territory to achieve balanced development across diverse social and economic
sectors (inland, coastal areas). Within the Smart Island paradigm, balanced growth of an island system
begins with the concept of air, sea, and, most importantly, land accessibility. This latter is defined as the ease
with which a place can be reached via optimal modes of transport (Moreno-Monroy et al., 2018; Coni et al.,
2020), and it becomes the primary factor in increasing connectivity in a territory with a limited extension due
to its geographical structure. Thus, the inherent qualities of an island, such as its small size, isolation from
high-altitude environments, and social and demographic factors, should serve as a starting point for
establishing infrastructure links.

(i) Population distribution and social inclusion. Island accessibility projects that have shown to be more
efficient over time are connected not only to the quality of the transportation infrastructure and the physical
configuration of the territory but also to the territorial organisation based on population distribution. Indeed,
as the Treaty on the Functioning of the European Union (TFEU, art.174) demonstrates, one of the major
disadvantages of island regions is demographic decline, which culminates in an ever-increasing depopulation
of rural and inaccessible areas (C 326/4, 2012; European Commission, 2022b). According to the European
Commission, this is due to rural residents' inadequate access to health care, education, employment, and

other services (Velaga et al., 2012; Gogola et al., 2018). Additionally, as highlighted in the Interreg report
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(2018), these areas depend on offered transportation services or infrastructure, and transport with spatial
integration goals plays a key role in social inclusion, particularly for rural areas and communities (Gogola et
al., 2018). As a result, it becomes vital to develop a network of smart strategies that can be applied over the
whole island area to improve mobility (Bansal et al., 2015). Consequently, it is vital to support initiatives in
certain areas of regional development through information systems and data digitalisation, which are
beneficial for comprehending the dynamics of the society in a specific area (Zamperlin et al., 2017; Chiordi
et al., 2022). With these premises in mind, the purpose of this paper is to provide a smarter, safer, and more
sustainable vision of PTS in island settings, with a particular emphasis on how the internal characteristics of
islands can serve as a basis for designing or implementing projects related to the island's smart accessibility.
The innovation proposed by the authors is centred on the concept of an intermodal network that serves as a
focal point for cross-sector cohesion, through managing infrastructure and the island's comprehensive
transportation system. This seems crucial because an island cannot host many infrastructure hubs. Also,
considering the territory's limitation and geographic location bordered by the sea, efficiency is required in
regions considered more sensitive and bothersome (such as interior areas), as well as the usage of
information and communication technologies (ICT). To accomplish this, the case study of Sardinia will be
analysed, as it is particularly emblematic in the field of public transport because management policies in the
internal areas resulted in "the stagnation, degrowth, and development of the Inner Areas" (National Strategy
for Internal Areas, 2022, p. 14). Furthermore, the current PTS organisation in Sardinia does not consider

some island specificities that should characterise the internal mobility strategic choices. This paper aims to

cover the previous drawbacks.

3. The case study of Sardinia, Italy.

As is the case with numerous European islands, the Sardinian Island system is divided between coastal
areas with high daily traffic and inland areas with low service centralisation (Garau et al., 2020b; Garau et
al., 2021). Together with a strong economic disparity between these centres, this results in demographic
shrinkage and, more importantly, population ageing, to the point that depopulation estimates for many

villages are alarming (Garau et al., 2020a). However, permeability between coastal and inland locations
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remains a challenge (Fig. 1) since structural interdependencies have not been activated to include inland
areas in a functional qualifying viewpoint determined by economic, social, and infrastructure concerns
(Regional Transport Plan, 2022; Sardinia mobility, 2022). For these reasons, it is essential to concentrate on

situations involving the island's various regions to act effectively on public transportation.

S FRegional roads guidekine
e EaUiibrium cquipped axes

Externa

Weak infrastructure areas

Fig.1. Permeability in Sardinia. Structure of the hubs Region-City (a) and main network (b) Source: Regional Transport Plan
(http://www.regione.sardegna.it/documenti/1_13 20081211102551.pdf). Accessibility study (c) and subdivision into provinces (d) Source: authors'
elaboration.

Sardinian reality is characterised by a considerable part of the population that commutes every day from
their town of residence to the island's most developed cities through, in most instances, a private automobile
for employment, study, or other purposes. Indeed, compared to inhabitants of the island's main centres,
which are supplied with all necessary services, residents of the smaller centres are obliged to travel every
day, incurring extra travel time and financial resources. Fig. 2 shows how the modal imbalance is still
relatively strong. Cars contribute for 65.2% of travel (48.3% for drivers and 16.9% for passengers) and have
an occupancy coefficient of 1.35. Public transport represents 11.9% of journeys, of which 10.3% is by road

and 1.6% on train. Bicycling and walking accounted for 20.9% of travel.
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Fig.2. Distribution by means. Source: authors' elaboration from ISTAT 2011 (https://www.istat.it/it/archivio/139381)

230
231 As for travel times, 45.2% of these are between 7:15 am, and 8:15 am, and only 6.5% of travel is after 9:15
232 am. 71% is before 8:15 am. Over 60% takes place in short times, less than 15', while over 85.9% of trips are
233 less than 30' (Tab. 2a).
234 Tab.2 (a) Relationship between gender structure and mobility. Source: authors' elaboration from ISTAT 2011; (b) Travel times. Source: authors'
235 elaboration from ISTAT 2011
236

a) Relationship between gender structure and mobility

Mobility gender breakdown study/work Population gender breakdown
Male study/work Female study/work Population 2011 Population 2011 R
movements movements (male) (Female) %
55,35% 44,65% 48,88% 51,12% e

b) Travel times

H>7:15 25.8% >15° 60.6%

H7:15° -8:15° 45.2% 15° -30° 25.3%

H 8:15° -9:15° 22.6% 30° - 60° 10.8%

H>9:15° 6.5% 60° 3.3%
237 Additionally, the gender structure of the resident population is characterised by a higher proportion of
238  females than that of the mobility structure. Males make 55.35% of the trips, while females make 44.65%. 98
239  travels to study/work for every 100 male inhabitants, but only 76 for every 100 female residents (Tab. 2b).
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However, still today not only the “evaluations are extremely negative on some crucial dimensions such as
infrastructures” (Amenta et al., 2020, p.5) but, considering the words that Chlomoudis et al. (2011) use to
describe mobility in Greece, PTSs highlight some weaknesses caused by “a generic (non-focussed) and
static (non-evolving) approach” (p.3). In Sardinia, a generic unfocused approach can be considered because
the PTS territorial organisation does not consider individual municipal problems in terms of accessibility to
transport, orography, and the relationship between populations (Coni et al., 2020). On the other hand, the
non-evolutionary static approach of the public transport system is a result of the lack of integration of
infrastructures with the evolution of the specificities of some areas in terms of demographic changes,
commuting, and economic and social well-being (Coni et al., 2020). Indeed, Sardinia is characterised by the
presence of stronger areas within the island system that "highlight a spontaneous creation (elaborated from
population movements) to groupings of municipalities (of homogeneous areas)" (Garau et al., 2019b, p. 18).
These locations, almost all of which are located around the coasts, are popular for daily commuting because
they provide superior services that encourage residents of nearby towns to commute daily for work,
secondary education, or health care. Furthermore, during the summer, these centralities are strengthened as
beach tourist destinations. Indeed, tourist demand in Sardinia is disproportionately centred along the coast,
bypassing the potential of the interior regions. This causes a strong impact on the transport sector, because,
due to the shortcomings of public transport, both in terms of infrastructure and organisation, over 92% of
tourists travel by private car. A broader vision of the territory would therefore be needed, tending to integrate
vocational and structural diversities to contribute to developing the weakest areas, through a rational
organisation of infrastructures. To do this, the authors provide an analysis criterion for restructuring a new,
smarter, safer and more sustainable structure than PTS through a place-based organisation. The purpose is to
implement a physical structure of the road network and functional services to ensure PTS accessibility to the

territories, at least during the main daily rush hours.

4, Methods
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The focus of this section is the definition of a methodological approach capable of comparing the
geography of the place and the local public transport system through the analysis of the dynamics of mobility
in Sardinia.

Sardinia has 377 municipalities, among which only two cities exceed 100,000 inhabitants (Cagliari and
Sassari) and two more than 50,000 (Quartu Sant’Elena and Olbia). Of the remaining 374 municipalities, only
24 exceed 10,000 (Istat Sardinia, 2021). The Sardinian spatial population distribution produces a regional
system characterised by coastal strategic polarities to the disadvantage of inland regions. This has been
aggravated throughout time by the absence of appropriate multipolar mobility linkages, which has
emphasised the gap between strong and weak polarities (Garau et al., 2019b; Garau et al., 2020a). These
premises are essential to understanding how to apply an approach able to compare the geography of the place
and the local public transport system through the analysis of the dynamics of mobility.

The proposed method is organised into three main steps, as shown in Fig. 3:

Step 1) Supply and Demand mobility data collection;

Step 2) Analysis of supply and demand data;

Step 3) Proposal of a revised PTS network.

STEP 1)
Supply and Demand
mobility data
collection

STEP 2) STEP 3)

Analysis of supply Proposal of a revised
and demand data PTS network

PROCESSING AND PROCESSING AND LINKING SUPPLY AND
ANALYSIS OF SUPPLY ANALYSIS OF DEMAND MOBILITY DATA
DATA DATA (MAPS)

il
I% 1

A
mi
=y
‘fi"i‘@

Fig.3. Methodology steps

Each step is synthetically summarised for the main points in what follows.
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4.1 Supply and Demand mobility data collection

In step 1), supply and demand data should be gathered from several sources.

As for supply data, these data mainly include route path, bus stop/station locations, and frequencies. These
data refer to the main transport modes available in Sardinia, i.e., trains and buses and are gathered from
shape files provided by the region Sardinia which funds the extra-urban and urban transport into the island.

As for demand data, these data mainly included OD trips using the PT network and were collected from the

National Institute of Statistics (ISTAT) and refined with vehicular counting data collected from the massive

road network sensors located in the metropolitan area of Cagliari.

4.2  Analysis of supply and demand mobility data
In step 2), the processing and analysis of supply and mobility data follows.
As for supply data, in Sardinia, there are two different PT infrastructures: road network and rail network.

Both infrastructures were adopted to enable extra-urban and urban networks, as indicated in Fig 4.

Fig.4. PT infrastructures and modes in Sardinia (Transport Supply)
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As for the extra-urban rail network (shown in black in Fig. 4), the rail network mainly links the south of the
island with the Northwest and Northeast areas. Moreover, most of the rail network is provided by ordinary-
gauge state railways. In contrast, additional rail connections are supplied by narrow-gauge railways in the
terminal parts of North (Sassari city) and South (Cagliari city) and were recently converted into the tram and
tram-train systems, respectively.

Regarding the extra-urban road transport network, the PT in Sardinia is mainly managed by the regional
company, called ARST, which handles about 70 percent of the total extra-urban network (in light blue in Fig.
4) using buses. Usually, buses offer services among several municipalities of the overall Sardinia within the
reference Province (i.e., Metropolitan city of Cagliari, Sassari, Nuovo, Oristano, and South Sardinia). The
remainder part of extra-urban transport is administered by 48 private  operators
(https://www.sardegnamobilita.itthomepage). These operators provide short, fragmented and disjointed
routes. Conversely, as for urban transport, the four main centres (Cagliari, Sassari, Olbia and Nuoro, shown
in green in Fig. 4) each have their own municipal network run by monopoly-holding local businesses.
Notably, the overall extra-urban PTS lacks frequency in many interior parts of the Sardinian Region, where a
dense supply of very small operators offering Rent for Driving (RfD) services has evolved to address this
problem. Moreover, the supply analysis showed that: (i) the network was organised in a radial configuration
a bit disregarding the concept of network; (ii) the overlapping of many operators resulted; (iii) a weak
integration with the railway network is observed as well as a poor integration with sharing mobility and (iv)
a widespread presence of RfD.

As for the demand mobility data, the authors choose Origin/Destination (O/D) matrices because they
enable the identification of both the number of journeys originating from one municipality to another and the
means or modes of transport used. In Sardinia's island system, which is divided into strong (coastal regions)
and weak (inland areas) polarities, it is crucial to characterise transport demand by aggregating the individual
movements that occur in the different polarities. Additionally, O/D matrices provide an instant glimpse of the
number of people that use the current regional transport system's service throughout a certain time period.
The O/D matrices are thus critical for understanding the inadequacies of a particular area of territory and the

population's demands, particularly in an island system, which has clear territorial boundaries. This analysis
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was conducted based on the latest origin-destination matrices (O/D) surveyed in 2011 by the National
Institute of Statistics (ISTAT) and updated in 2015 (Istat, 2011). These are the most recent national available
data and remain for detail and structure one of the primary references for the analysis of mobility. The
census survey included the assessment of origin-destination trips of the regional population for study and
work reasons. Each trip is classified according to the type of vehicle used, the time and the time in which it
takes place. Specifically, the analysis is based on 115,682 records? representative of 1,424,110 daily

weekday trips, compared to the regional population, which in 2011 was equal to 1,639,362 (Fig. 5).

Relationship between

Population 2011 Trips 2011 ) .
population and Trips 2011

Province of Olbia-Tempio 120802 d33:318 0;887

4 4 328.043 289.848 0,884
Province of Sassari

% 159197 131.664 0,827
Province of Nuoro
Province of Ogliastra 57322 6:838 0:847

. o 163.916 132.624 0,809
Province of Oristano
Province of Medio Campidano 22250 80:360 0,183

A -, 550.580 508.166 0,923
Province of Cagliari

& % 2 128.540 100.794 0,784
Province of Carbonia-Iglesias
Total 1.639.362 1.423.810 0,869

Fig.5. Report on travel/population referred to the 8 Provinces of Sardinia in 2011. Colours represent the provincial boundaries

Fig. 5 shows how in 2011, the province with the greatest propensity to move was Cagliari, with 0.923 trips
per inhabitant for study or work, while the province of Carbonia-Iglesias has the lowest index, equal to
0.784. Before proceeding with the analysis, it is necessary to consider that the data surveyed by ISTAT only
concern the daily journeys for study and work, while there is no recording of movements for other reasons
(health, leisure, family, etc.). Therefore, from the O/D matrices derives an underestimated mobility
phenomenon compared to reality. Building a model based on real data is essential to fill this gap.

The city of Cagliari was chosen as a case study due to its importance as the island's primary tourist
destination, with most daily entrances and departures and due to the relevant level of service quality in PTS

achieved (Barabino et al., 2011; Barabino et al., 2013; Barabino, 2018; Garau et al., 2022). In addition, the

2 These records represent a pair from an Origin (a municipality) to a Destination (another municipality) in the Island of Sardinia that
recorder at least one trip.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0

licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,

Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145
343  sample of Cagliari is representative since about 29% of all regional travel takes place in this city. In
344  particular, the daily entries in the city were compared with the values recorded by ISTAT (with the O/D
345  matrices). The trend of the data detected by the sensors varies over months; therefore, an annual average
346  value was used. Fig. 6 shows the sensor data and the values recorded by ISTAT. After quantifying incoming
347  and outbound travel for Cagliari, the accessibility study was extended to a regional level using the Kriging
348 method. As further detailed below, this method is used as planning support in the transportation sector
349  Dbecause it facilitates the interpolation of a parameter in space while reducing mistakes (Ma et al., 2007).
350  Specifically, in the literature, it is used to analyse geographical data to forecast travel demand (Miura, 2010;
351  Gomes et al., 2016; Pinto et al., 2020) and for the analysis of origin-destination centrality (Linder et al.,

352 2018; Lowry, 2014). Furthermore, the comparison of the surveyed movement to the real one with Kriging's

353  method enables a higher degree of true connection at the regional level, minimising the error.

ITS Cagliari vehicle monitoring network data

January 169,933

February 182,124

March 177,714

Apl’il 178,689

May 184,753

June 182,217

July 180,567

August 154,149

178,966

September

October 180,337

ISTAT 2011 study / work transfers

4> Intra-municipal = 110,277 178,035

November

175,265

Intercommunal Attraction =122.111 December

AN 175,265
e—) Inter-municipal generation = 62,169 Average

Fig.6. Sensor data and values recorded by ISTAT 2011
354
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The 2011 ISTAT value of the inter-municipal attraction of Cagliari is 122,111. Considering an occupancy

coefficient of 1.22 passengers® per vehicle, it is possible to compare the ISTAT census with the data from
road monitoring. The comparison shows that the ISTAT data value is lower than the monitoring network
value of 177,063 related to only cars (number of drivers) for study and work purposes.
Specifically, these last data were gathered by the massive sensor network operated by the Municipality of
Cagliari since 2008 with the aim of monitoring road traffic (Barabino et al., 2008; Tilocca et al., 2017).
Specifically, vehicle data were collected by infrastructure-based sensors (i.e., loop detectors) placed on the
main road network that enables the entry (exit) to Cagliari. Next, data collected on each vehicle are sent to
the traffic management centre, by the communication network available in the specific location (e.g., optical
fibre, GPRS). This centre presents the following macro activities:

1) monitoring of network state analysis by the received data;

2) management of actions to address the specific event (e.g., criteria and constraints to ‘revise’ traffic light
plans);

3) management database to provide information on the traffic (including the information dissemination
pre-trip and on-trip by WEB or Variable Message Sign) to the different operators that will be able to provide
different services to the final users.

Therefore, vehicular data are adopted for other scopes than counting the vehicles only.

The disparity in comparison to data obtained from sensors on the ITS network is due to a variety of causes.
The main determinant is the existence on the road network of trips for non-ISTAT-registered purposes
(health care, tourism, leisure, handling of paperwork, etc.). Other reasons include the vehicular contribution
made by unmonitored peripheral routes entering Cagliari. A further element of diversity is generated by the
same definition of a cadenced shift in the typical day, which can vary according to the subjective
interpretation of the interviewee subjected to the ISTAT 2011 survey. However, it is reasonable to assume
(Sammer et al., 2012; Shen et al., 2019; Zannat et al., 2019) that these latter reasons have a limited impact

and therefore the difference 177,063 - 122,111 = 54,952 equals to 31.04% is substantially attributable to

3 The ISTAT data bank provide the number of car trips distinguishing from drivers and passengers. Therefore, let P the number of
passengers and D be the number of drivers (that also correspond to the number of cars). The coefficient of occupancy (Co) was
computed by this formula: Co = (P+D)/D that returned the value of 1.22 for the data at hand.
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other reasons for trip. Extending study/work mobility assessed by only ISTAT (with the O/D matrices) to a
regional level led to overall mobility, which therefore includes other reasons, equal to 2,064,979 trips. Thus,
a matrix was constructed and combined with all 377 Sardinian municipalities to compute the geographical
distribution of trips.

Different indices were mapped using the geographic coordinates of each centroid C (X, yc). Each centroid C
behaves as both a trip generator/attractor with the other 376 municipalities of Sardinia. The generation of
movement in each centroid (consisting of bus, train, private car, bike-foot) is represented by the absolute

number of trips that leave C daily in different ways. The values distributed over the whole region were

interpolated with the Surfer software on a regular grid of 1.0 km with the kriging method (Fig. 7).

550000

- 5000001‘1

450000

4550000

4500000 -

4450000

4400000 - 400000

43500004 350000

T - 1 T T T
145{;000 150(‘)000 155(‘)000 1450000 1500000 1550000 1450000 1500000 1550000
Centroid Gridding Contouring

(a) (b) (c)

Fig.7. (a) The centroids of the municipalities and their administrative boundaries, (b) the interpolation grid, (c) the contouring of
the estimated values

Kriging is a regression method used in spatial analysis that enables the evaluation of a quantity, minimizing
the mean square error. Kriging is a widely used and well-liked geostatistical interpolation method, mainly to
its adaptability and accuracy in producing accurate maps for most data sets (Cressie, 1990; Wackernagel,

2003; Liu et al., 2020; Abdelhamid et al., 2022).
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The value assigned to each node in the grid is determined by the values of nearby points, which are
weighted according to their distance or other characteristics. The premise is that since the value investigated
changes in space, points closer to one another are more comparable. The unknown value of a grid point was
determined as follows. Specifically, let:

oV, be the estimated value of the grid node;
o N be the number of nearby points used,;
eV be the value in position i;
e Wi be assigned weight (where YN, w; = 1)
Va is computed as the weighted average of the known values as returned by eqn. [1]
Vo = 2 W [1];

A semivariogram is used to calculate the weights. The semivariogram is a graph that relates the relationship
between the distance between two points h and the semivariance value y(h). It is defined as half of the mean
square difference in values between two places separated by h. Specifically, let:

e y(h) be the estimated value considering node h
e Z be all the values assumed in the centroid xi

e Xi be the centroid

y(h) is computed as returned by egn. [2]
y(h) = %Var[Z(x) —Z(x+h)] = % o [z(x) — z(x; + B)]? [2]
Subsequently, the analysis was implemented through the Surfer 8.0 software. The input was the O/D matrix

structured as shown in Fig. 8:


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145

414

415

416

417

418

419

420

421

422

423

424

425

426

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,
Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145

Surfer

Explore tnhe aeptns or your

data

Villanova Monteleone

FEATURES  FAQ  REVIEWS  FREETRIAL  BUYNOW

] Analyze Data

N
:
B,

o

o
c
S
o
F
) £ é
s % © ® ] ]
3 & 2% E £ § 28 =
£ 3 5 Es8F g i 3128 Blel ol dlal ul.l% -| 8|%| E
€ . g s E &8 3F 5§ % 2 % 2 5 E € » 2 8 0 o3 £ =8 _ E 23 5
| © Centroid name 8 8l<| < @ . a3 S .0 18,8 8 S 0B AS LE M B2 5412543845,
1 Armungia 1543460 - 741 178 0 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0
2 Assemini 1438711 -J«LEZ” 0 A]ﬁ,i - ] \ 0 7 _-.‘ 0 I 6 ‘ ‘ ‘ ] ‘ ‘ I ‘ [ ‘ ‘ ‘ I
| 3 Ballao 153013 4379718 , 6 0328 | 0 0, 0 0 o o o 0 0 o o ol o 0
2 'Banrall 15 a3 o 2'aco’ o 7 o o
5 Burcei 4

6 Cagliari 1509426 4338315 0 149 8 0 4

(e

Fig.8 Structure of the O/D matrix: (a) complete matrix; (b) an example (for centroid 3) of how the generation maps were estimated.
The values of the centroid are distributed in the territory according to the degree of attraction of the other centroids; (c) a screenshot
of the Surfer 8.0 software. Each entry of the matrix represents the number of trips from an Origin to a Destination

Once supply and demand data are analysed, a crucial issue is to build comprehensible and usable
performance reports for e.g., planners, managers, decision makers (hereafter experts), for the effective
analysis of data. In this context, a clear representation of the results can be done by maps. These maps are
produced in a GIS environment and uploaded on a base city map. These maps show the opportunities and
criticalities of public transport network according to the value returned by some indices and help experts
detect those areas needing more attention to improve its PT performance.

The attraction maps are produced by interpolating the values from the 377 centroids in the direction of the
considered centroid. Similarly, the generation maps were generated by interpolating the values from the
considered centroid to the other 377 centroids. The values are georeferenced using the east and north

coordinate values in the matrix's first two columns of Fig. 8.

4.3  Proposal of a revised PTS network
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Finally, once criticalities have been detected, the last step builds to revise the PT network, as detailed better
in the next section. Specifically, the main drivers to revise the PT network include: (i) the hierarchical
network organisation; (ii) the integration among railway, PT, RfD and sharing mobility to provide more
capillary and effective services; (iii) the reduction of the road congestion.

The overall methodology appears to be somewhat effective because it provides for the minimisation of

calculation errors and graphical modelling of Sardinia's transport.

5. Results

This section shows the main result of the application of methodology (steps 2 and 3). Specifically, this
section shows the graphical representation of the proposed methodology and the design hypothesis of the
authors, based on an effective integrated multimodal model.

The proposed methodology enabled the development of several contouring systems differentiated by the
purpose for the trip, mode of transport and time. Fig. 9 illustrates the maps created because of the data
processing procedure. Specifically, the ISTAT statistics that distinguish the PTS were chosen and evaluated,
namely those that travel through rail (Figs. 9 a, €) and urban bus (Figs. 9 b, f). Additionally, the authors
wanted to study alternative modes of travel because of their close relationship to PTSs. In this regard, maps

are created by considering also private car (Figs. 9 ¢, g) and transport on bicycle and on foot (Figs. 9 d, h).
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Fig. 9. Graphical representation of the trips calculated with the Kriging method in absolute terms (a, b, c, d) and as a percentage (e, f,
g, h).

Each representation of Fig. 9 has been scaled differently to emphasise the distributive structure and,
therefore, has a different scale. By establishing an equal scale, the territorial peculiarities would have been
eliminated.

The trips represented take place on public transport (train and bus), on private vehicles and by bikes and
walking in absolute terms (Figs. 9 a, b, ¢, d) and as a percentage (Figs. 9 e, f, g, h). The scale of vehicle
usage values from blue (minimum value) to red (maximum value). Fig. 9a shows the attitudes to rail travel,
attributable to the presence of efficient service in the south-western and north-western sectors of the island.
Although there is an important infrastructure that connects Sassari and the north-eastern part of the island,
this infrastructure is not used. This also applies to public road transport (Fig.9b). Indeed, the population
prefers to travel by private automobile, as seen in Fig. 9¢ with a more vivid blue, although the road network

is more developed and better connected in the western part of the island.
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This dynamic is much more evident in the percentage generation, which emphasises the link between
railways (black line), roads (white line), and their usage, independent of whether (western and south-eastern
bands) or not (north-eastern bands) a railway and road network exist. As previously stated, this is due to (i)
the inefficiency of infrastructure networks and (ii) the absence of connectivity between infrastructure nodes
and smaller communities in inland areas. Considering the lack of rapid and simple multimodality, existing
PTS networks are underutilised. The comparison of the different maps enables making some observations.
On the one hand, the total generation of the maps shown in Fig. 9 (a, b, ¢, d) demonstrates that the values for
all modes of transport reflect the population distribution and presence of services in the island's coastal hubs,
except for Nuoro. On the other hand, Nuoro is a hub for primary and secondary services essential to the
region of central-eastern Sardinia. Between Nuoro and Cagliari, there is a substantial barrier to access due to
the territory's morphology, which inevitably increases the gap between the coastal and interior regions,
further isolating and making the hinterland inaccessible.

The widespread usage of private vehicles by the population reveals that the railway network is not
branched, that it does not cover all sites on the island, particularly the north-eastern internal ones, and that it
is poorly managed and difficult for day journeys. Interestingly the corridor from Oristano to Cagliari can be
considered attractive owing to the employment of the new trains, which help guarantee a relative fast link to
Cagliari. Conversely, Fig. 9a shows that the East part of the railway track is heavily underused with
insignificant trips, as also expected owing to the large running times between Cagliari and Olbia, which are
the main terminals. This evidence is critical because Olbia is the nearest port to the Italian mainland.
Although slightly different, this dynamic is also evident in Fig. 9b for bus trips. Specifically, bus trips were
concentrated from/to the municipalities that gravitate around the main Island centres, i.e., Cagliari, Sassari
and Olbia, with an exception for Nuoro city (in green in the middle of Fig. 9b) and its surrounding
municipalities. In contrast, a corridor of about 100km is adopted to satisfy bus trips from the south-

westernmost part Sardinia. This evidence confirms that the island's whole PTS system falls short of customer

satisfaction, thus most of trips were done by cars as also shown in Fig. 9c.
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Fig. 9d describes the trips on foot and by bicycle. This map shows that this mode of transport is more
prevalent in the largest metropolitan areas (Cagliari and Sassari), accounting for around 50% of total private
traffic and having a fairly comparable distribution.

The next four maps (Figs. 9 e, f, g, and h) show the contouring values normalised to the total generation of
each municipality. They enable communities to express their attitudes about a certain form of transport
regardless of their population size. The region southwest of the island (Sulcis-lglesiente and Campidano) has
a high preference for trains (Fig. 9¢). In the central part of the island and in the Oristano region, buses (Fig.
of) are relevant in percentage terms. Private vehicles, bicycles, and walking continue to have comparable
values to those calculated in total generation (Figs. 9 c, d).

The study reveals a total lack of accessibility networks across the island. There is a total absence of
transport planning that organises the territory's mobility by prioritising links between weak and strong hubs,
as well as between coastal regions and the hinterland, based on real population movements. This
significantly intensifies the disparities across cities around the island. Additionally, the calculated values, as
seen in Fig. 9, highlight some regions where real gaps exist in mobility planning (Fig. 10 in yellow). To
address these issues, the authors suggest an intelligent transportation planning system for Sardinia based on
an integrated multimodal system (Fig. 10) connecting PTS (train and bus), rental service with driver (RSD),
and tourist railway lines.

Fig. 8 illustrates an articulated system that enables a more extensive network to be supported across the
region and encourages more accessibility across the area using real data obtained using the Kriging method,
location of ports and airports, and previously financed projects by the Region of Sardinia. This is
accomplished by connecting the current network (train and bus) to a RSD, which would facilitate travel even
in inner areas. Specifically, the integrated multimodal system proposed in Fig. 10 underlines:

(i) how to intervene in a more widespread way on the mobility network, in the areas with accessibility gaps
(Fig. 10 in yellow). To do this, the project links a widespread RSD system to the railway network (green and

black lines) and to public transport by road (red line).
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(i) how to favour a sustainable transport system by improving the network and, therefore, facilitating the use

of public transport, to the detriment of private transport. The management of RSDs was designed in relation

to the existing PTS and the need for connection between coastal areas and inland areas.

(iii) how to favour sustainable tourism because it designs easy and interconnected connections between main

ports and airports and PTS / RSD. This would also enable in the summer months, of greater tourist intensity,

to limit the use of private cars.
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Fig.10. Proposal of the integrated multimodal system
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Additionally, this system would enable for the limitation and partial resolution of issues correlated to inner
accessibility by promoting and supporting equitable access across the territory. Indeed, the project would (i)
contribute to reducing the socio-economic gap between coastal areas and the hinterland, by establishing more
structured and dynamic connections; (ii) facilitate the consideration of a more equitable distribution of
primary and secondary services throughout the territory's urban, rural, and industrial sectors. The
representations of real data (Fig. 9) and the link to existing and previously funded infrastructure (Fig. 10)
also enable a feasible integration between the mobility plan and the island's growth plan based on population

demands. This is significant in an island context where socioeconomic problems are inextricably tied to a

structural configuration in which planning tools do not communicate with one another.

6. Conclusions

Sardinia has developed a weak public transport service (PTS) structure because of urbanisation and low
population density, resulting in excessive dependence on private cars. Proof of this is that almost all people
who travel to the island for work and tourism use a car. In addition, the infrastructural network and PTSs
were developed in a disconnected way concerning settlement dynamics.

The spatial interpretation through the study of mobility provides a comprehensive picture of the uses and
needs of the population. The trip analysis reveals that the permeability between coastal and inland areas
remains challenging, confirming that the multipolar regional system is strongly centred on coastal zones. The
strong need for inhabitants to transit between municipalities (for a variety of reasons, mostly connected to the
presence of island services) produces a dynamic that the public transportation system cannot sustain. Indeed,
in comparison to the advantages of the residents in the island's larger centres, which are equipped with all
necessary services, residents of the island's smaller centres are compelled to daily mobility through the
commitment of additional time and resources in the island's centres of attraction. This triggers a regional
mobility dynamic, which leads the resident population to smaller centres to move and, therefore to increase
internal imbalances.

In other words, the modalities and opportunities for moving do not yet reflect Sardinia's socio-physical and

socio-economic reality, which is marked by significant daily dynamism. Indeed, analyses indicate that the
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PTS in Sardinia cannot satisfy the real population distribution, which is also spread throughout several small,
very low-density villages. The inner areas are rapidly depopulating, whereas the main cities on the coast are
rising in population.

This study and the related analyses demonstrate the divergence between current reality and current trends

(lifestyles and mobility, consumption, and pollution reduction in the transport sector), as well as how much
the road infrastructure has developed over the decades, favouring almost exclusively private mobility.
This heavy reliance on private automobiles (Fig.9c) at the expense of public transport (Fig. 9b) is driven by a
variety of variables, including service quality, lack of connectivity, distance to and from stations, and
distance to/from homework. To overcome these gaps, this study examined the state of the art in Sardinia in
terms of accessibility using statistical and real-world data, and then reforming the Public Transport Mobility
system with the objective of enhancing accessibility. The reformation of Public Transportation Mobility was
based on a comprehensive understanding of mobility's features, including the intensity of flows, trip times
and durations, origins and destinations, modes of transport utilised, and motivations.

The main objective of the integrated train/bus/rental service with a driver (RSD) system is to consider the
PTS as a valid alternative to private vehicles by identifying a network that optimizes the available resources.
The transport continuity solution of this research (Fig. 10) enables the whole island system, and therefore all
polarities (weak and strong) to create a daily, more sustainable and smart relationship for Sardinia.

This study contributed to the literature as follows:

e It has proposed a methodology able to fill the large scientific gap in mobility regional planning based
on real data and underlying problems related to insularity (e.g. the gap between weak internal areas
and strong coastal ones), by considering the existing infrastructure.

e It has offered a straightforward methodology that can identify and possible address similar problems
in other insular and non-insular contexts by location-sensitive data.

e It has preliminarily identified a multimodal system capable of facilitating accessibility in isolated
areas of the territory, such as mountainous or ultra-peripheral areas;

e |t has considered the concept of smart mobility not linked only to technology (which becomes a tool

used to improve and optimise transport planning) but as a concept that incorporates the consumer as
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a key component. In this sense, the integrated multimodal system proposed appears smart both (i)
because it experiments with alternative forms of mobility connections, and (ii) because it proposes a
mobility urban development project that encourages the use of public transport.
Specifically, this multimodal system may bridge the gap between shared public transport and
unsustainable individual private transport. Relevant implications of this study are:

e The replicability of the methodology combined with location-sensitive data will enable to assess
similar issues in other islands. Specifically, the results can be applied in similar contexts
characterised by comparable elements such as a road network, transit system (e.g. number of routes
and associated timetables), and travel demand. Conversely, the methodology implemented is general
and, providing new input data which refers to the context at hand, the model can also be used for
metropolitan areas where different types of PT modes will result.

e The high degree of applicability of this method is not strictly linked to PTS but can be generalised to
other transportation modes.

e The island government can revise their policy and practice of transportation modes considering the
findings of this study.

However, some project weaknesses need to be investigated. Indeed, in real life, the project would need
close coordination between PTS and RSD managers. This cooperation should be active and proactive in
essence, facilitating intermodal changes via an integrated management system that incorporates public and
private sectors. Another critical element may be the project's execution and implementation. Even though the
authors feel that accessibility is essential for growth in a vast island context such as Sardinia, integration with
urban master plans could modify the project presented, increasing its efficiency. By using this methodology,
there is a risk of not having a comprehensive understanding of the population's demands.

Nevertheless, these results are preliminary steps in the authors’ agenda and raise several relevant topics for
further research. This study provided a large and qualitative vision for the reorganisation of PTS in Sardinia.
However, first, an overall transportation model should be implemented to check the overall technical
feasibility. Second, a preliminary cost-benefit analysis or multicriteria method should be implemented to

assess its economic feasibility on the overall island. Furthermore, this study paves the way for the theoretical


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145

594

595

596

597
598

600

601
602
603

605
606

607

608
609
610
611
612
613
614
615

617
618
619
620

622
623

625
626
627
628

630
631

633
634
635
636

638
639
640
641
642
643
644

646
647

649
650
651

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,
Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145

study on accessibility and its connection to smart mobility and transport justice, especially in contexts with
particular geographical and structural problems, such as islands. These new evaluations are welcome in

further studies.

Author Contributions: This paper is the result of the joint work of the authors. In particular, “Methods” with subparagraphs
and “Results” are written jointly by the authors. Chiara Garau wrote the “Introduction”, Giulia Desogus wrote “The principles of
insularity and accessibility: state of the art”, Benedetto Barabino wrote “The case study of Sardinia, Italy”, and Mauro Coni wrote the
“Conclusions”.

Acknowledgements: This study was supported by the MIUR through the projects "WEAKI TRANSIT: WEAK-demand areas
Innovative TRANsport Shared services for Italian Towns (Project protocol: 20174ARRHT_004; CUP Code: F74119001290001),
financed with the PRIN 2017 (Research Projects of National Relevance) programme. We authorize the MIUR to reproduce and
distribute reprints for Governmental purposes, notwithstanding any copyright notations thereon. Any opinions, findings and
conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the
MIUR. This paper is also supported by Cagliari Accessibility Lab, interdepartmental center the University of Cagliari.

References

Abdelhamid, A., Bouchaib, R. & Abdelkhalak, H. (2022). Optimization based on electro-thermo-mechanical modeling of the high
electron mobility transistor (HEMT). Int. J. Simul. Multidisci. Des. Optim. 13 (2). https://doi.org/10.1051/smdo/2021035

All Ireland Smart Cities Forum (2022) Evolving smart cities & communities. https://smartcitiesireland.org/current-
projects/?category=Ng== (Accessed February 8th, 2022)

Amenta, C., Stagnaro, C. & Vitale, L. (2020). 11 costo dell’insularita. Il caso della Sardegna. Retrieved from
http://www.brunoleonimedia.it/public/BP/IBL_BP_189-Sardegna.pdf. Accessed June 15th, 2022

Arneodo, F., Castelli, R. & Botta, D. (2017, June). Towards a Smart Region paradigm: Beyond Smart Cities borders: Piedmont
Region experience. International Conference of Electrical and Electronic Technologies for Automotive, Turin, Italy, June 15-16,
p.1-8. 10.23919/EETA.2017.7993225

Bakogiannis, E., Kyriakidis, C., Siti, M. &Christopoulos, K. (2018, September). From Sustainable Urban Mobility Plans to
Sustainable Island Mobility Plans — Sustainable Mobility Policies in Island Cities. International Conference on Traffic and
Transport Engineering, Belgrade, Serbia, September, 27-28. Retrieved from
http://ijtte.com/uploads/news_files/ICTTE%20Belgrade%202018_Proceedings.pdf Accessed February 14th, 2022

Bansal, N., Shrivastava, V. & Singh, J. (2015, May). Smart Urbanization — Key to Sustainable Cities. In Schrenk, M.; Popovich, V.
V.; Zeile, P.; Elisei, P. & Beyer, P. (eds.), Real Corp, Ghent, Belgium, May, 5 - 7

Barabino, B. (2018). Automatic recognition of “low-quality” vehicles and bus stops in bus services. Public Transport, 10(2), 257-
289.

Barabino, B., Salis, S. & Useli, B. (2022). Assessing the Intention to Evade Fares for Demographic Segments of Passengers:
Empirical Research in Italy for Building Smart(er) Cities. Journal of Urban Planning and Development, 148 (1).
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000804

Barabino, B., Deiana, E., & Mozzoni, S. (2013). The quality of public transport service: The 13816 standard and a methodological
approach to an Italian case. Ingegneria Ferroviaria, 68(5), 475-499.

Barabino, B., Deiana, E., & Tilocca, P. (2011). Urban transport management and customer perceived quality: a case study in the
metropolitan area of Cagliari, Italy. Theoretical and Empirical Researches in Urban Management, 6(1), 19-32.

Barabino, B., Corona, G., & Tilocca, P. (2008). A telematic platform to manage private and public transport: a case study in Italy. In
Transport Research Arena Europe 2008.

Boletin Oficial Del Estado (2015). Resolucion de 31 de julio de 2015, de la Entidad Pdblica Empresarial Red.es, por la que se
convocan ayudas para el desarrollo del programa de islas inteligentes de la Agenda Digital para Espafia (C055/15-AE) y se
establecen las bases reguladoras de dicha convocatoria. Retrieved from  https://www.boe.es/boe/dias/2015/08/01/pdfs/BOE-A-
2015-8704.pdf Accessed February 9th, 2022

C268/8 (2015). Opinion of the European Economic and Social Committee on ‘Smart islands’ (own-initiative opinion). Retrieved
from https://eur-lex.europa.eu/legal-content/ GA/TXT/?uri=CELEX:520141E5752. Accessed February 9th, 2022

C306/51(2017). Official Journal of the European Union (2017). Opinion of the European Committee of the Regions —
Entrepreneurship on Islands: contributing towards territorial cohesion.  Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:520171R0019&from=EN. Accessed February 8th, 2022

C326/4 (2012). Official Journal of the European Union. Consolidated Version of the Treaty on the Functioning of the European
Union. Retrieved from https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:12012E/TXT&from=IT. Accessed
February 9th, 2022

Carra, M., Maternini, G., & Barabino, B. (2022). On sustainable positioning of electric vehicle charging stations in cities: an
integrated  approach ~ for  the  selection  of indicators.  Sustainable  Cities and  Society, 104067.
https://doi.org/10.1016/j.5cs.2022.104067

Chatzimpiros A. (2013). SMILEGOV Project Multilevel Governance. Enhancing effective implementation of sustainable energy
action plans in European islands through reinforcement of smart multilevel governance. Final Report. Disponibile online:
Retrieved from https://issuu.com/dafni6é1/docs/d1.3_result-oriented_publishable_re. Accessed February 9th, 2022


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145
https://doi.org/10.1051/smdo/2021035
https://smartcitiesireland.org/current-projects/?category=Ng==
https://smartcitiesireland.org/current-projects/?category=Ng==
http://www.brunoleonimedia.it/public/BP/IBL_BP_189-Sardegna.pdf
http://ijtte.com/uploads/news_files/ICTTE%20Belgrade%202018_Proceedings.pdf
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000804
https://www.boe.es/boe/dias/2015/08/01/pdfs/BOE-A-2015-8704.pdf
https://www.boe.es/boe/dias/2015/08/01/pdfs/BOE-A-2015-8704.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52017IR0019&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52017IR0019&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:12012E/TXT&from=IT
https://doi.org/10.1016/j.scs.2022.104067
https://issuu.com/dafni61/docs/d1.3_result-oriented_publishable_re

652
653
654

656
657
658
659

661
662

664
665
666
667

669
670

672
673
674
675
676
677
678

680
681
682
683

685
686

688
689
690
691

693
694

696
697
698

699
700

701
702
703
704
705
706

708
709
710
711
712
713
714
715
716
717

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,
Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145

Chiordi, S., Desogus, G., Garau, C., Nesi, P., & Zamperlin, P. (2022). A Preliminary Survey on Smart Specialization Platforms:
Evaluation of European Best Practices. In International Conference on Computational Science and Its Applications (pp. 67-84).
Springer, Cham.

Chlomoudis, C., Kostagiolas, P., Papadimitriou, S. & Tzannatos, E.S. (2011). A European perspective on public service obligations
for island transport services. Maritime Economics & Logistics, 13, 342—-354. https://doi.org/10.1057/mel.2011.9

Cohesion Policy Department (2018). Internal Areas: Which Territories Are We Talking About? Explanatory Note on the Method of
Classifying Avreas. Retrieved from
http://0ld2018.agenziacoesione.gov.it/opencms/export/sites/dps/it/documentazione/Aree_interne/Nota_metodologica_Aree_inter
ne.pdf. Accessed February 8th, 2022

COM (2008) 616 final (2008). Green Paper on Territorial CohesionTurning territorial diversity into strength. Retrieved from
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0616:FIN:EN:PDF. Accessed February 8th, 2022

Coni, M., Garau, C., & Pinna, F. (2018, July). How has Cagliari changed its citizens in smart citizens? Exploring the influence of ITS
technology on urban social interactions. ICCSA 2018: International Conference on Computational Science and Its
Applications, Melbourne, VIC, Australia, 2- 5 July

Coni, M., Garau, C., Maltinti, F. & Pinna, F. (2020, July). Accessibility Improvements and Place-Based Organization in the Island of
Sardinia (Italy). ICCSA 2020: International Conference on Computational Science and Its Applications, Cagliari, Italy 1-4 July

Cressie, N. The origins of kriging. Math Geol 22, 239-252 (1990). https://doi.org/10.1007/BF00889887

Cross, M. & Nutley, S. (1999). Insularity and Accessibility: the Small Island Communities of Western Ireland. Journal of Rural
Studies, 15 (3), 317-330. https://doi.org/10.1016/S0743-0167(98)00062-X.

Dameri, R.P. (2013). Searching for Smart City definition: a comprehensive proposal. International Journal of computers &
technology, 11, 2544-2551. 10.24297/ijct.v11i5.1142

Desogus, G., Mistretta, P., & Garau, C. (2019, July). Smart Islands: a systematic review on urban policies and smart governance. In
International conference on computational science and its applications (pp. 137-151). Springer, Cham.

European Commission (2020) Strategic Plan 2020-2024. Retrieved from https://ec.europa.eu/info/system/files/move_sp_2020-
2024 _en.pdf. Accessed February 9th, 2022

European Commission (2022a) Mobility and Transport. Retrieved from https://ec.europa.eu/transport/themes/its_en. Accessed
February 8th, 2022

European Commission (2022b). Cohesion Policy legislation 2021-2027. Retrieved from
https://ec.europa.eu/regional_policy/en/information/legislation/regulations/. Accessed February 14th, 2022

European Parliament (2003). Islands of the European Union: State of play and future challenges. Retrieved from
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/652239/IPOL_STU(2021)652239 _EN.pdf. Accessed February 8th,
2022

Garau, C., & Annunziata, A. (2022). A method for assessing the vitality potential of urban areas. The case study of the Metropolitan
City of Cagliari, Italy. City, Territory and Architecture, 9(1), 1-23.

Garau, C., Desogus, G., Maltinti, F., Olivo, A., Peretti, L., & Coni, M. (2021, September). Practices for an Integrated Planning
Between Urban Planning and Green Infrastructures for the Development of the Municipal Urban Plan (MUP) of Cagliari (Italy).
In International Conference on Computational Science and Its Applications (pp. 3-18). Springer, Cham.

Garau, C., & Desogus, G. (2019a). A preliminary survey for a smart framework for the island contexts. In IFAU 2018 2ND
INTERNATIONAL FORUM ON ARCHITECTURE AND URBANISM-FRAGILE TERRITORIES (pp. 696-703). Gangemi
Editore spa.

Garau C., Desogus, G., Banchiero, F. & Mistretta P. (2020a, July). Reticular Systems to ldentify Aggregation and Attraction
Potentials in Island Contexts. The Case Study of Sardinia (Italy). ICCSA 2020: International Conference on Computational
Science and Its Applications, Cagliari, Italy 1-4 July

Garau, C., Desogus, G. & Coni, M. (2019b). Fostering and Planning a Smart Governance Strategy for Evaluating the Urban
Polarities of the Sardinian Island (Italy). Sustainability, 11(18), 4962. https://doi.org/10.3390/su11184962

Garau, C., Desogus, G. & Stratigea, A. (2020b). Territorial Cohesion in Insular Contexts: Assessing External Attractiveness and
Internal Strength of Major Mediterranean Islands. European Planning Studies. https://doi.org/10.1080/09654313.2020.1840524

Garau, C., Desogus, G. & Stratigea, A. (2022). Monitoring Sustainability Performance of Insular Territories Against SDGs: The
Mediterranean Case Study Region. Journal of Urban Planning and Development, 148(1), 05021069

Goede, M. (2018). Curagao: Smart Nation from Smart city to Sage society. Archives of Business Research, 6(3), 142-166.
10.14738/abr.63.4249.

Gomes, V.A.; Pitombo,C.S., Rocha, S.S. & Salgueiro, R.A. (2016). Kriging Geostatistical Methods for Travel Mode Choice: A
Spatial Data Analysis to Travel Demand Forecasting. Open Journal of Statistics, 6(3). 10.4236/0js.2016.63044

Gogola, M., Sitanyiova, D., Cernicky, L. & Veternik, M. (2018). New demand patterns for public transport Due to demographic
Change. Interreg. Retrieved from https://www.interreg-central.eu/Content.Node/working-paper--New-demand-patterns-for-
public-transport-due-.pdf. Accessed February 14th, 2022

Grydehgj, A. & Casagrande, M. (2019). Islands of connectivity: Archipelago relationality and transport infrastructure in Venice
Lagoon. AREA, 52 (1). 56-64. https://doi.org/10.1111/area.12529

Gupta, P., Chauhan, S. & Jaiswal, M.P. (2019). Classification of Smart City Research — a Descriptive Literature Review and Future
Research Agenda. Information Systems Frontiers, 21, 661-685. https://doi.org/10.1007/s10796-019-09911-3

Heaton, J. & Parlikad, A.K. (2019). A conceptual framework for the alignment of infrastructure assets to citizen requirements within
a Smart Cities framework. Cities, 90, 32-41. https://doi.org/10.1016/j.cities.2019.01.041

Ho, E. (2017). Smart subjects for a Smart Nation? Governing (smart) mentalities in Singapore. Urban Studies, 54, 3101-3118.
https://doi.org/10.1177/0042098016664305

Ibrahim M.F. (2003). Improvements and integration of a public transport system: the case of Singapore. Cities, 20 (3), 205-216.
https://doi.org/10.1016/S0264-2751(03)00014-3.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145
https://link.springer.com/journal/41278
https://doi.org/10.1057/mel.2011.9
http://old2018.agenziacoesione.gov.it/opencms/export/sites/dps/it/documentazione/Aree_interne/Nota_metodologica_Aree_interne.pdf
http://old2018.agenziacoesione.gov.it/opencms/export/sites/dps/it/documentazione/Aree_interne/Nota_metodologica_Aree_interne.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0616:FIN:EN:PDF
https://doi.org/10.1016/S0743-0167(98)00062-X
https://ec.europa.eu/info/system/files/move_sp_2020-2024_en.pdf
https://ec.europa.eu/info/system/files/move_sp_2020-2024_en.pdf
https://ec.europa.eu/transport/themes/its_en
https://ec.europa.eu/regional_policy/en/information/legislation/regulations/
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/652239/IPOL_STU(2021)652239_EN.pdf
https://doi.org/10.3390/su11184962
https://doi.org/10.1080/09654313.2020.1840524
https://www.scirp.org/journal/articles.aspx?searchcode=Cira+Souza++Pitombo&searchfield=authors&page=1
http://dx.doi.org/10.4236/ojs.2016.63044
https://www.interreg-central.eu/Content.Node/working-paper--New-demand-patterns-for-public-transport-due-.pdf
https://www.interreg-central.eu/Content.Node/working-paper--New-demand-patterns-for-public-transport-due-.pdf
https://doi.org/10.1111/area.12529
https://doi.org/10.1007/s10796-019-09911-3
https://doi.org/10.1016/j.cities.2019.01.041
https://doi.org/10.1177/0042098016664305
https://doi.org/10.1016/S0264-2751(03)00014-3

718
719
720

722
723
724
725
726
727
728

730
731
732
733
734
735
736

738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,
Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145

ISFORT (2021). 18° Rapporto sulla mobilita degli italiani Governare le transizioni per una ripresa sostenibile”. Retrieved from
https://www.isfort.it/wp-content/uploads/2021/11/211130_RapportoMobilita2021.pdf. Accessed July 03th, 2022.

Istat (2011). Matrici di contiguita, distanza e pendolarismo. Retrieved from https://www.istat.it/it/archivio/157423 Accessed
February 14th, 2022

Istat Sardinia (2021). Permanent population census: regional data. https://wwuw.istat.it/it/uffici-territoriali/sardegna. Accessed
February 19th, 2022

Karampela, S., Kizos, T. & Spilanis, 1. (2014). Accessibility of islands: Towards a new geography based on transportation modes and
choices. Island Studies Journal, 9, 293-306. 10.24043/isj.307

Lam, S.H. & Trinh, D.T. (2006). Land Transport Policy and Public Transport in Singapore. Transportation, 33. 10.1007/s11116-005-
3049-z

Lindner, A & Pitombo, C.S. (2018). A Conjoint Approach of Spatial Statistics and a Traditional Method for Travel Mode Choice
Issues. J geovis spat anal 2, 1. https://doi.org/10.1007/s41651-017-0008-0

Liu, Y., Jiang, C., Mourelatos, M.Z., Gorsich, D., Jayakumar, P., Fu, Y., Majcher, M. & Hu, Z. (2020). Simulation-Based Mission
Mobility Reliability Analysis of Off-Road Ground Vehicles. Journal of Mechanical Design, 143(3), 031701.
https://doi.org/10.1115/1.4048314

Lo, H.K., Tang, S. & Wang, D. Z.W (2008). Managing the accessibility on mass public transit: The case of Hong Kong. Journal of
Transport and Land Use, 1 (2), 23-49. DOI: https://www.jstor.org/stable/26201613

Lowry, M. (2014). Spatial interpolation of traffic counts based on origin—destination centrality. Journal of Transport Geography, 36,
98-105. https://doi.org/10.1016/j.jtrange0.2014.03.007

Luis, J.A.H. (2015). Analysis of accessibility to public Transport in Garajonay National Park (Gomera Island): proposal for
correction. Boletin  de la  Asociacion de  Gedgrafos Espafioles, 68, 461-464. Retrieved  from
https://accedacris.ulpgc.es/bitstream/10553/74393/1/Analysisofactivity.pdf Accessed February 14th, 2022

Ma, O. & Webster, R. (2007). Kriging: a method of interpolation for geographical information systems. International
Journal of Geographical Information Systems, 4(3), 313-332.10.1080/02693799008941549

Mantero C. (2022) Sustainable, Smart and Safe Mobility at the Core of Sustainable Tourism in Six European Islands. In: Tsoutsos T.
(eds) Sustainable Mobility for Island Destinations. Springer, Cham. https://doi.org/10.1007/978-3-030-73715-3_1

Mateu, J. & Segui-Pons, J.M. (2017). Transport and mobility infrastructures on the Balearic Islands. Challenges and perspectives.
Catalan Social Sciences Review, 10, 55-62. 10.2436/20.3000.02.52

Melkonyan, A., Koch, J., Lohmar, F., Kamath, V., Munteanu, V., Schmidt, J.A. & Bleischwitz, R. (2020). Integrated urban mobility
policies in metropolitan areas: A system dynamics approach for the Rhine-Ruhr metropolitan region in Germany. Sustainable
Cities and Society, 6. https://doi.org/10.1016/j.scs.2020.102358.

Miura, H. (2010). A study of travel time prediction using universal kriging. TOP 18, 257-270. https://doi.org/10.1007/s11750-009-
0103-6

Monfort, P. (2009). Territories with Specific Geographical Features. Retrieved from
https://ec.europa.eu/regional_policy/sources/docgener/work/2009_02_geographical. Accessed February 9th, 2022

Moreno-Monroy, A.l., Lovelace, R. & Ramos, F.R. (2018). Public transport and school location impacts on educational inequalities:
Insights from S&o Paulo. Journal of Transport Geography, 67, 110-118. https://doi.org/10.1016/j.jtrange0.2017.08.012.

National Strategy for Internal Areas (2022). Department for Planning and Coordination of Economic Policy. Retrieved from
https://www.programmazioneeconomica.gov.it/strategia-nazionale-delle-aree-interne/ Accessed February 9th, 2022

Pellicelli, G., Caselli, B., Garau, C., Torrisi, V., & Rossetti, S. (2022). Sustainable Mobility and Accessibility to Essential Services.
An Assessment of the San Benedetto Neighbourhood in Cagliari (Italy). In International Conference on Computational Science
and Its Applications (pp. 423-438). Springer, Cham.

Pinto, A.J., Kumar, P., Alonso, M.F., Andredo, W.L., Pedruzzi, R., Espinosa, S.I. & Albuquerque, T.T.TA (2020). Kriging method
application and traffic behavior profiles from local radar network database: A proposal to support traffic solutions and air
pollution control strategies, Sustainable Cities and Society, 56, 102062. https://doi.org/10.1016/j.s¢s.2020.102062.

Pinna, F., Garau, C., & Annunziata, A. (2021, September). A literature review on urban usability and accessibility to investigate the
related criteria for equality in the city. In International Conference on Computational Science and Its Applications (pp. 525-541).
Springer, Cham.

Proskawetz K.O. (2013) Smart Cities, Stakeholder Platform. Cooperative Intelligent Transport Systems and Services. Retrieved from
https://www.ttsitalia.it/wp-content/uploads/2014/11/Cooperative-Intelligent-Transport-Systems-and-Services-Smart-Cities-
Stakeholder-Platform-january.pdf. Accessed February 8th, 2022

Regional Transport Plan (2022). Strategic instrument for the integrated development of the maritime and land air transport policy in
Sardinia Retrieved from http://www.regione.sardegna.it/speciali/pianotrasporti/. Accessed February 14th, 2022

Retrieved from https://www.filodiritto.com/il-costo-dellinsularita-il-caso-della-sardegna. Accessed February 14th, 2022

Sammer, G., Uhlmann, T. & Unbehaun, W. (2012). Identification of Mobility-Impaired Persons and Analysis of Their Travel
Behavior and Needs Transportation Research. Record:vol.2320 (1): 46-54. https://doi.org/10.3141/2320-06]

Sardinia mobility (2022). Regional Transport Plan. Retrieved from
http://imww.sardegnamobilita.it/index.php?xsl=1058&s=33&v=9&c=6684&na=1&n=10&nodesc=2  Accessed February 14th,
2022

Shen, L., Shao, H., Wu, T. & Lam, W. H. K. (2019). Spatial and Temporal Analyses for Estimation of Origin-Destination Demands
by Time of Day Over Year. IEEE Access, 7, 47904-47917. 10.1109/ACCESS.2019.2909524.

Smart island Italia (2022). Disponibile online: Retrieved from http://www.smartisland.eu/. Accessed February 14th, 2022

Smart Island World Congress (2018). Connecting Islands to face global challenges. Retrieved from
http://www.smartislandcongress.com/en/home. Accessed February 8th, 2022


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145
https://www.isfort.it/wp-content/uploads/2021/11/211130_RapportoMobilita2021.pdf
https://www.istat.it/it/archivio/157423
https://doi.org/10.1115/1.4048314
https://www.jstor.org/stable/26201613
https://doi.org/10.1016/j.jtrangeo.2014.03.007
https://accedacris.ulpgc.es/bitstream/10553/74393/1/Analysisofactivity.pdf
https://doi.org/10.1007/978-3-030-73715-3_1
https://doi.org/10.1007/s11750-009-0103-6
https://doi.org/10.1007/s11750-009-0103-6
https://doi.org/10.1016/j.jtrangeo.2017.08.012
https://doi.org/10.1016/j.scs.2020.102062
https://www.ttsitalia.it/wp-content/uploads/2014/11/Cooperative-Intelligent-Transport-Systems-and-Services-Smart-Cities-Stakeholder-Platform-january.pdf
https://www.ttsitalia.it/wp-content/uploads/2014/11/Cooperative-Intelligent-Transport-Systems-and-Services-Smart-Cities-Stakeholder-Platform-january.pdf
http://www.regione.sardegna.it/speciali/pianotrasporti/
https://www.filodiritto.com/il-costo-dellinsularita-il-caso-della-sardegna
http://www.sardegnamobilita.it/index.php?xsl=1058&s=33&v=9&c=6684&na=1&n=10&nodesc=2
http://www.smartisland.eu/
http://www.smartislandcongress.com/en/home

782
783
784

786
787
788
789

791
792

794
795
796
797
798
799
800

802
803
804
805

807
808

810
811
812
813

815
816
817

©2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
licensehttps://creativecommons.org/licenses/by-nc-nd/4.0/

This is an Accepted Manuscript of an article published by Elsevier in Sustainable Cities and Society,
Volume 87, 2022, 104145, ISSN 2210-6707 available at: https://doi.org/10.1016/j.scs.2022.104145

Smart Islands Declaration (2018). New pathways for European Islands to create smart, inclusive and thriving island societies for an
innovative and sustainable Europe. Retrieved from http://www.smartislandsinitiative.eu/pdf/Smart_Islands_Declaration.pdf.
Accessed February 9th, 2022

Smart Islands Projects and Strategies (2016). Issued from the 1st European Smart islands Forum, Athens, Greece. Retrieved from
http://library.fes.de/pdf-files/bueros/athen/12860.pdf. Accessed February 8th, 2022

Smart Nation Singapore (2022). Transforming Singapore Through Technology. Retrieved from https://www.smartnation.gov.sg/.
Accessed February 8th, 2022

Soomauroo, Z., Blechinger, P. & Creutzig, F. (2020). Unique Opportunities of Island States to Transition to a Low-Carbon Mobility
System. Sustainability, 12 (4), 1435. https://doi.org/10.3390/su12041435

Sudiarta, 1.G.N.A. (2013). Tourist-Island accessibility by public transport: a comparative study of Bali Island — Indonesia, Crete
Island — Greece, and Mallorca Island — Spain. Master thesis. Retrieved from https://frw.studenttheses.ub.rug.nl/625/  Accessed
February 14th, 2022

Sustainable Island Mobility Plan (2017). Smart Islands Initiative. An initiative of European island local and regional authorities and
actors. Retrieved from http://www.scottish-islands-federation.co.uk/wp-content/uploads/2017/11/Smart-Islands-Initiative-
Sustainable-Island-Mobility-Plan.pdf. Accessed February 9th, 2022

Tilocca P., Farris S., Angius S., Argiolas R., Obino A., Secchi S., Mozzoni S., Barabino B. (2017). Managing Data and Rethinking
Applications in an Innovative Mid-sized Bus Fleet. Transportation Research Procedia, vol 25C, pp.-1904-1924,
https://doi.org/10.1016/j.trpro.2017.05.184

Torrisi, V., Garau, C., Inturri, G., & Ignaccolo, M. (2021, March). Strategies and actions towards sustainability: Encouraging good
ITS practices in the SUMP vision. In AIP Conference Proceedings (Vol. 2343, No. 1, p. 090008). AIP Publishing LLC.

Varakantham, P., An, B., Low, B. & Jie, Z. (2017). Artificial Intelligence Research in Singapore: Assisting the Development of a
Smart Nation. Al Magazine, 38 (3). https://doi.org/10.1609/aimag.v38i3.2749

Velaga, N.R., Mark Beecroft, M., Nelson, J.D., Corsar, D. & Edwards, P. (2012). Transport poverty meets the digital divide:
accessibility and  connectivity in  rural communities. Journal of Transport Geography, 21, 102-112.
https://doi.org/10.1016/j.jtrange0.2011.12.005

Wackernagel H. (2003) Ordinary Kriging. In: Multivariate Geostatistics. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-
662-05294-5_11

Yadav, P., Hassan, S., Ojo, A. & Edward, E. (2017, June). The Role of Open Data in Driving Sustainable Mobility in Nine Smart
Cities. ECIS 2017: European Conference on Information Systems, Guimaraes, Portugal, 5-10 June.

Zamperlin, P. & Garau, C. (2017). Smart region: analisi e rappresentazione della smartness delle cittd metropolitane italiane.
Bollettino dell'Associazione Italiana di Cartografia, 161: 59-71. 10.13137/2282-572X/21828

Zannat, K., Choudhury, C.F. Emerging Big Data Sources for Public Transport Planning: A Systematic Review on Current State of
Art and Future Research Directions. J Indian Inst Sci 99, 601-619 (2019). https://doi.org/10.1007/s41745-019-00125-9

Zhou, J., Cui, S., Liu, Y. & Song, X. (2011). Analysis of Satisfaction Degree for Urban Public Transportation: A Case Study of
Xiamen Island. Retrieved from https://en.cnki.com.cn/Article_en/CJFDTotal-CSFY201101015.htm. Accessed February 14th,
2022


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.scs.2022.104145
http://www.smartislandsinitiative.eu/pdf/Smart_Islands_Declaration.pdf
http://library.fes.de/pdf-files/bueros/athen/12860.pdf
https://www.smartnation.gov.sg/
https://frw.studenttheses.ub.rug.nl/625/
http://www.scottish-islands-federation.co.uk/wp-content/uploads/2017/11/Smart-Islands-Initiative-Sustainable-Island-Mobility-Plan.pdf
http://www.scottish-islands-federation.co.uk/wp-content/uploads/2017/11/Smart-Islands-Initiative-Sustainable-Island-Mobility-Plan.pdf
https://doi.org/10.1016/j.trpro.2017.05.184
https://doi.org/10.1609/aimag.v38i3.2749
https://doi.org/10.1016/j.jtrangeo.2011.12.005
https://doi.org/10.1007/978-3-662-05294-5_11
https://doi.org/10.1007/978-3-662-05294-5_11
https://doi.org/10.1007/s41745-019-00125-9
https://en.cnki.com.cn/Article_en/CJFDTotal-CSFY201101015.htm

