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Abstract

Micromobility provide intelligent, fast, and sustainable trips for tourist from accommodation facilities to
attraction locations. However, some points of interest may be located away from the accommodation i.e. in
a different city of a metropolitan area. In this case, cycling to the attractions may not be possible and
multimodal bike and public transport trips can be considered for more sustainable tourism. Therefore, it is
essential to identify how adequate a city transport infrastructures and services are for these types of trips.
In this paper, we propose a cycling indicator for tourism accessibility with the aim of defining the level of
multimodal bike-public transport friendliness through numerical values related to a specific zone in the
main city of a metropolitan area. The indicator was applied to the metropolitan area of Bari (Italy) and
results showed that the presence of bike lanes and bike-sharing plays an important role.

Keywords: Multimodal trip, Sustainable Tourism, Accessibility, Cycling.

1. Introduction and literature review

Tourism plays an important role in achieving sustainable mobility with positive public
health implications, as explained in the study of Mazzulla et al. (2021). At the same time,
a well-organized management is required to not negatively affect the lives of residents.
Logistics and transport are closely related to the quality and development of tourism. In
particular, the growth of micromobility and shared wvehicle systems allows the
establishment of more sustainable tourism.

Ciranni et al. (2018) showed that bikes are one of the most widely used types of
sustainable transport within cities. These could be private property, provided by private
entities or rented in sharing mode. In order to improve tourism, it may be useful to
evaluate the “bike-friendliness” of cities. In this case, there are a number of parameters
to take into consideration: weather conditions (for example number of hours of sunshine,
percentage of rainfall and temperature ranges), the proportion of people using bikes in
everyday life, crime assessed on the number of bike thefts and safety measured by the
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number of accidents, including fatalities, as showed in the study of Nilsson (2019). At the
same time, infrastructures play an important role in the development of city cycle tourism.

There are numerous cities that boast separate bicycle infrastructures with no road
system intersections. Having lanes dedicated to bicycles improves perceived safety and
increases the use of this sustainable mode of transport. Moreover, the location of sharing
system fleets plays a fundamental role in system usage because if these are located within
the proximity of tourist attractions and facilities such as hotels, bed and breakfasts
(B&Bs), and other accommodation for tourists, it makes these transport systems more
attractive and of greater use when visiting the city.

Sharing systems can be a solution for short and medium distances. However, in some
cases, the tourist starting point can be far from Points Of Interest (POIs) and multimodal
bike-public transport may be the best solution for sustainable trips. Multimodality has
been explored in a number of studies. For example, Chen and Cheng (2016) focused on
an integrated bike-rail transport service and analyzed cyclist preferences regarding this
service, using an on-site choice experiment survey and mixed logit models. Results
showed that cycle tourists are interested in integrated bike-rail transport services, with
attention to price, type of storage, bike storage location, and service frequency. Qiu and
Chang (2021) measured the interplay between Lime dockless bike-share and bus services
in Itaca, using data from records of bus stops and Lime bike-share trips where a user rides
a Lime vehicle to board a bus. They found out that Lime provided useful first and last-
mile transfers to bus services for commuters.

In literature, several authors have proposed indicators with the aim of exploring how
bike-friendly cities are, although few of them focus on tourism.

As regards “bikeability” indicators, Krenn, Oja and Titze (2015) developed a
bikeability index for a mid-sized European city based on Geographic Information
Systems (GIS) data to examine the predictive index validity and to determine the bicycle-
friendliness of the city with a bikeability map. Hamidi, Camporeale and Caggiani (2019)
proposed an indicator based on accessibility measures and the Theil Index of inequality
with the aim of analyzing the inequalities in bike access for the main transport hubs of a
city. This index takes into consideration the role of private and public bikes related to
access to existing public transport systems. Arellana et al. (2020) proposed an urban
bikeability index to evaluate and prioritize bicycle infrastructure investments and improve
cyclist accessibility.

Codina et al. (2022) created a bikeability index with the aim of mapping bikeability
potential of a city under consideration, using objective GIS data and ten spatial indicators.
This index can predict the frequency of daily bike usage considering parameters such as
traffic, collisions involving bicycles, volume of cyclists, infrastructures, cycle paths and
lanes, intersections, parking spaces, distance to biking stations, distance to bike racks,
topography, and percentage rise.

With regard to accessibility tourism indicators, Phumsathan et al. (2022) developed 32
indicators for assessing the potential for tourism development. These were based on five
components: attraction, accessibility, amenity, accommodation, and activity. The
indicators were used to calculate an expression termed Tourism Resource Potential.

Heris et al. (2022) determined optimal travel routes considering accessibility using a
team orienteering problem with time windows to design a multi-objective model with the
aim of determining optimal tourist routes. They took into consideration POIs and
proposed several indicators to calculate accessibility. Carra et al. (2023) used an
integrated method with the aim of analyzing itineraries for tourism experiences within
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municipal councils. They considered factors such as average slope, estimated cost of
realization, length, municipality crossed, POls, areas with dedicated lanes, train stations,
priority bus stops, and unpaved surfaces.

Indicators taken into consideration in the above-mentioned studies do not consider
multimodality with bicycles. Some studies analyzed multimodality from different
perspectives.

For example, Scheiner, Chatterjee and Heinen (2016) used the mobility biography
approach to study changes in multimodality over time at an individual level. They
analyzed four continuous indicators of mode use in a seven-day period. They considered
variables such as socio-demographic state variables, spatial/accessibility state variables,
socio-demographic change and spatial/accessibility change variables. They considered
car driver, car passenger, public transport, bicycle and walking as a mode shares.

Caggiani, Colovic and Ottomanelli (2020) proposed a station location model for bike-
sharing with equity aspects with the aim of minimizing inequalities in bicycle-public
transport mobility within population groups, maintaining both specified levels of
accessibility and coverage. They proposed accessibility and inequality indices and took
into consideration parameters such as minimum travel time between origin and
destination zone, considering the shortest path and the speed of the fastest transport mode
among those considered, and the minimum travel time associated with all possible
combinations of transport modes between origin zone and destination zone.

Capodici, D’Orso and Migliore (2021) carried out an analysis of cycling and rail
transport services to evaluate potential mobility demand related to these services and the
possibility of multimodality between bicycle and rail transport, using software GIS. They
took into consideration variables such as travel time spent from origin to destination,
cycle infrastructures, age of respondents for motorcycle and car alternatives, and the
gender of respondents for the bicycle and car alternatives, respectively.

Lemonde, Arsenio and Henriques (2021) proposed a methodology to analyze
spatiotemporal indices of multimodality against available situational contexts. The aim
was to find vulnerabilities in the public transport network. They took into consideration
the intensity of use of the first transport mode (including bikes), the total number of
modes, weather factors, and public events.

Zhou, Cao and Feng (2021) investigated the multimodal discrete network design
problem with the aim of simultaneously optimizing the car, bus and train transit networks
with inter modal transit such as walking and bike-sharing, using proposed model and
developed algorithms. They took into consideration travel time, cost, comfort loss, risk
reserve time, network operation cost, and construction cost.

Foldes and Pribyl (2023) conducted a spatial analysis on origin-destination data of bike-
sharing use, which starts or ends at a major public transport stop. The aim was to
understand if bike-sharing and public transport are competitive or complementary modes.
They took into consideration parameters such as weather conditions, bike rentals, distance
between bike-sharing stations, and bicycle infrastructure locations.

To the best of our knowledge, in literature, there are no indicators related to tourism
that take into consideration multimodality trips with bikes and public transport. For this
reason, we propose a first multimodal bike and metropolitan area public transport
indicator for sustainable tourism accessibility evaluation based on some factors presented
in literature and other cycling factors such as the presence of bike-sharing systems.
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The aim is to define the level of multimodal bike-public transport friendliness through
numerical values related to a specific zone in the main city of a metropolitan area, as
described in the following section.

2. Proposed indicator

In this paper, we present an indicator, named Multimodal Bike and public transport
Tourism Index, MBT1;, related to a specific city zone i in the main city of the metropolitan
area. MBTI; summarizes tourist multimodal bike-friendliness from all accommodation in
the considered i-th zone, in the main city where the trip starts, to all the POIs outside the
starting city and inside the metropolitan area under consideration. In other words, this
indicator measures how convenient is for a cycle tourist to stay in an area of the main city
and reach tourist attractions in the suburbs by leaving the hotel with a bike, depositing it
in a rack near a public transport stop/station and taking public transport services to the
suburbs.

The proposed indicator is based on the following factors:

e cycling infrastructures i.e., the presence of bike lanes and road intersections with and
without traffic lights;

presence of bike-sharing systems;

presence of bike racks in the starting city;

locations of the various accommodation facilities: hotels, B&Bs etc.;

location of the suburban public transport stops/stations, which connect the main city
with all the cities inside the metropolitan area under consideration,

e frequencies of the suburban public transport services;

e distances between accommodation and the location of suburban public transport
stops/stations;

e number of POIs of the suburbs that can be reached by the suburban public transport.

The indicator is calculated with the following equation:

n; m 1 nPOI, ntly,d
_ - * *Afg %S+ -
Z01‘—1 Zd_l wdo,q  tPOI fa into,q

MBTI; = -
i

where:

e n; is the total amount of accommodation (origins) in a zone i;

e m s the total number of suburban public transport stops/stations (destinations) related
to the main city of the metropolitan area (starting city) which have at least one bike
rack or a bike share station within a radius r;

e 0, represents an accommodation (origin) of the i-th zone (with i = [1, ..., n;]);

e d represents a suburban public transport stop/station of the starting city (with d =
[1,...,m]);

e wd, is the weighted distance from origin o; to destination d;
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e nPO0I, is the total number of the POIs connected with d, through the suburban public
transport services;

e tPOI is the total number of the POIs connected with the starting city, through the
suburban public transport services;

e af, isthe average frequency related to d of the suburban public transport services;

e s isthe corrective parameter for signalized intersections;

e ntly,q is the number of signalized intersections along the minimum path between the
origin o; and destination d;

e int,,q is the number of intersections along the minimum path between origin o; and
destination d;

Concerning the weighted distances, wd, 4, the length of each road link (I,) is
calculated with the following expression:

_ dist,
7

where:

e dist, is the real road link distance;

e 1y, is a parameter greater than or equal to 1. It is equal to 1 if there are no cycle
infrastructures on the road link and the greater than 1 it is, the safer the link is
considered by users.

Finally, the minimum paths between o; and d, required for the definition of wd, 4,
ntl,.q, and int, 4, are calculated on the network where the road links have distance .

The MBTI; indicator assumes positive values. The higher the value of MBTI; the
greater the multimodal bike-friendliness. In fact, it increases with the presence of bike
lanes, signalized intersections, the presence of bike-sharing systems, the proximity
between accommodations and suburban public transport stops/stations, and the average
of public transport frequencies at stops/stations. This value is related to a zone of the
considered the main city of the metropolitan area and it can not be compared with the
values of zones in other cities. It is only possible to compare zones located in the starting
city. Metropolitan district councils may have an interest in improving tourist multimodal
bike-friendliness by increasing these values, especially in areas where the indicator values
are low.

3. Case study

The proposed indicator was applied to the metropolitan area of Bari (Italy). This area
(Figure 1) has 1.26 million inhabitants and covers an area of 3,825 kmz2. It is composed
of 41 municipalities among which stands out the regional capital that is the city of Bari
with over 315,000 inhabitants. The metropolitan area of Bari includes several
municipalities and villages of strong historical and cultural interest, such as the
municipality of Gravina considered one of the oldest cities in the world to be inhabited,
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with settlements dating back more than 10,000 years, the city of Altamura that preserves
intact bones of Homo Neanderthalensis dated between 128,000 and 187,000 years ago.

The towns that still turn out to be the best known in the world today are Polignano a
Mare, whose historic center spreads out on a rocky outcrop overlooking the sea carved
out by the waters that run through “Lama Monachile” to meet the clear blue sea, and the
town of Alberobello, the city of “trulli”, singular conical stone houses belonging to the
World Heritage Properties.

nPOI
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[]6-10 [ 16-20 M 26-%0
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Figure 1. Metropolitan area of Bari (map data from OpenStreetMap -
openstreetmap.org/copyright).

The main city of this area is Bari that is one of the most visited cities in the Apulia
Region with over 873,000 tourist arrivals in the first 8 months of 2023. In the same period,
the city of Bari becoming one of the most popular destinations in Europe in recent years.
It registered about 60,000 visitors with an average of 130 thousand overnight stays in the
city in October 2023 alone.

In the Apulia Region, 2023 marks the recovery of long-haul tourist markets with
tourists coming mainly from Australia and United States, with an increase in the first
eight months of 2023 of over 50,000 tourists compared to the same period of the previous
year. The attractiveness of tourists from France, Poland, Brazil and Canada along with
other ones from North-eastern European countries (Romania, Lithuania, Bulgaria,
Hungary and Slovenia) is also high. Tourist flows from South America are also growing,
particularly from Brazil (SPOT, 2023).

The continuous flow of tourists throughout the year characterises the city of Bari,
however the summer season is the most popular. In this context, given the large size of
the metropolitan area and the limited presence of extra-urban cycle paths, for sustainable
travel of cycle tourists it is also necessary to use suburban public transport services. In
particular, for this application only suburban bus lines were considered given their greater
coverage of the metropolitan area compared to local train lines. Most of the Bari
accommodations are located in the city centre.
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For this reason, the proposed indicator was only calculated for this area which is
characterized by 4 kilometers of bike lanes, 24 bike-sharing stations, 110 accommodation
facilities, 12 suburban bus stops connected with 446 POls of the considered metropolitan
area suburbs.

The central area was divided into 64 zones with a square mesh grid zoning with sides
of 250 meters (Figure 2).
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Figure 2: Bari city centre with input data (map data from OpenStreetMap -
openstreetmap.org/copyright).

Among the other parameters of MBT;, it is necessary to explain the value of y, and s,
which are not suggested in literature as we defined them and should be calibrated, for
example through questionnaires.

As a first approach, we fixed the values of these parameters as follows. As regards
weighted distances, we considered that cyclists are willing to double the length of their
route with the presence of a protected/segregated cycle lane, as we can see in the study of
Deenihan and Caulfield (2015).

We took into consideration four types of bike lanes with relative y, values: protected
bike lanes (y, = 2), buffered bike lanes (y, = 1.8), conventional bike lanes separated from
motor vehicle travel lanes through a white lane line marking (y, = 1.6), and shared bike
lanes, or “sharrows” (y, = 1.4).

With these values we considered links with protected bike lanes more attractive to
tourists than links without cycling infrastructures and links with “inappropriate” bike
infrastructures.

As concerns factor s, we set a value equal to 0.5. In this case, MBTI; increases if the
number of signalized intersections is greater than half of the total road intersections, both
considering the minimum route distance. On the other hand, it decreases if the number of

signalized intersections is less than half of the total number of intersections along the
minimum route distance.
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The parameter nPOI,; is calculated by considering monuments and attractive places
located in the suburban cities under consideration. Average bus frequencies, af,, are
calculated in an interval of time from 6 a.m. and 11 p.m.

With regard to racks and bike-sharing station systems, we consider available only the
ones who are located in a radius r of 300 meters (Kabra, Belavina and Girotra, 2016)
from bus stops.

Bike-sharing stations are considered only if there is another station into the same radius
r from the starting accommodation point. In this way it was possible to calculate the
MBTI; for each zone i. The obtained values of the indicator are shown with a colour scale
from blue to red (see Figure 3).

No colour represents null value in zones without accommodation (MBTI; = 0). The blue
colour represents the highest values of MBTI; (the best values), the yellow colour
represents medium values, and the red colour represents the lowest values (the worst
ones).
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Figure 3. Map with MBTI; values for the zones under consideration (map data from
OpenStreetMap - openstreetmap.org/copyright).

The indicator values are on average quite low for almost all zones. However, the
northwest area shows the best ones (blue/yellow colours). This means that for these zones
it is easier to go from accommodations to the suburban POIs with multimodal bike-bus
trips.

Generally, the presence of bike-sharing increases the indicator values. For example,
there is a case in which there are not racks around a radius of 300 meters from suburban
public transport stops, i.e., bus stop 11, and bike-sharing fills that gap.

The presence of bike lanes, especially of the best types, also plays a fundamental role.
Indeed, one way to improve this situation, would be to increase the number of bike lanes
even in the most central zones of the city. Indeed, we recalculate the indicator by adding
bike lanes that are expected to be built soon in the city of Bari, and we get the result
depicted in Figure 4.
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Figure 4. Map with MBTI; values with planned bike lanes (map data from
OpenStreetMap - openstreetmap.org/copyright).

Zones that had dark orange colour before, become light blue and yellow. For this
reason, the addition of these new bike lanes makes an overall improvement in the context,
in particular, the value of MBTI; indicator become higher in proximity of the planned
bike lane represented in green.

4. Conclusion

There is no doubt that the tourist industry is now a key factor in the perception of cities
from cultural, economic, and social points of view. Cycling is one of the most useful ways
to visit cities, especially those that are small. However, in large metropolitan areas, some
POls can be located away from accommodations, and it may not be possible to reach them
using only a bike. In these cases, multimodal bike and public transport trips are suitable
for sustainable tourism. Metropolitan district councils may need to use ad hoc indicators
to establish the bike-friendliness of a city and to plan any changes to transport
infrastructure and services. For this reason, we proposed a tourism accessibility index for
multimodal bike-public transport trips in a metropolitan area. This indicator is related to
a specific zone in the main city of a metropolitan area. Its values are greater the higher
the level of multimodal bike-friendliness of a zone. Due to the fact that it is a relative
value, it can not be compared with the value of zones in other cities. This indicator was
applied to the metropolitan area of Bari (Apulia, Italy). A colour-coded map was created
to identify zones with a high level of multimodal bike-friendliness and zones with a low
level of the use of the combination between bike and suburban public transport from a
tourist point of view. Results show the effect of bike-sharing that can improve the global
situation and which was not previously considered in literature. The presence of bike
lanes also plays an important role. The proposed indicator considers factors related to
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safety such as signalized intersections and the presence/typologies of cycling
infrastructures, but it is possible to improve it adding other variables, for example the
number of accidents involving bicycles. In order to overcome another limit of the
indicator, it is necessary to calibrate considered parameters. The number of accidents and
the parameters calibration will be considered in a future work. Moreover, this indicator
can be used to design a bicycle network or to integrate new lanes or facilities in relation
to existing routes and shared bike systems, to design new public transport stops/stations
and to modify bus frequencies with the aim of increase the value of the indicator. It can
also be used to identify optimal positions for accommodation. In particular, we are
developing an optimization model with the aim of maximizing the indicator values
considering cycling infrastructures/lanes as variables.
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