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ABSTRACT

Urban mobility plays a key-role in developing sustainable cities, prompting planners to promote
alternatives to private cars. Among these, bikes offers significant potential. Therefore, this paper
presents a methodology for designing bike networks using floating car data (FCD) and survey
insights. FCD enables the estimation of origin-destination matrices, while surveys identify car trips
that could shift to bikes. The approach is validated through a case study in Rovigo, a medium-size
city in Northern Italy. Data from five working days, covering about 1,900 cars and 24,000 trips,
allowed classification of travel patterns and demand analysis. Based on these findings, the
proposed methodology achieved notable results, extending the existing bike network by approxi-
mately 28% in length. This study demonstrates the feasibility of leveraging FCD and behavioural
data to support sustainable mobility planning and enhance cycling infrastructure.

Introduction

In recent years, there has been a trend in many European
cities to favor alternative modes of transport rather than
cars. In fact, planners and city managers worked to
increase services (e.g. bike sharing) and infrastructures
(e.g. dedicated lanes for alternative transport modes, like
bikes, e-bikes, e-scooters, and similar micromobility vehi-
cles) in order to improve city livability (Comi and
Polimeni 2024; Dong et al. 2025; Nigro et al. 2024;
Weikl and Mayer 2023). Additionally, the World Health
Organization (2018) suggests the use of transport modes
that require muscle strength as a means of reducing
sedentary habits. The bike is a mode of transport that
meets both the needs to increase livability and use muscle
strength for traveling. But despite the efforts, the bike
network of many cities suffers the lack to be often incom-
plete, in the sense that not all destinations can be reached
by following exclusively the bike network, forcing the
bikers to travel on links with mixed flow (i.e. cars and
bikes) with several safety issues that push users to prefer
private cars. For example, in Rome the number of road
accidents involving bikers is over 3%, although less than
1% of users travel by bike. Furthermore, when bikers are
involved in road accidents, the consequences can be very
severe (Comi, Hriekova, and Nigro 2024; Comi,
Polimeni, and Balsamo 2022; RSM 2020). Therefore,
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one of the main efforts is to make the bike network
complete and safe, for example, by reducing conflict
points at intersections with vehicles and increasing the
links reserved for bikes. This could encourage users to
adopt this means of transport (Aziz et al. 2018; Di Gangi
et al. 2022). Studies in this field range from bike sharing
to bike network design, from the demand analysis to the
route choice/link cost function. The bike sharing can be
dockless or not (Meng and Brown 2021): in the first case,
the problem of locating the stations need to be solved
(Frade and Ribeiro 2015; Park and Sohn 2017). The
design of bike networks consists on adding links to an
existing network or designing it from scratch (Mauttone
et al. 2017; Ospina et al. 2022). Concerning the demand
analysis, there are studies on the potential demand
(Comi, Polimeni, and Nuzzolo 2022; Frade and Ribeiro
2014; Miah, Hyun, and Mattingly 2024) and studies on
the attributes influencing the demand levels (Chibwe
et al. 2021; Fitch-Polse, Mohiuddin, and Handy 2025;
Rupi, Poliziani, and Schweizer 2020; Venkadavarahan
and Marisamynathan 2022). The estimation of link cost
function for the bike and the consequent route choice is
another topic explored in the literature; as an example see
Schweizer, Rupi, and Poliziani (2020) and Gonzilez,
Melo-Riquelme, and de Grange (2016).
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The focus of this paper is to design the road bike
network in order to provide users with a viable alter-
native to the car. To achieve this, a procedure is devel-
oped to design a bike road network. It takes into account
the characteristics of potential demand, investigated
through floating car data (FCD) and an ad hoc survey.
In particular, the FCD provides the opportunity to infer
about private car trips that could be replaced by bike
trips, while the survey investigates the habits of users. By
means of FCD, the origin-destination (O/D) matrix can
be obtained without using advanced modeling frame-
work (e.g. four step model; Cascetta 2009). Once the O/
D matrix is available, it is possible to estimate the share
of demand that can shift from car to bicycle. The bike
network design has been developed with the aim of
connecting zones within the study area where cycling
is a feasible travel option. The problem is solved by
assuming that the user is the owner of the bike. This
implies that issues related to design, management, and
control of shared services (e.g. location, fleet size, relo-
cation) are out of scope of this research.

The design approach is flexible and can be applied to
any study area, provided that the road sections where
reserved bike lanes are allowed have been identified.
This ensures that the specific characteristics and con-
straints of the city are considered. In this way, the
circulation of other traffic components (e.g. cars) is
not compromised, and the bike network is designed to
maximize the use of dedicated lanes.

The paper is structured as follows. Literature review
reports a brief literature review on the bike network
design problem. The proposed bike-network design
procedure reports the proposed methodology, while in
Results and discussion, an application to a real case
study is discussed. Finally, in Conclusions, the conclu-
sions and the possible future development are drawn.

Literature review

Active mobility (e.g. walking and cycling) is healthier and
cleaner than driving, producing environmental, eco-
nomic, and social benefits (Comi and Polimeni 2024;
Kathait and Agarwal 2025). The literature on this topic
is extensive and addresses various aspects, ranging from
demand forecasting (Subramanian et al. 2023; Xu et al.
2025) to integration with other transport modes (Kapuku
et al. 2021; Olafsson, Nielsen, and Carstensen 2016), as
well as approaches that exploit trajectory data (Lopez
et al. 2017; Wang et al. 2025; Zimmermann, Mai, and
Frejinger 2017). Another topic tackled in the literature is
the development of appropriate infrastructures (Aziz
et al. 2018; Y. Li et al. 2025) that guarantee the safety of
the trip (e.g. reserved lanes). Then, the design of a road

network for such transport modes is required. Focusing
on the bike network, its design can be seen as a case of the
more general network design problem (Cantarella and
Vitetta 2006; Polimeni and Vitetta 2024). Doorley et al.
(2020) proposed a network design problem to identify the
layout of the bike network. The goal is to maximize the
benefits of bike users and society, taking into account
different factors (including air pollution, greenhouse gas
emissions, and user surplus). Similarly, Duthie and
Unnikrishnan (2014) proposed a formulation of the net-
work design problem through the minimization of the
total cost due to the improvement of road links and the
junctions with the objective to obtain a defined level of
service for cyclists.

The approach proposed by Lim et al. (2022) is aimed
in improving the bike network tacking into account
both the safety and the distance traveled. Zhu and Zhu
(2020) formulated a multi-objective problem to design
the bike network with the aim to minimize the number
of conflicts with other traffic components, the construc-
tion costs, and the number of junctions, and to max-
imize the accessibility and the level of service. Putta and
Furth (2021) proposed a methodology to improve the
quality of the bike trip by eliminating one-way restric-
tions with the use of the contra-flow on some road links.

Gaspar et al. (2015) formulated a bi-level model: the
upper level related with the bike network design, the
lower level related with the transport system simulation
considering the interactions among the different trans-
port modes (car, bus, and bike). S. Liu, Siddiq, and
Zhang (2024) formulated a procedure to estimate the
impact of the bike lanes on the congestion (the presence
of a bike lane can reduce the capacity of the infrastruc-
ture for the other modes), coupled with a mode choice
model to simulate the choices of commuters.

Correa, Mauttone, and Robledo (2023) proposed
a model to design the bike network with the aim to
maximize the demand shift to bike, in relation to the
level of technologies used in designing the network.
Nigro et al. (2024) proposed a demand model to
forecast the level of demand that shift from car to
bike. The determinants considered in the choice are
travel time, monetary costs, and safety. H. Liu, Szeto,
and Long (2019) formulated a model to maximize
route utility (i.e. minimizing the generalized route
cost), simulating route choice with a path size model
under budget constraints. Steinacker et al. (2022) pro-
posed a general framework to generate the bike net-
work taking into account the level of demand and the
route choice.

Zagorskas and Turskis (2020) presented a ranking
method to classify elements of the bike network for
existing and proposed bike route segments. The



procedure considers different criteria, the goal is to
minimize the investment costs by organizing a priority
list of the elements to build. Similarly, Zuo and Wei
(2019) developed a multi criteria approach to compare
different bike network alternatives based on a set of
evaluation criteria, such as the number of connected
origin-destination pairs, the connection with public
transport, the number of users served. Arellana et al.
(2020) proposed a tool to assess and classify different
layouts for the bike network, in order to allocate invest-
ments for road infrastructures. Similarly, Mauttone
et al. (2017) proposed a formulation to minimize the
bike users’ cost considering budget constraints. In addi-
tion, the approach considers the discontinuities in the
bike network (i.e. the cases where the bikers use non-
reserved lanes). Ospina et al. (2022) proposed a network
design problem aimed at maximizing the number of
origin-destination pairs connected by the bike network
(under budget constraints and considering the minimi-
zation of the travel costs related to the whole transport
network).

Other approaches, often based on the use of GPS
data, are possible in bike network design and in asses-
sing the potential shift (Kapuku et al. 2022). As an
example, Castiglione et al. (2022), starting from GPS
data related to the route followed by e-scooters, pro-
posed a clustering procedure to classify road links. The
aim is to identify the potential bike network under the
assumption that bike lanes can be used both by bikes
and e-scooters and that bicyclists have the same beha-
vior as e-scooter users. A bi-objective model (minimiza-
tion of the travel cost and minimization of the network
length) was proposed by Akbarzadeh, Mohri, and
Yazdian (2018). GPS data from taxis are used to identify
the origin and the destination of the trips within the city,
and some of them are supposed to be the starting points
to build the bike network.

Therefore, this brief literature review shows that
some works have been developed for bike network
design, however further effort should be made to build
a more attractive and safer bike network that could
attract trips currently undertaken by cars. In fact,
many of the studies analyzed focus on network design
procedures, but do not thoroughly analyze demand,
particularly the level of demand that would utilize the
bike network. To fill this gap, a procedure is presented
that wants to contribute to this topic. In particular, the
procedure takes advantage of the opportunity offered by
FCD to contain investigation costs (Comi et al. 2021;
Nigro et al. 2024) with the purpose of identifying the
potential demand that could shift from car to bicycle
and obtaining an overview of the routes typically fol-
lowed by users.
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The proposed bike-network design procedure

In this section, a procedure to identify the lanes of the
road network to assign to the bike network is discussed.
The approach starts with the identification of the poten-
tial origin-destination flow (demand) that is supposed to
be shifted from private cars to bikes. To achieve this
purpose, a dataset of FCD is used to identify the potential
car trips that could be made using the bike. This approach
can be applied both to the design of a new bike network
and to the extension or completion of an existing one. In
fact, the infrastructures available in the study area are
considered as input to the procedure; this means that, in
terms of supply, the input is constituted by the existing
bike network (if any) and all the road links where the use
of a bike is permitted. Figure 1 reports on the adopted
procedure. In particular, two parallel stages are proposed:
the former focuses on land use and on supply network,
while the latter investigates mobility through the FCD.
Therefore, the first stage consists of:

e zoning, the study area is partitioned into traffic
zones (obtained by merging census areas; ISTAT
2024); for each traffic zone, a fictitious node (cen-
troid) represents the origin/destination for all trips
from/to the zone (Cascetta 2009);

o supply analysis, it consists of identifying the exist-
ing bike network (highlighting any discontinuity)
and the potential bike network, namely a network
constituted by links where it is possible to add lanes
for bikes (i.e. links with geometric characteristics
that allow the insertion of a dedicated bike lane
without compromising vehicle flow).

Study area and zones FCD

7 o PO SR (NG EN SIS ] " ORISR €560/ 5 S S Gh N Smiem m—-—_—_——_ ) N
II s \ e \ \I
! Supply analysis FCD analysis !
| \ J . J ]
| ]
| ]
| ]
| . e . ]
| Existing bike network . 1
: Potential bike network Potential O/D flow i
l\ ,l

s ™

Adding bike links
. J
Bike network

Figure 1. The whole procedure for bike network design.
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Note that in this phase, the current bike network may be
an unconnected network, meaning that not all origin-
destination pairs can be reached using exclusively
a dedicated bike route (as emerged in some surveys
carried out in Rome, bike users strongly point out safety
issues and tend not to use unprotected routes; Nigro
et al. 2024). However, the route could exist if other links,
not exclusively dedicated to the bike, are used. This
means that the approach prioritizes the creation of safe
routes with dedicated bike lanes. When this is not pos-
sible, mixed-use links are inserted to preserve the con-
nection of the bike network. In parallel, a database of
FCDs is analyzed (FCD analysis) with two main
objectives:

¢ to identify the current routes followed by road
users;

e to identify the origin (O) and the destination (D) of
each trip according to the zones in the study area.

The output of the FCD analysis is thus the potential
O/D flow that could use the bike as transport mode.
To identify this potential demand, some assumptions
have been made about trips to shift from car to bike
considering the results of the survey. The results of
interviews with a sample of users, whose detailed
results are presented in Results and discussion (see,
for example, Figure 7), indicate that over 74% of
respondents are willing to use bike for trips shorter
than 5km when a dedicated bike lane network is
available. This finding aligns with evidence reported
in the literature (e.g. McQueen, MacArthur, and
Cherry 2020) and supports the adoption of 5km as
a reasonable threshold for classifying bike-eligible
trips. Besides in order to capture the users’ habits
(that reflect the trip purpose), a method to identify
the systematic nature of the trip (e.g. a home-work
trip) is proposed. Since this information cannot be
directly obtained by FCD, the proposed approach
classifies the trips in relation to origin, destination,
departure and arrival times, also considering when
the vehicle remains stationary at its destination for
more than two hours.

From these operations, a feasible first bike network
emerges. In particular, the current routes followed by
users give indications of the possible links to put in the
bike network.

The final step consists of adding bike links: the poten-
tial supply is compared with the routes obtained from
the potential O/D flow. This allows the supply to be
completed by adding the missing links, obtaining
a connected bike network that maximizes the overlap
with the observed routes. This final step is detailed in

O/D pair O/D distance Dlstanc‘e threshold
value
[ I J
v
Potential bike network Current bike network
' ‘ ™ ' + N

Shortest path search Shortest path search
Shortest bike route Current bike route

New bike links [

v

New bike network

Figure 2. The procedure for adding links.

Figure 2; note that the procedure reported in this figure
should be repeated for each O/D pair. Given an O/D
pair, the corresponding value of O/D distance is consid-
ered, and taking into account a distance threshold value
(in general, the users use the bike for travels that do not
exceed a certain travel length) a search procedure allows
the links to add to the bike network to be obtained.

In this approach, a potential bike network and
a current bike network are available: the first one con-
tains all the links that could be used for the bike net-
work, the latter contains the links already assigned to the
bike network.

The potential network and the current network are
the input of a shortest path search procedure (Dijkstra
algorithm), obtaining, respectively, the shortest bike
route and the current bike route. Being the current bike
network a subset of the potential network, it can happen
that:

e it does not exist; in this case, the links belonging to
the shortest route between the origin and the des-
tination are extracted from the potential network
and inserted into the current network;

e it exists, but it is not certain that the obtainable
routes are those of minimum cost.

Figure 3 reports an example of link addition related
to the second point discussed above. The objective is
to add the links to the bike network from the origin
i and destination j. In the represented case, it is
supposed that, in previous iterations, the bike net-
work links from i to k (i-5-3-k) and from k to j



Legend

@ Origin/destination node

@ Intermediate node

Figure 3. Example of procedure for adding bike routes.

(k-3-4-j) were added. When considering only the
links belonging to the bike network, route r,
between i and j is: i-5-3-4-j. When exploring the
whole road network with links that could potentially
be included in the bike network (i.e. they have fea-
tures that allow them to be used by bikers safely), it
emerges that the shortest route (r,) is i-1-2-3-4-j. In
this situation, the links (dotted lines in Figure 3) to
add to the network are (i-1), (I-2) and (2-3).

Results and discussion

Once the procedure has been defined, the next step is its
implementation in a real case study to assess its effec-
tiveness and validate the results that can be obtained.

Study area and data analysis

The procedure proposed in the previous section has
been tested in a small town to avoid overlapping effects
related to the size and complexity of demand. The study
area is the city of Rovigo, an Italian town of about 50,000
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inhabitants located in the Veneto region (North Italy).
This area has been divided into 44 zones (Figure 4): the
central area is composed of 41 zones, and the other
zones (labeled from 101 to 103) are used to simulate
interactions with the external environment. Table 1
reports some characteristics of the zones located in the
central area. Zoning is obtained by aggregating census
areas (ISTAT 2024), and following some criteria linked
to the geographical and socio-economic attributes
(Cascetta 2009). The dimensions of the zones affect
the simulation of the system; in this application,
a finer level of zoning detail is adopted to better capture
spatial variations in travel patterns. In fact, the zones in
the central area (from 1 to 12 and 20-21) are smallest
than the others, in order to better capture travel beha-
vior in the most densely populated part of the study
area. Since the trips used for network design are those
between different zones, the size of the zones affects the
number of trips considered in designing the bike net-
work. In fact, as the size of the zones decreases, intra-
zonal trips are reduced, which in turn increases the
number of inter-zonal trips used to define the bike net-
work. Although the approach is general, the results
depend on the level of zoning detail. This can be viewed
both as a limitation (since varying zone sizes within the
same study area may lead to different outcomes) and as
an opportunity, as the method can be applied in any city
regardless of the number of trips.

When analyzing the supply within the study area, it
emerged that the current bike network (Figure 5) is 24.1
kilometers long (considering only paved roads).
Figure 5 highlights that the bike network is piecewise
continuous (a common event in the urban bike network,
an element affecting the biker safety, as an example see

North

101

Legend

< zone

— central area

Figure 4. The study area.
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Table 1. Zones in the central area.

Zone id Area [km?] Radius [km]"” Zone id Area [km?] Radius [km]
1 0.078 0.157 21 0.939 0.547
2 0.089 0.168 22 6.297 1416
3 0.161 0.226 23 13.908 2.104
4 0.158 0.224 24 7.092 1.502
5 0.253 0.284 25 5.623 1.338
6 0.221 0.265 26 16.060 2.261
7 0.205 0.255 27 14.147 2.122
8 0.165 0.229 28 19.921 2518
9 0.248 0.281 29 13.269 2.055
10 0.304 0.311 30 4,378 1.181
11 0.457 0.381 31 16.407 2.285
12 0.594 0.435 32 17.201 2.340
13 4.253 1.163 33 28.035 2.987
14 13.606 2.081 34 18.040 2.396
15 10.699 1.845 35 24357 2.784
16 11.991 1.954 36 30.155 3.098
17 11.198 1.888 37 36.144 3.392
18 12.009 1.955 38 113319 6.006
19 7.321 1.527 39 31.031 3.143
20 0.616 0.443 40 86.689 5253
41 21.655 2.625

Average value.

H. Li et al. 2024; Natera Orozco et al. 2020). The aim is
to extend the bike network also trying, where possible,
to join the various existing elements. This needs to be
done not only at the infrastructure level but also taking
into account the potential demand that can use it.

To support this study, a stated preference (SP) survey
was carried out and 107 people answered. The ques-
tionnaire consists of 42 questions, and it is divided into

N\

Legend

Q zone

= Current bike links

Figure 5. The current bike network: a zoom in the central area.

four sections. The first section collects information
about the respondent’s residence, whether they have
a driving license, and the means of transportation avail-
able for their trips. The second section relies on sys-
tematic trips (e.g. home-work, home-school, home-
university), while the third section is on non-
systematic trips. The last section contains questions
aimed at obtaining socio-economic information.




= Never

= Any type of bike

= Only e-bike

Figure 6. Willingness to use the bike in a protected network for
systematic trips.

The survey analysis highlights that users, experien-
cing a systematic trip, would be willing to use the bike if
the route is in a protected lane. In particular, as shown
in Figure 6, at the question ‘Would you use a bike for
systematic trips if there was a dedicated bike network?,’
77.50% of users responded to be available to use the
protected network with any type of bike, while 10% of
users would only do it if they owned an e-bike.
Additionally, 12.50% of users are not willing to use the
bike, even on a protected network, for systematic trips.

In relation to the length of the trip (Figure 7), it
emerged that the users are willing to use the bike for

2.20%

5.50%

A‘ -
17.90%

®1-2 km = 3-5km
= 6-10 km 11-20 km
= more than 20 km

Figure 7. Trip length boundaries.
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general short trips. In fact, 23.10% of users would use
the bike for trips of less than 2 kilometers, 51.30% for
trips between 3 and 5 kilometers. The 17.90% of users
consider the bike as an available mode of transportation
for trips from 6 to 10 kilometers, this value decreases to
5.50% for trips between 11 and 20 kilometers. Only
2.20% of users declared the willingness to use the bike
for travels greater than 20 kilometers in length.

Potential demand estimation

A first analysis of potential demand can be performed
using the FCD. The available data are related to five
working days of observations, involving 1912 cars, for
a total of 205,595 GPS points and 23,846 trips (Figure 8).
The data set contains data from cars that have used, on
their trips, at least one link belonging to the study area
during one of the days of observation. From the analysis
of these data, it is possible to obtain the origin-
destination matrix and, consequently, the potential
users who could use the bike for traveling. The database
is the same one used by the authors in another paper
(Comi et al. 2021), in which, among others, it is shown
that this data sample is sufficient to estimate the demand.

The first step to build the O/D matrix from FCD is to
identify the origin and the destination of each trip accord-
ing to the zones in the study area. In this application, the
procedure proposed by Comi, Polimeni, and Nuzzolo
(2022), briefly described below, was applied. The basic
assumption is that the potential demand for micro-
mobility consists of the user living in the study area who
makes home-based systematic trips. The procedure takes
as input a set of FCD and gives as output the systematic
trips (home-based trip chains and home-based round
trips) to put into the O/D matrix. Besides, only the trips
by residents are considered, this raises the problem of their
identification: this task is carried out by merging the FCD
with vehicle registration data and adopting the rule that
a user is a resident if the starting point of the first trip in the
morning and the municipality where the vehicle is regis-
tered fall into the study area. Since the FCD are a sample of
vehicles traveling in the road network, the O/D matrix
obtained by analyzing the FCD is itself a sample that
needs to be multiplied by an index to be expanded to the
universe of investigation. This index has been defined as
the ratio between the number of vehicles surveyed in
a municipality and the total number of vehicles registered
in such a municipality. Since the study area contains more
than one municipality, there will be more than one expan-
sion index (this means that the elements of the demand
matrix are not all amplified equally). Finally, the value thus
obtained was multiplied by the percentage of users willing
to use the bike.
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Legend

Q zone

central area

Figure 8. Zones and floating car data.

Naturally, not all of these trips can be made using
a bike: either because there is no bike network between
the origin and the destination or because the distance is
too long. The procedure used to obtain potential trips
that could be made by bike refers to the distance
traveled.

Figure 9 reports a zoom-in on some trips generated in
the study area in the case when a 5 km threshold is set as
the maximum length of the trips. From this figure, it
emerges that there are many zones for which the shift
from car to bike for systematic trips is potentially possible.

Bike network design

Applying the procedure reported in Figure 2, the bike
network was updated by introducing some new links
(Table 2 and Figure 10), for a total of 6.8 kilometers (an
extension of 28.91% compared to the existing one). In
terms of trips, the existing bike network could be used
for 83% of the potential demand, while the designed
network could meet 95% of the potential demand
(Table 2). The evaluation of the covered demand was
carried out by checking whether the connection
between zones exists. Obviously, adding new connec-
tions (without hindering the mobility of cars) increases
the level of demand that can be met.

Conclusions

The paper tackles a design problem for bike networks.
Two elements have been considered: demand poten-
tially to be shift from private cars and the improvement
of the existing bike network. The aim was to build
a more attractive bike network for private car users

North

through the coverage of more origin-destination rela-
tionships in which, currently, users prefer to use a car,
but bikes could be a valuable alternative.

For demand investigation, an approach based on
FCD has been proposed. Starting from a set of data
related to car mobility in the study area, the demand
was evaluated, also with the support of a survey to
understand the attitudes of the users. The data, related
to different workdays, allow the origin-destination
matrix and, consequently, the potential demand to be
estimated.

For supply, the proposed approach has been
implemented with the aim of identifying the discon-
tinuities in the current bike network and solving
them. In addition, the objective of the design proce-
dure is to obtain a bike network that maximizes the
covered demand.

The procedure has been tested in a small town (about
50,000 inhabitants) with an existing bike network of
about 24 kilometers. A dataset of FCD and ad hoc
survey allowed identifying the potential demand to
shift from cars to bikes. The origin-destination matrix,
built by analyzing the FCD, has been crossed with the
results of the survey. This allowed filtering only the trips
that users perceive as feasible by bike (trips with a length
of less than five kilometers). In addition, it was discov-
ered that users are inclined to choose the bike as trans-
port mode only if the route is in a reserved lane. By
applying the proposed procedure, the discontinuities in
the current bike network have been solved, and the
addition of new bike links has increased the covered
demand by 14%.

This study is not without limitations. The main con-
cern relates to the composition of the analyzed sample:
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Table 2. Comparing scenarios.

Parameters Current scenario Design scenario Variation
Network length 24.1 km 30.9 km +28.21%
Covered potential demand 83% 95% +14.46%

66% of respondents are between 18 and 24 years of age,
which may lead to an overestimation of cycling demand.
Future research should address this issue by expanding
the participant sample to achieve a more balanced
representation. Nevertheless, this limitation does not
compromise the validity of the proposed procedure,
which remains applicable regardless of the overall
demand level.

Future developments could be related to the analysis
of the route choice by the bikers and the development
of shared services including the investigation of issues
related to the location of the sharing station along the
bike network. Multimodal trips (e.g. a combination of
micromobility and public transport) could be consid-
ered, for example, by assuming micromobility as a way
of accessing (and/or exiting) public transport.
Moreover, the role of trip chains warrants deeper

investigation, as the choice of transport mode in multi-
stop journeys can differ substantially from patterns
observed in single-trip travel. In such cases, factors
such as time constraints, activity sequencing, and the
need for flexibility could influence modal decisions,
making them more complex than those associated
with isolated trips.

Other aspects worthy of investigation refer to the
improvement of modal share modeling (with
a dedicated survey), as well as the development of
methods to refine the obtained road bike network
which take into consideration the attitude and prefer-
ences of the users, e.g. further improving the safety of
bikers. Finally, the opportunity to take into account
possible congestion effects could be assessed given that
in the next future it is expected a significant increase of
such users.
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14 A. COMI AND A. POLIMENI

Appendix

This appendix contains a summary of the SP survey. A total of 107 people answered the proposed questions. The
questionnaire consists of 42 questions distributed in four sections:

e the first section asks information regarding his/her residence, whether he/she has a driving license, and what means of
transportation are available;

e the second section relies on systematic trips (e.g. home-work) while the third section is on non-systematic trips;

o the last section contains questions aimed at obtaining socio-demographic information.

In the sample, 95.24% of the respondents have a driving license and everyone has a car for traveling (as a driver or as
a passenger). Figure Al shows the vehicles available to the respondents: about the 33% of them own only the car. In the
other cases, respondents have more than one vehicle at their disposal (e.g., 40.48% own both a car and a bike, 7.14% own
a car, a bike and an e-bike). Figure A2 reports the transport mode used prevalently for systematic trips: 69.06% of the
respondents declared the use of the car as driver for such type of trips, follows the use of the motorcycle (9.52%). Public
transport (bus, subway and train) covers 14.28% of the trips.

Table Al reports the socio-demographic data of the sample. It emerged that about the 55% of the respondents are
women, with a higher share (about 67%) of younger people (18-24years old, those who could potentially be most
interested in using micromobility). Only 2.38% of the sample is constituted by unemployed, there are 61.90% of
employees, 21.43% of students and 14.29% of working students. The respondents belong to six income brackets, the
bracket with the highest percentage of users is those with an income between twenty thousand and thirty thousand euros

per year (21.43%).
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Figure A1. Available vehicles.
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Figure A2. Systematic trips: modal share.



Table A1. Survey findings: socio-

demographic data.

Results

Sex
Woman
Man
Total

Age interval
18-24
25-34
35-44
45-54
55-65

Total

Employment condition
Unemployed
Employed

Student

Working student

Total

Income

0-10000 €/year
10001-20000 €/year
20001-30000 €/year
30001-40000 €/year
40001-50000 €/year
>50000 €/year

Total

54.76%
45.24%
100.00%

66.68%
9.52%
4.76%
7.14%

11.90%

100.00%

2.38%
61.90%
21.43%
14.29%

100.00%

19.05%
16.67%
21.43%
11.90%
16.66%
14.29%
100.00%
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