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1

Executive summary

The aim of this report is to gain a deep understanding of the weaknesses of existing methods and tools
supporting transport/mobility researchers, planners, and policy makers, as well as the identification of critical
parameters that need to be updated, extended, removed, or completely re-drafted.
We considered the findings of WP2, as well as the fact that the emergence of new mobility solutions and
technologies have significantly affected the principles upon which current practices are based. For instance,
we took into account new concepts required to assess more realistically and in an updated manner transport
users’ attitudes, preferences, and choices, and how they have reshaped their overall mobility behaviour due
to the emergence of these solutions. We achieved this by desktop-based research through the utilisation of
literature sources identified in WP2, as well as further sources identified using targeted keywords and
literature management software. In addition, we identified the challenges and trends during one of the
project’s surveys targeting key stakeholders of the aforementioned ecosystem (e.g., mobility researchers,
relevant governmental authorities, and transport companies). As such, we oriented the methods and tools
used in the nuMIDAS project. Starting by outlining their scope, we moved on to explaining the design and
development behind them. The following figure provides a schematic representation of the adopted design
and development approach.
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For each of the six selected use cases, we then gave an extensive review of the existing methods and tools,
after which we formulated our conclusions.


Use case 1: Pre-planning of shared-mobility services (Milan, Leuven)
Supports the definition of the optimal fleet size of shared mobility services (e.g., shared bikes, escooters) taking as input socioeconomic, mobility, financial, and service provision-related parameters
and constraints. It may also support the determination of optimal vehicle location and pricing.
Based on the literature findings, a critical consideration to be made is the need for identifying the
optimal fleet size of shared mobility services from both the perspective of service operators and
travellers. This is a necessary approach to be followed by the project’s toolkit as a means of ensuring
both the sustainability and viability of provided services. Such an approach relies on the postulation
of an optimisation problem in which the objective function will seek to optimise a total cost index
covering both perspectives. To this end, important parameters encompass both structural members
of this index as well as parameters that can be viewed as prerequisites for quantifying these
members.



Use case 2: Operative areas analysis (Milan)
Supports the distribution of existing shared mobility services supply to specific (high- or low-demand)
sub-areas of a metropolitan area to minimise economic losses of service providers and to ensure an
acceptable level of service for citizens in line with the principles of equitable transport systems.
This use case interrelates to a fair extent with the first one. This is based on the premise that a tool
supporting the definition of shared mobility operative areas within a large city can take as input the
optimal values of the fleet size and/or the number of docking/dispatching stations (depending on the
nature of analysed shared mobility service) for each district. Based on that it can identify the optimal
allocation of existing fleets or stations to each district by solving, an optimisation problem complying
with the principles of the classical facility location-allocation problem. For this reason, the important
parameters are to a fair extent common with those of the first use case. Furthermore, this use case
includes additional parameters that are related to service provision equity (among the various
districts) as well as profitability equity (among the various service operators).
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Use case 3: Air quality analysis and vehicle emissions analysis based on multi-source data
(Leuven, Barcelona)
Supports the linkage and correlation of multi-source data including traffic-related, emissions-related,
and weather-related data. The ultimate purpose of this linkage/correlation is to assess the impact of
traffic on air quality, forecast air quality on a short- to medium-term basis (e.g., 10 days), and/or
simulate scenarios for the development and enforcement of air quality-related policies and policy
instruments.
Similarly, based on the literature survey concerning this use case, air quality analysis in the transport
sector has three main pillars, namely measuring emissions and their effects on the environment
(immissions), modelling them, and identifying the most proper measures for their mitigation. As
already discussed, the difficulty of measuring vehicle-induced emissions is considerably high, while
the difficulty of measuring their effects (e.g., on air quality) is manageable. Besides, the modelling of
emissions can be based on a microscopic, mesoscopic, macroscopic, or statistical approach, while
the modelling of emissions typically relies on sophisticated mathematical models (i.e. dispersion
models). Finally, mitigation policies can be based on alternative fuel technologies, traffic restrictions
within selected areas, and the provision of incentives. Given that the fourth use case focuses on the
first two pillars, provided parameters are related to those pillars.



Use case 4: Planning for parking (Leuven)
Supports the assessment of the impact of reducing on-street parking space within inner cities, thus
supporting the formulation and enforcement of relevant policies and policy instruments. Such impacts
will focus on the economic losses of drivers searching for a parking lot, the amount of additional traffic
flow generated by vehicles circulating in search of parking as well as changes in the public space use.
Based on the literature survey, the definition and enforcement of parking-related policies requires
comprehensive data collection regarding parking capacity and parking demand (including rush hours
and parking rotation), the determination of feasible policy measures, as well as the development of
models for simulating these measures (by adopting either a microscopic or macroscopic modelling
approach). In this respect, we include parameters that are deemed important for both data collection
and simulation endeavours understood as the prerequisites for assessing the impacts of parkingrelated policies.
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Use case 5: Assessment of inflows and outflows in a metropolitan area (Barcelona)
Supports the estimation of inflows and outflows between the districts of a metropolitan area based
on data generated by point-to-point detection systems (i.e. Automated Number Plate Recognition
systems) as well as of census data (i.e. vehicle registration). The ultimate purpose is to support the
refinement and proper enforcement of environmental policies and policy instruments (e.g., low
emission zones).
Concerning the exploitation of ANPR systems for imputing traffic demand and the inflows and
outflows to/from an area of interest, it is important to identify in a valid manner the start and finish
area of a trip. This can be supported by utilising timestamp information and estimations regarding
feasible/expected routes and travel times. Moreover, given that the target outcome of such an
application (i.e. inflows and outflows imputation) is of interest for policy making purposes, it is often
required to make distinction over the vehicles classes included, for instance, in an OD matrix. This
distinction can be supported by external databases providing information about vehicles registration.
The latter can also support the identification of trip start and finish area making use of spatial
information included in the aforementioned databases. Finally, part of the analysis should be
devoted to the estimation of missed detections. The parameters with respect to this use case
encompass the previously mentioned considerations.



Use case 6: Assessment of traffic management scenarios (Thessaloniki, Leuven)
Supports the assessment of C-ITS enabled traffic management scenarios based on simulation-based
tools and data analytics, making use of multi-source data including data from connected vehicles
fused with data from conventional counting systems.
Finally, the two most commonly adopted approaches for assessing traffic management scenarios is
the ex-ante (off-line) approach and the ex-post (data-driven) approach. In both cases, the assessment
is made on the basis of key performance indicators (KPIs) related to traffic characteristics, traffic
efficiency, traffic reliability, and the mobility of people and goods. Another important aspect
constitutes the analysis of a road network’s hierarchy and the identification of the parts of a road
network in which traffic management scenarios are applicable. The parameters for this use case
reflect both aspects mentioned above. To avoid an excessive list of KPIs utilised for assessing traffic
management scenarios, we include only a sample of relevant indicators.
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In the second part of this document we assessed the critical risks that need to be taken into account by the
methods and tools we are developing. We achieved this by first explaining the methodology and approach,
highlighting aspects such as data collection, data analysis, and different types of risk analysis. We then
identified each of the risks leading to a final list of relevant risks. For this, we relied on (i) a survey conducted
within the activities of WP2, (ii) a survey prepared for the pilot sites to collect the data on the risks related to
pilot sites’ services, and (iii) a literature review and desk research on identification of various risks related to
the deployment of services.
We then analysed these in further detail, looking at them from political, economic, social, technological,
environmental, and legal angles. The added value of our risk analysis lies in not only identifying a list of risks
and treating them as if they had an equal likelihood, importance on the project and easiness/difficulty to
address, but on the contrary, as it differentiates between risks that should be looked at with absolute priority
over others.
Combining these inputs, there is a clear mapping of risks that will require the first and foremost attendance
of the project consortium. They are identified as the following:











Lack of certain data inputs to provide service(s) (i.e. data on peak demand conditions to determine
a fleet size)
Poor quality and accuracy of received data
Lack of commitment of stakeholders to provide necessary data for analysis
High/extra costs to purchase necessary data from commercial parties
Public sector bureaucracy restrains the implementation of new technologies and new services
Lack of data standardisation
Impossibility to use historical data (e.g., vehicle registration) for analysis because it is not publicly
available and may be considered under GDPR
Lack of legal framework for development and implementation of new technologies
Lack of a GDPR compliant method to obtain vehicle type data from the national access point for
vehicle registration
Lack of knowledge on human behaviour and end-user’s rapid changing mobility needs

According to the Pareto analysis, 80 % of the effects come from 20 % of the causes. In case of nuMIDAS
project risks analysis, 20 % from all ranked risks (32 risks) constitutes 7 risks that need to be considered as a
priority. They constitute 4 technical risks (60 %), 1 political (13 %), 1 economic (13 %), and 1 legal (13 %). As
observed, the majority are the risks are of a technical nature.
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2

Introduction

2.1 About nuMIDAS
The mobility ecosystem is rapidly evolving, whereby we see the rise of new stakeholders and services.
Examples of these are the presence of connected and automated vehicles, a large group of organisations that
rally to establish various forms of shared mobility, with the pinnacle being all of these incorporated into a
large MaaS ecosystem. As these new forms of mobility offerings start to appear within cities, so do new ways
in which data are being generated, collected, and stored. Analysing this (Big) data with suitable (artificial
intelligence) techniques becomes more paramount, as it leads to insights in the performance of certain
mobility solutions, and is able to highlight (mobility) needs of citizens in a broader context, in addition to a
rise in new risks and various socio-economic impacts.
Successfully integrating all these disruptive technologies and solutions with the designs of policy makers
remains a challenge at current. let alone being able to analyse, monitor, and assess mobility solutions and
their potential socio-economic impacts.
nuMIDAS, the New Mobility Data & Solutions Toolkit, bridges this (knowledge) gap, by providing insights into
what methodological tools, databases, and models are required, and how existing ones need to be adapted
or augmented with new data. To this end, it starts from insights obtained through (market) research and
stakeholders, as well as quantitative modelling. A wider applicability of the project’s results across the whole
EU is guaranteed as all the research is validated within a selection of case studies in pilot cities, with varying
characteristics, thereby giving more credibility to these results. Finally, through an iterative approach,
nuMIDAS creates a tangible and readily available toolkit that can be deployed elsewhere, including a set of
transferability guidelines, thus thereby contributing to the further adoption and exploitation of the project’s
results.
nuMIDAS, the New Mobility Data and Solutions Toolkit, started at the beginning of 2021 under the Horizon
2020 programme and it is being developed by a European Consortium, composed of 9 partners from 6
countries: Belgium, Czech Republic, Greece, Italy, The Netherlands, and Spain.
The project builds on a distributed selection of case studies in pilot cities to provide a geographic coverage
of the EU. The three pilot cities are: Barcelona (Spain), Milan (Italy), and Leuven (Belgium). Thessaloniki has
been also added to the pilot cities with the aim of adding to the scope of the project a use case involving
traffic management and the use of cooperative technologies.
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2.2 Purpose of this document
The aim of this report is to gain a deep understanding of the weaknesses of existing methods and tools
supporting transport/mobility researchers, planners, and policy makers, as well as the identification of critical
parameters that need to be updated, extended, removed, or completely re-drafted. We consider the findings
of WP2, as well as the fact that the emergence of new mobility solutions and technologies have significantly
affected the principles upon which current practices are based. For instance, we take into account new
concepts required to assess more realistically and in an updated manner transport users’ attitudes,
preferences, and choices, and how they have reshaped their overall mobility behaviour due to the emergence
of these solutions. We achieve this by desktop-based research through the utilisation of literature sources
identified in WP2, as well as further sources identified using targeted keywords and literature management
software.
This report also assesses critical risks that need to be taken into account by the methods and tools we are
developing. We achieve this by taking input from the list of risks identified in WP2, clustering them into
various types, and identifying the most critical ones. Risk clusters at least encompass socioeconomic risks,
environmental risks, legal risks, and technological risks that may affect, among others, the methods and tools
to be developed. We also identify the criticality of these risks by assessing the likelihood of their occurrence
and their level of impact by taking input from key stakeholders with whom we interact (via WP6).

2.3 Structure of this document
In the first major part in Section 3 of this document we orient the methods and tools used in the nuMIDAS
project. Starting by outlining their scope, we move on to explaining the design and development behind
them. For each of the six selected use cases, we then give an extensive review of the existing methods and
tools, after which we formulate our conclusions.
In the second large part in Section 4 of this document we perform a risk analysis. First, we explain the
methodology and approach, highlighting aspects such as data collection, data analysis, and different types of
risk analysis. We then identify each of the risks (through various means such as surveys and desk research),
leading to a final list of relevant risks. We then analyse these in further detail, looking at them from political,
economic, social, technological, environmental, and legal angles. Finally, we provide a prioritisation of all the
risks to be taken into account during the remainder of the nuMIDAS project.
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3

Orientation of nuMIDAS methods and tools

3.1 Scope of the nuMIDAS methods and tools
The methods and tools to be developed in the context of the nuMIDAS project aim to provide a set of
harmonised methods and tools to support transportation planners, researchers, and policy makers. These
methods and tools will, on the one hand, facilitate the analysis, implementation, and monitoring of new
mobility solutions, building upon new mobility modes and digital interconnectivity. On the other hand, they
will enable the resolution of existing issues faced by several European cities related to urban mobility and
evidence-based decision making. Such a vision is purely in line with the challenges identified in the EC STRIA
Roadmap 2019 on Smart Mobility Systems and Services, including the prioritisation of smart, sustainable,
and integrated mobility systems, providing public transport connectivity and individual public mobility as well
as the implementation of functional frameworks oriented to achieve technical interoperability and shared
operating models across various transport modes. The methods and tools will be stress-tested and refined
during the case studies of the project and integrated into the nuMIDAS toolkit, including interfaces with the
project’s interactive dashboard.
A basic purpose of the project’s methods and tools is to cover the gaps of existing relevant methods and
tools, resulting from the constant and massive evolvement within the mobility ecosystem of new (disruptive)
technologies and solutions as well as the emergence of new models based on which mobility services are
designed and operated. A prominent example of such models constitutes what is called a “human-centred”
approach. According to this approach, there are several new parameters that should be taken into
consideration during both the design and operation of mobility services related primarily to their socioeconomic impacts and their implications to the urban space and quality of life. Furthermore, the project’s
methods and tools seek to embrace new parameters, concepts, and/or variables associated with important
challenges and trends prevailing within the urban mobility ecosystem. Such challenges and trends have been
identified and analysed during one of the project’s surveys targeting key stakeholders of the aforementioned
ecosystem (e.g., mobility researchers, relevant governmental authorities, and transport companies).
According to this survey, the most important challenges are deemed to be related to (cyber)security,
sustainability, urban space management and interoperability of systems and organisations. Similarly, the
most important trends, in terms of mobility services, are deemed to be Micromobility, MaaS, Autonomous
Vehicles, and Shared Mobility. In terms of transport policies, the most important trends relate to traffic
calming and the reduction of inner cities’ accessibility by private vehicles. The latter showcase the need to
analyse in the context of the nuMIDAS project transport policies, such as low emission zones, access control
and vehicle parking reduction to support their appropriate enforcement within urban centres. Finally, in
terms of traffic management, the most important trends appear to be associated with the integration of
active transport modes (e.g., bikes, kick scooters, walking) into traffic management processes, the promotion
of road safety, and the coordination of various traffic management means (e.g., traffic lights, route advice)
building upon real-time data, thus enabling dynamic traffic management. Other trends that are not
necessarily associated with the abovementioned grouping include quality of life within inner cities and the
exploitation of data from point-to-point detection systems (e.g., license plate camera data) to support the
definition of environmental policies.
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It is also a principal purpose of the project’s methods and tools to exploit and make increased use of what
has been termed as the “new form of oil for the transport industry”, i.e. multi-source data generated, among
others, by the technologies and solutions mentioned above as well as of new management techniques. These
techniques encompass various phases of the data life cycle, such as the acquisition, pre-processing, fusion,
and analysis of data. Adopted techniques will consider various application areas of descriptive, diagnostic,
and predictive analytics within the transportation domain. Moreover, recognising the rapid evolvement of
the mobility ecosystem and the fact that transportation research is a broad topic, the methods and tools to
be developed are targeted to specific needs of European cities, starting from the project’s pilot cities. For this
reason, a pragmatic approach is adopted which is analysed in detail in the next section. This approach
includes the development of the required methods and tools to support priority use cases associated with
the needs of the project’s pilot cities.

3.2 Design and development approach
As already stated, the design and development of the nuMIDAS methods and tools follows a pragmatic
approach. According to this approach, the methods and tools will address specific needs of the project’s pilot
cities. These needs, which have been initially gathered via an exploratory survey targeting pilot cities, in
conjunction with important findings of the state of the art and business modelling analysis that have been
executed in the context of Deliverable D2.1, have led to the identification of six priority use cases. The content
of these use cases has been verified through a one-on-one interaction of our team with the representatives
of each pilot city. The topic of each use case, including which city has emphasised its relevance, is presented
in Table 1.
Table 1: nuMIDAS project use case list.

ID

Use case title

High-level description

City in relevance

1

Pre-planning
of
sharedmobility
services

Milan, Leuven

2

Operative
areas analysis

Supports the definition of the
optimal fleet size of shared mobility
services (e.g., shared bikes, escooters)
taking
as
input
socioeconomic, mobility, financial,
and
service
provision-related
parameters and constraints. It may
also support the determination of
optimal vehicle location and pricing.
Supports the distribution of existing
shared mobility services supply to
specific (high- or low-demand) subareas of a metropolitan area to
minimise economic losses of service
providers and to ensure an
acceptable level of service for
citizens in line with the principles of
equitable transport systems.

Milan
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ID

Use case title

High-level description

City in relevance

3

Air
quality
analysis and
vehicle
emissions
analysis based
on
multisource data

Leuven, Barcelona

4

Planning
parking

5

Assessment of
inflows and
outflows in a
metropolitan
area

6

Assessment of
traffic
management
scenarios

Supports the linkage and correlation
of multi-source data including
traffic-related, emissions-related,
and weather-related data. The
ultimate
purpose
of
this
linkage/correlation is to assess the
impact of traffic on air quality,
forecast air quality on a short- to
medium-term basis (e.g., 10 days),
and/or simulate scenarios for the
development and enforcement of
air quality-related policies and policy
instruments.
Supports the assessment of the
impact of reducing on-street parking
space within inner cities, thus
supporting the formulation and
enforcement of relevant policies and
policy instruments. Such impacts will
focus on the economic losses of
drivers searching for a parking lot,
the amount of additional traffic flow
generated by vehicles circulating in
search of parking as well as changes
in the public space use.
Supports the estimation of inflows
and outflows between the districts
of a metropolitan area based on
data generated by point-to-point
detection systems (i.e. Automated
Number Plate Recognition systems)
as well as of census data (i.e. vehicle
registration). The ultimate purpose
is to support the refinement and
proper
enforcement
of
environmental policies and policy
instruments (e.g., low emission
zones).
Supports the assessment of C-ITS
enabled
traffic
management
scenarios based on simulationbased tools and data analytics,
making use of multi-source data
including data from connected
vehicles fused with data from
conventional counting systems.

for

Leuven

Barcelona

Thessaloniki,
Leuven
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It should be noted that that the inclusion of the city of Thessaloniki in Table 1 relies on the willingness of our
team to include in the workflow of the nuMIDAS project a use case revolving around the use of Cooperative
Transport Systems as a tool for supporting traffic management and the use of data and other capabilities
offered by connected vehicle technologies to assess traffic management scenarios and measures. Relevant
methods and tools are being developed and gradually deployed in the city of Thessaloniki. In this respect,
such methods and tools can be further extended in the context of the nuMIDAS project by enhancing their
data-driven functionalities and then be applied to the city of Leuven to assess their transferability.
Having defined the six priority use cases included in Table 1, the next step of the nuMIDAS methods and tools
design and development approach includes a desktop research on existing frameworks, methodologies, and
tools related to each identified use case, as well as the execution of a survey targeting pilot cities (including
the city of Thessaloniki). The aim of this survey, apart from the identification of key risks, which is a topic
addressed extensively later in this document, is to gain a more robust understanding on the peculiarities of
each city with respect to each (relevant) use case. Furthermore, this survey aims to identify what is already
available in these cities, in terms of methods and tools, for supporting use cases of relevance, which are their
shortcomings, as well as to which data or analysis infrastructure they build upon. The desktop research, pilot
site survey and the survey mentioned above will lead to an in-depth understanding of the pilot cities’ needs
and expectations, the collection of any existing methods and tools that are currently supporting these needs,
including their gaps, as well as the identification of critical parameters and risks that should be factored in
during the design and development of the nuMIDAS methods and tools.
Such an initial, yet inclusive, acquisition of input from the relevant literature, outputs of relevant projects,
and the pilot cities themselves will enable the formulation of nuMIDAS methods and tools. This will be
achieved by (a) concretising their specific objectives, (b) drafting the appropriate flowcharts to define and
showcase their conceptual model, (c) defining their theoretical reasoning, and (d) formulating their
mathematical expressions. Considering the data-driven nature of the methods and tools to be developed,
the current step will also include an additional task related to the continuous assessment of the data needs
of each specific method and tool, including aspects of availability and accuracy, as well as its relevance with
the identified key risks, as a means of ensuring its accuracy, applicability, and effectiveness. The formulated
methods and tools will then be translated to efficient programming scripts, including interfaces with the
nuMIDAS consolidated toolkit and dashboard with the aim of concluding to a first operational prototype of
the project’s method and tools. Two additional tasks will take place aimed at verifying and validating these
prototypes, i.e. assessing whether the right methods and tools have been developed and whether the
methods and tools have been developed in the right manner. The first task includes a traceability analysis of
the functional prototypes vis-à-vis the requirements and needs of each use case and pilot city, respectively.
The second task includes the testing of the functional prototypes with sample datasets from the pilot cities
that will have been made available to our team.
The results of this verification and validation process will enable a second round of the project’s methods
and tools formulation, in line with the principles of agile development. In the second version of the project’s
methods and tools, any shortcomings revealed during the verification and validation process will be
addressed. Moreover, in this second version, the project’s methods and tools will be enriched to support any
additional needs of the pilot cities translated into advanced versions of the project’s priority use cases.
Subsequently, the functional prototypes will be updated based on the derived results. These prototypes will
be then verified and validated following an approach similar to that of the first round.
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Figure 1: nuMIDAS methods and tools design approach

The final step of the adopted design and development approach includes the continuous refinement and
adaptation of the project’s methods and tools taking input from their real-world deployment and application
during the case studies of the project and the development of the project’s consolidated toolkit and
dashboard. Any adjustments made will be reflected in their scripts and, subsequently, integrated into the
consolidated toolkit. Figure 1 provides a schematic representation of the adopted design and development
approach.
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3.3 Review of existing methods and tools
This section investigates and provides a critical review of existing methods and tools that are relevant to the
project’s use cases and provide useful insight into their design and development process. The review process
also includes frameworks that are not necessarily computational but highlight important aspects that should
be taken into consideration during the design and development process (e.g., typology of impacts resulting
from the enforcement of a policy measure). For this reason, the structure of this section follows the scoping
of the project’s priority use cases.

3.3.1 Use case 1 (Pre-planning of shared mobility services)
The transport sector is characterised by significant challenges that mainly concern safety, emissions, and the
generalised cost of trips induced by travellers. In recent years, the concept of shared mobility (e.g., bike
sharing, carsharing, carpooling, vanpooling) has been growing increasingly due to the wide range of benefits
that shared mobility offers to travellers on a daily basis. A prominent example constitutes cost savings given
that many persons can collectively fulfil their mobility needs, such as going to their work, without using their
personal vehicle. On top of that, the reduced use of private vehicles triggers a wide range of environmental
benefits and the improvement of the quality of life within urban centres. However, the realisation of these
benefits relies on the effective planning of shared mobility services.
Bicycle-sharing planning, and in general any micromobility services planning, which is exactly the focus of the
first use case of the nuMIDAS project, can be divided, according to Shui and Szeto (2020), into strategic,
tactical, and operational planning. Strategic planning involves activities such as the identification of the
network topology (including bikeways and bike stations), the identification of stations location and size, as
well as the optimal fleet size. Tactical planning, on the other hand, involves activities such as the identification
of the vehicle routes and the pickup and drop-off quantities of all stations and the determination of static
demand regulation strategies. Finally, operational planning involves activities such as inventory level
management, dynamic bicycle relocation, and the determination of dynamic demand management
strategies, i.e. strategies associated with each time interval within a day. A proper fleet size responding
successfully to existing or forecasted demand constitutes a critical concern for several stakeholders. For
instance, from a public perspective, street clutter is avoided. Similarly, from the service operator’s
perspective, low scale operations are avoided, while users enjoy maximum service availability and reliability.
Moreover, the need to study the optimal fleet size of bicycle-sharing services is urgent given that an excessive
number of bicycles in some stations may cause idleness or even block pedestrian and cars normal traffic,
while at the same time a low number of bicycles in some other stations may lead to unmet demand (Zhai et
al., 2019). Despite, the importance of this topic, there is a noticeable lack of research on solving the problem
of the optimal fleet size for micromobility services (Shui & Szeto, 2020). In broad lines, the major inputs for
identifying the optimal fleet size for micromobility services are OD demand data aggregated at the city level
or corresponding to each station, the location and characteristics of stations, and the available budget. The
major outputs include the initial station inventory levels and the total fleet size.
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Moreover, the approach to be followed includes various steps, including the identification of the total
population in an area of interest, the estimation of the addressable population, the recording of the historical
demand for micromobility services, the estimation of the target fleet density, and the suggestion of the fleet
cap to be enforced at the city level. The last step is optional given that several cities within Europe choose
not to introduce fleet caps (e.g., Paris). On top of that, building upon the literature concerning the design of
shared mobility services in general, fleet size should fulfil the needs and objectives of both operators and
travellers. The main interest of service operators is to maximise their profit or profit potential, while the main
interest of travellers is to minimise their generalised trip costs (e.g., travel time from an origin to a
destination). In this respect, transport planning authorities are typically called to find a balance between the
perception of operators and travellers, thus enabling the sustainability and viability of provided services. The
remainder of this section provides an overview of studies addressing the determination of the optimal fleet
size of shared mobility services in general (e.g., shared vehicles services) or other collateral strategic design
aspects of micromobility services. The ultimate purpose of this analysis is to gather valuable information
towards the identification of the main principles and objectives upon which the problem of the optimal fleet
size identification for micromobility services should build.
The problem of the optimal fleet size identification has been analysed by Wallar et al. (2019), who present a
four-stage methodology for optimising the fleet size of shared mobility services complying with the concept
of Mobility-as-a-Service (MaaS) along with the fleet composition. The first stage involves the identification of
the number of vehicle deposits needed to dispatch vehicles in the fleet through a linear integer programming
algorithm that seeks to optimise service rate based on maximum waiting time and maximum delay. The
second stage includes the identification of the set of vehicle trips that serve transport demand expressed
through service requests. The third stage involves the computation of the minimum number of trips so that
each request is served exactly once. The final stage includes the estimation of the number and type of
vehicles needed to carry out these trips in a manner compliant to the minimum desired service quality (e.g.,
each trip has one outgoing and incoming transition). It should be noted that the performance of such
methodologies greatly depends on set objective(s). For instance, if the objective is to reduce the number of
vehicles, then the methodology will conclude to the computation of fewer vehicles with larger capacity. On
the other end of the spectrum, if the objective relates to the level of provided service, then the methodology
will conclude to a larger fleet of smaller vehicles, aiming at decreasing the passengers’ waiting time.
Narayan et al. (2020) present a model for determining the fleet size of an on-demand system offering private
(e.g., taxi-like) and pooled (e.g., ridesharing) services assuming demand elasticity. Such an assumption is
made on the premise that the fleet size impacts the level of provided service that, in turn, affects the
attractiveness of the provided service. The suggested modelling framework is comprised of three building
blocks, namely demand, network, and supply. It is assumed that each user owns a set of travel plans, assigns
an evaluation score to the executed plan, and replan his/her travel strategy (e.g., selected route, selected
mode, departure time), thus forming a computational sequence that continues in time until a convergence
criterion (i.e. equilibrium) is achieved. The demand at equilibrium, identified through the process mentioned
above, along with the supply configuration forms an input to the supply determination module the purpose
of which is to identify the optimal fleet size of the on-demand system. The interim results of this module
affect the day-to-day travel strategy of users, including potential demand-side variations. The whole process
terminates when an optimal solution is identified. Optimality is judged from two perspectives. The first one
is the so-called “agency’s perspective” based on which a transport planning authority wishes to minimise the
generalised travel cost of users and the costs induced by service operators. The second one is the so-called
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“operator’s perspective” based on which a service operator wishes to maximise its profit. The mathematical
formulation of the first perspective includes the minimisation of the Total Agency Cost (TAC) discerned into
the users’ travel cost and the operator’s operating cost. Users’ travel cost includes several individual
components, such as walking time, in-vehicle time, and waiting time, which are all affected by the decision
variable (i.e. fleet size). Similarly, the operator’s operating cost is a function of the distance travelled by the
vehicles in the fleet, which is also affected by fleet size. The mathematical formulation of the second
perspective includes the maximisation of the operator’s profit, which is the difference between the
operator’s revenue and expenditure. The operator’s revenue is a function of the demand for the provided
services and the distance travelled by the users. The formulation of both perspectives includes an upper and
lower bound for the fleet size of each on-demand service, which may reflect requirements set by public
authorities in the tendering process of these services. Other parameters that are involved in the
mathematical relationships and need to be determined as input variables include the value of time, the cost
of vehicles’ maintenance, the cost of fuel, and the fare or distance-based fare of provided services.
The problem of the optimal fleet size and optimal vehicles capacity in public transport systems has been
studied by Jara-Díaz et al. (2017). The authors suggest a methodology for optimising a simplified system over
two periods, each of which corresponding to peak and off-peak demand conditions. Even though the
analytical solution is not directly relevant for shared mobility services (i.e. service frequency does not
constitute a design parameter), an interesting multi-parametric index is utilised, i.e. the so-called “Value of
Resources Consumed (VRC)”. The first term of this variable, in the single period formulation, corresponds to
the cost induced by service operators, while the second and the third corresponds to the travel costs induced
by travellers. The costs induced by service operators are divided into the cost of acquiring and operating each
vehicle, while the cost induced by travellers are divided into the total waiting and in-vehicle time. The
objective of the methodology is to minimise VRC. This is achieved by expressing design variables as a function
of service frequency and assuming that each vehicle should be used at the maximum capacity. For instance,
the total fleet size is equal to the frequency of provided service multiplied by the cycle time (e.g., the time
needed to make a round trip). By that means the optimal frequency, which also results in an optimal fleet
size and vehicle capacity, is specified through the following formula:
1
𝑙
𝑐 𝑡𝑌 2 𝐿
𝑌 (2 𝑝𝑤 + 𝑝𝑣 𝑡𝑌 𝐿 ) + 𝐾 𝐿
𝑓∗ = √
𝑐𝐵 𝑇
where:
Y = number of users entering the system per hour
pw = waiting time
pv = in-vehicle time
t = boarding-alighting time
l = average trip length
L = total route length
cK = cost of using each vehicle
cB = cost of acquiring each vehicle
T = time in motion
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In the two-period formulation, operator’s cost is divided into capital costs and operational costs that consider
how many hours each vehicle is in use. Such a division is deemed necessary since during the off-peak period
only a fraction of the fleet size will be in use. The mathematical relationship is adapted to account for this
modification, while it is assumed that vehicles will be fully loaded during the peak period and that the fleet
size will be determined considering the largest demand flow. Numerical experiments of the suggested
methodology showcase that both the fleet size and vehicle size increase with the rise of patronage
(passengers/hour). Therefore, it comes without surprise that most design parameters (including fleet size,
service frequency, and vehicle size) are bound by the off-peak period.
Li and Tao (2010) suggest that the determination of the optimal size of a shared vehicle fleet operated by a
car rental company within two cities can be analysed appropriately as a multi-criteria problem. In this study
special attention is paid to the identification of a cost-effective way of transferring vehicles from one city to
another aiming to serve both cities as well. A dual-stage methodology is suggested by the authors to address
both the problem of the optimal fleet size and vehicle transfer policy. In this methodology, a distinction is
made between round trip and single trip travellers. The former, also called local travellers, pick up a vehicle
from one city and drop it off in the same city, while the latter, also called inter-city travellers, pick up a vehicle
at City A and return it at City B. Given the unbalanced fleet that may be caused by the inter-city travellers, it
was deemed important to study different conditions by solving a series of linear programming problems using
a dynamic model. The authors present a basic model and several extensions into which one-by-one several
assumptions are relaxed (i.e. lost sales, demand information, transfer time) and others attempting to analyse
a network comprised of more than two cities or a fleet comprised of multi-type vehicles. The authors provide
numerical examples in which a sensitivity analysis takes place oriented to assess the influence of demandand cost-related parameters’ differentiation. From the derived results, it can be deduced that while the
optimal fleet size is not depending on the inter-city rental rate, the optimum time-average profit is increasing
in a linear and steady way when the inter-city rental rate gets higher. On the other hand, the local-city rental
rate affects both the optimal fleet size and the optimal time-average profit. However, in the first case the
influence is irregular, while in the second case the influence is linear. The authors also attempt to figure the
correlation between the transfer cost and the optimal fleet size or the optimal time-average profit. It seems
that the transfer cost has no significant influence on the optimal number of the fleet, while the optimal timeaverage profit is found to decrease when transfer cost gets higher.
As it may be concluded from the study of Li and Tao (2010), but also from the entire annotated and relevant
literature, the problem of determining the optimal fleet size is not a single problem but shall be studied along
with the determination of other design parameters, such as the number and the location of deposit stations,
and the redistribution of the fleet caused by the lack of bicycle equilibrium due to one-way trips, which means
that customers have the flexibility to drop it off in a different deposit station than from where they picked it
up. However, there is a lack of integrated models that can support at the same time decisions related to the
joint determination of the aforementioned parameters, considering the dynamics of vehicle relocation and
balancing.
A limited body of the relevant literature attempts to study collateral strategic design aspects of micromobility
services, such as the distribution of existing fleet in several predefined stations and the identification of the
optimal positioning of vehicle deposit stations.

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

26

nuMIDAS - 101007153

A study related to the former problem is that of Zhai et al. (2018). The authors suggest that the state of a
bicycle station (i.e. the proportion of the number of bicycles located into this station to the total number of
bicycles) comply with the principles of Markov random processes. To this end, they suggest the use of a
Markov Chain model to analyse the spatiotemporal characteristics of micromobility users, thus enabling the
forecasting of the amount of the fleet size that should be allocated to each deposit station. This is achieved
by proving the existence of a steady state for bike-sharing systems based on their irreducible, aperiodic, and
positive-recurrence properties as well as by the construction of a transition probability matrix that satisfies
the previously mentioned properties.

Figure 2: Demand and station locations for docked bicycle shared system (Angelopoulos at al. 2016)

An effort related to the latter problem has been made by Angelopoulos et al. (2016). The authors examine
the strategic design of a docked bicycle sharing system by recognising that it is important to jointly minimise
investment costs and maximise travellers’ utility. Important aspects toward this direction are deemed to be
the number, location, and capacity of stations, as well as the setup of bicycle lanes. It is noted that each
station should be equipped with an adequate number of bicycles and these stations should be properly
distributed in space to ensure an adequate level of service. To this end, the authors present a mixed integer
linear program oriented to provide a solution to the capacitated facility location problem. Inputs to this
program constitute a set of demand points and a set of potential facility locations. The objective is to identify
the optimal number, positions, and capacity of these facilities to ensure demand coverage considering
operational and expansion costs subject to budget constraints. An important assumption made by the
authors to support the identification of stations capacity, resembling the fleet size of provided services, is
that each station should be equipped at least with 10 and at most 50 docks. The numerical testing of the
proposed program suggests that the higher the budget, the larger the number of dock stations. Finally, the
authors present an interesting illustration of the derived results (Figure 2). In this illustration, the blue circles
indicate the demand points with their radius reflecting the level of demand at this point. Similarly, the red
circles indicate the potential station locations with their radius reflecting their capacity.
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3.3.2 Use case 2 (Operative areas analysis)
Vehicle-sharing services and related tools were described in Deliverable 2.1, Chapters 4.3.7 and 4.3.8. Recall
that in a free-floating sharing system, vehicles (cars, bicycles, scooters, etc.) can be picked up and returned
at places within an operational area (except those where parking is forbidden). In a station-based sharing
system, a network of parking/docking stations or geo-fenced zones is provided, where users can pick up and
return a vehicle. In a one-way station-based sharing system, these locations may be different, while in
a round-way station-based sharing system, a journey must start and end at the same station.
The aim of the second use case of the nuMIDAS project is to provide planning authorities with a decision
support tool allowing them to identify which sub-areas of a metropolitan area will be served by sharedmobility modes and which service provider will be responsible for each sub-area. It should be a Decision
Support System, (DSS) tool that will distribute existing supply into specific high or low demand sub-areas of
a wider metropolitan area. Such a distribution will seek to maximise the level of service within each sub-area
and minimise the economic losses of service providers.
As expressed by the partners from the pilot city of Milan, a precise tool is required to determine the ideal
operative area for each type of sharing mobility service (moped, bike, car, scooter) and define which subareas service operators can operate. The new tool is expected to provide a visualisation including different
variables and allowing the comparison of various scenarios
Considering that stations are already known (as an output of UC 1), the operative areas can be defined by
multiple facility location problems (MFLP). According to Manzini & Gebennini (2008), this class of problems
aim to find the optimal location of facilities designed to serve a pool of customers. A facility location model
may (or may not) have capacity constraints and have the goals: minimisation of the overall cost (e.g., fixedcharge models (Fernández & Landete, 2015)), minimisation of transportation (e.g., distance or travel time)
costs (e.g., p-median models (Mladenović et al., 2007)), and the maximisation of demand coverage (e.g.,
maximal covering models (Church & ReVelle, 1974)). Another possibility is the facility location-allocation
problems (LAP). These problems are, by definition, MFLP with an unknown allocation of demand to the
available facilities (Manzini & Gebennini, 2008). However, facility location problems are not always the only
methodologies in the literature. GIS-based methodologies and spatial regression techniques are also used
for estimating trip demand and distribution throughout the network.
The maximal covering location model is used to define optimal locations for bike sharing stations to best
serve demand and provide an equitable spatial distribution across the City of Phoenix (United States) in
Conrow et al. (2018). The approach ensures that users have a minimal level of service (i.e. a station within a
certain distance or travel time) for a given level of investment. The minimum number and location of bicycle
stations that would be needed to cover the bicycle network infrastructure uses a continuous arc covering
model with the main assumption that facilities can be placed anywhere in the study area.
Also based on maximal covering models, Frade and Ribeiro (2015) present an approach that not only defines
the location of bike-sharing stations, but also the number of stations and number of bicycles. They consider
the relocation of bicycles, the available budget (including a possible supplementary budget), operating costs
and revenues to maximise the benefits of the system by covering the demand. Their aim is to define the
optimal location of the bicycle stations, the fleet size, the capacity of the stations, and the number of bicycles
in each station. The Portuguese city of Coimbra is used as a test bed.
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Martinez et al. (2012) propose a Mixed Integer Linear Program (MILP) that optimise the location of bike

stations, the fleet size and bicycle relocation activities. The formulation, which is solved by a heuristic that
divides the problem of whole day operation into several hourly steps, considers uncertainty in demand
estimation (a combined rule-based model with a calibrated choice model estimated a person probability for
at least one bicycle trip during the day at certain stations), different types of bicycles (normal and electric),
several revenue sources, fixed and variable costs of the establishment of a shared-bike system (i.e. fleet,
stations and relocation costs). The potential stations for electric bicycles were defined by the current location
of electric-car charging stations. The optimal and stable system is achieved when a net revenue equilibrium
is reached. The proposal has the city of Lisbon (Portugal) as a test bed.
A GIS-based methodology combined with a facility location-allocation model is used in García-Palomares et
al. (2012) to estimate the distribution of potential demand, minimum number and location of bike-stations,
candidate locations, and the type (the percentage of attracted trip/total trip ratio) of a station in Madrid
(Spain). Additionally, the accessibility (station usefulness) of the facility (bike station) to potential
destinations is assessed. The goal was to minimise the distance between stations (p-median model) and
maximise coverage area (maximal covering model), so the most potential demand is served (though social
equity is not considered and low-density areas could be underserved). The number of residents and jobs in
each building was multiplied by the ratio of trips generated per inhabitant and employment in the building’s
transport zone, resulting in the trips generated and attracted for each building (displayed on kernel density
maps).
Askerzadeh and Bridgelall (2021) present a method for micromobility stations placement optimisation
combining a GIS tool, level of traffic stress (LTS) ratings, demographic information, activity points and facility
location-allocation models.
Lage et al. (2018) describe the methodology of demand analysis for the identification of spatial patterns of
the intervening variables of socioeconomic information, transportation, and land use, in order to understand
the panorama of the demand for transport in São Paulo and identify areas convenient for the implementation
of a prototype car-sharing system. After the collection of data, their spatialisation was performed in the opensource GIS (Geographic Information System) software QGIS,1 and the analysis was carried out to investigate
which districts have the largest number of entities with a potential to generate trips and thus transport
demand (e.g., train/subway stations, hotels, shopping malls, leisure, and cultural facilities).
Hosseinzadeh et al. (2021) point out that to date, only limited studies have explored the spatial variation of
e-scooter trips variables associated with e-scooter trip generation. They implemented a spatial regression
technique, that explores how factors related to demographics, density, diversity, design, urbanism scores,
distance to transit and other transportation-related variables influence e-scooter trips in Louisville, KY. The
study included more than 400,000 e-scooter trips across 159 Traffic Analysis Zones (TAZs) and investigated
the impact of various TAZ-level factors (e.g., land use, age distribution, gender distribution, Walk Score and
Park Score) on the density of e-scooters trips in the TAZ. The study results are expected to help governments
and e-scooter sharing companies develop policies that maximise e-scooter use, equity, and accessibility while
improving the mobility of cities.

1

QGIS tool is available at https://www.qgis.org/en/site.
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More generally, Srivas and Khot (2018) discuss available tools and techniques for multidimensional database
analysis and visualisation. Among various GIS software tools providing good results for geo-spatial data, they
focused especially on QGIS (Quantum GIS) open-source tool which can efficiently support many different
visualisation functions (e.g., distance mapping, proximity mapping, weighted-distance mapping, density
function, surface functions and local statistical functions) and spatial data analysis models. QGIS admits both
vector and raster formats, including spatially enabled tables in PostgreSQL using PostGIS, common GIS vector
formats such as Shapefiles, and geo-referenced rasters (TIFF, PNG, and GEOTIFF). The GIS software and
related database allow to display, query, and organise data geographically and solve problems by uncovering
and analysing trends and patterns.
One of the important inputs for the analysis of operational areas are OD matrices. If they are not available,
it is necessary to create a synthetic population and estimate the demand for various shared mobility modes.
A method for this estimation is proposed for example in the mentioned paper by Hosseinzadeh et al. (2021),
a synthetic population generation for agent-based transport modelling (e.g., in MATSim) is discussed for
example by Felbermair et al. (2020).
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3.3.3 Use case 3 (Air quality)
Breathing clean air is a basic human need. At the same time, however, human activities cause air pollution.
The main sources are energy consumption, agriculture, the production of goods, and road transport. Of all
air pollutants, particulate matter, ozone, and nitrogen dioxide affect human health the most. Stringent limit
values and measures to reduce emissions from industry, transport, and private households have helped to
significantly decrease air pollution. Concentrations of nitrogen dioxides still exceed the valid limit in a number
of towns and cities. Emissions of particulate matter caused in part by road traffic, industrial installations,
household heating systems, and agriculture are still at levels that pose a considerable health risk in many
places. Some of the airborne particulate matter is formed through the conversion of gaseous air pollutants
such as sulphur dioxide, nitrogen oxides, volatile organic compounds, and ammonia. These air pollutants also
damage ecosystems and their biological diversity via nitrogen and/or ozone inputs.
When it comes to air quality, a difference should be made between emissions on the one hand and
immissions on the other hand:



Emissions are generally defined as any discharge of substances or energy from a source into the
environment. They can be air pollution, noise, light, or vibrations originating from an installation.
Immissions are defined as the effects of these emissions on the environment; in the case of air
pollution on people, plants, animals, materials, and the atmosphere.

In summary, emissions are related to the output of polluting substances to the atmosphere from any source,
while immissions, on the other hand, constitute what is known as ‘air quality’.
In the remainder of this section, we discuss the current trends towards (i) measuring emissions and
immissions, (ii) modelling them, and finally (iii) mitigating them with suitable measures.
Let us first consider how emissions are measured. In principle, restricting ourselves to road traffic, emissions
need to be measured directly from the vehicle itself, e.g., by capturing exhaust emissions. This is however a
very cumbersome process, let alone making it possible for each vehicle in a traffic stream. Immissions on the
other hand are more easily measured. They can be obtained by measuring the air quality at certain
geographical locations2 during certain time periods. Classically, immissions are measured by measuring
stations at a select number of locations throughout a large geographical area (e.g., a country). These
measurements are typically collected by national and/or governmental agencies. They are also most of the
time responsible for generating the weather forecast which is broadcasted during the daily television news
bulletins. In contrast to this, there also exist commercial companies that collect and provide fine-meshed
weather data, specifically about precipitation, such as rain, hail, fog, and snow. These data are interpolated
on a fine grid that is laid on top of a larger geographical area. Interestingly, the last decade saw a surge in socalled citizen science projects. Here, a lot of individual people (citizens) cooperate by each buying/getting a
cheap sensor (typically between 50 and 100 euro) that can measure temperature, relative humidity,
particulate matter, etc. A prime example here is Sensor. Community 3, which is a place where contributors
drive a global sensor network that creates open environmental data. Another example is the citizen science
2

Note that there is a difference between the location of the pollutants, i.e. one such as CO 2 is a global pollutant, as
opposed to particulate matter (e.g., PM 10, PM 2.5, EC) which has a more localised effect.
3
https://sensor.community/
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project Straatvinken4, which is one of the citizen initiatives in the region of Flanders (Belgium) responding to
growing societal concerns on the adverse impacts of traffic-related pollution, lack of green space, safety
issues, and other challenges related to street liveability. In a next step, this kind of detailed, spatially finergrained data can be coupled to other measurements such as traffic counts. The latter can also be fine-grained,
going to individuals streets in neighbourhoods and cities. An example of this is the citizen science Telraam5
project.
For the modelling of emissions, typically the output of some microscopic/macroscopic traffic flow
propagation model is used. The emission modelling approach that is best fit to estimate, e.g., CO2 emissions
depends on the level of detail in which the traffic/transport modelling was executed. Requirements for the
emission modelling depend, e.g., on the expected impact of an ITS measure on CO2 emissions. In general,
there exist the following three types of approaches to model emissions: (i) microscopic, (ii) mesoscopic, and
(iii) macroscopic modelling6.
Microscopic emission modelling aims to estimate emissions from driving, on a very fine temporal and spatial
scale. The most direct approach is the use of instantaneous speed/acceleration emission models. For these,
the required power output can be estimated from vehicle dynamics (e.g., speed, acceleration, etc.), for which
the emissions are directly estimated based on these fine data. Several more detailed modal models relate
emission rates to vehicle operation during a one-second step. In theory, the advantages of instantaneous
models include the following:




Emissions can be calculated for any vehicle operation profile specified by the model user, and thus
new emission factors can be generated without further testing.
The models inherently take into account the dynamics of driving cycles.
The models allow emissions to be resolved spatially, and thus have the potential to lead to
improvements in the prediction of air pollution.

Some instantaneous models elate fuel consumption and/or emissions to vehicle speed and acceleration
during a driving cycle, typically at one-second intervals. Other models use some description of the engine
power requirement.
Mesoscopic emission modelling aims to use clustered data on traffic situations to estimate CO2 emissions. A
typical example of a traffic situation model is the Handbook Emission Factors for Road Transport (HBEFA).
The ranges of the temporal and spatial scales to which a mesoscopic approach would be attributed are
difficult to define. In any case, the input data for mesoscopic emission models is not on a per-second basis as
is needed for the microscopic approach. In traffic situation models, the average emission factors are
correlated with various driving cycle parameters. These, in turn, are referenced to specific traffic situations
which are known by the model user. However, asking the user to define the traffic situation using a textual
description of speed variation or dynamics may lead to inconsistencies in interpretation. Also, there are likely

4

https://straatvinken.be/
https://www.telraam.net/
6
ECOSTAND, 2014. Deliverable 4.3: Guidelines for Assessing the Effects of ITS on CO2 Emissions International Joint
Report, 7th RTD Framework Programme, ICT for Mobility of the future (FP7-ICT-2009-6.2), Information Society and
Media Directorate-General
5
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significant differences between the absolute characteristics of traffic in different cities and, importantly,
there are few data (traffic and emissions) that correspond directly to real-world ITS implementations.
Another mesoscopic approach is the use of multiple linear regression (MLR) emission models. In an MLR
model, each driving cycle data from one stop to the next stop used in its development is characterised by a
large number of descriptive parameters, e.g., average speed, number of stops per kilometre, etc. A regression
model is then used for each pollutant and vehicle category to determine the descriptive parameters which
are the best predictors of emissions. Such an MLR model accepts driving cycle data as the input, from which
it calculates the same range of descriptive variables and estimates emissions.
For macroscopic emission modelling, the regression model characterised by average trip speed is used.
Under a certain traffic situation, the macroscopic emission models are created from the relationship between
the average trip speeds and CO2 emissions corresponding to the average driving behaviour (e.g., number of
stops per kilometre, acceleration, etc.). The macroscopic emission modelling estimates CO2 emissions under
the fixed driving behaviour. Therefore, it is possible to evaluate CO2 emission resulting from the change of
the average trip speed by ITS measures for which the vehicle behaviour is fixed clearly. However, the
modelling class is not suitable to evaluate ITS measures that change the driving behaviour directly.
For a more simplified approach, average emission factors are used. The emission factors can distinguish
between different types of transport activity, e.g., urban, non-urban, road type, etc. Aggregated emission
factors are not suitable to assess ITS applications that affect driving dynamics, as they cannot take into
account the subtle local changes of traffic conditions due to individual driving behaviours. In the case that
ITS applications mainly influence route or mode choice on a more global scale (thereby influencing the total
volume of traffic rather than an individual local effect) the constant emission factors are still not sufficient to
assess the impact on CO2 emission because they cannot take account the changes in traffic conditions.
For immissions the modelling approaches are fundamentally different, typically relying on so-called plume
models. The Gaussian plume model is the most common air pollution model. It is based on a simple formula
that describes the three-dimensional concentration field generated by a point source under stationary
meteorological and emission conditions. As such, atmospheric dispersion modelling is the mathematical
simulation of how air pollutants disperse in the ambient atmosphere. It is performed with computer
programs that include algorithms to solve the mathematical equations that govern the pollutant dispersion.
The dispersion models are used to estimate the downwind ambient concentration of air pollutants or toxins
emitted from sources such as industrial plants, vehicular traffic, or accidental chemical releases. They can
also be used to predict future concentrations under specific scenarios (i.e. changes in emission sources).
Therefore, they are the dominant type of model used in air quality policy making. They are most useful for
pollutants that are dispersed over large distances and that may react in the atmosphere. Statistical land-use
regression models are also used for pollutants that have a very high spatio-temporal variability (i.e. have a
very steep distance-to-source decay such as black carbon), as well as for epidemiological studies. Typical
dispersion models vary depending on the mathematics used to develop the model, but all require the input
of data that may include: meteorological conditions such as wind speed and direction, the amount of
atmospheric turbulence, the ambient air temperature, cloud cover, the concentration or quantity of toxins
in emission or accidental release source terms, emissions parameters such as source location and height,
type of source, exit velocity, exit temperature, terrain elevations at the source location and at the receptor
location(s), such as nearby homes, schools, businesses, and hospitals, the location, height, and width of any
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obstructions (such as buildings or other structures) in the path of the emitted gaseous plume, surface
roughness or the use of a more generic parameter ‘rural’ or ‘city’ terrain. It is clear from the previous list that
immissions are not measured for individual vehicles, but rather for (larger) geographical areas.
Interestingly, various weather forecast models can use emissions and immissions on their input side. When
performing predictions, researchers typically do not rely on a single model, but rather combine predictions
of different (classes of) models, by a process which is known as ensemble-prediction. This has the effect of
smearing out any errors and (statistical) outliers in the predictions, thereby providing stable prognoses.
Finally, when it comes to taking measures to mitigate emissions, there is a whole plethora of actions that can
be considered. These range from regulations introducing/enforcing alternative (bio)fuels and adopting clean
propulsion technologies, over electrifying vehicle fleets, to performing access control to neighbourhoods,
cities, and regions by the instalment of (ultra)low-emission zones. In addition, even measures such as
incentivising travellers to use public transport via Mobility-as-a-Service has an indirect effect on curbing the
emissions. It is also noteworthy to mention that on a higher level policies can also be taken to instigate a
change for lowering the emissions. As an example, the European Commission has the EU Emissions Trading
System, the Energy Efficiency Directive, the Energy Taxation Directive, the Alternative Fuel Infrastructure
Directive, the Renewable Energy Directive, and various regulations for passenger cars, light commercial
vehicles, and heavy duty vehicles.
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3.3.4 Use case 4 (Planning for parking)
Parking is closely related to various aspects of (car) mobility. For instance, it is related to the modal choice of
every traveller, which means the one can influence the other and vice versa. Think for example about
companies, cities, etc. that lower the amount of (publicly) available parking spaces to nudge people towards
other modes of transport. Here we can understand how Mobility-as-a-Service (MaaS) plays a crucial role.
Secondly, parking management has a large impact on geospatial planning. Furthermore, the cost for parking
spaces can prove to be a challenging factor to take into account. Underground parking spaces for example
can be over five times as costly as their counterparts in the public space. In the following paragraphs, we
highlight first how parking spaces and occupations are typically measured. Then we explain how parking can
be modelled in terms of simulations, and finally, we explain some of the current policy measures that (local)
authorities and private stakeholders foresee.
For cities, it is important to understand how many public and private parking spaces are available and how
they are used, before defining their policies. This requires a detailed study that contains the available public
parking spaces, a reliable survey of private parking spaces (from garages and driveways to private car parks).
This typically entails the combination of various research methods, such as site visits, surveys, and
assessments comparing the needs of urban activities and the observations made. Next we measure the use
of parking infrastructure, either for a larger region (composed of neighbouring streets), or for a (public or
private) parking lot. A rather straightforward approach is to visit the sites and count the number of occupied
parking spaces during different periods of the day. Comparing this to the capacity (which is known
beforehand) provides an indication of the total occupancy. Doing this multiple times during the day, week,
or even a month, gives good insights when the parking rush hours occur, e.g., when the occupancy goes
above 80 %, 90 %, and even 95 % of the capacity. Taking this one step further, it is also possible to measure
the so-called parking rotation, i.e. how long is each vehicle stationed at a parking space. In a closed
environment (like a parking lot, or a single street), this could be done automatically using ANPR cameras, and
comparing the entry and exit time indices of a vehicle. In the absence of this technology, a frequently used
approach is to perform site visits with several people that each record, e.g., the last three characters of a
licence plate. This can then be run through a program that extracts the parking durations based on
timestamps of similarly-ending licence plates. In addition, there are also various other data sources available
which readily give analyses. For example, in cities where an app or SMS transactions are used to pay for the
parking space, this data can be analysed by itself to result in the same parking dynamics as before. Using
statistical percentile analyses of these transactions can reveal detailed patterns of the evolution of used
parking spaces throughout the day and per day of the week.
Once the base data is known, i.e. how many parking spaces are available and how they are used, specific
parking models can be used to gain a further understanding and to simulate what-if scenarios that implement
certain policies and measures. One approach to do this is to have a microscopic traffic flow model that mimics
the detailed movements of all vehicles within a certain region. These vehicles do not only ‘drive around’, but
also search for parking spaces. An example of this was the SUSTAPARK research project 7, in which such a
simulation tool was built. It was constructed as an agent-based microsimulator, in which drivers were
modelled as a synthetic population. Their trips related to working, shopping, going out, etc., were simulated,
as well as their behaviour when searching for a parking space. The search behaviour was based on research
that took economic, cognitive, and situational factors into account when people look for a parking space. The
7

https://www.tmleuven.be/en/project/sustapark
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model allowed to investigate the effects of policy measures such as adding a new large parking garage to the
city centre (leading to a shift in the use of parking spaces), a higher parking demand due to the Christmas
market (leading to increasing parking search times and distances), or making part of a street in the city centre
car-free (leading to no significant impact on parking behaviour). Aside from these more academic models,
we nowadays also have commercial simulation packages available that incorporate planning for parking. An
example of this is the VISSIM simulation software8 from PTV, which also allows the modelling of complex
parking situations and the related vehicle behaviour. Note that this approach is heavily data-intensive, as it
requires a lot of information on the travel behaviour of people, like their motifs for travelling, inventories of
transport activities (vehicle kilometres) and modal shares for the city, etc. As such a tool may be more suited
for a one-off study, there is also another method that may be more suited to gain a quick understanding of
the impact of parking policies. To that end, we scale up the entire research question and look at more
macroscopic effects. Here, the idea is to consider an integrated parking model, e.g., for the city centre, in
which the socio-economic data of the activities are used to simulate parking needs and use of the various
parking facilities in different locations. Such a model can give an overview of the collected parking data in a
coherent manner, and allows to estimate the evolution of parking needs and parking pressure in different
parts of the city and about the different types of parking. The main advantage of such models is that by
understanding people’s willingness to pay for parking spaces, a pricing tariff can be defined that will nudge
people towards the desired behaviour, and hence the desired use of parking spaces.
This brings us to the final part on policy measures. As already mentioned at the beginning, companies can
play a prominent role in this respect, as they can control how much parking they will foresee for their
employees, given that they provide alternative means of travel to facilitate the commuting process. An
example of this is a company that only provides, e.g., 60 % of parking spaces (compared to the number of
employees working there), and accommodating alternative modes of transport for its people. On the
government side, things call for policy measures. A straightforward method here may be to (significantly)
reduce the number of available on-street public parking spaces. This may entail either housing the vehicles
underground (which is expensive), or by pooling them at the outskirts of a city and providing mass shuttle
transport for the so-called last mile. Such drastic measures require a total change in behaviour. A more subtle
approach could be to only change the parking tariffs, to find the optimal point at which enough (but not all)
people switch travel modes, such that the occupancy drops below a certain threshold, say 95 %. More
innovative approaches directly target extra car ownership due to the creation of new homes that may burden
the surrounding streets with extra parking pressure. Here, municipal authorities can impose a minimum of
parking spaces for new construction projects. Even though underground parking lots are expensive and they
may keep the surrounding streets free, they do not tackle congestion problems and other mobility problems.
To solve that, they remove some of the expensive underground parking spaces and spend part of the cost
savings on an offer of shared cars, single bikes, incentives, and guidance. These are necessary measures to
achieve a modal shift that prevents parking problems.

8

https://www.ptvgroup.com/en/solutions/products/ptv-vissim/
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3.3.5 Use case 5 (Inflows and outflows in a metropolitan area)
ANPR (Automatic Number Plate Recognition) camera’s are widely adopted around the world, for different
usages like electronic toll collection, average speed law enforcement, or live traffic control information. The
ANPR camera’s read a vehicle’s registration plate, and register this information with a time of passage. This
information can be enriched by information from a national registry for vehicle information, which allows
the classification of vehicles that are registered. For different countries, it is also possible to create a vehicle
classification based on specific licence plate series for different vehicle types.
The aim of the fifth use case of nuMIDAS, is to use this data to estimate the inflows and outflows between
cities in a metropolitan area. Policy makers can use this to formulate and manage mobility policies aimed at
traffic management, vehicle emissions etc.
Robinson and Van Niekerk (2014) show the potential uses of ANPR camera data with regards to creating
Origin-Destination (OD) matrices, and as input for day-to-day traffic management and transportation models.
The data they use consists of the camera number, timestamp, and vehicle identification number. By tracking
each vehicle identification number from the first camera that has registered that number to the last camera
to register the number within a set period of time, a rough estimation can be made of the start and finish
areas of the trip. To help with traffic management planning, specific matrices will be able to be extracted
from this data. Including matrices for (1) specific time periods, like weekdays vs weekends or seasonal, or (2)
each vehicle class, like passenger cars or heavy duty vehicles. However, to make a distinction in vehicle class,
requires the ANPR camera data to be matched with a national licence plate database that holds these
records. As a result, these classifications are often unable to be made of foreign-registered vehicles passing
the ANPR cameras. The Belgian case study performed by Hadavi et al. (2020) has been validated by making
use of GPS data from heavy goods vehicles (HGVs).
Castillo, Menéndez, and Jimenez (2008) describe a method where they reconstruct and estimate a trip matrix
and path flow based on plate scanning technology. They propose six steps for the implementation of their
traffic flow estimation method. The first step is to define an optimal subset of links where plates need to be
scanned to determine OD matrices. The second step is to obtain the feasible set of scanned link observations.
The third step is obtaining prior values of path flows, from, for example, an older set of matrices. Step 4 is to
get the observations of a subset of link flows. By combining the priors and the observations, the estimates
for the path flows can be obtained in the fifth step. In the final step, the OD-pair and unobserved flows can
be estimated.
Practical implications of this proposed method by Castillo, Menéndez, and Jimenez (2008) are that there is
scanning data available for a large number of the network links. Some of the examples in their paper require
at least half of the links in the network to have scanning data available.
In further work, Castillo et al. (2010) provide a method to minimise the required number of cameras needed
for a subset of links in order to be able to calculate flows of a given subset or routes. The method also allows
for new routes to be identified when scanned link patterns occur that do not appear among the routes that
are expected. This method works well for optimising the results for a given budget, and when there are not
enough camera’s available in the network to solve the estimation in one run, several runs can be done by
relocating the cameras. This method has been tested and proved by Castillo et al. (2010) on medium-sized
networks.
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To deal with privacy issues of an ANPR camera system, and using its data, methods include hashing the
scanned numberplates into numeric IDs (Hadavi et al., 2020; Robinson & Van Niekerk, 2014; Fox et al., 2010).
This can introduce a higher scan error, as different number plates could be given the same ID number. Hadavi
et al. (2020) furthermore notice that a relevant part of explaining vehicle movements is identifying where
vehicles stop. With ANPR cameras a stop can be detected between two cameras by comparing a vehicles
travel time with its expected travel time for that route, but it is difficult to determine specific locations in a
larger network, as it requires a higher number of cameras.
Besides registering traffic with ANPR camera technology, there are other technologies that allow this as well.
For example by making use of Bluetooth-equipped devices (Friesen & McLeod, 2015). By using a Bluetooth
sensing system, passing Bluetooth devices can be registered. Unique MAC addresses from Bluetooth devices
can be used to identify the passing vehicles, where another MAC address is a different vehicle. Like ANPR
cameras, a route can be estimated by scanning a vehicle at more than one location. Barcelo et al. (2010)
show a method where a Kalman Filter approach can be used for estimating time-dependent origindestination matrices from Bluetooth MAC address matching.
Yildirimoglu and Kim (2017) use this technology to create origin-destination matrices as well. Also, by
combining such data with GPS data from bus trajectories and bus passengers entry and exit locations, they
are able to visualise community forming in a region. However, they note the high likelihood for missed
detections by the Bluetooth detectors, therefore they define the origin and destination cells as the first and
last detection of a MAC address within a certain timeframe. To decrease privacy concerns, Friesen and
McLeod (2014) show that a Bluetooth system can work by only recording half of a MAC address.
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3.3.6 Use case 6 (Assessment of traffic management scenarios)
According to the European Commission, the scope of Traffic Management includes the provision of guidance
to the European traveller and hauler based on the condition of a road network. In addition, it is within the
scope of Traffic Management processes to detect incidents and emergencies, implement response strategies
promoting road safety and traffic efficiency, as well as to optimise the use of existing supply. For this reason,
the information utilised by traffic managers may be divided into (a) incident-related, (b) weather-related, (c)
speed-related, (d) field device-related, (e) work zone-related, and (f) event-related. Moreover, there are
several approaches of varying sophistication for implementing traffic management (Klein, 2018). The first
and less complex approach is the static management of traffic according to which specific traffic management
plans are drafted for each day type and time of day. Such an approach may provide satisfactory results only
on the premise of limited variability of critical demand- and supply-side parameters. The second approach is
the responsive management of traffic according to which specific strategies or measures are applied as a
means of addressing observed traffic conditions. The third and most complex approach is the proactive
management of traffic based on which the applied traffic management strategies or measures are called to
respond to predicted demand- and supply-side changes or even delay and eliminate breakdowns. Both the
last two approaches can be classified as dynamic traffic management approaches with their main difference
being that in the former applied strategies or measures may have been tested in several circumstances, while
in the latter the strategies and measures to be applied are by nature more experimental.
The processes of dynamic traffic management have been thoroughly assessed by several authorities, a
prominent example of which constitute the Dutch Road Authorities, which propose a framework titled “rulebased traffic management” (Spreeuwenberg & Krikke, 2017). The framework is comprised of three main
building blocks, each of which serves a specific purpose:




Standardised policies
Standardised strategies
Standardised topology elements

Standardised policies define the boundaries of applied traffic management processes. This building block
includes elements that (a) define the roads along which traffic management processes are applicable, (b)
indicate the preferred and diversion routes for traffic flows of high importance, (c) indicate the importance
of each road segment, i.e. along which road segments it is needed to ensure good traffic flow conditions, and
(d) define in qualitative or quantitative manner threshold values indicating the existence of a problem. On
the other hand, standardised strategies define the objective of the means employed for providing solutions
to diagnosed problems. The typology of objectives is threefold: (a) increase outflow, (b) decrease inflow, and
(c) reroute traffic. Finally, standardised topology elements discretise the managed road network to navigate
the identification of the locations in which standardised strategies can be applied. Specifically, the managed
road network is discretised into: (a) flow control points (i.e. nodes in which traffic flow can be influenced),
(b) decision points (i.e. nodes in which vehicles may choose an alternative route to their destination), (c)
route segments (i.e. trajectories between two choice nodes), and (d) links (trajectories between two control
nodes).
The selection of the most proper standardised strategy to be applied is based on four principles. The first
involves the prevention of saturation along links by early detecting bottlenecks and regulating inflows and
outflows. The second involves the optimisation of travel times along route segments by rerouting traffic at
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choice nodes. The third involves the deactivation of an applied strategy when prevailing traffic conditions
violate constraints set by a traffic management authority. The last involves the management of conflicting
strategy requests, assigning lower priority to the ones requested from the least severe traffic situation. Each
principle implies the provision of answers to specific questions. A prominent example is the identification of
the standardised strategy that should be requested based on the prevailing traffic conditions. Another
example is to assess the feasibility of a strategy considering capacity constraints.
The provision of insightful answers to such questions, i.e. the drafting of the appropriate business rules, relies
on knowledge on the outcomes of applied standardised strategies that may be associated with several traffic
management measures and services, including both traditional ones (e.g., modification of traffic lights) and
digital ones (e.g., provision of travel and departure time advice). The acquisition of this knowledge requires
the assessment of various traffic management scenarios. Such an assessment can be broadly classified as
following an ex-ante or ex-post approach.
Ex-ante approaches are typically offline and based on micro-simulation. Their purpose is to estimate the
outcomes of a traffic management strategy. A valuable process for assessing, in an ex-ante manner, traffic
management scenarios are included in the guidelines for applying traffic microsimulation modelling software
of the Federal Highway Administration (2019). This process consists of seven successive steps. The first step
involves the identification of the influence area and the analysed time period, the determination of simulated
alternatives (in this case traffic management strategies including their associated measures and services), as
well as the selection of the appropriate performance measures. The second step includes several tasks
needed to gather and pre-process the input data to be used (e.g., road geometry, travel demand, traffic
control devices) as well as to analyse traffic count-related data. The third step involves the actions needed to
develop a successful base case, while the fourth step includes techniques for identifying simulation errors
attributed either to software limitations or input inaccuracies. The fifth step involves the calibration of the
base model with the aim of enhancing its capability to replicate observed throughput and other specific traffic
conditions. The sixth step involves the comparison of the simulated alternatives with each one of them
represented in a different model version. Such a comparison is typically based on performance measures,
such as travel time, throughput, and planning time index (i.e. the ratio of the 95th percentile travel time to
free-flow (uncongested) travel time). The last step involves the summarising of the derived results. A similar
framework for assessing different traffic management scenarios following an ex-ante microsimulation
approach is presented by Naji (2008). This approach is applied in congested parts of the road network of the
capital city of Sana’a. Assessed scenarios include the do-nothing scenario (reference scenario), the
conversion of a lane dedicated to parking into a normal traffic lane, the modification of microbuses’ route to
not fall within the study area, and the redesign of the traffic signal control plans. AIMSUN simulation platform
has been used. Demand-side data include traffic counts during the peak hour, while the microsimulation
model was calibrated based on various global and vehicle type parameters, including simulation step, driver’s
reaction time, maximum mean desired speed, and minimum distance between vehicles. Several simulations
have been executed to reflect all scenarios, while the simulation associated with each scenario has been
executed four times to mitigate the effect of randomness, which is inherent in microsimulation models. The
optimal scenario to be adopted is the one that minimises delay, travel times, and fuel consumption and
maximises speed and flow rate.
Ex-post approaches are typically called to judge the success rate of applied traffic management measures
and services, thus paving the ground for their future improvement. In addition, ex-post approaches are data-
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driven in the sense that they compare traffic observations before and after the application of specific traffic
management measures and services. A relevant application has been made by the Dutch Road Authorities
(Spreeuwenberg & Krikke, 2017), wherein the “rule-based” framework has been tested in North Amsterdam.
The evaluation was based on the quantification of five metrics enabled by the application of the framework
for 40 days. These metrics include vehicle loss hours (expected number of vehicle passages based on road
capacity against their actual number), length of waiting queues for each traffic light, road user satisfaction
taking input from a sample of 23 drivers, number of red-light runners, and compliance of public transport to
timetable. A similar approach has been also followed in the context of the EasyWay project (van der Veen &
Taale, 2013). In this case, the objective was to evaluate the traffic-related effects of two traffic management
scenarios within an area adjacent to the Rotterdam harbour, including the A15 motorway. Each traffic
scenario is called to address traffic-related issues during the morning peak and evening peak hour through
the provision of information about congestion on the A15 and route advice involving the secondary road
network. This piece of information was broadcasted to drivers through the existing Variable Message Signs
(VMS), while the traffic signal control plans on the secondary network were adjusted to increase capacity
along alternative routes. The evaluation was based on the collection of traffic-related data and loggings from
various central and roadside systems for a 6-week period during which traffic management scenarios were
either enabled or disabled to allow for comparisons. These data enabled the quantification of various
indicators classified at three levels, namely road network performance (i.e. vehicle hours delay and vehicle
kilometres), traffic flow on A15 and secondary network (i.e. traffic volumes, travel speed, travel time, vehicle
hours delay, and congestion rate), as well as route choice effects (i.e. turning percentages). The results
showcase that the effect of traffic management scenarios is positive but not significant during regular
workdays and much more observable during non-regular workdays (i.e. during workdays with severe
congestion due to accidents or extreme weather conditions).
An alternative approach to rule-based traffic management is case-based traffic management (Chen & Zuylen,
2014). According to this approach, there is a database in which various traffic situations along with their
remedies (control measures) are stored. Right after the diagnosis of a problem, the current traffic situation
is matched with a situation existing in the database based on their similarity. Accordingly, the control
measures associated with the matched situation are suggested for application. The appropriateness of traffic
control measures for each situation stored in the database can be achieved offline by adopting either an exante or ex-post assessment approach. A relevant system is suggested by Hoogendoorn et al. (2003). The
motivation of this system is to overcome the complexity and computational burden of using traffic flow
models in real-time decision support systems. Its rationale is founded on the premise that the solution of an
existing problem is based on the solution of similar problems in the past (knowledge base). Α Fuzzy CaseBased Reasoning approach is devised based on which the similarity of the current traffic conditions with the
traffic conditions corresponding to the cases of the knowledge base is determined as well as predictions are
made based on proven or simulated consequences of these cases
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It should be noted that the method involves the division of the road network of interest into certain
subnetworks and the aggregation of the derived results, while during the prediction process the similarity of
traffic conditions is taken into consideration. By that means the system can predict the impact of different
control scenarios and support the decision-making process of traffic managers. Predictions involve
parameters, such as vehicle loss time, total time spent, total travel time, total queueing time, mean queueing
length, mean link speed, mean vehicle speed, distance traveled, total inflow and outflow, and total fuel
consumption.
A more advanced approach compared to both rule-based and case-based traffic management is the realtime simulation, wherein simulation frameworks are running in parallel with traffic management processes.
In such frameworks, traffic observations are utilised to adapt simulation to the prevailing traffic conditions.
A commercial solution supporting real-time simulation is AIMSUN LIVE, which relies on the AIMSUN NEXT
offline transport modelling platform (Mena-Yerda, 2020). AIMSUM LIVE allows the analysis of non-recurrent
and recurrent events and the assessment of the impact of various traffic management scenarios. While the
association of the applicable traffic management scenarios with recurrent events is more easily attainable
and may exist in a database, the scenarios responding to non-recurrent events can be manually or
automatically activated based on rules building upon incoming data, including sensor data, equipment status
and information on traffic events. The effectiveness of applied scenarios can be assessed through safety-,
environmental-, economic-, or operational-related measures or combinations of those. In the latest versions
of AIMSUN LIVE, a “Network Prediction System” is implemented that combines the capabilities of traffic
simulation and Machine Learning (ML) and provides traffic forecasts for the full network, including traffic
flows, speeds, delays, and travel times. Specifically, the analytical prediction module enhances through ML
algorithms the simulation module by providing real-time traffic forecasts extendable at the whole network
in a process titled “dynamic demand adjustment”.
A common aspect identified in all approaches for evaluating traffic management scenarios is the usage of
performance indicators as a means of judging the success rate of applied traffic management measures and
strategies. This topic has been elaborated by the CONDUITS project to derive an appropriate performance
measurement framework for Intelligent Transport Systems (Kaparias & Bell, 2011). The devised framework
includes four pillars, namely traffic efficiency, road safety, social inclusion & land use, as well as pollution
reduction. The performance measures of each pillar are further categorised based on relevant concepts to
better reflect their focus. For instance, performance measures for traffic efficiency are categorised as related
to mobility, reliability, operational efficiency, and system condition and performance. It should be noted that
certain performance metrics appear in more than one category. Table 2 provides a demonstration of
performance measures included in the efficiency pillar.

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

42

nuMIDAS - 101007153

Table 2: Performance metric of the efficiency pillar for traffic management assessment.

Performance metric

Performance pillar
and pillar category

Average travel time to relevant points of interest on the
road/public transport network
Average distance and duration of transfers between modes
Access times to public transport facilities

Efficiency – Mobility &
Operational efficiency
Efficiency – Mobility
Efficiency – Mobility &
Operational efficiency
Efficiency – Mobility
Efficiency – Mobility &
Reliability
Efficiency – Reliability &
Operational efficiency

Average commuting time by public and private transport
Percentage of non-motorised trips for commuting
Origin-destination (OD) route travel time and total travel time
Average/total travel times and speeds
Delays
Modal split

Variance of the time headway between consecutive vehicles of the
same public transport line
Number of stops of public transport at intersections
Number of missed connections at transfer points
Public/private cost for transport
Value of fuel savings
On-time performance of public transport
Cost per passenger or vehicle miles of travel (VMT) for urban
transit systems

Efficiency – Reliability
Efficiency – Reliability &
Operational efficiency
Efficiency – Mobility &
Reliability &
Operational efficiency
Efficiency – Reliability
Efficiency – Reliability
Efficiency – Reliability
Efficiency – Operational
efficiency
Efficiency – Operational
efficiency
Efficiency – Reliability &
Operational efficiency
Efficiency – Operational
efficiency
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On top of that, for each pillar and pillar category, specific composite Key Performance Indicators (KPIs) are
devised. These indicators enable the assessment of ITS services through a single measure (instead of a list of
measures) but do not provide immediate insight into which aspects of performance are changing or why. The
mathematical expression of these KPIs includes weighting factors for different transport modes based on the
goals and objectives of the application under consideration. A prominent example constitutes the so-called
mobility KPI which is mainly comprised of the average travel time to different destinations normalised by the
distance to the destinations and weighted by the importance of the road and public transport network.
𝛪𝛭𝛰𝛣

|𝑅𝑃𝑉 |

|𝑅𝑃𝑇 |
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𝑟
𝑟
1
𝐴𝑇𝑇𝑃𝑉
1
𝐴𝑇𝑇𝑃𝑇
∑
∑
= 𝑤𝑃𝑉 (
) + 𝑤𝑃𝑇 (
)
|𝑅𝑃𝑉 |
|𝑅𝑃𝑇 |
𝐷𝑟
𝐷𝑟

where:
r = a route/specific OD pair among a set of selected RPV and RPT on the road and public transport network
respectively
𝑟
𝐴𝑇𝑇𝑃𝑇
: average travel time for route r on the road network
𝑟
𝐴𝑇𝑇𝑃𝑇 : average travel time for route r on the public transport network
𝐷𝑟 : length of route r
𝑤𝑃𝑉 : weight of the travel time on the road network
𝑤𝑃𝑇 : weight of the travel time in public transport
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3.4 Conclusions
The scope of this section is to provide a summary and meta-analysis of the literature survey that has been
executed in the context of the previous section. Its ultimate purpose is to conclude to critical
considerations to be made and important parameters to be addressed by the methods and tools that will
be developed in the nuMIDAS project. A description of this meta-analysis per use case is presented in the
next paragraphs, while the important parameters are summarised in Table 3. On top of that, the output of
this meta-analysis lays the ground for the identification of important risks that should be accounted for by
the methods and tools to be developed. These risks are presented in Section 4.1.3.
Concerning the first use case and based on the literature findings, a critical consideration to be made is the
need for identifying the optimal fleet size of shared mobility services from both the perspective of service
operators and travellers. This is a necessary approach to be followed by the project’s toolkit as a means of
ensuring both the sustainability and viability of provided services. Such an approach relies on the postulation
of an optimisation problem in which the objective function will seek to optimise a total cost index covering
both perspectives. To this end, important parameters that are included in Table 3 encompass both structural
members of this index as well as parameters that can be viewed as prerequisites for quantifying these
members.
The second use case interrelates to a fair extent with the first one. This is based on the premise that a tool
supporting the definition of shared mobility operative areas within a large city can take as input the optimal
values of the fleet size and/or the number of docking/dispatching stations (depending on the nature of
analysed shared mobility service) for each district. Based on that it can identify the optimal allocation of
existing fleets or stations to each district by solving, an optimisation problem complying with the principles
of the classical facility location-allocation problem. For this reason, the important parameters that are
included in Table 3 are to a fair extent common with those of the first use case. Furthermore, this use case
includes additional parameters that are related to service provision equity (among the various districts) as
well as profitability equity (among the various service operators).
Similarly, based on the literature survey concerning the third use case, air quality analysis in the transport
sector has three main pillars, namely measuring emissions and their effects on the environment (immissions),
modelling them, and identifying the most proper measures for their mitigation. As already discussed, the
difficulty of measuring vehicle-induced emissions is considerably high, while the difficulty of measuring their
effects (e.g., on air quality) is manageable. Besides, the modelling of emissions can be based on a microscopic,
mesoscopic, macroscopic, or statistical approach, while the modelling of emissions typically relies on
sophisticated mathematical models (i.e. dispersion models). Finally, mitigation policies can be based on
alternative fuel technologies, traffic restrictions within selected areas, and the provision of incentives. Given
that the third use case focuses on the first two pillars, provided parameters (in Table 3) are related to those
pillars.

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

45

nuMIDAS - 101007153

Based on the literature survey concerning the fourth use case, the definition and enforcement of parkingrelated policies requires comprehensive data collection regarding parking capacity and parking demand
(including rush hours and parking rotation), the determination of feasible policy measures, as well as the
development of models for simulating these measures (by adopting either a microscopic or macroscopic
modelling approach). In this respect, Table 3 includes parameters that are deemed important for both data
collection and simulation endeavours understood as the prerequisites for assessing the impacts of parkingrelated policies.
Concerning the exploitation of ANPR systems for imputing traffic demand and the inflows and outflows
to/from an area of interest, it is important to identify in a valid manner the start and finish area of a trip. This
can be supported by utilising timestamp information and estimations regarding feasible/expected routes and
travel times. Moreover, given that the target outcome of such an application (i.e. inflows and outflows
imputation) is of interest for policy making purposes, it is often required to make distinction over the vehicles
classes included, for instance, in an OD matrix. This distinction can be supported by external databases
providing information about vehicles registration. The latter can also support the identification of trip start
and finish area making use of spatial information included in the aforementioned databases. Finally, part of
the analysis should be devoted to the estimation of missed detections. The parameters included in Table 3
with respect to the fifth use case encompass the previously mentioned considerations.
Finally, the two most commonly adopted approaches for assessing traffic management scenarios is the exante (off-line) approach and the ex-post (data-driven) approach. In both cases, the assessment is made on
the basis of key performance indicators (KPIs) related to traffic characteristics, traffic efficiency, traffic
reliability, and the mobility of people and goods. Another important aspect constitutes the analysis of a road
network’s hierarchy and the identification of the parts of a road network in which traffic management
scenarios are applicable. The parameters included in Table 3 for the sixth use case reflect both aspects
mentioned above. To avoid an excessive list of KPIs utilised for assessing traffic management scenarios, Table
3 includes only a sample of relevant indicators.
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Table 3: Critical parameters to be considered by the nuMIDAS methods and tools resulting from literature review.

Critical parameter
Population and population
density
Demand for mobility
services (expected trip
rate)
Peak demand for mobility
services (maximum trip
rate)
Demand
variability/uncertainty
Spatial distribution of
demand
Mobility service operators
profitability
Generalised trip costs
 In-vehicle time
 Waiting time
 Walking time
Maximum acceptable value
for generalised trip costs
(by travellers)
Distance travelled by
vehicles
Vehicle transfer policy and
rebalancing needs
Value of time
Vehicle maintenance costs
Operating/fuel costs
Pricing and fare zones
Capital costs
Cost variability
Demand coverage
Equal access to mobility
services
Equal treatment of mobility
service operators
Service coverage area
Land use and number of
activities within a
geographical area
Demographic diversity
On-street parking capacity
Off-street parking capacity
Parking rush hours

Related use case
UC1
●

UC2
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

UC3

UC4

UC5

UC6

●

●

●

●
●

●
●
●
●
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Critical parameter

Related use case
UC1

Economic, cognitive, and
situational factors affecting
parking choices
Parking occupancy
Parking vacancy
Parking rotation
Trip purpose
Multimodality and
existence of alternative
transport modes
Vehicle kilometres
travelled
Willingness to pay for
parking
CO2 emissions
Other air pollutants
emissions
Air quality measurements
(providing information
about temperature,
relative humidity,
particulate matter)
Air pollutants dispersion
Meteorological conditions
Average vehicle speed
Number of vehicle stops
Traffic volumes
Vehicle detection time
(timestamp)
Start and finish areas of
trips
Vehicle types/classes
Feasible set of
observations
Expected vehicle routes
Expected travel time
Missed vehicle detections

UC2

UC3

UC4
●

UC5

UC6

●
●
●
●
●

●
●
●
●
●

●
●
●
●
●
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Road network hierarchy
Typology of road network
elements
Inflows and outflows
to/from a road segments
Vehicle throughput
Vehicle hours delay
Congestion rate
Traffic efficiency metrics
Traffic reliability metrics
Mobility metrics and
synthetic indices
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4

Risk analysis

In this section we will first explain the underlying methodology and approach we followed for the risk
analysis, after which we identify the relevant risks. We then analyse them and finally present our conclusions.

4.1 Methodology and approach
This section consists of three parts. The first part is dedicated to the identification of all risks from different
sources with a quick analysis of the nature and type of these risks. The second part provided a first deep
analysis of the previously identified risks by using Quadrant, PESTEL, and Pareto analyses. Finally, the last
part of this section provides information on the prioritisation of risks.
This part of the deliverable describes the methodology and analytical tools that will be used for the
examination of the risks related to current tools in use by the project pilot sites, as well as the new tools that
are intended to be developed during the project and after its completion. This part also briefly discusses the
stages of the risk analysis that are going to be performed by the project’s members, targeted data, and
information to be obtained while using various methodological tools and techniques. It also presents an
innovative methodological approach developed within the framework of nuMIDAS that is largely based on
previous projects’ methodologies but also tailors a new method that is specifically designed for the needs of
nuMIDAS as well as specificity of targeted information.

4.1.1 Data collection methods
To collect the necessary data for further analysis on risks related to methods and new tools to be developed
a variety of information sources and instruments were utilised: namely several web-based surveys designed
by project partners, inputs from pilot sites and literature review.
The main source used for the identification of major risks in this analysis were two purposely designed
surveys. The first, prepared by the participants of the WP2 (See Chapter 5 and Appendix E of Deliverable 2.1:
State-of-the-art assessment), aimed to collect information from various transport and mobility stakeholders
on what is changing in the mobility environment and what the toolkit needs to contain that nuMIDAS project
partners intend to develop. The survey contained five question categories, i.e. trends, challenges,
stakeholders, tools, and data, from which one question was especially relevant for Task 3.1. The question
asked to indicate at least one or two risks that are the most critical and can impact the existing
methodological tools supporting transport/mobility researchers, planners, and policy makers. This survey
provided the first insight into the possible risks related to new tools and methods.
The second survey, designed by FACTUAL and CERTH (see Appendix A of this deliverable), targeted the four
pilot sites (Barcelona, Leuven, Milan, and Thessaloniki) to collect their inputs on the risks associated with the
tools associated with the 6 use cases defined by the project consortium. It consisted of an explanatory
introduction and two parts: on existing tools and the tools to be developed by nuMIDAS project partners.
Besides questions on weaknesses of the existing tools and risks related to new tools, several other questions
were asked to better understand the context, purpose, features, critical factors, type of analysed data,
functionalities, and stakeholders of those tools. Regarding new tools, project partners were asked to indicate
the main risks associated with the development, implementation, and utilisation of these new tools. It was
also demanded from the responders to provide the answer per type of risk, namely political, economic, social,
technological, environmental, legal, and other risks, if applicable. These questions were essential not only to
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understand the problems related to the defined use cases but also were crucial form the basis for the
development of the methods and tools of the project, which will be applied in the context of the project’s
case studies and will shape the production of the project´s toolkit, including its dashboard.
Besides utilising the surveys abovementioned as main sources of information, this risk analysis incorporated
valuable insights from the literature review conducted by multiple consortium partners,

4.1.2 Data analysis methods
The risk analysis for the existing and future tools consisted of four main stages (See Figure 3), namely the
identification of methods, collection of information, analysis of methods/tools and data processing. The first
stage, the identification of methods, was utilised to obtain the necessary data for further analysis. This step
was crucial for it identified the data collecting methods that needed to be correctly selected, prepared and
performed to receive the aimed data.
The second stage closely related to the chosen methodologies describes which information is specifically
collected. Different data is obtained from different methods, such as understanding of current and new tools,
their functionalities; which are the risks related to those tools; what are the critical parameters of these tools,
so that the tool could provide correct data and which are sensitive for various type of risks that can hinder
functionalities of these tools; finally, information on possible solutions to target those identified risks that
can hinder the future deployment, development and utilisation of new tools.
During the third stage, analysis of collected data, several methodologies and approaches were used in
different phases of the project, namely chi-square test, qualitative content analysis (QCA), Quadrant analysis
and Pareto analysis. These methodologies allowed to tackle various risks from various perspectives.
For the analysis of the previously identified risks, different analysis procedures were selected according to
the different types of data. To analyse quantitative data, for instance, quantitative statistical analysis
methods like the chi-square test9 of independence were applied for the answers received by the online
survey; for the analysis of qualitative data, QCA10 was used to obtain the qualitative information from
interviews with mobility and transport professionals as well as pilot site specialists. The results of the
different data sources were initially analysed separately and then compared to each other in the areas of
existing “tools and methods,” “risks identification,” “critical parameters,” and possible “solutions”.
Finally, the analysed data were brought together and presented in several visual manners. The results
obtained serve as a basis for drawing conclusions and recommendations for the preparation of mitigation
plans and strategies to reduce the risks and create a list of critical parameters, key for the future development
of new tools. It is important to highlight that the design of risk-addressing strategies lays beyond the scope
of this deliverable.

9

https://www.investopedia.com/terms/c/chi-square-statistic.asp
http://www.qualitative-research.net/index.php/fqs/article/view/1089/2385

10
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Figure 3: Overview of procedures and methods in risk analysis

4.1.3 Risks analysis approach
The purpose of this section is to describe the methodological approach for the analysis of the identified risks
related to new tools and methods. This tool provides information that allowed to understand the level of
likelihood of the detected risks to occur again. More specifically, it indicated the potential level of overcoming
these risks and it also helped estimate the degree of the future impact of a particular risk on the development
of the future tools.
Considering the methodological approaches of other projects regarding assessing risks and their potential
solutions, we did not propose a completely new approach, but used the approach proposed and used by the
AEOLIX and CAPITAL projects. 11 However, the project endeavours not only to employ the same methodology,
but tries to go deeper in the analysis of the detected challenges and various solutions. The tool also tailors
the risks that has been already identified by previous projects, particularly by AEOLIX and its partners. This
tool helps to compare these risks and completes the picture with new ones in order to ensure that all risks
for the new tools were appropriately tackled and apt solutions could be proposed.

11

http://aeolix.eu/. Regarding barriers and their potential solutions, AEOLIX project based its research on finding of
previous projects, such as CO-GISTICS, FREILOT, MOBINET and COMPASS4D.
https://capital-project.its-elearning.eu/. CAPITAL project’s research methodology for analysis of challenges related to
the deployment capacity programme was developed on basis of AEOLIX project methodology for barriers.
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The AEOLIX project clustered all challenges into six groups, namely policy, economic, social, technical, legal,
interoperability. However, this classification did not fit the approach to be used in the project. While in the
CAPITAL project, which was dealing with the capacity deployment programme, the challenges were
considered from three different perspectives, namely from the side of organisers, from the side of
participants, and a third group combines challenges that are not covered by two first ones.
In this regard, the nuMIDAS project used PESTEL analysis for grouping all risks and further analysis per each
cluster. In addition, it was also agreed to put all risks into two groups, namely those risks or weaknesses that
refers to the existing tools (C) and those risks that refer to new tools (F) that are planned to be developed by
the project pilot sites. In some cases, some of the listed risks are shared by both groups and hence designated
by both letters.
The set of tools which will be developed or improved respond to the use cases listed in Table 4.
Table 4: Use cases per each pilot site in nuMIDAS project

Use cases

Pilot cities

1

Pre-planning of shared-mobility services

Milan & Leuven

2

Operative areas analysis

3

Air quality analysis and vehicle emissions analysis
based on multi-source data

4

Planning for parking

5

Assessment of inflows
metropolitan area

6

Data driven assessment of traffic management
scenarios

Milan
Leuven & Barcelona
Leuven
and

outflows

in

a

Barcelona
Thessaloniki & Leuven
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4.1.4 nuMIDAS project risk analysis approach
The nuMIDAS project approach is based on a combination of several analysis techniques and methods. The
first step in this process was the identification of all existing risks related to current and new tools that are
going to be developed and used by the pilot sites. The data was received from the two online surveys and
project’s partners. The next step was a thorough desktop literature review of the risks related to the existing
tools. A number of reports, articles published in scientific journals, various studies as well as deliverables
from previous projects were analysed to tackle this problem.
The following step was the identification of the risks by the project consortium members. Based on their own
experiences and understanding of the project, they were asked to provide feedback and to complete the list
of risks. To prioritise these challenges, the ‘Delphi method’12 was utilised, which is based on the results of
several rounds of surveys sent to consortium experts, asking them to prioritise the most important risks that
can hinder the development and deployment of the new tools in the project.
The closing stage in this analysis was a final list of risks related to the new tools and their validation. The risks
were further investigated by using the Quadrant analysis.

Figure 4: nuMIDAS project methodological approach

12

https://www.toolshero.com/decision-making/delphi-technique/
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4.1.4.1

Quadrant analysis

The Quadrant analysis, also known as the 2X2 matrix, or Magic Quadrant (MQ), refers to a series published
by IT consulting firm Gartner and used in market research reports that rely on proprietary qualitative data
analysis methods to show market trends. The Quadrant model usually categorises firms in technology
markets into four categories: Leaders, Visionaries, Challengers, and Niche Players. The model discloses the
growth potential of each firm on two criteria: completeness of vision and current ability to execute. Quadrant
models are also a tool employed for driving innovative solutions and to help in the strategic decision-making
process, as they help effectively assess situations to find better solutions for specific problems.
The quadrant is structured in two axes, which form a table with four cells. Its design represents a set of
conflicting aspects or interests. Depending on the purpose of the quadrant analysis, each axis and cell can
have various labels. Quadrants can be very multipurpose as they can be designed for different goals and
situations. In the business environment, quadrant analysis helps to identify where attention should be placed
in what regards two different areas under decision as the results reveal how these two or more areas
correlate to each other. It can also be applied to determine which efforts should be pursued, and compare
certain potential opportunities, e.g., for effort and impacts.

Figure 5: Quadrant analysis for a new business endeavours: efforts and impact

For the analysis of the risks of the new tools in the project, a similar approach to the one developed in AEOLIX
and CAPITAL projects was used, which included evaluation of each risks in the following three areas:
a) Likelihood for the risk to happen
b) Difficulty in implementing a solution to address the risk
c) Impact of the risk on deployment
Following this methodology and with the objective to classify the results through a Quadrant analysis, it was
decided to combine a) with b), a) with c) and b) with c) in order to eventually classify each challenge in one
of the four following categories, as shown in the following example combining pair a) and c):
1.
2.
3.
4.

Unlikely to happen – Small impact: Do it Later
Unlikely to happen – Big impact: Plan for it
Likely to happen – Small impact: Delegate
Likely to happen – Big impact: Do it now
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It allowed to see which risks needed to be tackled immediately, for which ones it was necessary to draw plans
for the future and which ones were not relevant at this moment. It also helped prioritise the tasks and show
which of them needed to be done right away; which ones of them were important, but not urgent and require
more time to plan for and execute later; tasks that were urgent, but not important should be re-evaluated,
and as being urgent, could be delegated to others; tasks that were neither urgent nor important, should be
either removed or addressed at the later stage. Figure 6 depicts a visual representation of this Quadrant for

urgency and importance.
Figure 6: Urgent vs. Important Quadrant13

13

http://meetingsift.com/quadrant-analysis/
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Another Quadrant that is used in the assessment of the challenges is the Effort vs Impact Quadrant, which
allows to prioritise actions based on their predicted effort and impact. This analysis showed actions that
required low efforts but had high impact, were marked as “Quick Wins” that needed to be perused; actions
that had an impact, but were considered to have high effort, were marked as “Major Projects/Actions,” which
required significant attention and resources; actions that required low efforts with low impact, are marked
as “Fill in Jobs” and needed to be done if they have tactical impact over time; and, finally, the actions that
required high effort, yet with low impact are marked as “Thankless Task” and are not worth the effort it takes
to perform them.

Figure 7: Effort vs Impact Quadrant 14

A list of risks was prepared and agreed by the partners of the project (it was the result of a survey). The risks
are presented in the table in the next section of the deliverable. Next to each risk there are three columns:
Likelihood, Easiness to solve and Impact. For each risk, it was requested to rank from 1 to 5 (from highest to
lowest) in each out of three columns (For more details see Appendix A).
The Quadrant analysis was used to scrutinise the data collected from an online designed survey. The analysis
and its results are presented in the next section on input from the project partners.

14

http://meetingsift.com/quadrant-analysis/
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4.1.4.2

PESTEL analysis

Once all risks are identified and put on one list a PESTEL analysis (also known as PEST 15 or PESTLE16) were
used to cluster all risks into several groups, namely Political (P), Economic (E), Social (S), Technological (T),
Environmental (E), Legal (L) and another risk that do not fall into any of previous categories. The PESTEL
Analysis, which is normally used to analysis the external environment that can impact a project, its objectives,
planning, organisation, and execution, will be also used in nuMIDAS project for the analysis of all identified
risks. The purpose of this method is to understand how the detected risks might impact various aspects of
new tools. It is also very helpful in prioritisation, justification as well as risk management processes. The
results of this analysis can feed the process of designing a plan comprehensive enough to identify and tackle
potential risk scenarios that emerge outside the new tools but can have some serious impacts on them, their
functionality, effectiveness, deployment, utilisation, acceptance, and further development.

4.1.4.3

Pareto analysis

The Pareto analysis17 is a technique that helps identify those issues that cause the majority of problems in a
project. It is based on “80-20 rule”, which means that generally, 80 % of the effects come from 20 % of the
causes. As a decision-making technique, Pareto analysis statistically separates a limited number of input
factors, either desirable or undesirable, as having the greatest impact on an outcome (e.g., 80 % of project’s
benefits can be achieved by doing 20 % of the work or 80 % of risk effects may arise from just 20 % of
identified risks).
Within nuMIDAS, after the identification of all risks related to the new tools, scoring of all risks was to rank
them and select the top 20 %. The criteria for ranking the risks belong to the Quadrant analysis since one of
the questions that were asked in the survey is the level of impact of a particular risk. The Pareto analysis will
help to focus on those risks with the highest impact on a tool. Therefore, it facilitated the prioritisation of
necessary mitigation or contingency actions necessary to address that 20 % of top risks in order to ensure
further development, deployment, and utilisation of the exiting tool.
There are some advantages and disadvantages of the Pareto analysis which also need to be taken into
account. The main advantage of Pareto analysis is that it helps to identify and determine the root causes of
problems. It can also help to look at a cumulative impact of a risk, namely an effect that is being caused due
to a problem happening over a long period. The Pareto analysis provides a better explanation regarding
problems that are needed to be resolved first. One can also decide and plan about correct and important
measures or actions that are needed to be taken to resolve these problems. However, the main disadvantage
of Pareto analysis is that it does not provide solutions to the identified risks. In addition, Pareto analysis only
focuses on past data. While information about past errors or problems is crucial for analysis, it does not
guarantee that it will be relevant in future scenarios. In this case for nuMIDAS project it will be relevant to
compare the risks of the existing tools with the risks related to newly designed ones by pilot sites and see the
overlaps. Another disadvantage of the Pareto analysis is that a root cause analysis (RCA)18 cannot be done by
itself in Pareto analysis, namely, it requires a tool to determine or identify root causes or major causes of a

15

https://www.investopedia.com/terms/p/pest-analysis.asp
https://www.business-to-you.com/scanning-the-environment-pestel-analysis/
17
https://www.investopedia.com/terms/p/pareto-analysis.asp
18
https://www.tableau.com/learn/articles/root-cause-analysis
16
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problem. Within nuMIDAS, risk analysis together with Pareto analysis will be used without further
investigation of root causes of the identified risks.
In a Pareto chart (see Figure 8) all risks are placed in one chart. Those risks that are above 80 % threshold are
of great importance, they are few but vital. According to the Pareto theory, they represent 20 % of all risks
and are responsible for 80 % of related issues. These risks need to be considered at first for they are of high
priority. The other risks that stand below 80 % threshold are many and trivial. They need to be taken into
account but not in high priority. In this case, nuMIDAS project will be focusing on these 20 % risks about 80 %
that stand about the threshold. As it is shown in the example, only the Risks 10, 4 and 8 will play a key role
in building future mitigation and contingency strategies to tackle the related to their problems.

Figure 8: Example of a Pareto chart for identified risks
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4.2 Identification if the risks
This part focuses on identification of risks collected from different sources mentioned in introduction to this
part of the deliverable. The first source of information that provided indispensable data for this analysis was
the survey conducted in the WP2. This survey was distributed among the different transport and mobility
stakeholders on various trends that impact the mobility ecosystem and the toolkit that the nuMIDAS project
partners intend to develop. The second source of information that is analysed here comes from the survey
organised by FACTUAL and CERTH that was sent to the pilot sites to collect the information on risks related
to 6 tools. The third source of information that provided important data for this analysis comes from several
short interviews/discussions with mobility experts. They provided some crucial insight on the existing and
potential risks that can hinder the development, deployment, and utilisation of new tools. The final source
of information comes from the desk research and review of existing literature on the related topic. It has
provided another valuable chunk of information on the risks that used in the further analysis.
Since various types of sources and tools were used for data collection, hence different methodologies and
approaches were proposed for the data analysis.
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4.2.1 Risks identified in survey
As mentioned previously, a survey was prepared by the project partners to assess the existing tools
supporting transport/mobility researchers, planners, and policy maker, identify the potential risks that can
impact these tools, as well as potential need for the development of new tools The respondent had to
indicate at least one or two risks that are the most critical. This survey provided the first insight on the
possible risks related to new tools and methods.
The survey consisted of 19 questions that were organised in 5 blocks of questions, namely trends, challenges,
stakeholders, tools, data, concluding remarks and contact information. There were 131 responses in total
received after sending the survey. Out of them, 41 were complete and 78 were left incomplete. The survey
was open from 12 July 2021 until 26 August 2021. The survey was originally prepared in English and translated
into three other languages, i.e. Greek, Italian, and Spanish for the project partners were based in these
countries. There were 68 in total (24 complete and 44 incomplete) in English; 16 (5 complete 11 incomplete)
in Greek; 32 (9 complete and 23 incomplete) in Italian; 15 (4 complete and 11 incomplete) in Spanish (See
Figure 9).

Greek; 12%
Italian; 24%

Spanish; 11%

English; 52%

Greek

English

Spanish

Italian

Figure 9: Replies received to the survey per language

The question that was of great importance for this analysis was inserted in the section “Tools.” It asked:
“Please indicate at least two challenges/risks that are, in your opinion, the most critical and can impact
existing methodological tools supporting transport/mobility researchers, planners, and policy makers.” A
respondent had to provide at least one and maximum 5 different risks. There were 37 answers provided to
these questions, in the rest of the cases it was left blank. Out of them 2 were provided in Dutch, 20 in English,
4 times in Greek, 5 in Spanish and 6 in Italian.
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There were 86 risks in total indicated in all replies to the survey. Some of the risks were suggested more than
once by various respondents to the survey. In some cases, the answers covered two or more categories.
Therefore, the counting was done for more than one category of risks. Regarding the formulation of the risks
by various respondents, they differed in many cases. To avoid repetitions and various formulations, they
were grouped and counted under the closest in meaning and the shortest in the formulation. In some cases
the indicated risks were dropped completely for they were too general in their meaning and lacked further
explanation or specification, for instance, “gap,” “full digitalisation,” “complacency,” “not adapting to future
challenges,” “populism,” “free politics,” “social media,” “action perspectives,” “time factor,” “autonomous
driving,” “unimodal approach,” etc.
In total there were 30 different risks identified. All collected risks were also categorised into six groups, i.e.
Political (P), economic (E), social (S), technological (T), environmental (En) and legal (L). There were 8 political
risks; 2 economic risks; 2 social risks; 15 technological risks; 1 environmental and 2 legal risks.
Environmental
3%

Legal
7%

Political
27%

Economic
6%
Technological
50%

Social
7%

Figure 10: Grouping of risks received in the survey

As Figure 10 shows, technologically related risks confirm the biggest group with about 50 % of total risks. The
smallest is the environmental group with about 3 % and economic with 6 %, followed by the political group
which constitutes 27 % of total risks and includes risks related to management and collaboration between
various stakeholders.
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The list below shows all identified risks and how many times the mentioned risk appears in the survey. The
risks are sorted by the number of frequencies of appearance in replies from the highest to the lowest.
Table 5: List of risks identified in the Survey conducted in WP2

Risks

Cluster

No.

Standardisation and integration of tools/data

T

9

Missing legislation framework for development and implementation of new
technologies

L

Lack of knowledge on human behaviour and changing needs

S

7

Question of privacy, security, and data protection

L

6

Lack of understanding of smart mobility, its benefits and impact

P

6

Lack of understanding and interpretation of mobility data

T

5

Limited access to the data

T

4

Understanding real needs of the city

P

3

Lack of collaboration/understanding between policymakers and transport
research centres

P

Tools are too expensive to be used by users

E

Lack of balance between various existing policies that favour one mode of
transport to other

P

Trust in new technologies

S

2

A rapid change of mobility demand

T

2

Cost of the existing data

E

2

Big amount of unverified data

T

2

Technical limitation of public sector to accept of new technologies

T

2

Lack of collaboration between existing data and human-centred transport
planning

P

Lack of collaboration between traffic management and all other stakeholders
(e.g., research centres)

P

Poor data quality

T

1

Difficulties to integrate local services

T

1
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Difficulty to integrate new technologies in mobility

T

1

Limited use of research results

T

1

Lack of models of infrastructure behaviour

T

1

Risk to focus on technical and efficient solutions instead of the mobility and
environmental needs

EN

1

Holistic approach in understanding various mobility solutions that not only
includes technological or political but also heuristics, configurations, modelling,
management, maintainability and changes and impacts

1
P

Lack of existing models for automated vehicles behaviour

T

1

Lack of collaboration between various mode of transport

P

1

Capability of existing devices (e.g., GSM) to handle and provide sufficiently
robust data

T

Complexity of smart tools to be used by the end-user

T

Risk of too high expectation from the current traffic flow to level it to ‘smart
mobility’ network

T

1

1
1

Regarding the risks that were identified by the respondents, 9 out of 86 risks (11.11 %) indicated that the
biggest is the risk related to “standardisation and integration of tools/data” that causes a major problem for
further development and deployment of the mobility tools. 8 (9.88 %) indicated that “missing legislation
framework for development and implementation of new technologies in the transport sector” and 7 (8.64 %)
pointed out the “lack of knowledge on human behaviour and changing needs.” Other risks such as “privacy,
security and data protection” and “lack of understanding of smart mobility, its benefits and impacts” 6 (7.41
%) and risks related to data “lack of understanding and interpretation of mobility data” 5 (6.17 %) and “limited
access to the data” 4 (4.94 %) were also highly ranked.
Risks such as “understanding real needs of the city” and “lack of collaboration/understanding between
policymakers and transport research centres” were also listed as the top 10 major risks. These cases were
selected by 3 (3.7 %) respondents respectively.
Only 2 (2.47 %) of respondents indicated that such risks as “tools are too expensive to be used by users,” “lack
of balance between various existing policies that favour one mode of transport to other,” “trust in new
technologies,” “a rapid change of mobility demand,” “cost of the existing data,” “big amount of unverified
data,” “technical limitation of the public sector to accept of new technologies,” “lack of collaboration between
existing data and human-centred transport planning,” “lack of collaboration between traffic management
and all other stakeholders (e.g., research centres)” are major issues for the deployment of the mobility tools.

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

64

nuMIDAS - 101007153

Figure 11 briefly summarises the results collected from the survey on risks.

Tools are too expensive to be used by users

2.47
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Figure 11: Top 10 of risks identified in the survey

Analysing the results of collected responses on risks that can impact existing methodological tools supporting
transport/mobility researchers, planners, and policymakers, some further consideration can be brought here.
As seen in Figure 11, three major risks are related to lack of standardisation, missing legislative framework
and lack of understanding of human behaviour and rapidly changing needs. However, many other risks are
related to data collection, such as processing, communication of data, privacy and protection of data,
standardisation, interpretation, access, costs, availability, use of data, etc., which address different aspects
of one gathered data. In this case, the shared data is a vital element in existing tools and can be put as the
fourth major risk.
Another interesting observation that can be made from the analysis of the collected data is the relevance of
collaboration between different stakeholders who are involved in the mobility and transport sector. A lack
of diverse collaboration as well as the exchange of data between transport stakeholders poses one of the
major risks. According to these results, a lack of collaboration can occur either between policymakers and
research institutions; traffic management and traffic planners; and between various modes of transport.
Another not least important risk indicated by the respondents is lack of costs and funding schemes related
to the development and deployment of new transport technologies and tools as well as cost related to the
tools to be used by the end-users. These costs include fees for used services by the end-users as well as the
already mentioned costs related to the shared data.
Other risks worth mentioning – even though they do not stand high on the priority list - are trust in new
technologies as well as in developed tools. These are risks that are not of paramount importance but can
have a serious impact in the development and use of the tools and hence should be kept under constant
monitoring.
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It is important to shed light on end-user’s behaviour, which was ranked as one of the three most important
risks, deserves special attention here. It stands on the high priority list and is very crucial for development,
deployment, and use of the tools. In addition it also causes difficulties in addressing and solving this problem
for human behaviour, as it cannot be easily measured by using any quantitative calculating methods to
predict or forecast the user’s behaviour. In this case, other technics or tools from other disciplines, such as
human psychology can be of help to address this risk, psychology can shed some light on understanding
human transport behaviour, taking into consideration such phenomena as human perception, cognition,
emotion, personality, behaviour, and interpersonal relationships. This can help to predict and model future
transport end-users travel behaviour to appropriately and quickly develop new or adjust existing transport
tools.

4.2.2 Risks identified by the pilot sites
This section of the deliverable focuses on the risks related to existing and new tools that are going to be
developed by the project partners in three pilot sites. The information comes from the survey that was sent
to the pilot sites of the nuMIDAS project. The survey was prepared by FACTUAL and CERTH. It had 9 questions
and targeted specific data on current and new tools (see Appendix A). The main purpose of this survey was
to gain a better understanding how the developed tools are working, their aim, for which mode(s) of
transport they were developed, what are the shortcomings and risks related to their successful functioning,
which type of data they utilise for the analysis, who are the main stakeholders to use them, what are the
potential risks related to the new tools, etc.
This section consists of three subsections, each of them is dedicated to one of the pilot sites of the nuMIDAS
project, namely Barcelona, Leuven, and Milan. In each subsection, the tool(s) that are currently in use, and
the tools that are going to be developed within the project are briefly presented. The key focus of it is to
present the main risks that were identified by each of the pilot sites.

4.2.2.1

Barcelona pilot site

The Barcelona pilot site is working on developing two tools, assessment of inflows and outflows in a
metropolitan area and air quality analysis and vehicle emissions analysis based on multi-source data.

4.2.2.1.1

Assessment of inflows and outflows in a metropolitan area

The actual tools for traffic flow control were installed by some municipalities (Barcelona, L’Hospitalet de
Llobregat…) within the metropolitan area. The main tools are traffic counts and traffic simulation models
based on traffic count data. These tools provide information mainly on average daily traffic on different
roads. At the same time, Barcelona Metropolitan Area coordinates the implementation of Low Emission
Zones in various cities with the installation of plate recognition cameras. The information from these cameras
is aggregated internally to be analysed and visualised through Amazon Quicksight. The system consults in a
periodic way the main environmentally related information from vehicles and this information is showed in
order to monitor the evolution of circulating vehicles.
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This tool is designed to identify itineraries of each vehicle, based on the information received from plate
number recognition camera that collects and registers the data in an anonymised way. Information from
aggregated vehicle itineraries should be showed in an understandable and useful way (georeferenced). This
information would be useful to understand better mobility patterns within a metropolitan area. Better
understanding of flows of motorised traffic will drive to better mobility policies, such as future vehicle access
restriction areas as well as evaluating measures in place. In actual traffic control tools, information is
restricted to municipal data and only provides information of total flow, not itineraries.
The main stakeholders are AMB Informació i serveis who coordinate the use case, and the compiling and
treating of the data, and Metropolitan Area of Barcelona, who is the owner of the system capturing
information from metropolitan cameras. Other key stakeholders are city councils, especially Hospitalet de
Llobregat and Barcelona.

4.2.2.1.1.1

Risks related to existing tools

In actual traffic control tools, information is restricted to municipal data and only gives information of total
flow, not itineraries.
At the moment geospatial data visualisation with Quicksight is very limited. It does not have visualisations
where results may have multiple locations, such as vectors with is a basic requirement to show flow volumes
or even paths.
It does not have an option to show map layers. Neither from external map services nor generated directly
from the analysed datasets. It is a requirement to study data in which space discretisation is filled with values,
such as a bitmap, e.g., in air pollution data extrapolation. In fact, it lacks any option to customise the
underlying map image, where it is important to show relevant contextual map data.
It is also not possible to bind time field filtering to some sort of slider component in Quicksight. Not even
possible to animate this. This is an important feature when analysing mobility data, which variability is often
studied in 15 minutes fractions due to traffic behaviour. One wants visualise georeferenced data over a map
and across time.

4.2.2.1.1.2

Risks related to new tools

The new tool should include several functionalities, namely, it has to be able to:
-

follow a number plate in the 100 cameras located in the metropolitan area and define a
methodology to calculate what is considered as a single itinerary;
show information on origin and destination of vehicles by camera areas as the first camera detects
the vehicle and the last one to detect it within an itinerary;
calculate main possible itineraries and display them on a map;
provide information differentiated by vehicle typology and car registration town/city (car, truck,
van…);
establish the average behaviour as well as the influence of external factors such as weather,
events…
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The main risks related to the new tools are presented in six groups, namely, political, economic, social,
technological, environmental, and legal.
Political risks: lack of permanent access to Barcelona city cameras information; lack of access to data analysis
and results, taking into account future mobility policies.
Economic risks: lack of financial resources for maintenance of the tool and future improvements.
Social risks: none identified by the pilot site.
Technological risks: none identified by the pilot site.
Environmental risks: not attaining expected improvement of air quality and noise.
Legal risks: not being able to ensure anonymisation of data so that none can get information of itineraries of
a specific vehicle.

4.2.2.1.2

Air quality analysis and vehicle emissions analysis based on multi-source data

The tool for assessment of inflows and outflows in a metropolitan is underdevelopment. AMB Informació i
serveis has only an access to two visualisation tools. The first was developed a private company, which
classifies road segments according to the emissions. The private company claims to get this model from air
quality data, climatology, and satellite data. The second tool is from the Generalitat de Catalonia (regional
government). It visualises historical data and forecasts (next two days) from air quality stations. The purpose
of both tools is to visualise information, specifically by road segment and points in the city respectively and
they are related to motorised traffic.
The main stakeholders are AMB Informació i serveis, Metropolitan Area of Barcelona and other City councils,
DGT (national traffic agency), Generalitat de Catalonia (regional government) and citizens, who are very
interested and concerned about air quality in the city.

4.2.2.1.2.1

Risks related to existing tools

The main weakness of both tools is that they only allow for the visualisation of data and they cannot be
crossed with other inputs available to arrive to valuable conclusions. In addition, it is not very clear which
methodologies are used or how the results are calculated. It would be very useful to be able to contrast their
results with other calculations and determine the margin of errors.

4.2.2.1.2.2

Risks related to new tools

The functionality of the new tool is to analyse the impact of different variables (events, weather, traffic
volume) on emissions. It would be very interesting to understand the impact the implementation of the Low
emission zone has had in emissions in the air quality of Barcelona. The LEZ was implemented few months
before the pandemic started, therefore there has not been yet any report on its effects on the city in a normal
scenario. In addition, it would be useful to assess the impact of the renewal of the private vehicle fleet in
Barcelona and how other mobility policies have affected emissions.
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The main risks identified by the pilot site related to this new tool are:
Political risks: There is the risk of a wrong interpretation of the results as this is a very sensitive topic for
politicians and citizens. There are external factors (natural disasters, dusty wind from the Sahara) that affects
the quality of air in Barcelona and can have a huge effect and even cancel out the progress made by local
policies.
Economic risks: none identified by the pilot site
Social risks: none identified by the pilot site
Technological risks: none identified by the pilot site
Environmental risks: none identified by the pilot site
Legal risks: The use case will incorporate licence plate data from different municipalities, although there are
agreements to facilitate the exchange of information, this might be an issue.

4.2.2.2

Leuven pilot site

The Leuven pilot site is currently working on four tools, namely Pre-planning of shared-mobility services, Air
quality analysis based on multi-source data, Planning for parking and assessment of traffic management
scenarios.

4.2.2.2.1

Pre-planning of shared-mobility services

Currently, planning of shared mobility services (vehicles, e-cargo bikes, and bikes) is done based on an
informal and mostly intuitive manner by the city´s planners, utilising aggregated population characteristics
data. Although the city of Leuven currently does not employ any formal tools to study in full depth the
potential demand of shared mobility, they have performed some analyses worth mentioning first, a series of
one-time, static analyses to estimate the potential demand for shared mobility services by area, based on
population characteristics and some environmental variables. Second, the MOMENTUM European project is
currently developing a tool for determining the ideal number of stations and vehicles based on aggregated
data, which is suitable to conduct a general assessment but not useful for detailed planning. The purpose of
this use case is to elaborate a tool which can support the planning of shared mobility services in the city, by
providing relevant information and analysis on the location of vehicles and the pricing and supply of services.
The main stakeholders can be divided in three groups: mobility providers, who perform their own individual
analysis on the site and require permits and concessions from the municipality to deliver their services; the
municipality of Leuven, which aims to stimulate and expand shared mobility services but needs to materialise
these objectives by creating efficient initiatives through their urban planning and mobility departments and
lastly, citizens, who demand a larger supply of shared vehicles and propose new locations to access them.

4.2.2.2.1.1

Risks related to existing tools

There are no risks identified as there are no existing tools being employed for this purpose. However,
parameters to consider are the incorporation of geospatial data (GIS) in a user-friendly interface,
identification of potential of locations, supply balancing and service optimisation, taking into account that
the city will count with several shared mobility providers.
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4.2.2.2.1.2

Risks related to new tools to be developed under nuMIDAS

The new tool created under the framework of nuMIDAS project should enable the visualisation of the existing
supply of shared vehicles, model demand and support the identification of new shared mobility locations
based on a series of data: use, population, and geospatial data (GIS). By using this new tool, the city should
improve planning and the use of the current fleet of shared vehicles should be used in a more optimal
manner, consequently decreasing the levels of private vehicle ownership and use.
The main risk for this use case can be classified as legal, the process of gathering mobility data from private
providers to elaborate comprehensive analysis of shared mobility in a city could encounter legal barriers.

4.2.2.2.2

Air quality analysis based on multi-source data

Currently, Leuven does not have a tool for monitoring and analysing air quality. However, it is relevant to
highlight that the city has access to interesting data related to this use case, such as existing air quality data
(fine dust particles), traffic counts from the citizens science project Telraam and a traffic simulation model
based on these traffic counts. In addition, they are setting up a new project to quantify NOx measurements,
which will be launched in 2022.
The objective of this use case is to elaborate a new tool which can monitor and analyse air quality in a
meaningful way: correlating traffic patterns with air quality patterns, predicting air quality and simulating the
effect of mobility policies on local air quality. The main stakeholders in this use case are policy officers at the
municipality in charge of developing mobility measures and citizens, who are deeply concerned by the air
quality.

4.2.2.2.2.1

Risks related to existing tools

Taking into account the citizen science data Leuven has access to, the main tools for air quality monitoring
currently on the market do not provide useful insights or effectively assess the potential impact of mobility
measures. The most critical parameters would be to be able to elaborate a tool that provides enough level
of detail in order to allow the development of analyses at a street level, or at least at a neighbourhood level.

4.2.2.2.2.2

Risks related to new tools to be developed under nuMIDAS

The new tool should be able to enable the visualisation of data sources, as well as the correlation of traffic
flows and air quality data on a detailed level. Ideally, the tool could conduct impact assessments by combining
different inputs such as Leuven`s traffic model with air quality impact data or analyses.
The main risk in this use case is classified as technological, and consists of the fact that current air quality
data that is available is not adequate for this purpose.

4.2.2.2.3

Planning for parking

Leuven currently uses a GIS tool that enables the visualisation of existing public parking supply in the city. In
addition, Leuven has access to occupation measurements which are especially useful in the assessment of
parking use. These are accessible in different visualisation formats but the city usually prefers a simple google
map interface. The data used in this use case is parking supply and demand data, potentially traffic data and
traffic simulation models could be deployed as well.
The main purpose of this tool is to assess how many parking spots are actually needed, and how the parking
“pressure” will spread out with the implementation of certain measures, either by the removal of parking
spots or through changes in traffic circulation.
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The stakeholders involved in the use case are policy advisors, who need better information and analyses in
order to implement mobility policies; city administrators, who require better tools to deliver irrefutable and
evidence-based decisions related to parking; and citizens, who, based on recent surveys, consider this topic
as vital for the city.

4.2.2.2.3.1

Risks related to existing tools

There are several weaknesses on the existing tools which the city of Leuven utilises. Although the tool works,
its functions are not being utilised to its full potential. If this was addressed, the tools could deliver more
accurate assessments on parking supply and extra functionalities like the estimation of minutes/kilometres
of parking search traffic. These advanced functions could enable the city to achieve another level of data
driven policy making.
In this context, the most relevant parameters are to be able to analyse parking supply at a more granular
level, incorporating detailed datasets such as parking occupation data.

4.2.2.2.3.2

Risks related to new tools to be developed under nuMIDAS

The new tools developed within the nuMIDAS project should be able to measure indicators such as parking
pressure in the city, the amount of search traffic occurring at a given time and the level of use of the public
domain. In addition, it should enable the visualisation of existing parking supply and demand and be able to
simulate the potential impact of policy or infrastructure changes on parking flows.
In this use case, the main risk identified by the city of Leuven is merely political. As parking is a highly
controversial topic, it is very likely that any new tools produced will be highly scrutinised by many
stakeholders.

4.2.2.2.4

Assessment of traffic management scenarios

The tool aims to assess potential traffic management scenarios together with a city (meso) traffic model. It
focuses on static and dynamic, as well as temporary and fixed traffic circulation measures. It is designed for
motorised traffic, including public transport. The meso traffic model simulates traffic flows. It is not
particularly aimed at dynamic traffic management at a micro level, i.e. road capacity, congestion, travel times,
waiting times etc. The micro model is more suited for this but does not take into account changes in flows.
In this analysis (synthetic) population data, HB estimates, count data and floating car data are utilised.
Depending on the kind of traffic management operation, either the city government or the regional
government or most likely both are the main stakeholders.

4.2.2.2.4.1

Risks related to existing tools

The main risk for the tool is to have a direct access to the micro model, which is owned by the regional road
manager.
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4.2.2.2.4.2

Risks related to new tools to be developed under nuMIDAS

The main functionalities of the new tool are an assessment of the effects of traffic management operations
ex post: i.e. how did they actually affect congestion, flows and assessment of the effects of traffic
management operations ex ante: could be based on existing models. The tool needs to be adapted and
focussed on this task. In this case high usability is preferred, but how to define traffic operations exactly, and
its scope still need to be addressed.
The main risks identified by the pilot site related to this new tool are:
Political risks: not identified by the pilot site.
Economic risks: not identified by the pilot site
Social risks: not identified by the pilot site.
Technological risks: Coverage floating car data? Coverage fixed count data? To make this a tool rather than
a one-off analysis, you need proper real-time data coverage in the right locations. Feasibility to develop
accessible simulation approach.
Environmental risks: not identified by the pilot site.
Legal risks: not identified by the pilot site.

4.2.2.3

Milan pilot site

The Milan pilot site is currently working on two tools, namely Pre-planning of shared-mobility services and
Operative areas analysis. Both of them are currently in use and will be further developed within the project.

4.2.2.3.1

Pre-planning of shared-mobility services

The pre-planning of shared-mobility services tool combines various data on planning and designing of sharedmobility services that are currently taking place in different cities. The goal is to better understand how these
processes function. The functionality of this tool is also supported by various scientific and research studies
that help to calculate the motorisation rate, population’s density, and other demographic parameters to
understand the population to whom the specific mobility service is addressed.
The main purpose of this tool is to compute the ideal fleet size to be included on the public tenders aimed at
shared-mobility operators. Another objective is to find a balance between the economic interests of mobility
operators and the public administration interest which is to procure the maximum geographic coverage and
best possible service for citizens. This tool includes all shared-mobility services present in the city of Milan,
such as bikes, cars, mopeds, and scooters. It utilises motorisation rate data, benchmark information, as well
as a technical document supporting the carsharing station-based tender.
The main stakeholders that are currently involved in this use case are the municipality of Milan, who decides
the content of tenders and makes all final decisions, AMAT that has an operative role developing the
document and technical support documentation for the public tenders for all shared-mobility services,
mobility operators who represent the companies that offer the shared-mobility services in the city of Milan,
and citizens, who are the users of the shared-mobility services offered in the city of Milan.
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4.2.2.3.1.1

Risks related to existing tools

The main risks of the current tools are based on the fact that the variables that are considered are limited.
This tool could have a more data driven approach. It could provide deeper considerations from the traffic
management point of view, including a stronger traffic planning approach if these variables were more
precise.
The most critical parameters would be to be able to generate a tool aiming to improve the decision-making
process within a data driven framework.

4.2.2.3.1.2

Risks related to new tools to be developed under nuMIDAS

The new tool should be able to comprise functions such as fleet size estimation. This information is needed
to be included on the public tenders dedicated only for sharing mobility services, which is based on a flexible
tool that considers different modalities of shared-mobilities, such as free floating or station based, as well as
optimal parking space quantities to be included on tenders.
The main risks identified related to the new tools are clustered into six groups, namely, political, economic,
social, technological, environmental, and legal.
Political risks: acceptance from operators that wish to compete on the public tender.
Economic risks: low economic profitability for operators deriving in little to no operators interested on
providing the service.
Social risks: the service planned does not meet the citizens needs or expectations.
Technological risks: cybersecurity risks on the information used.
Environmental risks: not applicable.
Legal risks: difficulties regarding the sharing of data.

4.2.2.3.2

Operative areas analysis

The purpose of operative areas analysis is to examine spatially the suitability of the proposed operative areas
by using ArcGIS, QGIS or PostgreSQL. This tool is related to car, bike, moped, and scooter sharing. The main
stakeholders that are involved in this case are the municipality of Milan that decides the operative areas and
makes all final decisions; AMAT has an operative role developing the document and technical support
documentation that supports the operative areas for all shared-mobility services, shared-mobility operators
that represent the companies operating within the determined areas in the city of Milan, and citizens, who
are the users of the sharing mobility services offered within the operative area in the city of Milan.
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4.2.2.3.2.1

Risks related to existing tools

There are several main weaknesses related to this existing tool, namely:




it does not consider the economic capacity of operators;
it could improve the inclusion of socioeconomic perspective of potential segments of citizens that
could use the service in areas in which the service is not currently available;
this tool does not necessarily include different conditions of the service and how does that impact
the proposed operative areas. For example, an electric fleet may need smaller range of operations
than internal combustion engine vehicles.

The main factors regulating the success rate of this use case is that this tool has to determine the ideal
operative area for each type of shared-mobility service, including moped, bike, car, and scooter. And also
that it has to include the needs of different stakeholders.

4.2.2.3.2.2

Risks related to new tools

The new functionalities that the new tool has to include are visualisation tools in which different variables
can be included, and various scenarios can be compared. There could be variables related to how much a
specific transport ride costs among the four different shared-mobility modalities. Also, there could be
variables that consider the need of the municipal administration to enlarge coverage by shared-mobility
services. Likewise, conditions can be included of the operator and estimate economic structure of the
operator. The result would be to counterbalance all variables and find an ideal operative area.
There are two main impacts of this new tool, namely socioeconomic: enough inclusion of peripherical areas
of the city of Milan and environmental: if there are more sharing mobility users there might be less private
vehicle trips in the city of Milan.
The main risks identified related to the new tools are clustered into six groups, namely, political, economic,
social, technological, environmental, and legal.
Political risks: insufficient operational area with respect to the needs of the population.
Economic risks: an operative area too concentrated or too large vs. the operator’s economic or operational
interests.
Social risks: risk of theft/damage to vehicles as the operating area extends.
Technological risks: greater risk of fraud/false payment information from users if there is an extension on
the operative area.
Environmental risks: more pollution if vehicles are fossil-fuel based.
Legal risks: increased accident risk when expanding the operative area.
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4.2.2.4

Thessaloniki pilot site

The Thessaloniki pilot site is currently working on one tool, namely data driven assessment of traffic
management scenarios.

4.2.2.4.1

Assessment of traffic management scenarios

Traffic management scenarios in Thessaloniki are assessed at two levels. The first one is related to the exante assessment of traffic management scenarios, utilising microsimulation tools to assess the performance
of scenarios related to identified traffic related problems. The second one concerns the real-time selection
(activation, monitoring and termination) of traffic management scenarios based on real-time traffic data and
KPIs. The purpose of the first tool is to assess traffic management scenarios before their operational
deployment, while the second tool one aims to support the selection of the most proper traffic management
scenarios in real-time conditions. This tool is designed for road transport (motorised and non-motorised).
The main stakeholders for using the tool are traffic management centres (TMCs), information service
providers and transport technology providers.

4.2.2.4.1.1

Risks related to existing tools

The main risk for the ex-ante assessment of traffic management scenarios are related to data availability,
model calibration, and expertise needed.

4.2.2.4.1.2

Risks related to new tools

The main functionalities of the new tool in ex-ante assessment are visualisation of traffic related KPIs and
provision of a user-friendly interface, whereas in selection they are real-time decision support for the
selection of the appropriate traffic management, utilisation of increased vehicles’ connectivity capabilities
and data, non-supervised operations capability (traffic management as a service).
The new tool will be assessing several impacts within the use of a current case, namely congestion reduction
improvement, reduction of stop and go’s, reduction of fuel consumption and environmental pollutants, and
increased road safety for motorised and non-motorised traffic.
The main risks that are related to this new tool are:
Political risks: lack of interest.
Economic risks: none identified by the pilot site.
Social risks: drivers-travellers scepticism concerning use of personal data.
Technological risks: low risk of integration with existing TMC systems.
Environmental risks: none identified by the pilot site.
Legal risks: concerns for GDPR compliance and cybersecurity.
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4.2.2.5

Summary

In this part of the deliverable we summarise all risks that were received from the survey sent to each of four
pilot sites to describe the tools which are in use and the set of tools that are going to be developed during
the project. Each pilot site was also requested to list the risks related to current and new developing tools.
The risks that are related to the new tools were also clustered in six groups in accordance with PESTEL analysis
grouping. However, not every pilot site provided risks per each group. This clustering is not reflected in the
summary but it will be used for a general analysis of the final list of risks in the following chapter. In total, 9
replies were received from all pilot sites. Each reply contained two set of risks related to new and developing
tool. In total, there were 18 sets of risks which are summarised in the Table 6.
Approximately 49 risks were identified after collecting the data from the four pilot sites. In Table 6 the risks
are classified in three ways: by the pilot site to which it belongs (Barcelona, Leuven, Milan, and Thessaloniki),
whether it is related to a current or new tool, and whether it is a general risk or a specific one related to a
specific tool of the pilot site. Some risks can be found common for more than one tool.
The table does not indicate whether the risk is external to the tool (e.g., whether condition, political interest
in the tool, level of competence of the operator to analyse the data received from the tool) that can imped
any functionality of the tool or inherent risk, that is related to performance of the tool itself (e.g., incapability
to integrate GIS data in the user-friendly interface, limitation of provided by a tool variables) as well as used
methodology utilised for collection of data (e.g., lack of clear methodology). This classification can be useful
in the further analysis when the presenting critical parameters of the developing tool.
Table 6: Summary of risks identified by pilot sites

Risks
Information is limited to municipal data and only gives
information of total flow, not itineraries
Lack of any option to customise the underlying map
image, where it is important to show relevant
contextual map data
Impossible to bind time field filtering to some sort of
slider component in Quicksight

Pilot
site

Current

B

X

X

B

X

X

B

X

X

New

General

Lack of permanent access to Barcelona city cameras
information
Lack of access to data analysis and results, considering
for future mobility policies

B

X

B

X

X

lack of financial resources for maintenance of the tool
and future improvements

B

X

X

Incapability to attain expected improvement of air
quality and noise
Incapability to ensure anonymisation of data so that
none can get information of itineraries of a specific
vehicle
The available data cannot be crosschecked with other
available inputs

B

X

B

X

B

X
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Lack of clear methodologies to calculate results

B

X

X

Lack of possibility to compare the obtained results with
other calculations and determine the margin of errors

B

X

X

Risk in a wrong interpretation of the results which can
raise concerns among politicians or citizens
Risk of external factors (natural disasters, dusty wind
from the Sahara) that can affect the quality of air in
Barcelona
Risk of using private data (licence plate data from
different municipalities) which can create some
obstacles
Incapability to incorporate of geospatial data (GIS) in a
user-friendly interface
Impossibility of gathering mobility data from private
providers to elaborate comprehensive analysis of
shared mobility in a city (legal risk)
Impossibility of air quality monitoring tool to provide
useful insights or effectively assess the potential
impact of mobility measures
Impossibility to provide enough level of data detail to
allow the development of the analysis

B

X

B

X

B

X

Lack of adequate air quality data for further analysis

L

Impossibility to use functions of a tool to its full
potential
Incapability to analyse parking supply at a more
granular level, incorporating detailed datasets such as
parking occupation data
Risk related to high scrutiny and control by other
stakeholders

L

X

L

X

L

X

L

X

X
X
X
X
X
X
X

X

L

X

L

X

L

X
X
X

X

X

Lack of a direct access to the micro model, which is
owned by the regional road manager.

L

Risk of coverage floating car data and fixed count data.

L

X

X

Lack of proper real-time data coverage in the right
locations

L

X

X

Feasibility to develop accessible simulation approach

L

X

X

Limitation of variables that the tool provides

M

Low economic profitability for operators deriving in
little to no operators interested on providing the
service
Impossibility of planned service to meet the citizens
needs or expectations

X

X

X

X

M

X

X

M

X

X

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

77

nuMIDAS - 101007153

Risk of cybersecurity on the used information

M

X

X

Difficulty related to sharing data process

M

X

X

The tool does not consider the economic capacity of
operators
Risk of socioeconomic inclusion of the tool’s provided
service
Incapability of the tool to include different conditions
of the service and how does that impact the proposed
operative areas
Insufficient operational area with respect to the needs
of the population
An operative area of the tool is either too concentrated
or too large vs. the operator’s economic or operational
interests
Risk of theft/damage to vehicles as the operating area
extends
Risk of fraud/false payment information from users if
there is an extension on the operative area

M

X

X

M

X

X

M

X

X

M

X

X

M

X

X

M

X

X

M

X

X

Risk of more pollution if vehicles are fossil-fuel based

M

X

X

Risk in increase of accidents when expanding the
operative area of the tool

M

X

X

Risk of availability of data for further assessment

T

X

X

Risk of correct model calibration

T

X

X

Lack of expertise needed for the assessment of data

T

X

X

Lack of political interest in the tool

T

X

X

T

X

X

T

X

X

T

X

X

Scepticism of drivers/travellers regarding sharing
personal data
Risk of integration of the tool with existing traffic
management centre (TMC) systems
Risk of GDPR compliance
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4.2.3 Risks identified during the desk research and literature review
Following the methodology, the next step for the identification of risks related to existing tools was the
literature review and desk research. Several projects, publications as well as online resources were used to
prepare a preliminary list of risks. It is important to highlight that it was not an exhaustive list of risks gathered
from the literature review and online sources. It had to be completed and validated by the partners of the
nuMIDAS project.
Regarding the used sources, various papers, guidelines, and reports discuss various risks related to, for
instance, shared micromobility and car-sharing services in general:
-

-

-

-

IMLA (2018) provide a guidance for a regulation aimed at the mitigation of various risks
related to micromobility.
The report of the International Transport Forum ITF (2020) examines the traffic safety of
pedal cycles, electrically assisted cycles, and electrically powered scooters, whether owned
or shared, in an urban context, and it proposes limits for mass and speed. It deals also with
various aspects of data sharing and data collection related to this transport mode. More
specifically,
Ma et al. (2021) provide a detailed risk analysis related to e-scooters and based on mobile
sensing data.
Polis (2019) discuss key issues related to micromobility and the public space, infrastructure,
safety, equity (including geographical coverage, affordability, and technological gaps),
environmental impacts, necessary cooperation between emerging mobility services and
local authorities, economical aspects (e.g., investments, operational costs, fees), data sharing
and processing. It also deals with various issues related to micromobility planning,
regulation, control, and rules enforcement.
Shaheen et al. (2016) deal more generally with shared mobility, including not only
micromobility, but also car-sharing and ride-sharing services. They discuss the government’s
role, review success stories, examines challenges and provides guiding principles for public
agencies. To mitigate risks for shared mobility operators, they recommend forming funding,
joint-marketing, risk sharing, and other partnerships with public and private stakeholders.
The report by Cohen and Shaheen (2018) is explicitly aimed at shared mobility planning,
including the issue of shared mobility resources allocation, methods used to address
competition among operators, policy frameworks and economical aspects.

On the basis of the above-mentioned literature, the risks related to the 6 use cases were identified, namely
the risks that the proposed decision support tool does not provide a satisfactory solution to the problems of
the pilot sites.
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In total there were about 48 different risks identified. All risks that were presented by each pilot site for each
use case during their desk research and literature review were clustered in six group according to the now
familiar PESTEL analysis framework. Table 7 presents the results of the desk research and literature review.
Table 7: Summary of the risks identified during the desk research and literature review
Cluster

Nr.
1
2
3

P
4
5
6
7

1
2
3
E

4
5
6
7

S

1
2
1
2
3
4

T

5
6
7
8
9

Risk
Political
Fleet size of provided mobility services is approximated based on the needs of certain
stakeholder groups (e.g., only for profitability not promoting social welfare).
Fleet size of provided mobility services is based on imperfect empirical evidence without
making use of rational decision support methods and tools.
Not meeting the demands of the users (e.g., the number of optimal parking spaces may be
underestimated).
The use of camera’s or other observation systems can be sensitive for the public feeling being
observed with the risks of complaints leading to political pressure.
Lack of commitment of stakeholders and impossibility to obtain necessary data.
Low political interest to invest in advanced traffic management methods and tools.
Commitment bias on established traffic management processes regardless of their success
rate and operational performance/efficiency.
Economic
The operable fleet size of provided mobility services is excessive, thus blocking pedestrian and
vehicles traffic flow.
The number of optimal parking spaces may be overestimated, decreasing the economic
efficiency.
Miscalculation of costs e.g., related to the risk of theft/damage; relocating vehicles for
refuelling or recharging, insurance costs, etc. that may lead loss of profitability.
Safety issues may lead to discouragement for some users to use shared mobility services (e.g.,
mandatory helmets for micromobility users).
The price necessary for the service profitability may be too high, so that the service
inaccessible for many citizens.
The service may be inaccessible for citizens without a smartphone (if no alternative of service
purchasing is available)
Extra costs for obtaining the ANPR data or source data from a commercial party
Social
Traffic management scenarios are applied without proving in both an ex-ante and ex-post
context their operational performance and the promotion of social welfare.
Users’ scepticism regarding interconnectivity and the use of personal data.
Technological
Lack of some data inputs necessary to provide services, i.e. on peak demand conditions to
determine a fleet size for provided mobility services.
Fleet size of provided mobility services is determined without considering the effect of fleet
transfer policies and the need to rebalance the fleet during a day.
Lack of standards and data formats used for the inputs by the use case's tool.
Risks related to ANRP cameras, i.e. recognition rate, which can lead to the results are trusted
too much.
Not considering all required data for setting up a network of ANPR cameras or Bluetooth
detectors.
Lack of filtering of obtained data.
Not using ANPR cameras data to obtain selected link information that could be helpful to
calibrate at traffic model.
Low availability of technological means enabling the real-world application of traffic
management scenarios either from the vehicles or (digital) infrastructure side.
Low flexibility to adjustment and extension of adopted traffic management properties that

D3.1 | Report on the orientation of advanced methods and tools and risk assessment

80

nuMIDAS - 101007153

10
11
12
13
14
15
16
17
18
19
20
1
E
2

1
2
3
4
5
L

6

7
8
9
10

heavily rely on commercial solutions.
Low accuracy and validation of operational traffic flow simulation models.
Not taking into consideration different vehicles, from different days, only from a local level.
Low exploitation of data analytics and AI-based approaches to promote proactive/predictive
traffic management.
Computational burden and complexity of adopted traffic management scenarios assessment
processes.
Traffic management scenarios and measures are not effectively integrated into existing Traffic
Management Centres processes.
Proposed locations of stations may be too distant from some zones, so that the service is not
easily accessible by many citizens.
Air quality data collected by national agencies is not (easily) made publicly available
Different types of error margins and accuracies when combining data sources of a different
nature
Wrongly or badly calibrated emission models
Bad calibration of devices can provide faulty/wrong measurements
Lack of understanding emission modelling techniques, leading to wrong interpretations
Environmental
Sharing of vehicles with combustion engines, especially if they replace public transport
services, may lead to the increased pollution.
Low use of environmental metrics (e.g., vehicle emissions) in the assessment of traffic
management scenarios and measures performance.
Legal
Accident risks may increase with an extended operational area (e.g., due to an inappropriate
infrastructure for micromobility, drivers/micromobility users may be not used to each other)
Accident risks may increase with shorter days, especially if users underestimate safety
equipment.
Accident risks may increase with unfavourable weather conditions (e.g., glaze ice, rain, mist).
Accident risks may increase with the overall expansion of shared mobility.
In several EU countries vehicle registration information data is not publicly available and may
be considered under GDPR.
Lack of categorising traffic (cars, busses, vans, trucks) a GDPR compliant method to obtain
vehicle type data from the national access point for vehicle registration (if available) or based
on the license plate categorisation that could be in place (different license plate series per
vehicle type).
Low use of safety metrics (e.g., collision rates) in the assessment of traffic management
scenarios and measures performance.
Not possible to use historical data for analysis because it is not allowed to store GDPR
sensitive information for more than a specific period (like 24 or 48 hours).
The use of camera’s or other observation systems can be sensitive for the public feeling being
observed with the risk of vandalism.
The risk of fraud/false payment information from users may not be prevented.
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Some of the identified risks in Table 7 are applicable to more than one use cases, e.g., lack of standards and
data formats; accuracy of the obtained data or unavailability of certain data. Some of the risks are very
specific and can be applicable only to only one use case, such as using ANPR cameras data. The risk of
compliance with GDPR requirements is commonly shared by many tools. All risks were also clustered into six
groups. Figure 12 visualises the risks the percentages of the risks in all groups.
Political
14%

Legal
21%

Economic
15%

Environmental
4%

Social
4%

Technological
42%

Political

Economic

Social

Technological

Environmental

Legal

Figure 12: Clustering of risks identified in literature review

The biggest group of risks identified during the desk research is the technical group with about 42 % of the
risks falling into this group. The smallest groups with only two risks per group are environment (4 %) and
social (4 %) risks. The economic and political groups constitute 15 % and 14 %, respectively.
In the following section the risks obtained from all three sources will be combined in one final list which will
be sent in the survey to pilot sites, project partners and other entities that either using or developing the
same or similar tools.
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4.2.4 Final list of risks
This part of the deliverable focuses on bringing together all risks identified through the three main sources,
(the survey conducted in WP2, the survey prepared for four pilot sites, and literature review as well as desk
research). Altogether, 47 risks were identified and organised in 6 groups in accordance with the PESTEL
analysis. Namely, there were 10 political risks; 7 economic risks, 17 technical, 3 environmental and 7 legal
risks (see Figure 13).The technological group of risks is the largest one and constitutes 36 %. The second
largest group is the political group of risks counting 21 %. The economic and legal groups both count 15 %
each. The smallest are groups of risks are the environmental and social groups, constituting 6 % and 7 %
respectively.
Legal
15%

Political
21%

Environmental
6%

Economic
15%

Technological
36%

Political

Social
7%

Economic

Social

Technological

Environmental

Legal

Figure 13: Clustering of all identified risks

In order to condense the list of risks, it was agreed to prioritise the risks and come up with the final shorter
list of the risks. To prioritise them, the ‘Delphi method’ was used which is based on the results of several
rounds of survey that were sent to three partners (TML, CERTH, and MAPTM), asking them to list the most
important risks. Table 8 represents all risks organised in six groups. The last three columns indicate selections
for the risks in further analysis by tree partners. Any risk that has received at least one “X” was included for
the further assessment of the risks. Only 32 out of 47 listed risks (68 %) were selected.
Table 8: Final list of risks based on three sources
Cluster

Nr.
1
2

P

3
4
5
6

Risk
Political
Provided mobility service meets the needs of only certain stakeholder
group(s)
Public perception of surveillance of being monitored/observed leads to
complaints and political pressure
Lack of commitment of stakeholders to provide necessary data for
analysis
Low political interest to invest in advanced traffic management methods
and tools
Lack of commitment to implement traffic management processes
regardless of their success rate and operational efficiency
Lack of collaboration between various stakeholders (e.g., policy makers

TML
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CERTH

MAPTM

Χ
X

X

Χ

X

Χ

X

Χ

X
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7
8
9
10
1
2
E

3
4
5
6
7
1

S

2
3

1
2
3
4
5
6
7
T

8
9
10
11
12
13
14
15

and transport research centres, traffic management and research
centres)
Policies implemented do not favour all modes of transportation equally
Lack of holistic approach in understanding various mobility solutions one that goes beyond the technological and political aspects, and also
includes heuristics, configurations, modelling, management, etc.
Absence of the expertise needed for data assessment
Lack of collaboration between various modes of transport
Economic
Miscalculation in optimal number fleet size or parking space decreases
economic efficiency of the services
Miscalculation of costs (e.g., related to theft/damage; relocating
vehicles for refuelling or recharging, insurance costs, etc.)
Required safety rules discourages to the use of shared mobility service
(e.g., mandatory helmets for micromobility users)
High price makes the provided mobility service inaccessible for end-user
Accessibility to the provided service only via a smartphone (e.g., no
alternative for purchasing is available)
Lack of maintenance costs for existing technologies
High/extra costs to purchase necessary data from commercial parties
Social
Lack of focus of traffic management scenarios on promotion of social
welfare
High end-user’s scepticism in new technology and use of personal data
in provided service
Lack of knowledge on human behaviour and end-user’s rapid changing
mobility needs
Technological
Lack of certain data inputs to provide service(s) (i.e., data on peak
demand conditions to determine a fleet size)
Lack of data standardisation
Not considering all required data for setting up a network of ANPR
cameras or Bluetooth detectors (i.e. recognition rate of ANPR camera)
Lack of methods for processing, interpreting, and understanding various
data and results
Limited access to obtained data or research results for different
stakeholders
Low flexibility to adjust and extend adopted traffic management
properties that heavily rely on commercial solutions
Low accuracy and validation of operational traffic flow simulation
models
Low exploitation of data analytics and AI-based tools
Low degree of integration of traffic management scenarios and
measures into existing Traffic Management Centres processes (e.g., due
to its complexity)
Low use of safety metrics (e.g., collision rates) in the assessment of
traffic management scenarios and measures performance
Poor quality and accuracy of received data
External factors (natural disasters, dusty wind from the Sahara) can
affect the quality of data
Bad calibration of devices provides faulty/wrong measurements
Public sector bureaucracy restrains the implementation of new
technologies and new services
High complexity of smart tools to be used by the end-user
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X

Χ

X

Χ

X

X

Χ

X

Χ

X

Χ
X
X

Χ

X

Χ

X

Χ

X

X
X

X

Χ

X

Χ

X

Χ

X

Χ

X

Χ

X

Χ

X
X

X

Χ

X

X

Χ

X

Χ
X

Χ

X

X

Χ

X

Χ

X

Χ

X

Χ

X
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16
17

1
E

2
3
1
2
3

L

4
5
6
7

Lack of models/methodologies to calculate infrastructure behaviour
Low capability of existing devices (e.g., GSM) to handle and provide
sufficiently robust data
Environmental
Providing a vehicles sharing service with combustion engines leads to
the increased pollution
Low use of environmental metrics (e.g., vehicle emissions) in the
assessment of traffic management scenarios and measures performance
Lack of focus on environmental needs in provided service
Legal
Extension of service operation areas leads to accident increase (e.g., due
to an inappropriate infrastructure for micromobility)
Underestimating safety equipment leads to an accident rate increase
Unfavourable weather conditions (e.g., glaze ice, rain, mist) can lead to
an accident rate increase
Lack of a GDPR compliant method to obtain vehicle type data from the
national access point for vehicle registration
Impossibility to use historical data (e.g., vehicle registration) for analysis
because it is not publicly available and may be considered under GDPR
The risk of cybersecurity and fraud/false payment information from enduser
Lack of legal framework for development and implementation of new
technologies
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X

Χ
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X

Χ
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4.3 Analysis of the risks
The final step of this methodology was the analysis of the results collected from two online surveys. For this
reason, the Quadrant analysis was used. The purpose of this task was not only to find out which risks
jeopardise the future services, but also it focused on certain aspects of these identified risks. Consequently,
the quadrant analysis helped to highlight those risks that are likely to happen, with a big potential impact on
the services and those risks that are likely or potentially quite difficult to solve. In addition, a focus was put
on the risks that are both difficult to solve and potentially can have a negative influence on the services.

4.3.1 Quadrant analysis
In the following Quadrant analysis, the average number was used in the evaluation of each risk in each
category. The score for each risk was also considered in this analysis. It helped to prioritise the risks and
understand better what kind of impact it would have on the services.
As for the analysis of collected results, the scores of each risk was paired three times, namely likelihood with
easiness/difficulty to solve (Figure 15); likelihood with importance (Figure 16) and, finally, easiness/difficulty
to solve with importance (Figure 17).
In the quadrant analysis, four different areas were identified within each one of which a risk can be allocated.
The analysis started from the top-right cell, marked as Q1 (Figure 14) and followed in anti-clockwise order to
Q4 that is located in the bottom-right call. Risks located in Q3 cell means that they are either unlikely to
happen and easy to solve. The risks located in Q2 or Q4 are at least one of easy to deal with, unlikely to occur
or not important. The risks located in Q1 are the ones difficult to solve and very likely to happen.

Figure 14: Quadrant (Q1 to Q4)

Figure 15 combines the results for all risks. As it can be observed that approximately 80 % of risks are located
in Q1 and Q4 and only a few are in Q2 and Q3. It means that they are likely to occur and some of them are
easy to solve (Q4) and some of them are likely to occur and difficult to handle (Q1). There are only 3 risks in
Q2 that are unlikely to appear and if they do, it will be difficult to handle them. There are a few risks located
in Q3 which are unlikely to appear and easy to solve. The priority risks for the project are those located in
Q1, for they are both likely to appear and if they appear they will be difficult to solve.
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Figure 15: Pairing Likelihood and Easiness/Difficulty

Figure 16 represents pairing the data from the survey regarding the likelihood and importance of risks. As it
can be seen that the majority of all risks (about 80 %) is located in Q1 area, these risks are likely to appear
and have a significant impact on the services. 1 risk that is found in Q2 is important in case it appears and has
a significant impact on the services too. There are 11 risks located in Q3 and Q4, which are of low importance
and are either unlikely to occur or likely to occur. The risks from Q1 can have a considerable impact on the
services and majority of them are likely to happen and hence need to be considered as a priority.

Figure 16: Pairing Likelihood and Importance
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The next Figure 17 shows how risks are assessed when we combine their level of difficulty to solve them with
the importance of the services. Approximately 50 % of all risks are located in Q1 area, which means that they
will have a serious impact on the services. Some of them need to be prioritised for they are difficult to solve.
Those that are found in Q2 are easy to address and solve but of importance. The risks that are located in Q3
and Q4 (about 30 %) are of less importance and can be addressed in the later stage.

Figure 17: Pairing Easiness/Difficulty to solve and Importance

4.3.2 Risk analysis per type
The previous three figures (Figure 15, Figure 16, and Figure 17) provide some understanding regarding the
identified risks. However, this is rather high-level overview of where risks are allocated. To address this issue,
in this section the risks are studied under similar terms as before, yet they are identified by their type and
analysed if they are clustered.
Figure 18 represents a more detailed view of Figure 15. It depicts how risks are placed in quadrants (starting
at Q1 from the top-right, anticlockwise) reflecting their nature as well. As observed, all legal risks are both
quite likely and probably considerably difficult to find a solution for, which is to be expected for these kinds
of risks, as there is often a lengthy process required for their solution. Social risks on the contrary are easier
to handle; this does not necessarily mean that any solution can be provided at a glance, but still, these risks
are considered ‘fixable’. Economic ones are shifted towards the upper right quadrant (Q1) meaning they are
overall more likely to appear; if they do, some will be addressed in a rather easy way while others will require
more attending to. Political risks are quite similar to the legal ones when examining the likelihood and
easiness/difficulty to solve areas, while technical risks follow a similar path to each other; some are placed in
Q3 (Bottom left corner) and Q4 with a ‘trend’ towards Q1.
Overall, only one risk will be difficult to solve yet with a low probability of appearance (Q2), as the majority
of risks are placed in Q4 and Q1, meaning they will be for sure quite probable to appear.
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Figure 18: Pairing Likelihood and Easiness/Difficulty to solve of each barrier per cluster

Figure 19 provides a more detailed view of Figure 16. Here, risks are predominantly allocated in Q1 – meaning
they will be likely to appear (something already evident from the analysis before) but also they will be quite
important in terms of impacting the services. Again, only one social risk is placed in Q2 – being both unlikely
to appear but important to deal with. Nature-wise, we see a similar spread as in a previous figure; all legal
risks are in Q1, technical ones are spread between Q1, Q2 and Q3, technical ones are mainly concentrated in
Q1 (another important aspect to look at). Political, economic, and environmental are spread in Q1 and Q4,
which means that they are likely to appear yet with different degrees of impact on the services.

Figure 19: Pairing Likelihood and Importance of each barrier per cluster
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Similarly, Figure 20 represents a more detailed view of Figure 17. Here, a significant number of risks are
located in Q1 which means that these risks are difficult to deal with and they have a high impact on the
services and hence will need to be looked at with high priority. The risks that are placed in Q2 and Q3 will be
rather easy to deal with, with some having a greater impact than others. As it can be seen all legal risks are
located in Q1, political in Q1 and Q4, technical and economic risks are spread in all four areas, and
environmental in Q3 and social in Q1, Q3 and Q4.

Figure 20: Pairing Easiness/Difficulty to solve and Importance of each barrier per cluster

In the next sections an in-depth analysis of each cluster of risks is conducted. Here each risk is considered in
particular, always from the perspective of paired assessments, as it is presented above.

4.3.2.1

Political risks

Figure 21 depicts the analysis for 7 political risks identified during the research. As observed, in all three
pairing of the political risks are mainly located in Q1 and Q4 areas of the Quadrants. It is also evident that the
most important risk is the Lack of commitment of stakeholders to provide necessary data and the Lack of
commitment of stakeholders to provide necessary data. Both risks are difficult to deal with and quite
important since the data sharing between stakeholders is essential for the services to work and if some
important data is missing or delayed it can hinder the work of the deployed service. Data sharing is largely
depending on the level of commitment of interested parties and if this element is missing, then the work of
the service is disturbed. Furthermore, these risks are very difficult to solve for they require a high level of
engagement to convince the party to share the data. The other political risks such as Public perception of
surveillance of being monitored leads to complaints and political pressure, Lack of holistic approach in
understanding various mobility solutions and Public perception of surveillance of being monitored leads to
complaints and political pressure are likely to happen but easy to solve.
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Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 21: Allocation of Political risks
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4.3.2.2

Economic risks

Figure 22 depicts the analysis for the Economic risks. The following risks stand out as the ones being difficult
to handle, likely to happen and potentially having a significant impact on the deployment of the services:
High costs to purchase necessary data from commercial parties, High price makes the provided mobility
service inaccessible for end-user and Miscalculation of costs. All three are of high importance, are likely to
happen and difficult to solve. The high costs for the necessary data pose a serious threat to the services and
their economic viability. If the purchasing costs of the necessary data to run the services are very high then
there is no economic justification to run the services. Also, miscalculation of all entailed costs can pose a
serious threat to the services since the prices for necessary data depend on various stakeholders and the
level of commitment as well as collaboration between them. A risk of Accessibility to the provided service
only via a smartphone is likely to appear, yet it looks easy to solve.
Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 22: Allocation of Economic risks
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4.3.2.3

Social risks

Another group of risks that is analysed in this section are social risks. There were only three risks of this type
identified which are represented in Figure 23. The most important of them is the Lack of knowledge on human
behaviour and end-user’s rapid changing mobility needs. This risk is likely to appear, difficult to solve and
with a high impact on the deployed services for a question of human behaviours depends on many factors
and scientifically it is very difficult to predict or calculate. In addition, the other two social risks are Lack of
focus of traffic management scenarios on promotion of social welfare and High end-user’s scepticism in new
technology and use of personal data in provided service are unlikely to happen and have a low level of impact
on the services.
Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 23: Allocation of Social risks
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4.3.2.4

Technological risks

A big group of risks constitute technological risks. There were 11 technological risks selected for the Quadrant
analysis. Figure 24 depicts the analysis for technological risks. As observed, a significant majority of these
types of risks is located in Q1, which means that they are likely to happen, are difficult to solve and can have
a serious impact on the deployed services. Most important among them are Lack of certain data inputs to
provide service(s), Limited access to obtained data or research results for different stakeholders, Poor quality
and accuracy of received data and Lack of data standardisation and Public sector bureaucracy restrains the
implementation of new technologies and new services. As it can be noticed, the main technological risks that
are likely to happen and difficult to solve are related to the received data and lack of its standardisation for
further processing and use for the services.
There is only one technological risk that is indicated as unlikely to happen and have a low impact on the
services, which is High complexity of smart tools to be used by the end-user. Another technological risk that
is unlikely to happen yet important to be addressed is Lack of methods for processing, interpreting, and
understanding various data and results.
Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 24: Allocation of Technological risks
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4.3.2.5

Environmental risks

There are only two environmental risks, namely Low use of environmental metrics in the assessment of traffic
management scenarios and measures performance and Lack of focus on environmental needs in provided
service. Figure 25 presents the analysis of the environmental risks. Both risks are very likely to occur (Q4), yet
easy to solve. They have a very low impact (Q3) and do not represent a major threat to the deployed services.
Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 25: Allocation of Environmental risks
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4.3.2.6

Legal risks

The final cluster analysed in this section is the legal group of risks. There were 4 legal risks identified in this
research (see Figure 26). It is evident here that all legal risks are placed at Q1 in all three figures, which is
quite worrying given the difficulty of these issues to deal with. These risks are of high priority for they have a
very high level of probability to occur and impact on the deployed service. First and foremost (among all risks
and clusters) comes the issues of data privacy (incl. GDPR issues), ownership and cyber security, fraud with
payments for the services.
Likelihood & Easiness/Difficulty to solve

Likelihood & Importance

Easiness/Difficulty to solve & Importance

Figure 26: Allocation of Legal risks
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4.3.3 Prioritisation of risks
In this section, we endeavour to examine how individual risks can be ranked in all three pairings of quadrant
assessment. This analysis will help us prioritise the identified risks within the groups as well as in general.
Here we will present three tables with challenges of ‘Priority One’ (those that are allocated in Q1 area three
times); ‘Priority Two’ (those that are located in Q1 once) and, finally, ‘Priority Three’ (risks that are not found
in Q1 in none of the combinations).
Table 9 summarises the risks that are found in Q1 in all assessments, meaning that they are very likely to
occur, difficult to solve, and can have a serious impact. As it can be seen from the table, 17 risks are of
absolute priority, out of them 2 are political, 2 economic, 1 social, 8 technological, and 4 legal. No
environmental risks as Priority One are identified. The last column of this table shows the sum of all averages
which helps to rank all risks within the groups of Priority One.
Table 9: Risks with Priority One

Risk
Lack of certain data inputs to
provide service(s) (i.e. data on
peak demand conditions to
determine a fleet size)
Poor quality and accuracy of
received data
Lack of commitment of
stakeholders
to
provide
necessary data for analysis
High/extra costs to purchase
necessary
data
from
commercial parties
Public sector bureaucracy
restrains the implementation
of new technologies and new
services
Lack of data standardisation
Impossibility to use historical
data (e.g., vehicle registration)
for analysis because it is not
publicly available and may be
considered under GDPR
Lack of legal framework for
development
and
implementation
of
new
technologies
Lack of a GDPR compliant
method to obtain vehicle type

Cluster

Likelihood &
Easiness/
Difficulty to
solve

Likelihood
&
Importance

Easiness/
Difficulty to
solve &
Importance

Sum of all
Averages

T

Q1

Q1

Q1

11.6

T

Q1

Q1

Q1

11.2

P

Q1

Q1

Q1

11.1

E

Q1

Q1

Q1

10.9

T

Q1

Q1

Q1

10.8

T

Q1

Q1

Q1

10.7

L

Q1

Q1

Q1

10.7

L

Q1

Q1

Q1

10.7

L

Q1

Q1

Q1

10.6
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data from the national access
point for vehicle registration
Lack of knowledge on human
behaviour and end-user’s rapid
changing mobility needs
Lack of collaboration between
various stakeholders (e.g.,
policy makers and transport
research
centres;
traffic
management and research
centres
Low flexibility to adjust and
extend
adopted
traffic
management properties that
heavily rely on commercial
solutions
Limited access to obtained
data or research results for
different stakeholders
Low accuracy and validation of
operational
traffic
flow
simulation models
Miscalculation of costs (e.g.,
related to theft/damage;
relocating
vehicles
for
refuelling
or
recharging,
insurance costs, etc.)
The risk of cybersecurity and
fraud/false
payment
information from end-user
Low degree of integration of
traffic management scenarios
and measures into existing
Traffic Management Centres
processes (e.g., due to its
complexity)

S

Q1

Q1

Q1

10.5

P

Q1

Q1

Q1

10.4

T

Q1

Q1

Q1

10.4

T

Q1

Q1

Q1

10

T

Q1

Q1

Q1

10

E

Q1

Q1

Q1

9.9

L

Q1

Q1

Q1

9.6

T

Q1

Q1

Q1

9.5
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Table 10 summarises those risks that are allocated at least once in Q1. They are likely to happen or/and
difficult to be solved. This table contains 8 risks, out of them 4 are political, 2 economic, 1 technological and
1 environmental. As in the previous table the last column represents the sum of all averages per risk in order
to see the ranking within the Priority Two group.
Table 10: Risks with Priority Two

Risk
Policies implemented do not
favour
all
modes
of
transportation equally
Not considering all required
data for setting up a network
of ANPR cameras or Bluetooth
detectors (i.e. recognition rate
of ANPR camera)
Miscalculation in optimal
number fleet size or parking
space decreases economic
efficiency of the services
High price makes the provided
mobility service inaccessible
for end user
Lack of collaboration between
various modes of transport
Lack of holistic approach in
understanding various mobility
solutions - one that goes
beyond the technological and
political aspects, and also
includes
heuristics,
configurations,
modelling,
management, etc.
Low use of environmental
metrics
(e.g.,
vehicle
emissions) in the assessment
of
traffic
management
scenarios
and
measures
performance
Public
perception
of
surveillance
of
being
monitored/observed leads to
complaints
and
political
pressure

Cluster

Likelihood &
Easiness/
Difficulty to
solve

Likelihood
&
Importance

Easiness/
Difficulty to
solve &
Importance

Sum of all
Averages

P

Q1

Q4

Q4

10.4

T

Q4

Q1

Q2

9.8

E

Q4

Q1

Q2

9.7

E

Q1

Q4

Q4

9.7

P

Q1

Q1

Q4

9.4

P

Q1

Q4

Q4

9.4

EN

Q4

Q1

Q2

9.1

P

Q1

Q4

Q4

8.7
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The final Table 11 summarises all other risks that are not found in any pairing in Q1. It does not mean that
they are to be neglected. It rather implies that they are of low priority and need to be addressed in a later
stage – once the risks from the previous two groups are dealt with. This table comprises 7 risks, 1 political, 1
economic, 2 social, 2 technical and 1 environmental. No legal risk was found in the Priority Three group. As
in the previous two tables, the last column represents the sum of all averages per risk in order to see the
ranking within the Priority Three group.
Table 11: Risks with Priority Three

Cluster

Likelihood &
Easiness/
Difficulty to
solve

Likelihood
&
Importance

Easiness/
Difficulty to
solve &
Importance

Sum of all
Averages

T

Q3

Q2

Q3

9.4

P

Q4

Q4

Q3

9.2

Lack of focus on environmental
needs in provided service
High end-user’s scepticism in
new technology and use of
personal data in provided
service

EN

Q4

Q4

Q3

8.8

S

Q2

Q3

Q4

8.3

High complexity of smart tools
to be used by the end-user
Lack of focus of traffic
management scenarios on
promotion of social welfare
Accessibility to the provided
service only via a smartphone
(e.g., no alternative for
purchasing is available)

T

Q3

Q3

Q3

7.9

S

Q3

Q3

Q3

7.5

E

Q3

Q3

Q3

7.3

Risk
Lack
of
methods
for
processing, interpreting, and
understanding various data
and results
Provided mobility service
meets the needs of only
certain stakeholder group(s)
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4.4 Conclusions
Now we summarise all major risks of the services identified by the partners and various stakeholders of the
project.
This deliverable dealt with the identification of risks that might potentially hinder the success of developed
services by the project partners in many aspects, and their respective solutions or ways that the consortium
should and will deal with them. Its added value lies in not only identifying a list of risks and treating them as
if they had an equal likelihood, importance on the project and easiness/difficulty to address, but on the
contrary, it differentiates between risks that should be looked at with absolute priority over others.
This analysis had been feasible based on three main inputs:




Survey conducted within the activities of WP2
Survey prepared for the pilot sites to collect the data on the risks related to pilot sites’ services
Literature review and desk research on identification of various risks related to the deployment of
services.

Combining these inputs, there is a clear mapping of risks that will require the first and foremost attendance
of the project consortium. They are identified as the following (Table 12):
Table 12: Top 10 ranked risks of the nuMIDAS project
Rank

Cluster

1

T

2
3
4

T
P
E

5

T

6

T

7

L

8

L

9

L

10

S

Description

Lack of certain data inputs to provide service(s) (i.e. data on peak demand conditions
to determine a fleet size)
Poor quality and accuracy of received data
Lack of commitment of stakeholders to provide necessary data for analysis
High/extra costs to purchase necessary data from commercial parties
Public sector bureaucracy restrains the implementation of new technologies and new
services
Lack of data standardisation
Impossibility to use historical data (e.g., vehicle registration) for analysis because it is
not publicly available and may be considered under GDPR
Lack of legal framework for development and implementation of new technologies
Lack of a GDPR compliant method to obtain vehicle type data from the national access
point for vehicle registration
Lack of knowledge on human behaviour and end-user’s rapid changing mobility needs

According to the Pareto analysis, 80 % of the effects come from 20 % of the causes. In case of nuMIDAS
project risks analysis, 20 % from all ranked risks (32 risks) constitutes 7 risks need to be considered as a
priority. They constitute 4 technical risks (60 %), 1 political (13 %), 1 economic (13 %) and 1 legal (13 %). As
observed, the majority are the risks are of a technical nature.
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5

Conclusions

The aim of this report was to gain a deep understanding of the weaknesses of existing methods and tools
supporting transport/mobility researchers, planners, and policy makers, as well as the identification of critical
parameters that need to be updated, extended, removed, or completely re-drafted.
We considered the findings of WP2, as well as the fact that the emergence of new mobility solutions and
technologies have significantly affected the principles upon which current practices are based. For instance,
we took into account new concepts required to assess more realistically and in an updated manner transport
users’ attitudes, preferences, and choices, and how they have reshaped their overall mobility behaviour due
to the emergence of these solutions. We achieved this by desktop-based research through the utilisation of
literature sources identified in WP2, as well as further sources identified using targeted keywords and
literature management software. In addition, we identified the challenges and trends during one of the
project’s surveys targeting key stakeholders of the aforementioned ecosystem (e.g., mobility researchers,
relevant governmental authorities, and transport companies). As such, we oriented the methods and tools
used in the nuMIDAS project. Starting by outlining their scope, we moved on to explaining the design and
development behind them. The following figure provides a schematic representation of the adopted design
and development approach.
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For each of the six selected use cases, we then gave an extensive review of the existing methods and tools,
after which we formulated our conclusions.


Use case 1: Pre-planning of shared-mobility services (Milan, Leuven)
Supports the definition of the optimal fleet size of shared mobility services (e.g., shared bikes, escooters) taking as input socioeconomic, mobility, financial, and service provision-related parameters
and constraints. It may also support the determination of optimal vehicle location and pricing.
Based on the literature findings, a critical consideration to be made is the need for identifying the
optimal fleet size of shared mobility services from both the perspective of service operators and
travellers. This is a necessary approach to be followed by the project’s toolkit as a means of ensuring
both the sustainability and viability of provided services. Such an approach relies on the postulation
of an optimisation problem in which the objective function will seek to optimise a total cost index
covering both perspectives. To this end, important parameters encompass both structural members
of this index as well as parameters that can be viewed as prerequisites for quantifying these
members.



Use case 2: Operative areas analysis (Milan)
Supports the distribution of existing shared mobility services supply to specific (high- or low-demand)
sub-areas of a metropolitan area to minimise economic losses of service providers and to ensure an
acceptable level of service for citizens in line with the principles of equitable transport systems.
This use case interrelates to a fair extent with the first one. This is based on the premise that a tool
supporting the definition of shared mobility operative areas within a large city can take as input the
optimal values of the fleet size and/or the number of docking/dispatching stations (depending on the
nature of analysed shared mobility service) for each district. Based on that it can identify the optimal
allocation of existing fleets or stations to each district by solving, an optimisation problem complying
with the principles of the classical facility location-allocation problem. For this reason, the important
parameters are to a fair extent common with those of the first use case. Furthermore, this use case
includes additional parameters that are related to service provision equity (among the various
districts) as well as profitability equity (among the various service operators).
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Use case 3: Air quality analysis and vehicle emissions analysis based on multi-source data
(Leuven, Barcelona)
Supports the linkage and correlation of multi-source data including traffic-related, emissions-related,
and weather-related data. The ultimate purpose of this linkage/correlation is to assess the impact of
traffic on air quality, forecast air quality on a short- to medium-term basis (e.g., 10 days), and/or
simulate scenarios for the development and enforcement of air quality-related policies and policy
instruments.
Similarly, based on the literature survey concerning this use case, air quality analysis in the transport
sector has three main pillars, namely measuring emissions and their effects on the environment
(immissions), modelling them, and identifying the most proper measures for their mitigation. As
already discussed, the difficulty of measuring vehicle-induced emissions is considerably high, while
the difficulty of measuring their effects (e.g., on air quality) is manageable. Besides, the modelling of
emissions can be based on a microscopic, mesoscopic, macroscopic, or statistical approach, while
the modelling of emissions typically relies on sophisticated mathematical models (i.e. dispersion
models). Finally, mitigation policies can be based on alternative fuel technologies, traffic restrictions
within selected areas, and the provision of incentives. Given that the fourth use case focuses on the
first two pillars, provided parameters are related to those pillars.



Use case 4: Planning for parking (Leuven)
Supports the assessment of the impact of reducing on-street parking space within inner cities, thus
supporting the formulation and enforcement of relevant policies and policy instruments. Such impacts
will focus on the economic losses of drivers searching for a parking lot, the amount of additional traffic
flow generated by vehicles circulating in search of parking as well as changes in the public space use.
Based on the literature survey, the definition and enforcement of parking-related policies requires
comprehensive data collection regarding parking capacity and parking demand (including rush hours
and parking rotation), the determination of feasible policy measures, as well as the development of
models for simulating these measures (by adopting either a microscopic or macroscopic modelling
approach). In this respect, we include parameters that are deemed important for both data collection
and simulation endeavours understood as the prerequisites for assessing the impacts of parkingrelated policies.
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Use case 5: Assessment of inflows and outflows in a metropolitan area (Barcelona)
Supports the estimation of inflows and outflows between the districts of a metropolitan area based
on data generated by point-to-point detection systems (i.e. Automated Number Plate Recognition
systems) as well as of census data (i.e. vehicle registration). The ultimate purpose is to support the
refinement and proper enforcement of environmental policies and policy instruments (e.g., low
emission zones).
Concerning the exploitation of ANPR systems for imputing traffic demand and the inflows and
outflows to/from an area of interest, it is important to identify in a valid manner the start and finish
area of a trip. This can be supported by utilising timestamp information and estimations regarding
feasible/expected routes and travel times. Moreover, given that the target outcome of such an
application (i.e. inflows and outflows imputation) is of interest for policy making purposes, it is often
required to make distinction over the vehicles classes included, for instance, in an OD matrix. This
distinction can be supported by external databases providing information about vehicles registration.
The latter can also support the identification of trip start and finish area making use of spatial
information included in the aforementioned databases. Finally, part of the analysis should be
devoted to the estimation of missed detections. The parameters with respect to this use case
encompass the previously mentioned considerations.



Use case 6: Assessment of traffic management scenarios (Thessaloniki, Leuven)
Supports the assessment of C-ITS enabled traffic management scenarios based on simulation-based
tools and data analytics, making use of multi-source data including data from connected vehicles
fused with data from conventional counting systems.
Finally, the two most commonly adopted approaches for assessing traffic management scenarios is
the ex-ante (off-line) approach and the ex-post (data-driven) approach. In both cases, the assessment
is made on the basis of key performance indicators (KPIs) related to traffic characteristics, traffic
efficiency, traffic reliability, and the mobility of people and goods. Another important aspect
constitutes the analysis of a road network’s hierarchy and the identification of the parts of a road
network in which traffic management scenarios are applicable. The parameters for this use case
reflect both aspects mentioned above. To avoid an excessive list of KPIs utilised for assessing traffic
management scenarios, we include only a sample of relevant indicators.
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In the second part of this document we assessed the critical risks that need to be taken into account by the
methods and tools we are developing. We achieved this by first explaining the methodology and approach,
highlighting aspects such as data collection, data analysis, and different types of risk analysis. We then
identified each of the risks leading to a final list of relevant risks. For this, we relied on (i) a survey conducted
within the activities of WP2, (ii) a survey prepared for the pilot sites to collect the data on the risks related to
pilot sites’ services, and (iii) a literature review and desk research on identification of various risks related to
the deployment of services.
We then analysed these in further detail, looking at them from political, economic, social, technological,
environmental, and legal angles. The added value of our risk analysis lies in not only identifying a list of risks
and treating them as if they had an equal likelihood, importance on the project and easiness/difficulty to
address, but on the contrary, as it differentiates between risks that should be looked at with absolute priority
over others.
Combining these inputs, there is a clear mapping of risks that will require the first and foremost attendance
of the project consortium. They are identified as the following:











Lack of certain data inputs to provide service(s) (i.e. data on peak demand conditions to determine
a fleet size)
Poor quality and accuracy of received data
Lack of commitment of stakeholders to provide necessary data for analysis
High/extra costs to purchase necessary data from commercial parties
Public sector bureaucracy restrains the implementation of new technologies and new services
Lack of data standardisation
Impossibility to use historical data (e.g., vehicle registration) for analysis because it is not publicly
available and may be considered under GDPR
Lack of legal framework for development and implementation of new technologies
Lack of a GDPR compliant method to obtain vehicle type data from the national access point for
vehicle registration
Lack of knowledge on human behaviour and end-user’s rapid changing mobility needs

According to the Pareto analysis, 80 % of the effects come from 20 % of the causes. In case of nuMIDAS
project risks analysis, 20 % from all ranked risks (32 risks) constitutes 7 risks that need to be considered as a
priority. They constitute 4 technical risks (60 %), 1 political (13 %), 1 economic (13 %), and 1 legal (13 %). As
observed, the majority are the risks are of a technical nature.
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Appendix A Survey on use cases
A.1 Context
The aim of this survey is to collect further evidence from the pilot sites of nuMIDAS project. The
questions included in this survey are based and tailored to the needs of the pilot cities, in terms of
mobility services planning and monitoring, that have been already identified. For each need, a specific
use case has been defined and planned to be analysed within the course of the project. These use
cases form the basis for the development of the methods and tools of the project, which will be applied
in the context of the project’s case studies and will shape the production of the project´s toolkit,
including its dashboard.
Specifically, the purpose of these questions is to gain a more robust understanding of the peculiarities
of each city with respect to each (relevant) use case. Moreover, they aim to identify what is already
available in these cities, in terms of methods and tools, for supporting mentioned use cases, which are
their shortcomings, as well as to which data or analysis infrastructure they build upon. Finally, it is
within the aim of these questions to gain a deeper understanding of existing problems in these cities
and to identify specific risks and challenges that should be factored in during the development of the
project’s methods and tools.
The use cases relevant for each city can be found in the following section.

A.2 Use cases
Use case

Pilot cities

1

Pre-planning of shared-mobility services

Milan & Leuven

2

Operative areas analysis

Milan

3

Air quality analysis based on multi-source data

Leuven

4

Planning for parking

Leuven

5

Assessment of inflows and outflows between
cities in a metropolitan area”

Barcelona

6

Vehicle emissions profiling

Barcelona
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A.3 Survey
A.3.1 Existing tools
1. Please briefly describe the tools/ methods currently available in your city which support this use case.
1.1. How would you describe the tool and its functionalities?
1.2. What is the purpose of the tool?
1.3. To which modes of transport in your city is this use case related to?
2. Are there any shortcomings/weaknesses in the available tools/ methods mentioned in the last question?
3. What data or analysis tools (i.e. models) are utilised by available tools/ methods for supporting this use
case? Can you provide us with a sample or snapshot?
4. What are deemed as the critical factors regulating the success rate of this use case? Which are the most
critical parameters that need to be updated, extended, removed, or completely re-drafted?
5. Which are the main stakeholders currently involved in this use case (e.g., service providers, municipal
authorities, planners, etc.) and which role do they play?

A.3.2 New tools developed in the framework of the nuMIDAS project
6. What functionalities do you foresee from a new tool supporting this use case in your city (e.g.,
visualisations, correlations of pairs of variables – e.g., fleet size vs. service provision cost)?
7. What types of impacts do you wish to assess in the context of this use case (e.g., traffic-related,
socioeconomic, environmental impacts)? What KPIs do you wish to quantify?
8. What are the main risks associated with the development, implementation, and utilisation of this new
tool? Please provide your answer per type of risk.
8.1. Political risks
8.2. Economic risks
8.3. Social risks
8.4. Technological risks
8.5. Environmental risks
8.6. Legal risks
8.7. Other risks
9. Are there any other specific aspects that should be taken into consideration when developing this use
case?
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