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New Economic Regulation for Transport in Case of Emergency Events

1 Introduction

The present document represents Deliverable number 3 of the research project “New Eco-
nomic Regulation for Transport in Case of Emergency Events”, an Action under the
Structural Reform Support Programme of the DG Reform. The document reports ac-
tivities made under the output 3 of the Grant Agreement signed by the Università degli
Studi di Genova (UNIGE) – Centro Italiano di Eccellenza sulla Logistica i Trasporti e le
Infrastrutture (CIELI). The purpose of Output 3 is to develop a two-level simulation tool
capable of representing the behavior of a multi-modal transportation network in order to
be used as a decision support tool. The planning of the Actions is as follows:

• Literature review on transportation network analysis by means of simulation tools

• Identification of the necessary information and data sources

• Development of a two-level simulation tool

• Testing regulatory policies in the urban context of Genoa
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2 Literature review on transportation network analysis by

means of simulation tools

2.1 Introduction

The purpose of Action 3.1 is to provide an overview of the state of the art of simulation
models and tools typically adopted to analyze the behavior of transportation networks.
Simulation models and tools are generally adopted to explore di!erent purposes such as:

• to quantify the e"ciency of transport networks subject to di!erent scenarios through
the calculation of performance indices (e.g., average travel times, fuel consumption,
pollutant emissions, etc.)

• to evaluate the e!ects produced by the occurrence of critical events (e.g., infras-
tructure collapse, natural disasters limiting the functionality of transport systems,
terrorist attacks, etc.);

• to evaluate the e!ects produced by the introduction of new systems (e.g., new in-
frastructure, modification of existing layout, etc.);

• to develop or test regulation policies.

Considering the objectives of Action 3, namely the simulation and analysis of the e!ects
of critical events on a multi-modal transport network, this literature review was further
divided into three parts which are: literature review on vehicular tra"c simulation models,
literature review on rail tra"c simulation models, and literature review on multi-modal
transportation network simulation models.

2.2 Literature review on vehicular tra!c simulation models

The knowledge of the tra"c flow theory is at the basis of design, evaluation and operation
of vehicular tra"c systems. Through tra"c flow models the dynamics of vehicles and
their interaction with the infrastructure are described. Following the introduction of the
innovative paper by Lighthill and Whitham [1] and by Richards [2], a wide variety of
tra"c models have been developed by researchers in order to capture all tra"c phenomena
observed in the real evolution of tra"c systems [3, 4, 5, 6].

Furthermore, as discussed in [7], several tra"c flow models have been developed con-
sidering di!erent applicative scopes as those listed below:

• testing and design of new transportation facilities: through the adoption of tra"c
simulations, the impact of changes in geometric design of infrastructure is evaluated;

• assessment of alternative measures of tra!c management : the performances of var-
ious control treatments are tested through simulation models. One of the main
advantages of these applications is the low computational e!ort and their ease of
use;

• definition of models serving as a submodule in other tools: tra"c models are used
for optimization purposes and for the internal prediction in model-based control
schemes. Due to their complexity, such applications are not suitable for online
operation; however the obtained results may provide an intelligent kernel for real-
time control strategies;
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• training of tra!c managers: the decisions of tra"c operators are supported by the
feedback provided by tra"c simulations.

Besides the classification in field of applications, vehicular tra"c flow models may be also
categorized using various dimensions (such as: linear or nonlinear, continuous or discrete,
deterministic or stochastic, and so forth). However, the most common classification of traf-
fic models is related to their level of detail, distinguishing among microscopic, mesoscopic

and macroscopic models [5, 7].
Microscopic models represent in detail the dynamics of the vehicles in road sections.

The dynamic equations are formulated for each vehicle and are aimed to model the vehicle
movements considering their interactions with the other vehicles and representing the
heterogeneity of driver behaviors with specific parameters. Microscopic models are very
accurate but their high level of detail implies a high computational e!ort. Among the
microscopic models, the most known type is represented by the car-following models,
which were initially introduced by the works [8, 9] and [10].These models represent the
position and speed dynamics for each vehicle through di!erential equations in continuous
time. It is also assumed, that the speed dynamic of a single vehicle depends on its speed,
the distance (bumper-to-bumper distance) from the leading vehicle and the speed of the
vehicle which follows it. Another very well-known class of microscopic vehicular tra"c
flow models is represented by lane changing models. These models attempt to describe
the behavior of drivers when a lane change occurs, regardless of the reason (overtaking
of a vehicle, the merging to and from secondary roads or freeway on-ramp, the need to
avoid obstacles and so on). This behavior can be schematically subdivided into three
steps: the decision on lane changing, the selection of desired lane and the gap acceptance
decision. Among the several approaches reported in the literature we remember the work
[11], where a lane changing urban driving model is described, and [12], where an advanced
model has been proposed in order to capture the merging behavior in severe jammed tra"c
conditions. These two classes of models, namely car-following models and lane changing
models, are the most commonly implemented models in the simulation software that will
be described later.

An intermediate class of tra"c flow models, which bridges the gap between the higher
level of detail of microscopic models and the aggregate description of macroscopic models,
is constituted by the so-called mesoscopic models. These models represent a link between
microscopic and macroscopic modeling, where the characteristic aspects of both levels
of description are combined. Indeed, in mesoscopic models, the tra"c flow dynamics is
described in aggregate terms (e.g. using probability distribution functions), while the
behavior of individual tra"c entities is distinguished. Among these, the most known are
the gas-kinetic models where an analogy between the behavior of gases and of tra"c flows
is identified. An initial proposal of these models has been presented by Prigogine and
Herman in [13] and in [14]. As argued in [7], mesoscopic modeling takes advantage from
their capability to describing the dynamic evolution of single vehicle, without describe
their individual time-space behavior. However, these models have been criticized because
of the large number of variables that does not make them suitable for applications in
real-time.

Finally, macroscopic tra!c models represent the tra"c dynamics at an aggregate level.
The behavior of vehicles is modeled as a whole, considering the flow of vehicles in anal-
ogy with the flow of fluids or gases, and its dynamics is described by means of aggregate
variables, specifically density, mean speed and flow. Macroscopic models are less compu-
tationally intensive than microscopic and mesoscopics ones, and easier to be calibrated,
due to the lower number of parameters. Macroscopic tra"c models can be categorized
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according to the continuous or discrete nature of space and time variables. Continuous

models adopt continuous variables for space and time, and the dynamics of the system
is represented with di!erential equations. In discrete models, space and time are instead
discretized (a road is divided into portions, while the time horizon is divided into time
intervals), and di!erence equations are used to model the system dynamics. Moreover,
macroscopic models can be further divided according to the number of state variables
adopted. First-order macroscopic tra!c flow models are the simplest ones and capture
the dynamics of one aggregate variable, which is the tra"c density. The first and most
famous model of this type is the Lighthill-Whitham-Richards model (see [1, 2]) also known
in literature as LWR model that is a continuous model. Whereas a widely adopted discrete
first-order model is the so-called Cell Transmission Model (CTM) [15, 16, 17], developed
in the Nineties as a discretization of the continuous LWR model. Second-order macro-

scopic tra!c flow models are characterized by two dynamic equations, one for the density
and the other one for the mean speed of vehicles. One of the most popular continuous
second-order models has been proposed by Payne in [18]. While as for discrete second-
order models, the best known of them was developed in the late eighties [19] and is called
METANET.

Vehicular tra"c flow model, in particular the microscopic ones, are often adopted
into simulation tools as the one used for the purposes of this project. Some works in
the literature propose an overview of tra"c simulation tools such as those reported in
[7, 20, 21]. Among the tra"c simulators currently available, the most popular ones are
the following: AIMSUN NEXT [22, 23], MITSIM [24], PARAMICS [25], SUMO [26, 27],
VISSIM [28] and VISUM [29]. These softwares di!er in the types of simulation they can
perform, the characteristics of the simulations, and the type of operating system supported.
Specifically, the main features of these simulation tools are gathered in Table 1.

It is worth noting that, in addition to the main features summarized in Table 1, the
choice of a simulation software needs to take into account additional features. First, the
possibility of representing large-scale transport networks; second, ease of use, i.e. the
possibility of implementing a simulation model without necessarily having computer pro-
gramming skills; third, the provision of robust and reliable results with the possibility
of receiving technical assistance. In light of these considerations, the simulation tools
that best meet these requirements are: AIMSUN NEXT, VISSIM and VISUM. Note that
among these, AIMSUN NEXT software is the only one that allows to realize with a single
tool a multitude of simulation typologies while also allowing to conduct hybrid simula-
tions in which macroscopic and mesoscopic simulations or mesoscopic and microscopic
simulations are conducted simultaneously.

2.3 Literature review on rail tra!c simulation models

Rail transport is one of the main modes of land transport of both freight and passengers.
Unlike road transport it is very advantageous when combined with long distances, but
at the same time it is less flexible as the access to the rail network is conditioned by
the availability of train paths that must be defined in advance. Moreover, the railway
transport capacity and e"ciency depend on several factors such as: the number of tracks,
the number of stations, the type of signal system adopted, the speed of trains on the line
and the order in which trains with di!erent speeds travel along the railway line, to name
a few.

The literature in the railways operation can be distinguished according to three levels
of planning which are: strategic planning, tactical planning and operational planning. As
reported in [30] these three levels of planning di!er in the following characteristics, as
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Table 1: Vehicular tra"c simulation software

Software Type of simulation Software capabilities Operating systems

AIMSUN NEXT

Microscopic
Mesoscopic
Macroscopic

Hybrid

• Modeling large-scale tra"c
networks
• Modeling di!erent types of
vehicles, public transport
services (buses and trams) and
pedestrians.
• It allows to conduce
environmental impact analysis
• It allows to set toll and road
pricing
• It allows to evaluate several
tra"c management actions
• It allows to conduct two hybrid
simulations in which the micro-
meso or macro-meso simulation
can be performed simultaneously

Windows
macOS
Linux

MITSIMLab Microscopic
• It allows to evaluate several
tra"c management actions

Linux

PARAMICS Microscopic

• Modeling di!erent types of
vehicles, public transport
services and pedestrians.
• It allows to conduce
environmental impact analysis
• It allows to set toll and
road pricing

Windows

SUMO Microscopic

• Modeling di!erent types of
vehicles, public transport
services
• It allows to evaluate several
tra"c management actions
• It allows to import networks
from VISUM and VISSIM

Windows
macOS
Linux

VISSIM Microscopic

• Modeling di!erent types of
vehicles, public transport
services (buses and trams) and
pedestrians
• It allows to conduce multi
-modal simulations
• It allows to evaluate several
tra"c management actions

Windows

VISUM Macroscopic

• Modeling large-scale tra"c
networks
• Modeling di!erent types of
vehicles and public transport
services

Windows

follows:

• strategic planning is the highest level of management in railway organizations and
involves long-term decision planning. This level of planning involves all decisions that
a!ect the design and construction of the railroad and the technological resources
needed to operate the railway service (see [31]). Pricing policies, energy utility
strategy, network development plans, long-term maintenance, etc. are also defined
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in this level of planning.

• tactical planning concerns the definition of medium-term actions, i.e. those actions
that maintain rail operations that concern all plans, timetables and schedules in-
cluding crew scheduling and rolling stock circulation, etc.

• operational planning covers short-term planning. At this level of management, plans,
schedules, and programs are implemented day-by-day or even in real time to allow
the system to provide the service. Operational planning can also include rescheduling
operations, i.e., all operations that are defined to handle disturbances to the railway
exercise that occur in real-time. A survey focusing on rescheduling problems is
reported in [32].

In accordance with this classification, it is possible to note that most of the works
in the literature on rail operations are oriented towards the planning of both freight and
passenger rail service. In particular, some of these studies are devoted to analyze the rela-
tionships between rail capacity and train delays as done for instance the work in [33]. Other
works, instead, analyze the factors that most influence train punctuality. For instance in
[34] correlates the railway service punctuality with infrastructure capacity utilization, can-
cellations, operational priority rules and temporary speed restrictions. Among these, the
study states that passenger numbers, capacity utilization, and temporary speed restric-
tions have a negative e!ect on punctuality, while train cancellations result in a positive
correlation. In [35], railway delays are distinguished into primary and secondary delays
and their causes are analyzed. A neural network-based approach is proposed in [36] to
estimate delays at train stations. Other works exploit the results obtained from the anal-
ysis of the causes of delays to define schedules that decrease their propagation, such as
the studies reported in [37] and in [38].

An e!ective way to evaluate railway schedules is to adopt simulative models, whose
goal is to mimic the real behavior of railway systems in order to support the decision
makers allowing to evaluate di!erent scenarios and actions before their implementation.
In this context, simulation is typically used to evaluate the outcome of a railway timetable
exposed to delays. Based on the simulation results, it is possible to base the decisions to
change the timetable and eventually conduct a new simulation to check if the measures
adopted are e!ective. Other applications of the simulation concern the evaluation of
extensions of the railway infrastructure or the adoption of more performing rolling stock
and consequently the possibility to change the timetable. Di!erent levels of detail can
also be identified for railway simulation, i.e., simulations based on microscopic models,
mesoscopic models, and macroscopic models [39].

Microscopic models try to reproduce with a high level of detail both the infrastructural
layout of the railway network and the aspects related to the operation of the transport
activity [40, 41]. In these models the railway network is represented through a graph
composed of links and nodes. The links represent the tracks and contain information
on the length, slope and maximum speed of a section of track. Nodes represent the rail
equipment and contain information about the signal systems, accessibility within block
sections, and so on. These models are typically used to calculate travel times and thus form
the basis of timetable construction. Microscopic models are often embedded in simulation
software such as the tool RailSys [42].

As with vehicular tra"c models, mesoscopic models represent an intermediate level
between microscopic and macroscopic models. These models require more aggregate input
data than microscopic models and are adopted when there is a lack of such fine data.
Compared to macroscopic models, they allow a more detailed analysis of the processes
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that occur at railway nodes, evaluating for example the accessibility of a railway station.
Also these models are often included in simulation tools such as the one reported in [42]
that allow to conduct di!erent types of simulations.

Finally, macroscopic models are the class of models that present the lowest level of
detail. Also in macroscopic models the network is formalized as a graph in which there
are links and nodes. The links represent the railway lines while the nodes represent
the bifurcations or the access points of the network. Unlike microscopic and mesoscopic
models, the amount of information associated with the links is quite limited. The input
data related to the links concern for example: number of tracks, average speed, average
length of blocks and the overall length of the links. Macroscopic models are adopted to
evaluate the impact created by changes on the railway network such as the realization of
new infrastructures or the e!ect of planned maintenance that could lead to the temporary
closure of parts of the network. A well-known software tool in this field is NEMO (Network
Evaluation MOdel) [43]. This model receives as input the expected demand for passenger
and freight and generates the corresponding train runs on the network to meet both the
transport demand and the operational regulations of the railway. As shown in [40] the
NEMO model can be used as the first level of planning by generating the necessary inputs
to perform a more detailed analysis conducted for example using systems such as RailSys.

2.4 Literature review on multi-modal transportation network simulation
models

As far as the simulation of multi-modal networks is concerned, the literature in this field
is much less consolidated than that of road and rail transport. Moreover almost all the
works in this field regard the definition of assignment models or the definition of dynamic
programming problems aimed at identifying multi-modal routes or at regulating the tran-
sition between di!erent types of transport.

Most of these works include the urban area as their applicative context. For example,
in [44] the multi-modal transportation network of an urban area is represented as a graph
composed of a number of sub-networks, each of which is associated with a transportation
mode. Then the multi-modal network is translated into an augmented-state multi-modal
network in which transfer rules and transfer probabilities are defined between the di!er-
ent transport modes and then with standard assignment models multi-modal routes are
defined. In [45] the transportation modes considered are generically distinguished into
private and public modes of transports and connected with some abstract links that allow
the transfer between the considered modes. The only attributes associated to the elements
of the network are the travel times that are estimated considering the length and speed
of a link and possible waiting times. Then a rule-based algorithm is proposed to suggest
travel information. In [46] an urban multi-modal transportation network including vehic-
ular transportation (both passenger and freight), bus transportation, rail transportation,
and parking service is considered and used to define multi-modal routes. In this work the
multi-modal paths are defined with multi-modal dynamic user equilibrium with a nested
logit model and where travel times on the network are estimated with a mesoscopic model.

An application based on learning techniques is instead presented in [47]. In this work,
data from a large-scale multi-modal network have been analyzed and both spatio-temporal
and semantic coherence relationships have been identified as the basis for route choice.
Based on these findings, a hierarchical multitask learning module has been developed to
represent di!erent transportation modes and to guide route choice.

Model-based approaches are instead presented in the works [48, 49]. Both approaches
involve the use of the macroscopic fundamental diagram (MFD). Specifically in [48] the
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transport modalities considered are three and consider private vehicle transport, public
vehicle transport and pedestrian transport, the three transport modes are represented
through a three-dimensional macroscopic fundamental diagram that allows to evaluate the
accumulation of private and public vehicles according to di!erent tra"c scenarios. In [49]
the transport modes considered are private vehicle transport and public road transport.
Private transportation is represented through the MFD while constant transfer speeds
are considered for public transportation. The derived multi-modal model is used for the
definition of adaptive pricing policies.

Note that in none of these approaches the dynamics of the multi-modal system is
explicitly represented and, in most approaches, travel times on multimodal transportation
networks are either fixed a priori or are provided by other simulation models. In this
sense, the model developed for this research project is very innovative and covers an area
not yet explored in the scientific literature.
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3 Identification of the necessary information and data sources

The Action 3.2 has consisted in the identification and definition of the information neces-
sary to feed the simulation model developed in Action 3.3. This simulation model includes
two di!erent contexts, both for the extension and for the level of detail with which they
will have to be represented. Consequently, the data needed for design and implementation
will also need to be congruent with these contexts, i.e., the local context defined in the
proximity of the area where the critical event occurred and the regional or supra-regional
area that includes all transportation connections deemed significant and identified using
the methodology described in Deliverable 2. For both contexts of analysis, the data iden-
tified in this action are divided into data necessary to represent transport supply and data
necessary to represent transport demand.

Specifically, the area in the proximity of the critical event, which may also include
urban areas, is the subject of a microscopic analysis in which the movements occurring
at the local level are represented in detail. At this level of simulation, the data related
to the transport o!er can be distinguished between the data that identify the transport
network in its entirety (i.e. the cartography that represents the urban network and the
transport networks present there) and the data that define the public transport service.
In this case, for all modes of public transport that have been identified in the area (such
as bus service, metro line, railway line), it is necessary to know both the routes served and
the frequency of service. As far as the data defining the transport demand are concerned,
the researchers have identified the following aspects as being needed:

• the origin/destination matrices of the area under examination for the hours and days
considered most significant and with distinction by user classes;

• the tra"c flows and speeds (per hour and per vehicle category) on some stretches of
city roads that are considered strategic, because they connect relevant assets (e.g.
connections to hospitals, fire department, rescue management centers and so forth)
or because they are considered critical (e.g. roads typically close to saturation in
ordinary conditions);

• the number of passengers served for the main modes of public transport and the
most significant time slots.

The second level of simulation concerns the regional or supra-regional area in which
the transport network subject to disruption is innervated. On this area a macroscopic
simulation will be conducted whose objective is to evaluate at a glance the cascade e!ect of
a critical event on a large scale and assess the e!ectiveness of possible regulatory measures.
Also for the macroscopic simulation, the necessary data can be divided into data describing
the mobility supply and data describing the mobility demand.

As far as the definition of the transport supply is concerned, it is worth specifying that
the transport network identified must have a much more aggregate level of detail than
the one defined at local level. Specifically, this network must comprise only the primary
connections and nodes of the long-distance transport network that can be identified in the
highways network, as far as road transport is concerned, and the long-distance axes for
passengers and/or freight and the last-mile accessibility axes to ports and airports as far
as rail transport is concerned. In addition, connections will have to be included in the
network at locations where a change of transport mode is allowed. As far as rail transport
is concerned, the data referring to the transport supply must include the number of trains,
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the number of seats o!ered, and the speed of circulation for each line and for the time
slots considered significant.

As far as the transport demand is concerned, the data (per hour and per user class)
that are deemed as necessary are:

• the tra"c volumes entering and exiting the main highway sections and tollbooths;

• the origin/destination matrices for the considered highways network;

• the flow and speed measurements for the connections present in the considered high-
ways network;

• the number of passengers and freigth on the main rail links aggregated by time slots.

Such data will have to be used both as input of the simulation and for the validation
of the obtained results. In particular, the simulation inputs are the incoming flows at
the network nodes (i.e., highway toll booths and railway stations for both freight and
passengers) and the turning rates at the network bifurcations, i.e., the information that
determines the users’ route choice. These turning rates cannot be directly measured
on the real system, but can be derived from the origin/destination matrices by solving
an assignment problem such as those reported in [50] and [51]. Alternatively, they can
be derived using user origin/destination information and user volumes on the network
stretches. It should be noted, however, that this second methodology has limitations that
relate only to the application to data referred to mobility scenarios already detected and is
not applicable for the purpose of evaluating hypothetical scenarios. Instead, data referring
to volumes on the stretches can be used to verify that the model adequately replicates the
scenario under consideration.

Finally it is important to notice that the data in order to be used in the simulation
model must be opportunely uniformed. This issue is rather important in particular for
what concerns the highway data that often make reference to di!erent highway operators
that can use di!erent methodologies of detection and data storing.
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4 Development of the regional multi-modal transport net-

work simulation model

4.1 General features

This Action has concerned the development of a macroscopic model able to represent
the dynamic behavior of tra"c flows on a large-scale multi-modal transportation network
defined at a regional or supra-regional level. Specifically, this modeling framework is
capable of representing the dynamics of two classes of tra"c flows, namely passengers and
freight. Specifically, this macroscopic model is conceived to support decision makers who
intend to:

• analyze the characteristics of large-scale multi-modal transport networks and their
ability to maintain acceptable performance when a!ected by disruptions;

• develop and test regulatory policies that fully exploit the mobility capacity of a large-
scale multimodal transport network by suggesting routes to users after a disruptive
event that may include one or more transport modes.

More in details, the transport modes considered in this model are road transport, rep-
resented through a highway network, and rail transport. For both freight and passengers,
the proposed model is capable of representing, in an aggregate way, the behavior of flows
on multi-modal paths, i.e., on routes that possibly use both transport modes to reach
their destination. Furthermore, this model has been implemented in a tool designed to be
integrated with a microscopic tra"c simulator, providing it with the necessary inputs to
conduct analyses at the local level.

4.2 Network description and basic notation

The dynamic model developed for this Action is based on a unique graph in which the con-
sidered transport modes, represented by a highway and rail networks, are connected with
some intermodal arcs. Furthermore, these intermodal arcs are distinguished depending on
the flow class, i.e. passengers or freight, which they can receive. Then, the multi-modal
transport network is represented by means of an oriented graph, as depicted in Fig. 1,
denoted with G = (N ,A), in which N indicates the set of nodes, whereas A represents
the set of arcs.

Highway arc Railway arc

Intermodal arc for passengers 

Origin node

Origin node

Destination node

Intermodal arc for freight 
Figure 1: Sketch of the intermodal transport network.

The set of nodes N in turn contains two subsets defined as follows:

• JO ! N which represents the set of all possible origin nodes;
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• JD ! N which represents the set of all possible destination node;

while the nodes which are not origins nor destinations simply allow the transit between
successive arcs. The set of arcs " A, instead, is given by the union of four subsets defined
as follows:

• AH is the set of highway connections;

• AR is the set of railway connections;

• AIp is the set of intermodal arcs for passengers;

• AIf is the set of intermodal arcs for freight.

Note that it has been decided to distinguish intermodal arcs into intermodal arcs for
passengers and intermodal arcs for freight because modal shifts for passengers and freight
typically occur at di!erent locations and in di!erent modes. In particular, intermodal arcs
for freight can be identified where adequate infrastructure exists to allow the transfer of
cargo units from road to rail and vice versa (e.g., intermodal terminals).
Intermodal arcs, for both flow classes, are considered as fictitious arcs that allow modal
transfers between road transport and rail transport and vice versa. For this reason, an
origin node o " JO cannot be followed only by one or more intermodal arcs, and similarly,
a destination node d " JD cannot be preceded only by one or more intermodal arcs.
Moreover, let P (i) indicate the set of nodes preceding node i and S(i) the set of nodes
succeeding node i, i " N . Let also denote with #i,j [km] the length of each arc (i, j) "

AH #AR. Furthermore, let us indicate with superscript c the flow class considered in this
model. In particular we define with c = 1 the passenger flow and with c = 2 the freight
flow. Depending on flow class and arc type, di!erent units are adopted in the model.
Specifically:

• for class c = 1, i.e. passengers, the unit considered in railway arcs is the number of
passengers, while in highway arcs is the number of vehicles; in intermodal arcs the
units can be either passengers or vehicles depending on the type of arc preceding
the intermodal one;

• for class c = 2, i.e. freight, the unit considered in railway arcs is the number of
railway wagons, while in highway arcs is the number of trucks; in intermodal arcs,
again, the units depend on the type of preceding arc; for the sake of simplicity, we
assume that a single cargo unit corresponds to one rail wagon and to one truck.

Thus, the following input data is needed for each user class c:

• f o,c(k) which is the flow entering the node o at time step k;

• !c
n,i!i,j(k) which are the percentage of elements that from the arc (n, i), with (n, i) "

AH #AIp #AIf , wants to turn into arc (i, j), with (i, j) " AH #AIp #AIf ;

• $c
o,j(k) that are the ratio of element entering at the origin o that turn into arc (o, j);

• !c
i,j(k) which are the turning rate for (i, j) " AR;

• "ci,j(k)$(i, j) " AR binary parameter representing the presence of a train of class c

in the arc (i, j). It assumes value 1 if the train is present on the arc, 0 otherwise.

Finally, in this model some parameters are considered and listed in Table 2.
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Table 2: Model parameters.

Parameter Arc typology Description

vi,j $(i, j) " AH Maximum speed in [km/h]
#i,j $(i, j) " AH Congestion wave speed in [km/h]

nmax
i,j $(i, j) " AH Maximum number of vehicles that can

be stored in an arc in [PCE]
$ Average number of passengers per vehicle

%
Conversion factor used to convert trucks
into passenger car equivalent

&i,j $(i, j) " AR Number of time steps required to cross a
railway arc

'i,j $(i, j) " AIp Number of time steps required to cross an
intermodal passenger arc

(i,j $(i, j) " AIf Number of time steps required to cross an
intermodal freight arc

C f
i,j $(i, j) " AIf Number of cargo units required to fill a freight

train for an intermodal freight arc

)ci,j $(i, j) " A
Conversion factor between di!erent transport
modes defined for each class c

4.3 Dynamic equations of the macroscopic multi-modal transport net-
work model

In this section, the dynamic equations representing at a macroscopic level the behavior of
freight and passenger flows in the multi-modal transport network are presented. Specif-
ically, the dynamic evolution of the whole network is represented with a discrete-time
model in which the time horizon is divided in K time steps, where k = 1, . . . ,K indicates
the temporal stage, and T [h] represents the sample time interval. Note that, in order to
ensure a correct time discretization, the length of the time interval T must allow a proper
dynamic evolution of the system, therefore the length of the time step is chosen in order
to verify, for any arc (i, j) " AH, the condition

T %
#i,j

vi,j
(1)

The dynamic evolution of the system is described by means of aggregate variable
defined for each class c, and for each time step k, k = 0, . . . ,K,. Thus, the main variables
common to each arc type (i, j) " A are:

• nc
i,j(k) is the number of units of class c in the arc (i, j) " A;

• Ici,j(k) is the number of units of class c entering the arc (i, j) " A;

• Oc
i,j(k) is the number of units of class c exiting the arc (i, j) " A;

• U c
i (k) is the number of units of class c exiting the network from the destination node

i " JD

Regarding the origin nodes that belong to a highway-type arc, we consider the presence
of virtual queues that allow to model the presence of vehicles that must wait before entering
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the network At this purpose, for each time step k, k = 0, . . . ,K, the following variables
are introduced:

• qco,j(k) is the number of vehicles of class c entering the arc (o, j) " AH following node

o " JO;

• lco,j(k) is the length of the queue of vehicles of class c waiting at the origin node

o " JO in order to enter the arc (o, j) " AH .

With respect to nodes belonging to a rail-type arc, we assume that demand, both
passenger and freight, can only access the rail network if a train is available on the track,
so we denote by wc

i (k) the queue of units of class c, at node i that holds the units of class
c who cannot enter the rail network at time step k.

Then for each type of arcs (i, j) " A present in the network, the number of units of
class c for each k, k = 0, . . . ,K, is given by

nc
i,j(k + 1) = nc

i,j(k) + Ici,j(k)&Oc
i,j(k) (2)

Now, let us describe separately the flows entering an arc Ici,j(k), the flows exiting an
arc Oc

i,j(k), and the flows exiting the network U c
i (k) for each arc typology and let us start

with highway arcs. Then the number of vehicles of class c entering the arc (i, j) " AH at
time step k is given by

Ici,j(k) =
!

n"P (i)

!c
n,i!i,j(k) · )

c
n,i ·O

c
n,i(k) + qci,j(k) (3)

where the condition
"

j"S(i)#{i} !
c
n,i!i,j(k) = 1 must be verified $i, $c, $k and where the

flow qci,j(k) is nonzero for the nodes i " JO. The conversion factor )cn,i in (3) is introduced
to model the modal shift for each user class c. Specifically, for class c = 1, i.e., the
passenger class, this conversion factor is defined by assuming that switching between two
modes of transportation can only occur in the presence of an intermodal passenger arc and
that the transportation demand for the road service is given in terms of vehicles while the
transportation demand for the rail service is given in terms of the number of passengers.
Then, the conversion factor )1n,i is defined as follows

)1n,i =

#

1 if (n, i) " AH

1
! if (n, i) " AIp (4)

As for class c = 2, i.e. the class referring to freight, the conversion factors )2n,i is set equal
to 1 because, as mentioned above, a cargo unit is assumed to correspond to one truck and
to one rail wagon.

The demand of vehicles that can actually enter the network and the consequent queue
length at the origin nodes are calculated as follows:

qco,j(k) = min

#

$c
o,j(k) · T · f o,c(k) + lco,j(k), q

res,c
o,j (k)

$

(5)

lco,j(k + 1) = lco,j(k) +

%

$c
o,j(k) · T · f o,c(k)& qco,j(k)

&

(6)

where qres,co,j (k) is the residual capacity of the arc (o, j) " AH. Note that, defined with S(o)
the set of nodes succeeding node o the condition

"

j"S(o) $
c
o,j(k) = 1 must be verified $o,

$c, $k.
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Before introducing the formulation of the residual capacity of a highway arc, let us
define with ntot

i,j (k) the total number of vehicles (expressed in terms of passenger car

equivalents) present in arc (i, j) " AH at time step k which are computed as follows

ntot
i,j (k) = n1

i,j(k) + %n2
i,j(k) (7)

The residual capacity qres,ci,j (k) is then computed as follows

qres,1i,j (k) = $

%

nmax
i,j & ntot

i,j (k)

&

(8)

qres,2i,j (k) =
1

%

%

nmax
i,j & ntot

i,j (k)

&

(9)

Let us now describe the relation that defines the outflow from a highway arc. The
number of vehicles of class c exiting the arc (i, j) " AH is computed with

Oc
i,j(k) =

T

ti,j(k)
nc
i,j(k) (10)

where ti,j(k) is the transfer time required to cover arc (i, j) " AH defined according to the
following relation

ti,j(k) =
#i,j

Vi,j(ntot
i,j (k))

(11)

It should be noted that the transfer time is estimated as a function of the total number
of vehicles present in the connection. More in details, for each highway arc (i, j) " AH,
the transfer time ti,j(k) is computed according to the current tra"c conditions through
the steady-state relation between speed and number of vehicles Vi,j(ntot

i,j (k)) given by

Vi,j(n
tot
i,j (k)) = min

#

vi,j,
#i,j

ntot
i,j (k)

#i,j

%

nmax
i,j

#i,j
&

ntot
i,j (k)

#i,j

&$

(12)

Finally, the number of vehicles of class c exiting from a node i = d with d " JD is
given by

U c
i (k) =

!

n"P (i)

!c
n,i!i,i · O

c
n,i(k) (13)

Now let us describe the relationships related to the inflows and outflows in a railway
arc and specifically let us start from the definition of Ici,j(k) with (i, j) " AR. Thus, let us
recall that we assume that demand, both freight and passengers, can enter the network
only when there is a train of its user class on the arc (i, j) " AR, i.e., when "ci,j(k) is fixed
equal to 1. Therefore, the number of units of class c entering the railway link is given by

Ici,j(k) = "ci,j(k)!
c
i,j(k)

%

wc
i (k) + f o,c(k)T +

!

n"P (i)

)cn,i · O
c
n,i(k)& U c

i (k)

&

(14)

Note that, when "ci,j(k) = 0 the users cannot enter the railway network and the queue
wc
i (k) increases as follows

wc
i (k+1) =

%

wc
i (k)+f o,c(k)T+

!

n"P (i)

)cn,i ·O
c
n,i(k)&U c

i (k)

&

·

'

1&
!

p"S(i)

"ci,p(k)!
c
i,p(k)

(

(15)
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where, similarly to highway arcs, the conversion factor )2n,i is fixed equal to 1, while )1n,i is
given by

)1n,i =

#

1 if (n, i) " AR

$ if (n, i) " AIp (16)

while the flow exiting the railway network from a node i = d with d " JD is given by

U c
i (k) =

!

n"P (i)

Oc
n,i(k)!

c
i,i(k) (17)

Finally, the outflow of units of class c exiting an arc (i, j) " AR is computed with

Oc
i,j(k) = Ici,j(k & & ci,j) (18)

Let us conclude by presenting the dynamic equations for both freight and passenger
intermodal arcs. Specifically, the number of units of class c entering the arc (i, j) "

AIp #AIf at time step k is given by

Ici,j(k) =
!

n"P (i)

!c
n,i!i,j(k)O

c
n,i(k) (19)

Regarding the outflow Oc
i,j(k) this depends on the type of arc considered. Let us

start by describing the relation that defines the outflow from an intermodal freight arc
(i, j) " AIf preceded by a highway arc. In this model we assume that cargo units can
only enter the rail network if there are enough of them to fully load at least a freight train
with capacity C f

i,j. Since the transfer of cargo units from road to rail is realized through
a freight intermodal arc, we consider that this arc behaves as a bu!er where cargo units
wait until their number is su"cient to fill at least one train and then leave the intermodal
arc. Therefore, the number of cargo units exiting a road-to-rail intermodal arc (i, j) " AIf

is given by

Oi,j(k) =

)

n2
i,j(k)

C f
i,j

*

C f
i,j (20)

For all other freight intermodal arcs, the outflow Oi,j(k) is calculated as follows

Oi,j(k) =
nc
i,j(k)

(i,j
(21)

where (i,j ' 1. Finally the outflow Oi,j(k), with (i, j) " AIp, is given by

Oi,j(k) =
nc
i,j(k)

'i,j
(22)

with 'i,j ' 1.
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5    Two-level simulation of a multi-modal transport network 

 

5.1     Description of the simulation framework 
 
In this Section, the description of the two-level simulation framework developed for this project 

is provided. In this framework two transport network simulation software systems have been 
used and integrated in order to provide a simulation framework that can be used to plan and test 
regulatory actions. Specifically, the regional level of the simulation has been conducted by 
developing a completely new software, named MTRAS (Multi-modal TRAnsport Simulator) in 
which the dynamic multi-modal transport network model developed in this project and 
described in Section 4 has been included. As for the simulation at local level, this has been 
conducted by adopting the commercial software AIMSUN. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As shown in Fig. 2, which reports the simulation framework adopted for this project, the first 
level of the simulation is performed with the MTRAS software which receives as input the multi-
modal network and the transport demand referred to this level of simulation, as better specified 
in Section 2. The outputs of the regional simulation can be used to compute specific performance 
indices or more in general to perform data processing dedicated to the analysis of the dynamic 

Figure 2:  Sketch of the two-level simulation framework. 
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behavior of the regional network. The local level of the simulation, performed with the AIMSUN 
software, needs the configuration of the local network, that is the graphical representation of the 
portion of the urban network that is intended to be analyzed, and the relative transport demand. 
This second level of simulation is integrated with the first one receiving the flows related to arcs 
and nodes of the regional network that intersect with the urban network.  

Note that this aspect is of particular importance since highway toll booths and railway stations 
are located near, or even within, urban networks. Critical events that significantly disrupt the 
long-distance transport network, such as the one that occurred in Genoa with the collapse of the 
Morandi bridge, can cause significant changes in the flow of freight and passengers crossing or 
reaching the urban transport network. The simulation scheme proposed in this project results to 
be particularly innovative because it allows to evaluate the interdependencies that occur on a 
multi-modal transport network of great extension and in addition, explicitly representing the 
presence of flows of passengers and freight, allow to develop and test of specific regulation 
policies that may include one or more transport modes.  

The following sections briefly present the main features of the software that compose this 
simulation framework, devoting more attention to the description of the MTRAS software that 
represents the innovative tool developed in this project. 

 
5.1.1     Region-level simulation: MTRAS software description 

 
The principal characteristics of the software MTRAS are illustrated below. MTRAS has been 

developed in Visual Studio and, as shown in Fig. 3, presents a graphical interface that allows the 
user to visualize graphically the network that intends to analyze and an overall view of the 
outputs of the simulation. 

 

 
 

Figure 3: MTRAS software 
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MTRAS is connected to a MariaDB type database through which it receives the input data 
necessary for the realization of the multi-modal network, the data necessary for the 
characterization of the transport demand, and the model parameters. 

Specifically, the input data are entered into the database through the creation of six tables 
defined as follows: 

• Sim_nodi: in this table the necessary information to identify the nodes present in the 
network are provided, specifically the necessary fields to be filled are: the node name; 
latitude, longitude, node type (A indicates a highway node and T a railway node), as 
shown in Fig. 4. 

• Sim_tratte: this table includes the necessary information to identify the stretches 
present in the network, specifically the necessary fields to be filled are: initial node, final 
node, type of stretch (A indicates a highway stretch, T a railway stretch, Ip an intermodal 
passenger stretch, If an intermodal freight stretch), length of the stretch. For highway 
stretches the following data are also required: maximum speed, congestion wave speed, 
maximum number of vehicles. For the intermodal stretches the following data are 
required: conversion factors for passengers and freight. For the railway stretches the 
following data are required: the crossing time required for a passenger train and crossing 
time for a freight train. An example of the table sim_tratte is depicted in Fig. 5. 

• Sim_ingressi: this table provides passenger and freight flows for each node included 
in the network. The fields of the table to be compiled are: name of the node, time (defined 
in time slots ranging from 0 to 23), the simulation ID, flow of passengers, flow of freight. An 
example is provided in Fig. 6. 

• Sim_svolte_tratte: this table includes the splitting rates at bifurcations of the multi-
modal transport network. The required fields are: preceding node, current node, 
succeeding node, type of the preceding stretch and type of succeeding stretch (A indicates a 
highway stretch, T a railway stretch, Ip an intermodal passenger stretch, If an 
intermodal freight stretch), simulation ID, time (defined in time slots ranging from 0 to 
23), value of the splitting rate for passenger flows and for freight flows. An example of 
sim_svolte_tratte is given in Fig. 7. 

• Sim_tratte_treno_delta: this table gives for each railway stretch the time when the 
binary variable used to represent the departure of a train must be set equal to one. The 
necessary fields to be filled are: initial node, final node, the class type (1 for passenger and 
2 for freight), departure time from the starting node, as shown in Fig. 8. 

• Sim_tratte_stato_iniziale: this table provides the information needed to identify the 
initial state of the network. The fields to be filled in are: initial node, final node, type of 
stretch, simulation ID, initial number of class 1 items (i.e. passengers), number of class 2 items 
(i.e. freight). See the example in Fig. 9. 

Figure 4:  Example of table sim_nodi 
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Figure 5:  Example of table sim_tratte 

Figure 6:  Example of table sim_ingressi 

Figure 7:  Example of table sim_svolte_tratte 

Figure 8:  Example of table sim_tratte_treno_delta 



New Economic Regulation for Transport in Case of Emergency Events 

Funded by the Structural Reform Support Programme of the European Union and 
implemented by CIELI - UniGe in cooperation with the European Commission 

 
 

21 

 
 

As shown in Figure 10, the data referring to the simulation are loaded by selecting the ID of the 
simulation to be analyzed in the drop-down menu and clicking on the Load button (yellow 
rectangle in Fig. 10). Through the Simulate button the simulation is executed (red rectangle in 
Fig. 10). Selecting a stretch on the network it is possible to visualize, in the right quadrant of the 
graphical interface, the time evolution of the number of the total items that are present that 
stretch. In this part of the graphical interface the outputs related to other variables are also shown, 
such as speed, inflow and outflow of a stretch, travel time and so on in reference to a time instant 
selected by moving the cursor on the bar at the bottom of the graphical interface (blue rectangle 
in Fig. 10). 

By clicking on the Export or Export Small buttons it is possible to export the simulation outputs 
in csv format. Specifically, the Export Small button produces four csv files that respectively 
report the results of the simulations referring to the highway stretches, the highway nodes, the 
railway stretches and the railway nodes. An example of output is shown in Fig. 11. With the 
Export button instead all the results of the simulation are exported without further distinctions. 

 
 

Figure 9:  Example of table sim_tratte_stato_iniziale 

Figure 10:  Example of main functions of MTRAS 
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Finally, the model also allows the removal of a stretch. This can be performed by right-clicking 
on a stretch and selecting the Remove option. As shown in Fig. 12, after removal the stretch is 
represented with a dotted line 

 

 
 
5.1.2     Local-level simulation: AIMSUN software description 

 
As mentioned before, the local level of simulation has been performed with AIMSUN.  

AIMSUN software seeks to reproduce, through calculation algorithms, the real interactions 
between the mobility demand system and the transport supply system in urban environment.   
                                                                                                                                                                                                                         
Specifically, for simulations of the traffic scenarios at local level the software AIMSUN in version 
8.4 has been used.                                                                                                      

 The software allows the modelling of traffic at three levels: 

Figure 11:  Example of export  

Figure 12:  Example of the removal of a stretch  
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• Macrosimulation: it performs a static assignment of traffic demand to the urban 
network. It allows the evaluation of the ratio between estimated flows and capacity of 
road arcs. 

• Mesosimulation: suitable for simulation of urban areas. It allows, without the 
characterization of each intersection, the evaluation of both flow/capacity ratios on road 
arcs and the onset of local criticality at certain intersections.   

• Microsimulation: based on the behaviour of the individual vehicle (also depending on 
the vehicle flow in which it moves). It allows to study and optimize traffic networks, to 
identify the best configuration, in performance, for traffic lights intersections rather than 
on the geometry of roundabouts; By virtue of the complete simulation of the behaviour 
of the individual road user, it is possible to estimate the emission of pollutants for the 
various infrastructure scenarios analysed.   

 
In accordance with the aims of this project, it has been decided to use the AIMSUN software to 

perform a macroscopic simulation. Through this simulation it is possible to identify at a glance 
the principal bottlenecks of the transport network at local level. On the basis of the results 
obtained from these simulations, the local administrators will be able to decide which further 
actions to put in practice and to test them with a greater level of detail. 

 
Running a macrosimulation in AIMSUN means generating a Static Assignment Scenario. A Static 

Assignment does not use individual vehicles, it is oriented about trip volumes and about speed 
and flows on road sections. It is typically used in wide area models with time periods, used to 
define the demand in an OD matrix measured in hours, i.e. peak, interpeak time periods.                           
A Static Assignment uses one of five methods to distribute traffic in the network:  

1) The All or Nothing Assignment calculates a single shortest path for each OD pair in free 
flow conditions (empty network) and assigns the whole OD pair demand to its shortest 
path. Costs are not updated after assignment, so results will show free-flow costs.  

2) The Incremental Assignment adds iterations to the process. The user will specify the 
load/unload percentages for each iteration, and costs will be updated always after the 
load and before the unload step. A shortest path with updated costs will be calculated 
per OD pair at each step.  

3) The MSA Assignment is a method based on Frank & Wolfe but simpler and faster because, 
in general, with a sufficient number of iterations, this method will behave well enough 
and tend towards an equilibrium situation, though this is not assured. 

4) The Equilibrium Traffic Assignment is based on Wardrop’s user optimal principle: “No 
user can improve his travel time by changing routes”. In AIMSUN, the Frank&Wolfe 
algorithm is used to calculate the flows according to this principle. The algorithm is based 
in a Shortest Paths Algorithm and an ad hoc implementation of a Linear Approximation 
Algorithm. 

5) The Stochastic Assignment calculates the k-shortest paths for each OD pair and splits the 
OD pair demand among them, according to a Discrete Choice function defined by the 
user.  

The first four are deterministic methods and they are listed in order of complexity. All five are 
based on the calculation of shortest paths and path percentage usage. These calculations use the 
cost of the different network elements. More in details, the assignment model we decided to use 
for this work is the Frank&Wolfe algorithm.  
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5.2     The case study of Genoa 
 
5.2.1     Analysis of the regional network 
  

The regional network considered for this project is the one shown in Figure 13. The network 
consists of 75 highway nodes and 29 rail nodes and extends for several hundred kilometres. The 

simulations conducted on this network involved four days identified as representative of four 
selected periods before and after the Morandi bridge collapse. Specifically, the dates considered 
include June 13, 2018, September 12, 2018, January 9, 2019, and June 12, 2019. The dynamic model 

Figure 13:  The regional network  

Figure 14:  Comparison between real highway volumes (orange line) and simulated highway 
volumes (blue line) in the Andora-Albenga stretch of the Autostrada dei Fiori  
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implemented in the MTRAS software has been calibrated using the most detailed data referring 
to traffic volumes on the stretches, provided by the highway operators. The calibration is a 
fundamental phase as it allows to determine the characteristic parameters of the traffic model by 
comparison with the real data. As shown in Fig. 14, it has been possible to find a good 
correspondence between the simulated data and the real data. More in the detail, in Fig. 14 the 
comparison between the measured and simulated traffic volumes of light vehicles (top right 
figure) and heavy vehicles (bottom right figure) is shown. Specifically, the stretch under 
examination is the one that connects Andora and Albenga and is part of the Autostrada dei Fiori. 
Analysing Fig. 14 it is possible to note that the vehicle volumes estimated by the simulator (blue 
line) are quite close to the measured vehicle volumes (orange line).  After calibrating the model, 
it has been possible to carry out the simulations concerning the four days indicated above. Fig. 
15 and 16 show as examples the simulated volumes on a railway stretch (Fig. 15) and on a 
highway stretch (Fig. 16) on the day of June 13, 2018.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 15:  Volume on a railway stretch  

Figure 16:  Volume on a highway stretch  
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MTRAS has also been adopted to simulate the effect of regulatory actions aimed at shifting a 

portion of trips from highway to rail, as shown in Fig. 17. 
 
The results of these simulations have been used to feed the local simulation as has been 

described in Section 5.1. Specifically at the second level of the simulation, the volumes on the 
section including the Genova Aeroporto toll gate and the junction to the A10 Genova-Ventimiglia 
that is on the A7 highway (for the pre-collapse scenario only) and the exits from the Genova Aer 

 
5.2.2     Analysis of the urban network 
 
This section reports the results obtained from the simulations conducted at local level using the 

software AIMSUN. Specifically, the simulations for the day of June 13, 2018 and the day of 
January 9, 2019 will be reported below. These simulations integrate the results obtained from the 
regional simulation with the data provided by the beneficiary in the form of an O/D matrix for a 
standard weekday in 2016. Both simulations have been conducted in the 6:30 am - 9:00 am time 
slot. These results therefore do not represent the real conditions that occurred on these two days, 
but they do constitute an interesting case study that highlights the main problems of the Genoa 
urban network. 

Specifically, this local simulation does not consider all the urban network of Genoa but only the 
one most affected by the collapse of the bridge, namely the portion of the network shown in Fig. 
18, which corresponds to zone 2 and part of zone 5 and zone 6 defined in the zoning carried out 
by the beneficiary of this project (see Fig. 19). 

 
In the following the simulations carried out before and after the collapse of the bridge are 

reported. Specifically, let us start by analyzing the state of the network before the bridge collapse. 
In Fig. 20 the network implemented in AIMSUN is reported. While the simulation results are 
gathered in Figs. 21-24.  
 

Figure 17:  Example of a regulatory policy application where a modal shift from highway to rail 
of 20% (orange line) and 28% (green line) has been implemented on a highway stretch  
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The outputs produced by the assignment are represented through a color map ranging from 

green, indicating the urban route is in free flow conditions, to intense red that indicates the 
saturation of the route. The rest of the colors represent intermediate conditions between free flow 
and saturation. From the observation of Fig. 21-24 it is possible to note that, although in this 
simulation the network configuration in which the works on Via Lungo Mare Canepa and Via 
Guido Rossa have been completed has been considered, there are several critical situations. The 
most critical situations concern the Val Polcevera road network, in particular Via Giorgio 
Perlasca, Via 30 Giugno 1960 and Via Fillak. Other critical conditions are found in the road 
network around the highway exits of Genova Ovest and Genova Aeroporto that are burdened 
not only by traffic entering and leaving the city, but also by movements within the city itself, in 
particular those coming from and going to Via Aldo Moro. 

Figure 19:  Subdivision in zones of the municipality of Genova  

Figure 18:  The considered urban network  
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Figure 20:  The considered urban network before the collapse of the Morandi bridge  

Figure 21:  Detail of simulation in zone 2 before the collapse of Morandi bridge  

Figure 22:  Detail of simulation in zone 2 before the collapse of Morandi bridge  
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The collapse of the Morandi bridge has further aggravated this already critical situation. The 

collapse of the bridge has interrupted the urban road system below, closing a large part of the 
Val Polcevera road system, as shown in Fig. 25, and has led to a spillover of highway traffic into 
the city.  

 
The results of the simulations reported in Fig. 27-31 show the almost complete saturation of the 

main arterial roads existing in the urban network under examination. It is particularly interesting 
to note that even secondary roads, such as Via Borzoli, have been intensely used. This has 
occurred because, as mentioned above, a large part of the Val Polcevera road system has been 
put out of order by the collapse of the bridge and therefore secondary roads had to be used to 
reach the city center as shown in Fig. 31. 

 
 
 

Figure 23:  Detail of simulation in zone 5 before the collapse of Morandi bridge  

Figure 24:  Detail of simulation in zone 6  before the collapse of Morandi bridge 
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Figure 25:  Road closures in Val Polcevera after the collapse of the Morandi bridge   

Figure 26:  The considered urban network after the collapse of the Morandi bridge  

Figure 27:  Detail of simulation in zone 2 after the collapse of Morandi bridge  
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Figure 28:  Detail of simulation in zone 2 after the collapse of Morandi bridge  

Figure 29:  Detail of simulation in zone 5 after the collapse of Morandi bridge 

Figure 30:  Detail of simulation in zone 6 after the collapse of Morandi bridge 
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5.2.3     Testing of some regulatory policies in the Genoa urban network 
 
The effects of some regulatory policies that can be applied in circumstances such as those 

analyzed in this project are illustrated below. Specifically, in this section we have tried to 
reproduce some measures implemented by the municipality of Genoa as a consequence of the 
Morandi bridge collapse.  

 
The most relevant action carried out by the municipality of Genoa has been the cost-free travel 

using local public transport. This measure has been reproduced in our simulations assuming a 
20% reduction in car trips made within zones 2, 5 and 6 and from these zones to zone 7 and zone 
1 and vice versa.  The results of this simulation are shown in Fig. 33. Comparing Fig. 33 with Fig. 
32, which shows the results of the assignment after the bridge collapse without the adoption of 
regulatory policies, it is possible to observe a significant improvement in the state of the traffic 
network in case regulatory policies are applied.  An even greater benefit can be observed if this 
measure of reduction of trips conducted with private cars is accompanied by regulatory policies 
involving users, both passengers and freight, arriving in the city using the highway network. For 
this scenario, the effect of applying a modal shift of 28% of both freight and passengers to Genoa 
has been simulated using MTRAS. The results considering the increase in the use of urban public 
transport and the modal shift on the regional network are shown in Fig. 34. Although there are 
still some critical situations, it is possible to notice a general improvement of traffic conditions. 

 
The regulatory policies tested under this project represent only some of the regulatory policies 

that can be implemented in circumstances similar to those analyzed here; in this regard, note that 
the tool developed under this project is very flexible and capable of applying and testing other 
types of policies as well.  For instance, the simulative framework proposed in this research may 
constitute the basis for regulation and control approaches finalized at defining routing and modal 
indications to be provided to the users. These regulatory and control actions can be defined with 
the aim of providing more detailed information to users about travel times or by suggesting 
multi-modal itineraries.  

Figure 31:  Detail of simulation in Via Borzoli after the collapse of Morandi bridge 
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Figure 32:  Urban network under investigation after Morandi bridge collapse and without 
regulatory measures 

of simulation in zone 2 after the collapse of Morandi bridge  

Figure 33:  Urban network under investigation after Morandi bridge collapse by improving 
the use of urban pubblic transport 

Figure 34:  Urban network under investigation after Morandi bridge collapse by improving 
the use of urban public transport and acting a modal shift of 28% from highway to railway 
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