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Abstract

Purpose This paper addresses the complex problem of
multi-stakeholder decisions in urban freight transport
policy-making from a public authority perspective, by
proposing a procedure based on a modelling approach
to support stakeholder involvement in the decision-
making process. The paper analyses the existing
methods that can be used for participatory decision-support,
with the intent of contextualizing and introducing the
innovative modelling approach.

Methods The modelling approach consists of a well-thought
integration of discrete choice models (DCM) with agent-based
models (ABM) as an effective way to account for stake-
holders’ opinions in the policy-making process, while
mimicking their interaction to find a shared policy package.
The integrated modelling approach is able to combine the
advantages of the two methods while overcoming their
respective weaknesses. Since it is well grounded on
sound microeconomic theory, it provides a detailed (static)
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stakeholders’ behavioural knowledge, but it is also capable of
reproducing agents’ (dynamic) interaction during the
decision-making process. The integration allows performing
an ex-ante behavioural analysis, with the aim of testing the
potential acceptability of the solutions proposed. The method-
ology is applied in a real case study to prove its feasibility and
usefulness for participatory decision-making.

Results The integrated modelling approach can be used
for participatory decision-support and it can be casted in
the overall UFT policy-making process. The results of
the behavioural analysis, in terms of ranking of poten-
tially accepted policies, linked with the technical evalu-
ations from transport network modelling tools, provide a
sound basis for active participation and deliberation with
stakeholders and policy-makers. The aim is to guide an
effective participation process aimed at consensus build-
ing among stakeholders, by proposing them a subset of
policies that, as a result of a preliminary analysis, are
likely to be accepted while performing well in terms of
technical results.

Conclusions This approach, integrating DCM and ABM, rep-
resents a promising way to tackle the complexity of multi-
stakeholder involvement in UFT policy-making and to support
an efficient and effective decision-making process. It produces
an added value for UFT policy-making and it can be framed in
the overall context of transport planning. In fact, together with
technical and economic analyses, the stakeholder behavioural
analysis proposed contributes to the ex-ante policy assessment
needed to support decision-makers in taking well-thought
decisions.

Keywords Stakeholder behavioural analysis - Discrete choice
models - Agent-based models - City logistics - Participatory
policy-making
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1 Introduction

Urban freight transport (UFT) is an important and under
researched/undervalued topic policy-makers have to deal
with. UFT is a complex world characterized by scarce
knowledge and heterogeneous stakeholders with conflicting
objectives [1-4]. Local policy-makers try to strike a balance
between public and private interests, aiming at city sustain-
ability while fostering freight distribution efficiency [5, 6].
Stakeholder engagement and ex-ante policy evaluations are
two fundamental issues to be addressed to guarantee an effec-
tive and efficient decision-making process [7]. Stakeholder
engagement implies that all the parties interested in the deci-
sions are directly involved in the policy-making process. It is
convincingly argued that better decisions are implemented
with less conflict and more success when they are
stakeholder-driven [8]. Taylor [1] identifies four fundamental
stakeholders to be consulted when evaluating UFT policies:
(1) shippers; (2) freight carriers; (3) residents; (4) planners/
regulators. Shippers generate freight demand with the intent
of either making final goods available to end consumers or
alternatively to import/export semi-finished goods from/to
other industrial partners. Planners/regulators define the overall
framework under which transport providers perform delivery
tasks. Public successfully implemented regulations are only
possible when they are practically feasible for private stake-
holders and help them pursuing their distinctive objectives. A
dilemma often arises among the conflicting objectives of ur-
ban freight operators and their customers, on one side, and the
community, on the other [9]. Private actors directly involved
in urban freight distribution are mainly concerned with
constraints, such as congestion or street/area-wide access
restrictions, since these restrictions impose additional
costs and delays on operations. Public actors involved
in the oversight of urban freight distribution, as well as urban
residents are, in general, concerned with congestion, air pol-
lution, as well as overall city liveability [10]. There is usually a
status quo bias in urban freight [11]: on the one side, city
governments expect business to set up new logistic services
fit to the emerging customers’ and retailers’ needs while also
beneficial to the environment; on the other side, logisticians
are expecting municipalities to initiate (and subsidize) new
services before starting businesses which, otherwise, could
prove poorly profitable and highly risky. Besides,
Dablanc et al. [12] underline the importance of the ter-
ritorial scale for stakeholder involvement to obtain an
effective behaviour change: consultations are of little
use at the local and municipal levels, if not combined
with metropolitan or region-wide consultations.

Ex-ante policy evaluations are also fundamental to under-
stand, before implementing, the potential impacts of the solu-
tions proposed. In general, technicians and planners make use
of quantitative methods and simulation models for economic
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and technical analysis. Simulation models can be used to fore-
cast ex-ante and also validate ex-post the impacts of the solu-
tions implemented, mostly from a technical point of view [13].
While quantitative methods to evaluate ex-ante the effects of
transport policies from a technical/economic point of view are
well-established [14], in general there is a lack of methods
aimed at assessing policy acceptability from a stakeholder’s
point of view. From a modelling standpoint, individual inter-
ests and the ensuing behavioural changes that a modification
of the status quo would most likely induce, must be included
in the framework used when dealing with policies influencing
the overall city logistics framework. Freight behaviour re-
search aims at understanding agents’ behaviour and exploring
their preferences with respect to alternative system configura-
tions [15—17]. Empirical survey data are necessary to estimate
behavioural models capable of forecasting stakeholders’ reac-
tions to alternative policies based on agents’ stated preferences
[18-21]. Nevertheless, for a successful participatory decision-
making process, it is important not only to forecast stake-
holders’ reaction to policy change, but also to predict the
outcome of an interaction process aimed at consensus build-
ing. In other words, in order to test the potential policy accept-
ability, it is important to model the stakeholders’ interacting
behaviour. Therefore, new additional phases and tools are
needed to support an effective and efficient participatory
decision-making process. This is even more relevant for
UFT policy-making, considered its peculiarities compared to
passenger transport [22], i.e. the: (1) strong influence of the
private sector, characterized by heterogeneous stakeholders
with conflicting interests [11], (2) lack of knowledge and un-
derstanding of UFT problems [4], (3) relatively new inclusion
of freight transport in the sustainable mobility planning agen-
da [23]. To this purpose, the authors propose an integrated
extension of the decision-making model described in [24],
which consists of three parallel and intertwined processes,
combining a (i) cognitive rational approach to organising the
decision-making process, (ii) a five-level stakeholder engage-
ment process, and (iii) quantitative analyses and methods. The
“fourth leg” introduced consists of behavioural analyses
based on sound data and models aimed at supporting the
stakeholder engagement process and, thus, the overall
decision-making process. These new analyses complement
the technical ones aimed at identifying and evaluating effec-
tive and shared policies, by considering both their feasibility
and acceptability (Fig. 1).

Under this respect, the paper addresses the problem of
complex multi-stakeholder UFT policy-making from a public
authority perspective, by proposing a procedure aimed at a
stakeholder behavioural analysis based on integrated models.

The remainder of the paper is organized as follows:
section 2 provides a literature review of some useful methods
for participatory decision-support, with the intent of contextu-
alizing and introducing the innovative modelling approach;
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Fig. 1 The four blocks of
decision-making in transport
planning

section 3 presents the participatory decision-support proce-
dure based on integrated modelling approaches; section 4
describes an application of the methodology in a case
study; section 5 shows the implications for UFT plan-
ning; section 6 draws some conclusions and discusses
future research.

2 Methods and tools to support stakeholder
engagement

Even if public participation is considered important for the
success of a decision-making process, in general it is not
well-structured and there is a lack of group decision-support
methods (GDSMs) that can guide stakeholders’ involvement
towards well-thought-out decisions. In this respect, the gap of
knowledge between methods used for technical/economic
evaluation and those exploited to support stakeholder engage-
ment is high. The rationale of this section is to provide a broad,
yet not exhaustive, review of some interesting methods used
for participatory decision-support, both in passenger and
freight transport planning and in generic decision-making pro-
cess oriented to stakeholder involvement. The choice of in-
cluding non-specific freight transport tools is the result of a
lack of knowledge and research in the field of transport, in
general, and freight transport, in particular. Some of them are
based on well-known decision-support methods and tools (i.e.
focus groups, multi-criteria decision-making methods, geo-
graphic information system (GIS) and discrete choice models)
while others are more recent and involve social analysis (i.e.
social network analysis and agent-based modelling). Some of
them help stakeholders understanding the problem and mak-
ing decisions (i.e. multi-criteria decision-making methods,
Participatory GIS, focus groups), while others support practi-
tioners and policy-makers by providing insight into stake-
holders’ preferences and complex social aspects (social net-
work analysis, discrete choice models, agent-based model-
ling). In this respect, the former can be considered as
decision-support tools for stakeholder consultation and partic-
ipation, while the latter can provide support for stakeholder
analysis and forecast of their choices and preferences.

Focus groups (or Mega Focus groups) are among the typ-
ical methods that can be used to support a participatory pro-
cess [25]. They are meetings made up of a selected group of
people (bigger in Mega Focus Groups) that can provide qual-
itative data and information thanks to the participation in a
discussion focused on a given subject [26]. In general, a mod-
erator leads the group and guides the conversation with the

- . io-
Socio-Technical Decision-making Stakeholder ‘ Soc.o
4 behavioural
analysis process engagement .
‘ ‘ analysis

aim of collecting “rich, detailed data” [27]. They are particu-
larly useful in an initial phase of a decision-making process to
perform a preliminary analysis and pave the way to further in-
depth stakeholders’ preferences investigations. In this respect,
they can provide the input necessary to design a stated prefer-
ence survey [3, 28-30]. In UFT, they are useful to gain insight
on freight distribution problems. For example, one can orga-
nize separate stakeholders’ focus groups first to get single
participants’ informations and then a joint meeting where par-
ticipants can discuss together and find a common definition of
the problem nature [3]. A learning process based on sequential
focus groups can help adjusting initial opinion differences
thanks to a dynamic dialogue among participants [31].
Multi-criteria decision-making (MCDM) methods are
widely used to evaluate transport solutions from a multi ob-
jective multi stakeholder point of view. With MCDM methods
alternative comparison is based on the assessment of their
contributions to different evaluation criteria, that can be
expressed by heterogeneous measures (monetary, physical
and linguistic). In transport planning, multi-criteria analysis
has been widely used to overcome the limits of traditional
Cost-Benefit Analysis (CBA). CBA postulates the choice of
the project generating the highest increase in the net utility of
the reference community, among a set of competing alterna-
tives. Annema [32] argues if CBA or MCDM is the appropri-
ate tool and proposes an integrated approach based on a trade-
off sheet which embraces them by adding a post-analysis
phase of political debate and voting. In [33] a review of more
than two hundred publications concerning the use of MCDM
for transport projects evaluation is provided, defined as “a set
of possible human activities that organize, optimize or facili-
tate the movement of persons or freight from location a to
location b”. The authors acknowledge from their analysis that
in most of the current MCDM analysis of transport projects,
stakeholder participation is not appropriately arranged, while
only in a few cases it is considered crucial and included in the
whole analysis via a well-structured procedure. In this respect,
Macharis [34] proposes a method, called Multi Actor Multi-
Criteria Analysis (MAMCA) that, starting from single-
stakeholder analyses, evaluates the different alternatives
through an overall MCA to derive stakeholder-driven priority
rankings among different alternative projects. The MAMCA
method was used in different contexts of transport decisions to
assess sustainability judgments about alternatives in transport
projects (e.g. [35-37]) and to derive a framework for city
freight distribution (CD-MAMCA) [38]. UFT solutions have
been largely explored with the support of different MCDM
methods and hybrid approaches [39—42]. Among the variety
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of MCDM methods, the Analytic Hierarchy Process (AHP)
by Thomas Saaty [43] has proved to be suitable for complex
multi-stakeholder multi-criteria decision-making [44—47]. It
is a process based on the decomposition of a decision-
making problem into a tree structured decisions’ hierar-
chy and pairwise comparisons through the building of
matrixes to derive priority scales and weights. The pri-
ority of each stakeholder can be aggregated according to
different methods resulting in a group priority ranking
[48]. Le Pira et al. [47] demonstrate that a combination
of AHP with consensus building procedures (i.e. Delphi
method) is useful to support complex multi-actor decision-
making processes.

MCDM in transport can largely benefit from the support of
Geographic Information System (GIS), due to the intrinsic
spatial nature of transport systems and the capability of GIS
maps to easily visualize the impacts of transport choices on
land use, environment and communities [49]. In this context,
Public Participation GIS (PPGIS) or Participatory GIS
[50-53] have been developed as a powerful tool for
supporting non-experts’ involvement in transport decision-
making processes, thanks to the power of visualization which
increases the awareness about the decision to be made.
According to Piantanakulchai and Saengkhao [44], GIS-
based transport models combine Engineering Model (i.e.
mathematical model that relates physical quantity regarding
the impact being considered in space) and Weight Decision
Model (i.e. model that relates physical quantity in engineering
model with social preference). The spatial information in GIS
and the result of objective weights can help stakeholders’ par-
ticipation in the decision-making process.

Having a clear insight on the actors involved in the
decision-making process and the interactions among them is
helpful to sort out the tools that can be used to support prac-
titioners and policy-makers in understanding the dynamics of
participatory processes and in representing stakeholders in the
relevant social networks. In this respect, Social Network
Analysis (SNA) allows to quantify the social importance of a
given individual in a network via centrality indexes and to
understand the potential problems deriving from topology
[54]. Social networks are graphs consisting of nodes (i.e. the
social agents) and links (i.e. the relationships among them).
They fall within the category of complex networks, whose
structure is irregular, complex and dynamically evolving in
time [55] and adequate methods are needed to study their
structure and dynamics. The use of SNA in the field of stake-
holder engagement can simply consists of stakeholder map-
ping or it can include centrality measures [56, 57]. Social
networks re-creation can be performed using different
methods, e.g. the “name generator” technique, which iden-
tifies social networks through in-depth interviews [58, 59],
or the “snowballing” technique, where a small number of
people are asked to nominate others, the nominees are asked
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for further nominations and the network builds up like a snow-
ball [54]. There are also automatic tools which can create a
network and extract information from it, such as UCINET
[60] or StakeSource, a web-based tool that uses social net-
works, a “crowdsourcing” approach to identify and prioritise
stakeholders and their requirements [61].

If SNA is useful to understand the social relations and
importance of stakeholders, ex-ante behavioural analyses are
important to provide insights into stakeholders’ behaviour and
preferences. Discrete choice models (DCM) aim at analysing
the behaviour of a decision-maker when choosing among dif-
ferent (discrete) alternatives, assuming that she maximizes her
utility (rational decision-maker). They can be used to investi-
gate stakeholders’ preference heterogeneity in order to fore-
cast their individual choice behaviour related to policy-mak-
ing, i.e. as a tool for stakeholder’s behaviour analysis and
forecast. Economic analysis of individual discrete choices
makes use of random utility theory [62, 63]. Stated preference
(SP) experiments are useful as a basis for DCM to study policy
acceptance in terms of stakeholders’ reaction to policy change.
A choice experiment aims at acquiring high quality data to
generate reliable and useful estimates of the parameters of
interest, with different response format (i.e. choice, ranking
or rating) [64]. There are many studies across different sectors
that relate community and stakeholder acceptance of public
policies with discrete choice theory, as a way to facilitate im-
proved community (or stakeholder) analysis [65-70]. DCM
have been used to determine behaviourally consistent policy
evaluation in the field of UFT policy-making (e.g. [20, 21, 71,
72]). In this respect, the authors acknowledge that
stakeholder-specific data acquisition is needed not only when
local authorities want to adopt distinct policy instruments for
different stakeholders or stakeholders types, but also when
homogeneous policies impacting the various stakeholders
are considered. Other relevant application of SP data and
DCM for analysing stakeholders’ behaviour with respect to
UFT policies can be found in [15, 73—78]. DCM are useful in
helping decision-makers defining the possible policies stake-
holders most prefer, given their stated choices for alternative
policy configurations. The main advantage is the possibility to
estimate ex-ante the willingness to pay [79] or the substitution
rate between different policy characteristics (e.g. access fee
and number of loading and unloading bays inside a Limited
Traffic Zone). Although their significant contribution to in-
creasing the knowledge of stakeholders’ preferences based
on a sound microeconomic analysis, DCM are not well suited
to investigate dynamic interactions among actors that should,
on the contrary, need to be addressed to provide effective
policies [22].

Agent-based models (ABM) are typically used to model
complex systems and reproduce communities of autonomous
and intelligent agents, acting and interacting with the environ-
ment and the other agents according to their interests [80].
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One of the main ABM characteristics is the emergence of
collective phenomena, not easily predictable from agents’
simple behavioural rules. In the field of freight transport, they
have been traditionally used to simulate stakeholders’ interac-
tion and trigger their reaction to some policies or regulations
[81-86]. In the field of consensus building and collective pol-
icy-making, ABM are well suited to reproduce the dynamic
interactions occurring within communities of stakeholders,
linked in social networks and cooperating to find a conver-
gence of opinions towards a shared solution [87]. Le Pira et al.
[25, 88-90] reproduce participatory processes in passenger
and freight transport planning via opinion dynamics models
[91], characterising the agents with opinions and with an in-
teractive behavioural rule aimed at consensus building. The
models proposed allow to reproduce different contexts of
decision-making processes involving stakeholders, under-
standing the role of network topology and other sensi-
tive variables in reaching a convergence of opinions and
avoiding the risk of decision deadlock due to inconsis-
tency. The output of the simulations can be used to
understand which conditions favour the convergence of
opinions among stakeholders and which policy packages
should be considered as good candidates that will likely
be accepted by stakeholders.

In this context, DCM play a fundamental role in character-
izing agents with their own utility functions based on data
derived from stated preference exercises. In fact, one of the
main ABM limitations is the lack of reliable data to feed the
model that is trying to mimic agents’ behaviour. The
DCM-derived utility functions represent a valuable input
for ABM since they describe agent-specific preferences
for alternative policy packages [22].

Table 1 provides an overview of the methods and tools that
can support stakeholder engagement in UFT policy-making.
Next section will show the methodology proposed to support
participatory decision-making in UFT planning, based on a
DCM and ABM integration approach aimed at providing a
sound and realistic stakeholder behavioural analysis.

3 Towards a participatory decision-support
procedure

3.1 The integrated modelling approach

The procedure is based on a well-thought-out integration of
DCM with ABM as an effective way to take into account
stakeholders’ opinions in the policy-making process, while
reproducing their interaction to find a policy package which
is likely to be accepted by them.

An application of this integrated approach has already been
performed in [92] by implementing an ABM fed with DCM
utility functions. Based on this work, the main features of the
combined ABM + DCM model are described below, follow-
ing the approach proposed in [93]:

* Types of agents

The agents are heterogeneous entities, endowed with
own preferences. They are autonomous in the sense that
they act without external intervention; they are interactive
and adaptive with respect to the other agents and the en-
vironment. In the case of UFT, the agents are the stake-
holders involved in the policy-making process, belonging
to the private and the public sector (e.g., retailers, transport
providers from the private side; citizens, consumers and
the local authorities from the public side).

* Agents’ properties

Agents show heterogeneous interests and preferences,
that have repercussions on their behaviour. In this regard,
investigating their preferences through SP experiments
and deriving agent-specific utility functions from DCM
allow simulating stakeholders’ behavioural response to
single measures included in a given policy package.
Assuming that stakeholders decide to cooperate in finding
a shared decision with respect to alternative policies, they
can be endowed with a certain willingness to change
opinion, where the probability of opinion change sub-
stantially depends on the utility associated to alternative

Table 1  Overview of methods and tools to support stakeholder engagement
Method Description Phase of the participation process
Focus Groups/Mega Meetings made up of a selected group of people (bigger in Mega Focus Groups) Consultation
Focus Groups involved in a discussion focused on a determined subject
Multi Actor MCDM Comparative assessment of alternatives evaluating their contributions to different Consultation/Participation
methods evaluation criteria and stakeholders
PPGIS Use of Geographic Information Systems to promote knowledge production by Consultation/Participation
stakeholders
SNA Analysis of the relationships and the social importance of nodes (e.g. stakeholders) Stakeholder analysis
linked in social networks
DCM Econometric models aimed at analysing the behaviour of a decision-maker when Stakeholder analysis/forecast
choosing among different (discrete) alternatives
ABM Models that reproduce communities of autonomous and intelligent agents, acting and Stakeholder analysis/forecast

interacting with the environment and the other agents according to their interests
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policies considered. Influence factors can also be consid-
ered so to reflect their level of power in the decision-
making process [94]. Information about the potential
“influenceability” by other agents can be acquired via
appropriate tailored questions, in the SP survey, in-
vestigating the “social component” importance on agents’
behaviour [59].
*  Environment and topological structure

The environment where the agents act is an “opinion
space”: it reflects interaction opportunities during formal
meetings or other forms of communication. The environ-
ment perception of the agents is local, since they know and
react only to the opinions of other agents connected by a
direct link (i.e. their neighbours). Agents react to the en-
vironment by updating their opinions at each simulation
step according to the local state of the system, i.e. the
opinion of the neighbours. The connections among agents
depend on the topological structure that, in the case of
social systems, assumes the aspect of complex social net-
works [55].

» Agents’ behavioural rules

In a consensus building process, agents’ behavioural
rules follow opinion dynamics mechanisms. Opinion dy-
namics models aim at defining the opinion states of a
population and the elementary processes governing the
transitions between such states [91]. The type of opinion
dynamics depends on the interaction process under inves-
tigation. A majority rule can be applied, following the
Galam model [95] where, at each step a random group
of agents is selected and, as a consequence of the interac-
tion, all of them take the majority opinion inside the group.
Another well-known model is the Hegselmann and
Krause (HK) compromise model [96], where agents form
their actual opinion by taking an average opinion based on
their neighbours’ ones. This leads to a dynamical process
which should flow into a consensus among all agents.

» Key performance indicators (KPIs)

The definition of key performance indicators (KPIs) is
necessary to evaluate the impact of the proposed policies on
the state of the system and analyse emergent patterns. Two
are the main variables to monitor in a participatory process
aimed at consensus building: 1) the degree of consensus
and 2) the utility perceived by the agents. A combination of
these parameters can represent a measure of the potential
acceptability of the alternative polices under consideration.
In general, the opinion dynamics process leads to an in-
crease in the degree of consensus, as interaction takes place,
and a decrease in the average utility perceived by the
agents, as they are willing to negotiate with the others,
which inevitably leads to a utility loss. A good policy con-
sists of a package of measures which stakeholders can eas-
ily accept thus being supported by a good number of them,
while leaving marginally unsatisfied all the others.
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The block diagram of Fig. 2 summarizes the main features
of the integrated model with the combination of individual
behaviour components, based on agent-specific utility func-
tions, and social interaction mechanisms, as described by an
opinion dynamics model. The use of utility functions derived
from SP data and the estimation of DCM provide higher ro-
bustness and realism to the ABM, which is able to simulate the
dynamic behaviour of interacting heterogeneous stakeholders
according to the rules of the opinion dynamics model and the
topology of the social network.

3.2 The participatory decision-support procedure

The integrated modelling approach can be used to support a
participatory decision-making process which is presented
next. It consists of two main parts: a modelling process and
a real participation process. The whole procedure can be di-
vided into 7 steps:

1. Problem definition
The definition of the problem is the first and most
important preliminary step. The problem under consider-
ation could be of different nature, e.g. a decision-making
process about the introduction of (a) market-based mea-
sures, (b) regulatory measures, (c) land use planning rules,
(d) infrastructural measures, (¢) new technologies, and (f)
management measures [ 18]. Context analysis is important
in this phase to better outline the problem.
2. Preliminary analysis
The preliminary analysis aims at identifying relevant
UFT stakeholders to be involved and define the policy
package components. In this respect, it is important to iden-
tify the most appropriate attributes and levels to be used in
the experimental design. A multi-stage multi-agent efficient
design is desirable, consisting of a repeated evaluation of a
priori values for the attribute coefficients, updated an ap-
propriate number of times so to improve attribute statistical
significance and/or potentially reduce the sample size need-
ed for obtaining statistically significant parameters [72].
3. Survey
The survey aims at collecting data needed to characterize
agents’ preferences and choices. In particular, stated prefer-
ence (SP) exercises are useful to investigate stakeholders’
preferences for hypothetical policy scenarios and provide
the data needed for DCM estimation and agent-specific util-
ity functions. Qualitative questions about the agents’ “social
circle” can be used to gain additional insights into social
interaction (SI) issues, such as the social network, agents’
social properties and behavioural rules (e.g. according to the
influence, influenceability). Social networks re-creation and
social influence investigation can be performed using differ-
ent techniques, such as those described in section 2 (e.g.

LIS

“name generator”, “snowballing”, web-based tools).
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Fig. 2 Framework of the UFT
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4. Modelling phase
In the modelling phase, DCM are estimated and
the ABM implemented accordingly by feeding it
with all the data and the agent-specific utility func-
tions. The interaction process is reproduced via
opinion dynamics mechanisms, assuming that stake-
holders decide to cooperate to find a shared decision
with respect to alternative policies available. Since
agents are characterised with individual utility func-
tions, they can be endowed with a certain willing-
ness to change opinion, where the probability of
changing opinion is linked to the utility alternative
policies produce for the specific agent considered.
In parallel, mathematical models could be used to
simulate ex-ante the effects of the policies on the
transport network.
5. Scenario simulations
Scenario simulations allow to analyse stakehold-
er interaction dynamics with respect to different
policy packages and monitor the consensus build-
ing process within the stakeholders’ network. In
general, the opinion dynamics process leads to an
increase in the degree of consensus as interactions
take place, while the overall utility decreases, since
agents, being willing to negotiate, can change opin-
ion toward the non-preferred option. The ex-ante
policy acceptability evaluation can be combined
with the technical evaluation of policies derived from
sound models/methods [14].
6. Presentations of results to stakeholders and policy-maker
The results of the evaluations are presented to stake-
holders and policy-makers with the intent of validat-
ing them and using them as a starting point of a
participation process aimed at consensus building.
The aim is to identify ex-ante which policies are
most likely to be accepted and perform also well
from a technical analysis perspective.

7. Participation process aimed at consensus building
The output of the consensus building process should be
a subset of shared (from the participatory process) and
effective (from the technical evaluations) policies, derived
from the first set of policies which emerged from the
modelling process.

Figure 3 summarizes the proposed framework which can
be used as a decision-support tool for promoting stakeholder
engagement in UFT policy-making, while providing ex-ante
evaluation of UFT policy packages and accounting for stake-
holders’ heterogeneous preferences, as well as for the interac-
tion dynamics among them within a participatory decision-
making process.

4 How to apply the participatory decision-support
procedure for UFT policy-making: the case of Rome

This section aims at illustrating, through a case study, how to
apply the participatory decision-support procedure for UFT
policy-making. The case study refers to urban freight distribu-
tion in Rome, where the extensive work performed in [17, 21,
64, 72, 97] provides an in-depth knowledge of the decision-
making context and of the preferences of heterogeneous stake-
holders. In this respect, the authors demonstrate, using the
case of Rome as reference, how an agent-specific approach,
both when acquiring and modelling SP data, is needed to: 1)
deal with heterogeneity in preferences, 2) increase decision-
makers’ awareness and 3) help taking better decisions [17, 21,
72]. In [17] transport providers’ preferences for alternative
loading bays and pricing policies are investigated and results
underline the relevance of both preference heterogeneity and
non-linear attribute effects. Gatta and Marcucci [21] test the
implications deriving from the presence of inter-agent hetero-
geneity (between transport providers, retailers and own-
account operators) obtaining an “optimal” policy composition

@ Springer



54 Page8of14

Eur. Transp. Res. Rev. (2017) 9: 54

Modelling process

Stakeholder identification

= A8

Agents’ types |—

Definition of policy package
components

Stated Preferencem

Social Interaction (SI)

Social network
Agents’ social
properties —
Agents’ behavioural
rules

a

Participation process

Shared and effective
policies

A

Agent-specific
utility functions

T

* Ex-ante evaluation of | |
policy acceptability

hical

of

>
>

policies

Fig. 3 Participatory decision-support procedure for UFT policy-making (based on [22])

of an improving and equally impacting intervention on all
agent-types’ utility based on heterogeneous willingness to
pay considerations. Gatta and Marcucci [72] shows the poten-
tial policy distortions and bias if a stakeholder-generic ap-
proach is used instead of adopting a well-defined stakehold-
er-specific perspective in both data acquisition and modelling.

Besides, an application of the integrated ABM + DCM
approach related to Rome’s case study has been performed
in [92], by implementing an ABM fed with DCM agent-
specific utility functions, proving its usefulness in obtaining
aranking of plausible policies that maximize consensus build-
ing while minimizing utility losses thanks to the negotiation
process.

The steps of the participatory decision-support procedure
described in Fig. 3 are reported below for the case of Rome.
While the modelling process (steps 1-5) refers to a real world
application of the framework (even if data acquisition is tem-
porally disjoint from the modelling phase), the participation
process (steps 6—7) is here presented with the intent of extend-
ing the case study for further research and prove the feasibility
of the proposed approach.

* Problem definition. The problem under discussion con-
sists of how to modify the regulation related to the Limited
Traffic Zone (LTZ) in Rome to improve UFT services.
Data refer to LTZ legislation in 2009, when access and
parking of freight vehicles in the LTZ were subject to time
windows restrictions between 10.00—14.00 and 16.00—

@ Springer

20.00 enforced by optical character recognition camera
technology and the yearly entrance fee was around 600€
per number-plate [3].

* Preliminary analysis. Stakeholders were identified and
divided in three categories: (a) demand (i.e. representa-
tives of associations for traders and producers); (b) supply
(i.e. freight transport companies, industrial freight associ-
ations); (c) local policy-makers (i.e. local public transport
company, local planning authorities). They were
interviewed in a sequence of focus group meetings to
identify freight delivery issues in Rome’s LTZ.
Stakeholder consultation was carried out in two phases:
(1) separately, so to obtain an uninhibited description of
the groups’ own ideas with respect to relevant problems/
issues; (2) in a joint meeting, with the aim of stimulating a
wider discussion partly based on the results obtained from
phase 1. Phase 1 allowed to select the most preferred pol-
icy solutions, in view of the subjective problem perception
and current regulation; phase 2 allowed to gain confirma-
tion of the information gathered in phase 1, make stake-
holders interact with each other and obtain relevant inputs
to define the crucial elements for constructing the SP
survey.

* Survey. The SP survey aimed at collecting data needed to
characterize agents’ preferences (both from demand and
supply side) towards policy mix adjustments with the in-
tent of increasing UFT efficiency. Demand actors were
further split into retailers and own-account operators
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(who themselves organise transport services). The follow-
ing criteria were chosen for attribute selection: (1) attri-
butes need to be credible and salient for the majority of
respondents; (2) support for a policy attribute needs to be
shared among respondents; (3) attributes need to reflect
plausible future changes to the current policy scenario.
The final attributes identified were: number of loading/
unloading (L/U) bays (three levels: 400, 800, 1200); prob-
ability to find L/U bays free (three levels: 10%, 20%,
30%); entrance fees (five levels: 200€, 400€, 600€, 800
€, 1000€); time windows (three levels: open 18:00-08:00
and 14:00-16:00; open 20:00—10:00 and 14:00-16:00;
open 04:00-20:00). A total of 229 stakeholders were
interviewed among retailers (39%), own-account (32%)
and transport providers (29%). The questionnaire was di-
vided in five parts with the first part aimed at collecting
socioeconomic data. No information about “social
network” and relationships among and within categories
were acquired. In this respect, an additional section of the
questionnaire could have elicited characteristics related to
their social behaviour via qualitative questions, e.g. by
asking how many people belong to the same social circle,
to what extent the members of the social circle can influ-
ence stakeholders’ opinions and how much stakeholders
are able to convince others in their social circle [98]. The
social network could also have been recreated by using the
techniques described in section 2 (e.g. “name generator”,
“snowballing”, web-based tools).

Modelling phase. In the modelling phase, agent-specific
DCM have been estimated and an ABM has been imple-
mented and fed with all the data and the agent-specific
utility functions. In particular, latent class models have
been estimated for each agent category [92]. Transport
providers can be split into three classes having different
preference structures, while retailers and own-account op-
erators are both characterized by two classes. Starting
from the three models presented, individual-specific pos-
terior estimates of the coefficients have been obtained by
averaging class parameter estimates weighted by person-
specific conditional class probabilities [92]. The participa-
tion process for UFT policy-making is described in the
ABM by means of a multilayer network, where each layer
represents a different level of description and details of the
process. The ABM links stakeholders in a social network,
where the nodes represent the agents and the links are the
relationships among them. The interaction process is sim-
ulated by means of an opinion dynamics model, reproduc-
ing the opinion flows through the network of relation-
ships. Each simulation reproduces the decision between
the status quo and a given policy change. The modelling
approach assumes that stakeholders initially choose the
policy they prefer according to the associated utility func-
tion. Once the dynamic process starts, they can modify

their opinion depending on the interactions with other ac-
tors. Their willingness to change is increased by repeated
cycles of interactions. It expresses a cooperative attitude
where a decrease in utility is accepted in front of the higher
goal of a collective interest toward a shared solution. A
complete description of the model can be found in [92]. In
parallel, mathematical models should be used to simulate
ex-ante the effects of the policies simulated on the trans-
port network.

Scenario simulations. Scenario simulations have been
performed by reproducing different policy changes to be
compared with the status quo. The rationale behind the
choices made is the following: different scenarios for im-
proving LTZ accessibility and usability conditions were
considered by varying the attribute levels used in the ex-
perimental design, within the range defined by two ex-
treme scenarios, i.e. “the worst case scenario”, where the
entrance fee is maximized vis-a-vis. The provision of no
other improvements, and “the best case scenario”, with
maximum attribute improvements for the three categories
vis-a-vis no increase in the entrance fee [92]. Different
scenarios more in line with one of the three categories
were also tested on the base of some a-priori knowledge
about their preferences [21]. Results are expressed in
terms of a policy ranking based on a dynamic parameter
called “global satisfaction”, defined as the product be-
tween the degree of consensus and a (normalized) overall
utility. In general, due to the interaction and the opinion
change, the degree of consensus usually shows an increas-
ing trend, while the overall utility generally decreases. As
a consequence, the global satisfaction, being the product
of these two quantities, initially increases in time, rapidly
reaching a maximum, then slowly decreases. Policy rank-
ing is based on 5 potentially accepted policy changes. The
best policy in terms of global satisfaction is the one that
maximizes at the same time the improvements for the
three categories while slightly increasing the entrance
fee, i.e. a policy composed of 1200 loading/unloading
bays (vs. 400 of the status quo), 30% of probability to find
bays free (vs. 10% of the status quo), time window opens
from 4 to 20 (vs. 20-10/14-16 of the status quo), annual
entrance fee of 800 € (vs. 600 € of the status quo) [92].
This ex-ante evaluation of policy acceptability should be
combined with other evaluations (e.g. cost-benefit analy-
sis, traffic forecast simulations) aimed at assessing policies
from an economic/technical point of view.
Presentations of results to stakeholders and policy-
maker. The results of the evaluations should be presented
to stakeholders and policy-makers with the intent of vali-
dating them and using them as a starting point of a partic-
ipation process aimed at consensus building. In the case of
Rome’s LTZ regulation, transport providers, retailers and
own-account operators should be involved in a public
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meeting where the procedure is presented together with
the main results. It is important to explain all the steps that

opinions stands and this “anonymous interaction” aims at
mitigating strong positions and building consensus [90].

led to those results, so to make stakeholders (and policy-
makers) aware of the transparency and reproducibility fea-
tures characterising the entire procedure.

* Participation process aimed at consensus building. A
consensus building process should be set up with the aim
of obtaining a convergence of opinions towards a subset of
shared (from the participatory process) and effective (from
the technical evaluations) policies, based on the first set of
policies which resulted from the modelling process. In the
case of Rome’s LTZ regulation, a series of consensus
meetings could be organized to make stakeholders dis-
cuss, exchange opinions and, possibly, converge towards
the same policies. Another way to foster a convergence of
opinions could be to use a Delphi-like iterative procedure,
where stakeholders participate by answering a question-
naire iteratively. At each round they are asked to align
their opinions according to a range where the 50% of the

5 Implications for UFT planning

The proposed modelling approach produces an added value
for UFT policy-making and it can be appreciated in an UFT
planning context. In fact, along with technical and economic
analyses, the stakeholder behavioural analysis contributes to
the ex-ante policy assessment needed to support policy-
makers in taking well-thought-out decisions.

Cascetta et al. [24] underline the importance of including
stakeholders’ engagement activities (green blocks in Fig. 4)
running in parallel to the traditional decision-making
process (blue blocks), supported by quantitative analysis
and modelling (yellow blocks). This “three legs” plan-
ning framework aims at building an effective
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@ Springer



Eur. Transp. Res. Rev. (2017) 9: 54

Page 11 of 14 54

communication strategy fostering the emergence of a
stakeholders’ coalition supporting the plan rather than
an actual collective decision-making. As reported in section
1, a decision-making process for UFT planning requires
a deeper knowledge of the heterogeneous nature and
preferences of the stakeholders involved, whose aims
and behaviours can be hardly predicted by conventional
transport models. Actually, stakeholder behavioural anal-
ysis can and should be considered as an additional set
of activities (red blocks) representing the “fourth leg” of
the UFT planning process (Fig. 4).

The “fourth leg” introduced consists of a: (i) prelimi-
nary analysis aimed at defining the components of the al-
ternatives to be submitted to stakeholder evaluation, which
could benefit from the feedbacks of phase (iii); (ii) survey
aimed at eliciting stakeholder preferences — via SP exer-
cises — and understanding the nature of their existing social
interaction; (iii) simulation tool integrating DCM and
ABM to provide (iv) scenario simulations of interaction
processes among stakeholders with the aim of unveiling
acceptable alternative packages.

The stakeholder behavioural analysis proposed is strict-
ly linked with the overall decision-making process, since
the technical/economic feasibility of the “most acceptable
policy package” derived from the simulations has to be
evaluated by quantitative methods and tools, capable of
simulating the effects of alternative transport system’s con-
figurations' (i.e. transportation system analysis of Fig. 4).
Finally, assessment results are presented to decision-
makers and stakeholders, so to support the final decision
that should be consistent with the previously identified objec-
tives (see Fig. 4).

The modelling framework proposed within a UFT con-
text can realistically be applied to any decision-making
process dealing with transport planning, especially when
the complexity of the decision, the heterogeneity of the
actors involved and the interaction of mixed competitive
and cooperative behaviour are relevant for the implemen-
tation and the success of the plan, as in the case of UFT.

6 Conclusions

This paper presented a procedure based on an integrated
modelling approach to support stakeholder involvement

! According to Cascetta et al. [24] a new and more innovative role of quanti-
tative methods consists of the contribution to stakeholder engagement “by
providing information for interaction among decision-makers, process coordi-
nators and stakeholders. This function can be useful from the very beginning
of the process, as it helps to develop a common understanding of the current
performance and deficiencies of the system, based on data and analysis and not
only on impressions and points of view”.

in the decision-making processes regarding urban freight
transport solutions. The integrated modelling approach
is based on a well-thought-out integration of discrete
choice models and agent-based models to take into ac-
count stakeholders’ heterogeneous preferences and sim-
ulate their interactive behaviour in a consensus building
process, providing useful suggestions for policy-makers
on the potential acceptability of a set of policies to be
eventually discussed with stakeholders. The integrated
modelling approach is able to combine the advantages
of the two methods while overcoming their weaknesses,
since it is well grounded on sound microeconomic the-
ory providing a detailed (static) stakeholders’ behaviour-
al knowledge, but also capable of reproducing agents’
(dynamic) interaction during the decision-making pro-
cess. It produces an added value for UFT policy-
making and it can be framed in the overall context of
transport planning. In fact, together with technical and
economic analyses, the stakeholder behavioural analysis
proposed contributes to the ex-ante policy assessment
needed to support decision-makers in taking well-
thought-out decisions. In future development of this re-
search, the authors will test the procedure in different
decision-making contexts regarding urban freight trans-
port solutions, trying to adapt it to the specific problem
type. In this sense, the behavioural analysis proposed can be
considered as the general framework for a participatory
decision-support tool.
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