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ABSTRACT ARTICLE HISTORY
Sustainability is a key word in modern transportation and logistics. It requires not only Received 6 May 2020
economic development but also environmental and social actions. The involvement of multi- Accepted 7 July 2020

ple stakeholders can express different perspectives and interests to achieve the balance KEYWORDS
between these three pillars. The multi-actor multi-criteria analysis (MAMCA) is Collaborative decision
a methodology that can include multiple stakeholders in the process of decision-making. It is making; multi-criteria
important in the field of transport and logistic project appraisal, as many projects fail to be decision aid; MAMCA;
implemented because of a lack of support from one or more stakeholders. In MAMCA, multiple sustainable mobility;
stakeholders can use different criteria trees and express their own preferences. At the end of consensus

the analysis, the advantages and disadvantages of each of the proposed scenarios are high-

lighted. Possible consensuses are then being discussed. However, this last step often turns out

to be a difficult task. The purpose of this paper is to propose a way to help the facilitator to

identify this (these) consensus(es). This will be based on the use of a weight sensitivity analysis

model that was recently developed in the context of the PROMETHEE methods and which is

based on inverse mixed-integer linear optimization. This approach allows finding the minimum

weight modification for each stakeholder in order to improve the position of a given alternative

in the individual rankings and, in an ideal case, to the first position of all the rankings

simultaneously. This approach is illustrated on two real MAMCA logistic project cases to seek

sustainable mobility solutions.

1. Introduction MAMCA, as an extension of traditional MCDA meth-
ods, was proposed for transport project evaluations
(Macharis et al. 2012), which has been applied in var-
ious domains of application, especially in the area of
mobility and logistics (Macharis and Baudry 2018),
transport policy measures evaluation (Crals et al.
2004), transport technologies (Macharis et al. 2004),
etc. During the decision-making process, different sta-
keholders are explicitly taken into account. Instead of
the single criteria tree, MAMCA allows the different
stakeholders having their own (and so possibly differ-
ent) criteria trees. The concept of stakeholder is
involved at the early stage of the evaluation, which
leads to a better understanding of their respective
objectives. As already said, each stakeholder group
has the liberty of having their own criteria, but also
weights and preference structure. It is only at the end
of the analysis that the different points of views are
being confronted. However, in some cases, reaching
a final consensus among the stakeholders has been
proven to be a difficult task.

In this paper, we will investigate how to identify one
or a few possible consensuses by assuming that the
different stakeholders accept limited modifications of
their criteria weights. By doing so, we adopt an inverse

Several types of operation research methods have
been developed to help decision-makers in the eva-
luation of transport projects. Among them, Multiple
Criteria Decision Aid (MCDA) helps decision-makers
to rank or to sort different alternatives based on
several conflicting criteria (Clmaco and Craveirinha
2005). MCDA has become more and more popular
over the recent years as it allows taking into
account different kinds of criteria (and not only
economical ones), which is important for the sus-
tainability concerns: not only economic variables
will be considered during the decision-making pro-
cess but also the environment protection and social
equity (Purvis et al. 2019). In practical transport
cases, more than one individual or group of indivi-
duals which can influence the decision are involved.
They are called the stakeholders (Freeman 2010). In
considering the perspectives and interests of differ-
ent stakeholders, it is easier to find a sustainable
solution which satisfies their needs and concerns. It
is therefore crucial to incorporate this distinctive
feature and to take into account their different
points of view as well as their preferences.

CONTACT He Huang € He.Huang@vub.be
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optimization approach. We determine the minimal
weight modification a given stakeholder has to accept
in order to improve the position of a given alternative
in his individual ranking. In an ideal case (which is not
always realistic), we try to identify the alternative that
will request the smallest weight modifications among
all the stakeholders in order to reach, simultaneously,
the first position in all the individual rankings. This
approach is inspired by a new weight sensitivity ana-
lysis tool developed in the context of the PROMETHEE
methods.

This paper is organized as follows. First, an introduc-
tion of Group Decision Making and MAMCA methodol-
ogies are presented. Next, a brief reminder of
PROMETHEE and the aforementioned weight sensitiv-
ity analysis tool is provided. Then, in section 4, we
illustrate the integration of this approach in the
MAMCA methodology. In section 5, we apply the pro-
posed model on two real case studies which seek cost-
effective and sustainable mobility solutions. Finally, we
conclude and give directions for future research.

2. Multi-actor multi-criteria analysis

In this section, a brief literature review about group-
decision support methodologies is presented. This
emphasizes the importance of involving multiple stake-
holders in the decision-making process. Furthermore,
the difference between MAMCA and other Multi-
criteria Group Decision Making (MGDM) methods is
explained. A detailed introduction about MAMCA meth-
odology is then brought out.

2.1. Group-decision support methodology

Fortunately, in many places, people have
a democratic right to participate in decision-making
and their implication is expected to lead to a higher
quality of decision-making (Bulckaen et al. 2016).
Classic MCDM methods have been extended to
address group decision aspects. Group decision is
usually understood as the reduction of different indi-
vidual preferences of a given set to a single collective
preference (Jelassi et al. 1990). For instance, Dyer and
Forman (Dyer and Forman 1992) investigated the use
of AHP in group decision-making. Following the opi-
nion of Saaty, the use of consensus voting is needed
to come to a common pairwise comparison matrix for
the whole group or to aggregate the individual judg-
ments. Group decision support for PROMETHEE
(Macharis et al. 1998) and ELECTRE (Leyva-Lopez and
Fernandez-Gonzalez 2003) were also studied. In the
context of transportation, Kannan et al. applied Fuzzy-
TOPSIS to group decision (Kannan et al. 2009). Bana
e Costa applied MCDA as a methodological frame-
work on the basis of expert judgments to support
the search for less conflicting policy options

transportation services (Bana E Costa 2001).
Keshkamat et al. proposed a holistic and coherent
spatial multi-criteria network analysis approach for
the generation of optimal routing alternatives under
different policy visions (in a network of existing
roads). This enables the comparison of different rout-
ing scenarios that represents the interests and per-
spectives of different stakeholders and policymakers
(Keshkamat et al. 2009). Mousseau et al. proposed
a conceptual and methodological framework which
involves massive stakeholders for examining ticket
pricing reform in public transport (Mousseau et al.
2001). Labbouz et al. proposed a methodology that
facilitates a process of concertation involving rea-
soned public discourse, utilizing multi-criteria deci-
sion-making methods to reach a compromise
between the technical stakes and local expectations
(Labbouz et al. 2008).

The concept of sustainability is by nature multi-
dimensional, with most of the time conflicting interests
among stakeholders. The involvement of multiple sta-
keholders in MGDM methods facilitates the decision-
making process towards sustainable solutions.
However, in all the methods mentioned above,
a common hierarchy of criteria for all the decision-
makers is considered. From this perspective, the
group is assumed to be homogeneous. Though when
the public is involved in the decision-making, espe-
cially in the context of social decision problems, stake-
holders are seldom homogeneous and have different
and often conflicting points of view. In this context,
Macharis proposed the MAMCA methodology which
allows the involvement of different stakeholder groups
with possible different criteria sets. At this point,
MAMCA is used to visualize the different stakeholders'
opinions and serves as a discussion tool to find
a possible consensus. As far as we know, there is no
formal way to identify alternatives that are more likely
to become consensus solutions. This issue is investi-
gated in this paper under the assumption that stake-
holders accept to slightly modify the weights they
associate to their criteria.

2.2. MAMCA methodology

MAMCA strengthens the legitimacy and relevance of
the decision-making process by engaging the stake-
holders at the early stage. Multi-Stakeholder involve-
ment helps in structuring the scope of the problems by
identifying their conflicting perspectives concerning
their own sustainability criteria (Macharis and Baudry
2018). MAMCA has often been used in the context of
sustainable development. For instance, it successfully
supports the assessment of low-carbon transport pol-
icy (Sun et al. 2015), long-term decision-making pro-
cess on mobility, logistics (Macharis et al. 2010) and
land-use (Vermote et al. 2014).
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The steps of a classic MCDA process include
problem statement, alternatives and criteria defini-
tion, alternatives screening, scores determination,
scores analysis, and conclusions drawing (Nijkamp
et al. 2013). Unlike classical MCDA methods, the
steps of MAMCA are: (1) alternatives definition, (2)
stakeholder analysis, (3) criteria and weights defini-
tion, (4) criteria indicators and measurement meth-
ods definition, (5) overall analysis and ranking, (6)
results and (7) implementation (Macharis and
Baudry 2018). The overall methodology of MAMCA
is shown in Figure 1.

Similar to the conventional multi-criteria analysis
(MCA), in the first step, the potential alternatives to
solve the problems are defined. The decision-makers
need to identify and classify the alternatives in terms of
different scenarios, policy measures and so on. In
the second step, the different stakeholders are identi-
fied. It is a crucial step in MAMCA as for each stake-
holder there is a different criteria tree and an in-depth
analysis to understand each stakeholder’s objectives is
conducted.

Next, criteria are defined for each group of stake-
holders. These criteria can be pre-defined by the deci-
sion-makers/experts with respect to the considered
objectives and the purposes of identified stakeholders.
As already said, it is also possible for the stakeholders
to define their own criteria and weights. In the fourth

step, one or more indicators for each criterion need to
be constructed which can be used to measure each
alternative, providing the scale for the judgment. The
indicators can be quantitative or qualitative.

In step 5, the overall analyses are taken within sta-
keholder groups. Any MCDM method can be used to
assess the alternatives. The Group Decision Support
Methods (GDSM) are well suited in this step such as
the method used in this paper: the Preference Ranking
Organization METHod for Enrichment of Evaluations
(PROMETHEE) (Brans et al. 1986; Brans and De Smet
2016).

The results of the analysis are shown in step 6. The
ranking of each stakeholder is visualized. The multi-
actor view chart illustrates the performance scores of
the alternatives among all stakeholders. However,
there is not a final ranking of alternatives for all stake-
holders as they manage different criteria (indeed the
sum of performance scores from different stakeholders
will reduce the individual information). A discussion is
needed between the decision-makers and stake-
holders to reach a consensus on the final solution.
However, as the stakeholders hold different objectives
and preferences, a final consensus is sometimes hard
to reach if the individual rankings are widely divergent.
As a consequence, a solution is sought to assist the
decision-makers to identify one or few candidate solu-
tions to reach a consensus.

Stakeholder analysis

I
3

4 Indicators
1"

Alternatives _°|_I'LLL__-LI" :
= R T ]
l i '
Overall analyses Implemen-
(MCA) ¢ Woi )l Cor [T Wom | Com ¢ Results tation

Mitigation
strategies

Deployment

scenarios

Figure 1. The methodology of MAMCA (Macharis 2004).
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3. Weight sensitivity analysis based on
inversed mixed integer linear programming in
PROMETHEE

The PROMETHEE ranking is based on the positive flow
score ¢, negative flow score ¢~ and net flow score ¢:

1

L
As already said, the proposed approach is based on ¢ ()= n—1 -ajgd:.#P(a,,a,), ©)
a weight sensitivity analysis tool that was recently

developed in the context of PROMETHEE methods. 1

We will first start with a brief reminder about the ¢ (a)=_— > Paj,a) (6)
computation of PROMETHEE Il rankings. Then, we will aEA I

illustrate the method based on inverse mixed integer

linear optimization. d(a) = ¢ (a) — ¢ (a). 7)

3.1. Short description of PROMETHEE

In PROMETHEE |, a higher positive flow score and lower
negative flow score will result in a better alternative.
Let (P*,I7) and (P, /™) define the following preorders:

Let us consider a set of criteria F = {f1,f,...,fn}
which are used to evaluate a finite set of alternatives aPta; < ¢ (a)>¢"(a),
A={ay,az,...,a,}. Let us assume, without loss of {a;/+aj & ¢f(a)=¢"(a) (8)

generality, that all the criteria are considered to be
maximized. To compare the preference of two alter-
natives a; and g; on criteria fi, we define a preference
function Py as follows:

{G,‘P_Gj = ¢ ¢
G,'/_Gj = ¢7(G,') = ¢7 (Gj .

aiP*ta; and a;Pa;,
aiP,a; (a; outranks a;) < ¢ a;P*a; and a;l"a;,
ail*a; and a;P~aj;

ailig; (a; is indifferent to g;) < a;l*a; and a;l~a;;

aRb (a; and g; are incomparable) < {

P (ai, a;) = Hi(dk(ai, ay)), M
where Hy is a positive non-decreasing function and
dk(aj, a;) = max(fi(a;) — fi(a;),0). Six standard func-
tions Hy are usually considered in PROMETHEE (Brans
et al. 1986). Then we have:

P(ai, a;) = 0,means no preference of a; over g;,
Pi(ai, a;)~0, means weak preference of a; over g;,
P«(ai, aj)~1, means strong preference of a; over g;,
P«(ai,a;) = 1, means strict preference of g; over g;.

(2
After comparing the preferences between the alterna-

tives a; and g; for every criterion, the global measure of
the preference a; over g; can be computed as follows:

G,, a,

ZWk Pk anaj (3)

where wy is the weight of the criterion f;. Weights are
assumed to be positive and normalized:

7Wm}7

E Wy = 1. (4)
k=1

W:{W1,W2,W37.‘.
m

aiP*a; and a;P~a;,
ajP*a; and a;P~a;.

The PROMETHEE | partial ranking is established by
considering the intersection of the two preorders:
PROMETHEE Il complete ranking is based on net flow
score ¢ (which does not support incomparability
relations):

aiPya; (a; outranks a;) < ¢(a;)>¢(q;),
ailya; (a; is indifferent to q;) < ¢(a;) = ¢(q;).

(1)

Finally, the net flow score can be considered as the
following function:

i, aj) — Pe(aj, ap)] - wi

=1 a,eA

Z W, (12)

k=1
where ¢, is called the k™ uni-criterion net flow score:

¢k(ai) = n1—1 Z [Pk(a,,aj) — Pk(aj,ai)]. (13)

T At

At this point, the multi-criteria problem can be viewed
as a uni-criterion net flow score matrix, which can be
applied in the following analysis based on a MILP
model.
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3.2. An alternative weight sensitivity analysis
based on inverse MILP for PROMETHEE

In MCDM, the definition of weights is not very precise,
nor are the values given by a decision-maker
(Mareschal 1988). A natural question can be raised:
‘How a change in the weight values can impact the
ranking?’

To solve this question, weight stability intervals
(WSI) have been proposed to assess the stability of
the ranking. Stability intervals are defined for the
weights of the different criteria. They consist of the
values that the weight of one criterion can take with-
out altering the initial results (all other weights being
proportionally kept constant).

However, when using the WSI, only few alternatives
can be ranked first. This method only focuses on one
criterion at a time (changes are assumed to be applied
uniformly to the other criteria in order to remain nor-
malized). To consider multiple weights of criteria at
one time, the problem is formulated as follows: ‘For
a PROMETHEE Il application, what would be the mini-
mum modification of the weights such that a given
alternative a; becomes first?’ This can thus be consid-
ered as an inverse optimization problem on the
PROMETHEE Il ranking. In this section, we summarize
the MILP model introduced in (Doan and De Smet
2018). We will then illustrate its application in the
context of MAMCA.

Suppose a MAMCA procedure is applied with the
PROMETHEE method. We assume the decision process
includes q stakeholders S = {s1,52,53,...,54}. Each of
them has his own set of weights and is assumed to accept
small changes on these values. Let us consider stake-
holder s, with p € {1,..., g}. This stakeholder considers
mp criteria. The set of initial weights is denoted
Wy = {W1p,Wap, Wp, ..., Wn ,}, while the new set of

weights is denoted W) = {whp, Wirp, Wiy, ...,

Wi, p YWy = {Wh p, W p, W3, ., Wl }

The problem for reaching a consensus can be for-
mulated as follows: ‘What would be the minimum
weight modifications to be applied to all stakeholders
such that a common alternative becomes first in the
ranking of all stakeholders simultaneously?’

For a given stakeholder s,, the decision variables are
the new weights W;(p. The objective is to minimize the

sum of distances of these new weights compared to
the initial ones:

mp

D

k=1

Wip — W;(‘p' (14)

In order to linearize the absolute value, two other sets
of variables for each stakeholder s, are defined:

¢ Dip={di1p,dr1p--- dmip}

d DZ,p = {d1,2.p7 d2.2,p7 cee 7dmp‘2,p}
such that, Vp € {1,...,q};Vk € {1,2,... . m,}:

if we —wrn,>0
otherwise ’ (15)

' dk1
_ 1P
Wkp — Wk,p - { _dep

diip,dkop >0

di1p (resp. diap) is equal to Wk,p—w;(_p (resp.
— (Wkp —w,,)) if this difference is positive (resp.

negative), and dy ,, (resp. dk1 ) is equal to 0.
In order to introduce a constraint on the number of

allowed  modified criteria, the set [,=
{Vip:Yaps---3¥mp} is also  introduced  such
that, Vp e {1,...,q}; Yk € {1,2,...,m,}:

if dk,1,p -+ dk,yZ_,p =0

otherwise s Yrp €10,1} (16)

_ {0
Vk“,p - 1
Yip indicates whether a weight is modified and will
serve to count the number of modified weights. In this
context, it is important to note that very low value
differences (from instance resulting from computation
approximations) should not be considered as realistic
weight modifications. Therefore, y , might be consid-
ered to be equal to 1 if the weight difference exceeds
a small positive threshold, denoted 7, that is set by the
Decision Maker.
The constants of the problem are:

e the set of the m, initial weights of each stake-

holder Sp for the criteria:
Wy = {Wip, Wap, ..., Wm,p}i

e the uni-criterion net flow scores table;

B 1

e M, an arbitrary constant so that M > ERper
Vpe{l,....q},Vk € {1,2,....m,};

® N, €{2,3,...,m}, a constant for the constraint
on the number of modified criteria for each sta-
keholder s,,.

The MILP model can then be formalized as follows:

Mp

minz = Z Wikp — w;gp‘ = Zp(dk‘,],p +diap) (17)

k=1 k=1

s.t.

mp
Z W;(‘p =1,Vp=1,2,...,9 (weights constraint)
k=1

(18)

Wkﬁp - W;<~,p = dk,1,p - dk72.pa 7vp S {15 . ’q}aVk
€{1,2,....,mp}
(19)

Yk‘p de.1,p+dk,2,p_.r7 vpe {17"'7q}7 vk
€{1,2,...,mp} (20)
(number of modified criteria)
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Vk_p S M(dkj‘p +dk,2,p)7 vp € {L . aq}aVk

€{1,2,...,mp} (21)
Mp
<
; Vk,p = vavp € {17 7q} (22)

(N, allowed modified criteria)

bo(a) = > Wb p(a). Vpe{1,....q}
k=1

(net flow scores computation)

bp(@)>,(q). Vj#iVp e (1.}
(rank change of a;)

Wk7p7dk,1,p7dk,2,p Z 07 ) vp S {1a .. aq}aVk
€{1,2,...,mp} (25)
(domain)

Yip €{0,1},Vpe{1,...,q},Vk €{1,2,... . m,}
(26)

4. Integration of the MILP in MAMCA to reach
consensus

In practice, it is most of the time observed that different
stakeholders have different rankings over the set of alter-
natives. In order to reach a consensus among them, we
can investigate how the rank of a given alternative could
be improved on the basis of ‘acceptable” modifications of
criteria weights. In other words, the problem can be for-
mulated as follows: ‘what would be the minimum weight
modifications that should be accepted by the different
stakeholders such that a common alternative would get
a higher position in the different rankings'’. Indeed, this
would reinforce the possible consensus about this alter-
native for all stakeholders. In an ideal case, we could study
the minimum weight modifications that should be
imposed to the different stakeholders, in order to put
a given alternative (simultaneously) at the first position
for the individual rankings. Of course, the proposed
weight modifications should remain ‘realistic’. In addition,
let us note that such an ideal situation is not always
possible.

To perform this analysis, we will solve the MILP for
each stakeholder individually and for all the alterna-
tives. For the sake of simplicity, let us consider the case
of alternative a; and stakeholder s,. First, we need to
define new binary variables denoted rf as follows:

$p(a) — G,(a) <M. (27)

$,(@) — dy(a) <M. (1-1) (28)

In other words, rf indicates whether alternative g; has
a higher net flow score, i.e, a better rank than

alternative g; in the modified ranking. We want to
find the minimum weight modification that will lead
alternative g; to reach position g in the modified rank-
ing for stakeholder s,. First, we will run the MILP for
each stakeholder individually and for all the alterna-
tives. Therefore, constraint ((24)) has to be changed to:

n

> P=n-gVg=12..n-1 (29

J=1 g
Once this has been computed for all stakeholders, for
all alternatives and for all possible ranking improve-
ments (let us note that some of them might be impos-
sible) one has to identify alternatives that might be
considered as good consensus candidates. To do that,
we have to consider two conflicting objectives:

e the weight modifications of all stakeholders
which have to be as limited as possible;

¢ the ranking positions for all stakeholders which
have to be as good as possible.

Of course, there are numerous ways to quantify these
objectives. To keep it simple, we consider, for each
option, the sum of weight modifications for a given
total ranking improvement (among all stakeholders).
Each alternative will thus be evaluated as a set of
performances on these two objectives. Our hope is
then to identify one or a limited number of alternatives
such that their evaluation in this bi-objective space
will, together, dominate all the performances of the
other alternatives. Finally, let us note that, as a pre-
processing step, one can limit the individual criteria
weight modifications to limit unacceptable modifica-
tions. This has to be discussed with the different sta-
keholders beforehand.

The proposed method will be illustrated on two real
case studies in the next section.

5. Case study

To show the advantage of the MILP model combined
with MAMCA, two cases of the CITYLAB project are
tested. The objectives of CITYLAB project were to
‘develop knowledge and solutions that result in the
roll-out, up-scaling and further implementation of cost
effective strategies, measures and tools for emission
free city logistics’. As the rising populations and den-
sities of cities will produce such an increase in freight
transportation that the economic and environmental
sustainability will no longer be guaranteed. This, in
turn, will endanger the future growth potential of
European cities (CITYLAB 2018). CITYLAB looks for cost-
effective and sustainable solutions that can decrease
the negative traffic and environmental impacts from
goods, waste and service trips in urban areas. The
project is applied in different cities with different
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Table 1. Evaluated alternatives.
Alternative Pros
E-freight bikes and
micro-hubs
Online shop and use of
spare capacity
Shopping center owner

Reduction of emission, decrease of overall
operating cost

Possibility of use spare transport capacity,
no additional kilometres

Financial viability, attractive shopping
environment, high quality service

Reduction of distance and energy, empty
distance reduction

Reduction of dwell times for delivery
vehicles, fewer individual transport inside
the shopping center, satisfied store
employees, better waste handling

Reduction of emission, vehicle kilometre
saving

Reduction of total vehicle kilometres and
emission, financial viability

Last-mile carrier and
electric vans

Common logistics in
shopping center

Urban warehouse and
electric vans (25%)

Integrated reverse
logistics

contexts of transportation. The labs apply public and
private measures contributing to increased efficiency
and sustainable urban logistics.’

For the following two cases, the same alternatives
were carried out to evaluate. Table 1 lists the evaluated
alternatives and the advantages comparing to the base
line, business as usual. Stakeholder meetings were
held in the CITYLAB cities to test out the CITYLAB
solutions. They were asked to allocate weights for
different criteria and to evaluate the alternatives
based on these criteria. During the evaluation phase,
MAMCA was used as the interactive tool to evaluate
alternatives and visualize the result.

Five stakeholder groups were involved in the local
stakeholder meeting, each stakeholder group had dif-
ferent criteria for evaluation, which can be found in
Table 2. Based on Table 1 it can be foreseen that
different stakeholder groups will be in favor of differ-
ent alternatives which meet their own interests and
priorities, even though the alternatives are all pro-
posed towards sustainability. Then, MILP model can
be applied in the decision-making process to help
the stakeholders to reach the consensus.

5.1. Case Oslo

The original first ranked alternatives for the stake-
holders in case Oslo are listed in Table 3. Figure 2
illustrates the Multi-Actor view for this case (which is

Table 2. Criteria of different stakeholder group.

Stakeholder

group Criteria

Receiver Positive effect on society, low cost for receiving
goods, high quality deliveries, attractive shopping
environment

Shipper Positive effect on society, high quality deliveries, low

cost for transport, high quality pick-ups
Shopping center  Financial viability, attractive shopping environment,

owner high quality service
Society Fluent traffic, attractive shopping environment, air
quality, road safety, low exposure to noise
Transport Viable investment, positive effect on society,
operator satisfied employees, profitable operations, high

quality service

Table 3. Original first ranked alternative and weights for
stakeholders in case Oslo.

Stakeholder Original first ranked
group Original weight allocation alternative
Shipper [0.0944, 0.0702, 0.5826, Integrated reverse
0.2528] logistics
Shopping [0.3333, 0.3333, 0.3333] Common logistics in
center owner shopping center
Receiver [0.0673, 0.0367, 0.1745,  E-freight bikes and
0.7215] micro-hubs
Society [0.0919, 0.6209, 0.1809, Last-mile carrier and
0.0238, 0.0825] electric vans
Transport [0.1738, 0.0691, 0.1496, Common logistics in
operator 0.0338, 0.5737] shopping center

generated by the MAMCA software). It can be noted
that different alternatives are ranked first for different
stakeholders. The alternative ‘Common logistics in
shopping centre’ ranks well among all the stakeholder
groups except for the group ‘Receiver. Meanwhile,
alternatives like ‘E-freight bikes and microhubs’ are
ranked well in one stakeholder group but badly in
another. As a consequence, it is hard to reach consen-
sus based on the conventional Multi-Actor Analysis.

Therefore, the MILP model is applied and the weight
modifications for alternatives rank at different posi-
tions among all stakeholders are computed. A new
indicator called rank distance o = g — 1 is calculated
(i.e. a rank distance is equal to 0 when the alternative’s
rank is equal to 1). Then, the sum of the weight mod-
ifications from all stakeholders of one alternative,
denoted Z, along with the corresponding sum of new
rank distances O is obtained. Table 4 lists the results of
alternative ‘E-freight bikes and micro-hubs’ as an
example, it indicates every change of rank of the alter-
native. z1, 25, 23, 24, Z5 are the weight modifications of 5
stakeholders, which lead to the changes of the ranking,
i.e. the rank distances 01, 0,, 03, 04, 05. The sum of the
weight modifications Z and rank distances O of every
change are also listed.

To find the possible consensual solution of the case,
Pareto-efficient solutions are found by treating the
results as a set of unsorted data (Pareto 1964). Figure 3
shows the full result of case Oslo. Y-axis represents the
rank distances of all the alternatives, and the X-axis
represents the weight distances, which are the sum of
the modified weights from stakeholders of alternatives.
The lines with markers illustrate the rank changes of the
alternatives with the weight modification. The grey
semi-transparent line is the Pareto frontier connected
by the Pareto optimal solutions.

It is observed that all alternatives except ‘Urban ware-
house and electric vans (25%)" can rank first among all
stakeholder groups in the end but with different weight
modifications, i.e. Z. Alternative ‘Common logistics in
shopping centre’ and ‘Integrated reverse logistics’ both
cover part of the Pareto optimal solutions. While
‘Integrated reverse logistics’ ranks well originally before
weight modification, ‘Common logistics in shopping
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Figure 2. Multi-actor view in case Oslo.

Table 4. MILP model result of alternative ‘E-freight bikes and
micro-hubs’.

Society

pA| V4 Z3 Z4 Zs 07 0 03 04 Og Z 0
1 00 0 0 0 01 2 3 50 1"
2 00 0 0 0.1 0O 1 2 3 4 01 10
3 00 0.306 0 0.1 0 1 1 3 4 0406 9
4 0 0 0306 0 0315 0 1 1 3 3 0621 8
5 00 0.306 0354 0 0o 1 1 2 3 066 7
6 0 0409 0306 0 0 o 0 1 1 3 0715 5
7 0 0409 0306 0 0453 0 0 1 1 2 1168 4
8 0 0409 0602 0 0453 0 0 O 1 2 1464 3
9 0 0409 0602 0 0643 0 0 O 1 1 1654 2
10 0 0409 0.602 0.902 0 0 0 0 0 1 1913 1
11 0 0409 0602 0902 1333 0 0 0O O O 3246 O

centre’ can rank first with smaller weight modification.
Thus, these two alternatives are selected as consensus
options. The facilitator is invited to work on these two
options to reach a final decision among the different
stakeholders.

5.2. Case Brussels

During the local stakeholder meeting in Brussels, the
representatives of stakeholder group ‘Shopping centre
owner’ did not attend, which is why the analysis for
this stakeholder is taken from CITYLAB D5.4. The origi-
nal first ranked alternatives and weights are listed in
Table 5.

*» E-freight bikes and microhubs
«>»Online shop and use of spare capacity
O Last-mile carrier and electric vans

<> Common logistics in shopping centre

<> Urbanwarehouse and electric vans
(25%)

= Integrated reverse logistics

Transport
Operator

The case of Brussels is more complex than that
of Oslo. Based on Figure 4, it is observed that
‘Online shop and use of spare capacity’ ranked
first among three stakeholder groups, though it
is ranked in the last two positions among the
other two stakeholder groups; unlike the alterna-
tive ‘Common logistics in shopping centre’ in the
case Oslo which is ranked as a good option in
general. Furthermore, other alternatives also
obtained good results among different stakeholder
groups.

Figure 5 shows the full MILP result of case Brussels.
The alternative ‘E-freight bikes and micro-hubs’ is the
only alternative that can rank first among all the sta-
keholder groups. However, a large weight modification
is required. On the other hand, the results of ‘Online
shop and use of spare capacity’ are covered by part of
the Pareto frontier. This alternative can be viewed as
a good consensus solution.

6. Conclusion

Finding a sustainable solution normally requires
a compromise of the different needs and interests from
different stakeholders. The MAMCA methodology can
include multiple stakeholders in the process of evalua-
tion and decision-making. However, it is sometimes
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Figure 3. MILP result of case Oslo.

Table 5. Original first ranked alternative and weights for
stakeholders in case Brussels.

Stakeholder Original first ranked
group Original weight allocation alternative
Receiver [0.3890, 0.0434, 0.389,  Online shop and use of
0.1786] spare capacity
Shipper [0.0420, 0.5353, 0.2584,  Online shop and use of
0.1643] spare capacity
Shopping [0.4100, 0.4100, 0.1800] Common logistics in
center shopping center
owner
Society [0.1464, 0.1100, 0.4713,  E-freight bikes and
0.1319, 0.1404] micro-hubs
Transport [0.053, 0.0799, 0.3668,  Online shop and use of
operator 0.3672, 0.1331] spare capacity

difficult to reach a consensus among all the stakeholders
simultaneously for certain projects. By applying the MILP
model into the MAMCA methodology, it can be easier
for the decision-maker or the analyst to find one or
a limited set of possible candidates to reach
a consensus solution. By taking the inverse optimization
point of view, one can find the smallest modification of
weight allocations for one alternative and for all stake-
holders to converge to a common acceptable solution.

The outcome of MILP model is illustrated in the two
MACMA case studies of CITYLAB. CITYLAB cases reveal
the fact that even though the proposed options are all
toward sustainable mobility, different stakeholders rank
the alternatives differently as they hold their own

—&—E-fre
Online
Last
Comm

—#—Urban

—&— Integ

Pareto Frontier

interests and priorities. With the help of the model, we
can limit the set of good options to one or two alterna-
tives. This will help analysts to focus their work on these
options but also give (visual) arguments that could be
communicated to the stakeholders in order to reach
a consensus. Finally, by presenting the results as the
Pareto optimal solutions of a bi-objective optimization
problem, we think we leave room for discussions (instead
of imposing a unique candidate for the consensus).

In the MAMCA methodology, all stakeholders are
treated equally (i.e. no weights are assigned in order
to give priority to some of them). We decided to eval-
uate the different alternatives by evaluating them
according to the sum of weight modifications and
the sum of ranking improvements. These indicators
were selected because they are easy to understand
and so to communicate with the different stake-
holders. Of course, this implies compensatory effects
leading to situations where one or several stakeholders
should accept more and/or stronger modifications
than others. As a consequence, alternative indices
could also be investigated. For instance, one could
consider indicators that reinforce fairness among the
stakeholders. This could be done by adding an objec-
tive that will limit the weight deviation efforts among
all stakeholders. In addition, constraints can be added
to limit the possible weight modifications. From
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Figure 4. Multi-actor view in case Brussels.
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Figure 5. MILP result of case Brussels.

a more general perspective, it could also be interesting Disclosure statement
to build additional indicators to evaluate the complex-
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ity to reach a consensus for a given situation.
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