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A B S T R A C T

The temporariness of construction supply chains, in combination with the multiplicity of stakeholders compli-
cates the organization of construction logistics. The problem for cities today is not the construction materials’
transports as such, it is how to ensure accessibility and mobility for stakeholders during the construction time.
In general, there is no tradition of including different stakeholder perspectives when evaluating construction
logistics setups. However, in other urban freight transport applications, multi‐stakeholder dialogues are more
common, and one methodology suggested and used as a Multi‐Criteria Decision Analysis (MCDA) method is the
Multi‐Actor Multi‐Criteria Analysis (MAMCA). In this paper we develop a customized methodology for apply-
ing MAMCA in a construction logistics context, gradually refining the methodology along five cases in three
different countries. We show how MAMCA must be adapted to fit the construction context. The main differ-
ences are: (1) predefined construction logistics alternatives, (2) predefined actors and criteria groups, and
(3) the possibility of using the method in role play to create awareness of stakeholder views in homogenous
groups. The methodology proved to be valuable for (1) identifying relevant stakeholders and their criteria,
(2) identifying and understanding stakeholders’ preferences regarding construction logistics, and (3) creating
awareness of the need to initiate construction logistics in a project. Furthermore, it showed the need to clarify
whom is to take responsibility for initiating the use of construction logistics setups.
1. Introduction

Construction projects produce their end products (houses or infras-
tructure) at the place of consumption [17], meaning that materials and
resources need to be delivered to, and removed from, each site at the
correct time [29]. The amount of traffic created by construction cannot
be overlooked, and different studies in Sweden, Belgium and the UK
[57,55,14] show that construction‐related transport constitutes
between 18% and 22% of goods‐related transports in urban areas.
Construction transports are part of the overall traffic system and has
to share the infrastructure with other road users [11]. These additional
transport flows can create a conflict situation regarding city infrastruc-
ture [8]. Therefore, construction in urban areas affect not only con-
struction stakeholders, but also stakeholder groups such as residents,
freight transporters, municipal administrations, shop owners, busi-
nesses, and tourists. According to Janné and Fredriksson [26], this
means that material deliveries to construction sites need to be coordi-
nated and managed in a way that reduces their impact on all stake-
holder groups as well as ensuring efficient construction projects.

One way of reducing the impact from construction logistics is by
coordinating logistics activities through construction logistics setups
(CLSs) such as checkpoints [56] or construction logistics centers
(CLCs) [23]. However, the temporary nature of construction projects
and the construction industry inclination for outsourcing has led to
temporary supply chains including many different actors [34]. This
complicates construction logistics organization and there is a tendency
to hand this question over to the project organization as the construc-
tion phase starts. However, if construction logistics is not addressed
early on, CLSs do not have the same potential to reduce impact and
become a natural part of the construction supply chain [27].
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Effective stakeholder engagement is an important question in con-
struction project management [47]. However, as CLSs typically have
an impact on several economic, social and environmental criteria
(e.g. cost, speed, storage capacity, traffic safety and environmental
impact) and there are alternative ways to organize it [26], simply
engaging stakeholders is not enough. Instead, deploying Multi‐
Criteria Decision Analysis (MCDA) methods is appropriate for several
stakeholder groups evaluating different alternatives. MCDA has been
used previously within construction project management for other
decisions [28,30,31,37,53,59]. However, it has not been extensively
applied in the field of construction logistics. In fact, when reviewing
MCDA in construction logistics, only one reference was found:
Macharis et al. [44]. However, this paper reported on applications of
MCDA in a student setting, with construction logistics as an example
case. Research regarding the effect of construction logistics on differ-
ent stakeholders, and especially on involving stakeholders in
decision‐making, is lacking. Thus, there is a need to evaluate the pos-
sibilities of using MCDA in professional settings in construction involv-
ing different types of stakeholder. This study has taken the Multi‐Actor
Multi‐Criteria Analysis (MAMCA) method as its starting point.
MAMCA was selected as the methodology allows stakeholder groups
to create their own criteria trees, thus allowing for more direct input
from stakeholders on which criteria are of interest for the particular
decision‐making problem at hand. Additionally, MAMCA has been
applied in several cases [45] to facilitate stakeholder involvement in
freight transport and city logistics [43,41], and should thus lend itself
well to construction logistics and CLS decision‐making as these are clo-
sely related areas, sharing the same problems and context [36]. How-
ever, CLSs predominantly have a longer lifespan than the duration of
the projects utilizing it [20]. This means that due to the temporary nat-
ure of the construction industry [15] the stakeholder configurations in
the CLS case are likely to be reconfigured more frequently than e.g., in
city logistics applications of MAMCA. As such, the MAMCA method
needs to be adapted to a construction logistics context for it to be a
viable methodology. The purpose of this study is therefore, to adapt
the MAMCA method to a construction logistics context. To do so, the
study applied an action research approach to iteratively adapt the
MAMCA method to allow for evaluation of results and tweaking of
the method between each iteration. According to Coughlan and Cogh-
lan [10], action research allows researchers to solve a real‐life manage-
rial problem, while simultaneously affect the way a procedure is
carried out to better fit the real‐world problems’ context. Action
research, however, is not common when applying MCDA methods
even though it gives valuable insights into problems that can arise
when transferring MCDA tools from research to practice.

This study has been part of the JPI Urban Europe project CIVIC
(Construction In Vicinities: Innovative Co‐creation). CIVIC was a
three‐year project aiming to facilitate and support efficient, sustain-
able and broadly endorsed transport to, from and around urban con-
struction sites, minimizing disruption in the surrounding community,
improving construction productivity and optimizing energy efficiency.
The CIVIC project included partners from Belgium, the Netherlands,
Austria and Sweden. As part of CIVIC, the MAMCA method was
applied and refined for construction logistics and CLSs. All partner
countries had case cities/authorities which committed to participate
in developing construction logistics. A working order for developing
and applying the MAMCA method was agreed between the research-
ers. The Brussels case came first, as MOBI – MAMCA’s developers, part
of the project, are located here [46]. This allowed the other partners to
observe how to use MAMCA. It was then decided to apply MAMCA in
Vienna, followed by the Swedish cases. Thus, the case selections were
based on convenience and purpose. The purpose of utilizing MAMCA
was for professional application cases in different European countries
to capture contextual differences and to apply MAMCA within hetero-
geneous (Brussels and Vienna) and homogenous groups (Gothenburg,
the Swedish Traffic Administration, and the City of Stockholm). In the
2

heterogeneous groups, the aim was to see how the method could be
used to develop consensus between stakeholder groups. In the
homogenous groups, the aim was to see how the method could be used
to create awareness of construction logistics and to initiate change in
working procedures.
2. Literature review

One of the main problems with the urban transport system is that
goods and passengers utilize the same limited infrastructure [11]. Pre-
vious studies, e.g., Ballantyne et al. [4] and Fossheim and Andersen
[18], however noted that cities and authorities have not traditionally
focused on urban goods transport strategies or coordinating the needs
of different stakeholders. Instead, goods transport and logistics has
been viewed as a problem for the logistics industry to solve [36]. As
discussed by Dablanc [11], urban transports are subject to space limi-
tations, municipal demands on environmental impact, noise restric-
tions and demands from residents and shop owners for accessibility.
One way to manage problems related to construction deliveries is
using CLSs such as terminals (e.g., construction logistics centers
(CLC)) and checkpoints. The CLC aims to consolidate goods, thus
reducing the amount of traffic to site [24], while the checkpoint coor-
dinates just‐in‐time deliveries to site through planning efforts [17],
thus distributing deliveries more evenly over time. These setups focus
primarily on material deliveries to site but can also alleviate on‐site
issues; having only the materials needed for installation reduces con-
gested sectors on‐site and the associated risks [54]. Both setups can
also help by providing loading and unloading zones [58], on‐ or off‐
site warehousing [22], logistics‐based site plans [20], on‐ and off‐
site materials handling [35], waste management [26] and site coordi-
nation [56]. Agapiou et al. [2] highlight that the focus of any CLS is to
act as a logistics coordinator (LC) and improve coordination and com-
munication between project stakeholders and regarding materials and
resource flows.

Characteristics of the construction industry include projects nor-
mally being built around temporary organizations and relationships,
and each new project being seen as unique [3]. Different contractors,
sub‐contractors, consultants, builders’ merchants and logistics opera-
tors are tendered and procured for every construction project [34],
meaning that temporary network structures are used so resources are
in place when needed [32]. These structures can be characterized as
two‐fold [15]; within the project the networks are tight, whereas
between parent company and project, the network is much looser.

Stakeholders can be defined as individuals or groups of individuals
that can influence the objectives of an organization or be influenced by
these objectives [21]. According to Lombardi [37], stakeholders are
increasingly involved in decisions related to urban design in many
cities. However, stakeholder participation regarding urban mobility
and logistics is still only applied in a fragmented, limited manner
[41]. This is also the case for construction logistics related issues
[27]. According to Janné and Fredriksson [26], there is normally only
one‐way communication from a public body and/or the building
supervisor on anticipated impacts. Effective participation requires a
deeper understanding of the concerns (and thus the criteria) of all
stakeholders and ensuring they feel they “have a voice” in the decision
process [43]. Failing to include stakeholder perspectives in CLS design
has led to poor rule adherence from main contractors and little under-
standing of the need and possible performance impact of a CLS from
stakeholders such as developers, municipalities and main contractors
[26]. De Radiguès et al. [13] highlight how stakeholders can be direct
and indirect, with direct stakeholders being those directly involved in
an organization’s decision‐making process (e.g., contractors, suppliers)
and indirect stakeholders being those who are significantly affected by
construction activities (e.g., neighbors, road users, local authorities)
but do not participate directly in the decision‐making process. In pre-
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vious research, when suggesting logistics measures to enhance the con-
struction sector’s efficiency, stakeholder considerations were mostly
limited to the direct stakeholders across the supply chain and their col-
laboration for efficient logistics flows [52].

Implementing the stakeholder involvement dimension by improv-
ing the integration of socio‐political aspects into decision‐making
[59] is, according to Banville et al. [6], possible to do using traditional
MCDA methods. The Multi‐Actor Multi‐Criteria Analysis (MAMCA)
developed by Macharis [38–40] is an example of stakeholder integra-
tion in group decision support methods (GDSM) but differs from other
such methods by allowing stakeholder groups to have their own crite-
ria tree. For instance, the SMARTS and SMARTER methods developed
by Edwards and Barron [16] are based on pre‐qualified criteria and the
work by de Carvalho et al. [12] identify the relevant criteria through
an initial literature review. By allowing the stakeholder groups to
define their own criteria tree, MAMCA gives a first‐hand recognition
of what different stakeholders value as important [40]. However, hav-
ing pre‐defined or pre‐qualified criteria trees can instead allow for a
faster evaluation process with the stakeholders.

The MAMCA method has already been applied in several case stud-
ies where stakeholder participation is essential, mainly in transport‐
related decision‐making problems [45]. It has proved especially useful
for assessing impacts of alternatives in the context of urban freight
transport [5], where five stakeholder groups are typically identified:
the shipper, the receiver, the logistics service provider, the (local) gov-
ernment (which sets the rules) and society (who are impacted) [13].
(For more examples of MAMCA applications within transport, see
Macharis et al. [45].) However, within construction logistics, it has
only been applied to students [44] and not professional actors.

The MAMCA method has two main phases [39,43]: a first phase
which is mainly analytical and tries to gather all the necessary infor-
mation to perform the analysis, and a second, synthesizing or exploita-
tion phase, which consists of the actual analysis. These can be
subdivided into four and three steps respectively, giving a total of
seven MAMCA steps [43] as shown in Fig. 1. The first step is stating
a clear problem definition and determining the alternatives to be taken
into account [43]. In the second step, all relevant stakeholders and
their objectives are determined. To increase stakeholder participation,
Macharis et al. [43] suggest that more advanced MAMCA applications
strive towards bottom‐up co‐creation of alternatives involving multi-
ple stakeholders rather than defining alternatives with a top‐down
approach. This implies that steps one and two could be partially
reversed (determination of alternatives after stakeholder identifica-
tion). In the third step, the stakeholder objectives (e.g., their goals of
joining a CLS, environmental concerns, socio‐economic considera-
tions, etc.) are translated into criteria, building the stakeholder criteria
trees, and weightings are assigned to each criterion according to the
importance assigned by the stakeholder [43]. Different methods are
available for determining these weightings (see Nijkamp et al. [48]
for an overview). Pairwise comparisons based on Saaty [51] analytic
hierarchy process (AHP) are often used to allocate the weightings.
The fourth step involves operationalizing the criteria by selecting mea-
surable indicators to evaluate each alternative with regards to a given
criterion. These indicators can be quantitative or qualitative, depend-
ing on the criterion [39]. The fifth step aggregates the information
from the previous steps into an evaluation matrix. To evaluate the
alternatives, MCA group decision support methods such as PRO-
METHEE [7,42], ELECTRE [49] and AHP [51] are especially useful
in the MAMCA method. Step six provides the actual results from the
selected multi‐criteria analysis [43] where the MAMCA outcome is a
classification of the selected alternatives, revealing their strengths
and weaknesses in detail by comparing the scores for each stakeholder
criterion. Additionally, step six includes a sensitivity analysis to test
the robustness of the results [43]. The seventh step is aimed at the
policy‐ or decision‐maker and consists of the actual implementation
of the result. Feedback from each stakeholder, received in the previous
3

steps, helps to define the implementation path [43]. Depending on the
outcome of the MAMCA process, the seventh step can also lead to new
or adjusted/improved alternatives being defined and (part of) the
MAMCA process being restarted.
3. Research design

The research design followed the action research strategy described
by Coughlan and Coghlan [10]. Action research concerns processes or
phenomena that would not take place if the researchers did not affect
or start an action [60]. Abrahamsen et al. [1] highlight that the action
research approach represents an interpretivist ontology, suggesting
that knowledge is contextual and socially co‐created. According to
Huzzard et al. [25] the action researcher is not a neutral observer as
much as an active constructor of the research and its results. In fact,
action research is not a combination of first research and then applica-
tion; instead the application carries out the research through both data
collection and testing [60] contributing to some kind of change [50].
Thus, from a methodological perspective, it is important to describe
and discuss the actual research process.

The research process is also a learning process, and one of the most
important learning outcomes is increased and improved participant
experiences [60]. To ensure that knowledge was exchanged between
researchers and participants, we followed Abrahamsen et al. [1] and
their practice of “academic interventions” for introducing concepts
related to CLSs, but allowing the “local expertise” (i.e. the stakeholder
groups) to change the concepts (i.e. MAMCA criteria) to better suit the
stakeholder groups’ perspectives of introducing CLSs.

As the researcher is not a neutral observer [25], it is important to
ensure that the research is rigorous and easy to follow. Coghlan and
Shani [9] highlight the importance of research quality in action
research, and Abrahamsen et al. [1] suggest five criteria to test action
research quality: outcome validity (e.g., a managerial problem has
been solved through the research); democratic validity (e.g., all rele-
vant stakeholders participate in the process); process validity (e.g., if
learning and development is fostered through the research); catalytic
validity (e.g., if the collaborators are invigorated by the learning pro-
cess) and; dialogical validity (e.g., interpretations of collected data are
peer‐reviewed within the team).

The action research approach allowed the authors to apply the
MAMCA method to the cases to solve a managerial problem and affect
the way the procedure was modified to better fit the cases [10], and to
understand the link between stakeholders’ cognition and action
regarding construction logistics [1]. The managerial problem that
the research tried to solve was an identified disagreement between
internal and external stakeholders regarding the goals and purposes
of CLSs in urban areas, the lack of knowledge and understanding
regarding construction logistics among construction actors, and the
fact that several of the internal and external stakeholders’ viewpoints
were only identified after implementation [26]. Therefore, it was
important to adapt the existing MAMCA method to fit the construction
industry context. However, it was also important to perform the adap-
tations incrementally, thus action research was deemed to be a suit-
able approach to developing MAMCA for construction logistics.

In order to explicitly include the stakeholders in the CLS decision,
the CIVIC project used the MAMCA method to collect different stake-
holder groups’ input. To provide an interactive method to weigh the
stakeholder objectives, evaluate different alternatives and generate
evaluation outcome visualizations, the MAMCA method is facilitated

through an online decision‐making software platform (www.mamca.

be) provided by the MOBI group at Vrije Universiteit Brussels. When
the MAMCA method was applied, the first six steps were followed,
and the platform was used to evaluate alternatives among stakeholders
participating in workshops. The stakeholders were given a short intro-
duction to the workshops to prepare them for the activity. Afterwards,



Fig. 1. The MAMCA methodology [39].
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the workshops were evaluated by the researchers. Between each work-
shop the MAMCA method was updated based on lessons learned.

Firstly, the MAMCA method was applied in Brussels to a tramway
infrastructure construction case. Secondly, it was applied in Vienna
to a case of developing a new city district (Aspern Seestadt). Thirdly,
it was applied in Sweden to a case of developing a former harbor area
into residential districts in Gothenburg via a municipality‐owned
development company. Fourthly, it was applied to the case of infras-
tructure development in the Stockholm region involving the Swedish
Traffic Administration. Fifthly and finally, it was applied to a case of
a large development area in Stockholm involving the City of Stock-
holm. The Brussels and Vienna projects were both in the construction
phase at the time of the study. These workshops included a large vari-
ety of internal and external stakeholders. The workshops in Gothen-
burg and at the Swedish Traffic Administration focused on projects
in the planning phase and included only internal stakeholders. The
City of Stockholm workshop focused on an ongoing city development
project with an existing CLC that was up for renegotiation and
included internal stakeholders from different departments of the city.
3.1. Cases

3.1.1. Brussels
This case covers the extension of tramline 94 in Brussels, a project

initiated by the Ministry of Brussels. The Ministry of Brussels generally
establishes the overall requirements for the construction project
through a “cahier des charges” contract. This also serves as the basis
for open tendering procedures. Stakeholders, including businesses,
stores, local residents and a school, are consulted before the works
by the relevant public bodies regarding the project, but the public bod-
ies have the final say on the actual implementation. The planning of
construction work and material requirements are imposed on the con-
tractor by the contract. However, logistics requirements do not appear
in the contract, so the main contractors decide on logistics issues and
perform daily operations in cooperation with sub‐contractors based on
their own ideas of what is best, as long as these fit within the local reg-
ulatory framework (i.e., noise regulations which prohibit evening and
night activities, unless exempted). Therefore, once the project reaches
the execution stage and the contractor is operating within a context
approved by the regulatory bodies (e.g., municipalities, police, com-
4

missioner), there is little incentive to change the modus operandi, even
if more sustainable and economically viable alternatives with less
stakeholder burden are possible.

To summarize, the Brussels case focused on stakeholder analysis
and criteria definition and weighing in an urban construction context.
It also demonstrated the need to apply the MAMCA in a sufficiently
early stage of the project development. As it was, with the Brussels
case being ongoing and heavily regulated in contracts, the possibility
to change the construction logistics approach was non‐existing.
3.1.2. Vienna
This case concerns the construction of a new city district in Vienna,

Seestadt Aspern. The City of Vienna governs parts of the process with
an EIA (environmental impact assessment), specifying issues such as
social concerns, noise, groundwater, wildlife and air quality. The EIA
also requires an overall logistics coordinator (LC) to be appointed to
ensure that logistics activities do not negatively affect construction
work. LC tasks including providing a logistics center for material stor-
age, temporary construction roads, loading zones, areas for equipment
storage, gravel processing for excavation material and a concrete plant
at the construction site. The LC also coordinates and checks that guide-
lines are fulfilled using sensors and gates, and plans truck movements
to and from the public transport network and on site through a check-
point. Although the LC is responsible for site delivery coordinating,
each contractor can control on‐site material handling independently
if EIA and LC regulations are followed.
3.1.3. Gothenburg
The Gothenburg case focused on the Skeppsbron development area.

In Sweden, construction logistics is generally organized by the main
contractor once the construction project commences. However, Swed-
ish developers can also impose demands on organizing construction
logistics within the tendering procedure. The Skeppsbron project is
run by Gothenburg’s municipal development company. The project
includes housing, offices and schools, with a large parking garage
underneath. The area is located in central Gothenburg on the quayside.
A lot of traffic passes the area, and there are limited access roads. This
project is in the planning phase. The development company is respon-
sible for producing plans and agreements for potential developers.
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3.1.4. The Swedish Traffic Administration
The first workshop in Stockholm was conducted with the Swedish

Traffic Administration, which is responsible for all infrastructure in
Sweden and is therefore one of Sweden’s largest developers. The case
focused on a large infrastructure project in central Stockholm. This
project involves several stakeholder groups and has been widely
debated. There is no agreed joint CLS, and there is internal debate
within the Swedish Traffic Administration regarding its responsibili-
ties as developer for initiating and controlling the CLS.

3.1.5. The city of Stockholm
The second Stockholm case focused on the Stockholm Royal Sea-

port development area. This consists of an ongoing construction pro-
duction project, with ongoing planning for the next phases of the
project. The City of Stockholm has set the conditions for the construc-
tion logistics by applying a clear environmental vision, including goals
for transport to the site and accessibility issues. An LC was appointed
to manage and coordinate all logistics activities to the site, including
operating a CLC that contractors must use. Furthermore, the LC also
offers additional services related to materials handling on site, waste
handling, fences and gates. Each contractor is responsible for logistics
planning, whereby all shipments need to be booked in the LC’s IT sys-
tem and cleared by the LC. Each contractor manages materials han-
dling on its site independently. This solution has been in use since
2013, and there have been different opinions among the stakeholders
regarding its benefits and drawbacks [26].

3.2. Stakeholder involvement in the research process

As a goal of action research is to include stakeholders throughout
the process in order to cocreate knowledge [1], Table 1 below identi-
fies the stakeholders involved in the research process, their roles, and
how they contributed to the research process.
4. The action research development process of the MAMCA
method for construction logistics

4.1. First iteration - Brussels

The Brussels case came first, applying the original MAMCA method
developed by Macharis [39] to assess how mobility management was
to be ensured for indirect construction stakeholders, i.e., the stake-
holders labelled “Vicinities” in Fig. 2 below. The aim of this first iter-
ation was to develop a more holistic view of possible stakeholders of
construction logistics activities in order to invite the right participants
to the MAMCA workshop. For the identification of stakeholders, a
holistic literature review of stakeholders in construction logistics was
conducted and verified and completed with the help of the construc-
tion project’s mediator. In this case, the indirect stakeholders were
stakeholders living in the vicinity of the construction project. The
direct stakeholders were active either at the construction site or in
the supply chain. Since this was a public infrastructure project initi-
ated by the region in cooperation with the municipalities, local and
regional authorities were also direct stakeholders. Fig. 2 below illus-
trates the segmentation observed in the Brussels case across different
types of stakeholders.

The construction project in Brussels was ongoing, and one of the
major lessons learned from the Brussels application was that in order
to evaluate alternative CLSs, the MAMCA has to be performed at an
earlier stage of the construction project, i.e., the planning phase in
order to be able to perform a full ex‐ante evaluation of alternatives.
Ideally, the analysis of different construction logistics alternatives is
conducted before the tendering procedure, so that guidelines with
regards to the logistics solution that best balances economic, environ-
mental and social concerns of all stakeholder groups can be incorpo-
5

rated in the requirements for the bidding parties. If clear alternatives
with regards to, for example, mitigating measures to reduce the bur-
den of construction logistics impacts can be identified during the con-
struction, MAMCA would also provide a useful tool to assess
stakeholder acceptance. Instead of stakeholder discussions regarding
which CLS to use, the focus was on problems with the existing
situation.

Another key finding in the Brussels case was the lack of centralized
logistics planning or coordination, which results in each contractor
managing logistics to and on site independently by interacting with
their respective sub‐contractors. Focus of the authorities in Brussels
seems to have been placed more on mobility issues like, for example,
guaranteeing accessibility of the area for such stakeholders as citizens
and shop owners, than specifically on reducing the impact of construc-
tion logistics. A better understanding of the impact of these construc-
tion logistics activities and the effect of different alternatives on the
impacted parties, and thus a multi‐stakeholder approach, is therefore
essential.
4.2. Second iteration - Vienna

The Vienna workshop was the second iteration and, based on the
stakeholder identification from the Brussels application, representa-
tives from the following stakeholder groups were invited: municipal-
ity/citizens, project managers/investors, suppliers/logistics
providers, contractors and environmental organizations. Additionally,
the Brussels case had shown that having fully stakeholder customiz-
able criteria trees meant that the workshop element of the MAMCA
was prolonged with a lot of time spent defining and unifying criteria
groups. Based on the learnings from the Brussels application, prede-
fined criteria groups and three construction logistics alternatives were
developed and applied during the Vienna workshop. These construc-
tion logistics alternatives were later on applied also in the following
three workshops:

• “Laissez faire”

No coordination between different actors. Each construction stake-
holder acts according to “business as usual” and the main contractors
manage their own logistics and costs.

• Controlling city

City authorities propose a construction logistics center (CLC) to
reduce transports from an environmental perspective. The CLC enables
storage and bundling of materials for common deliveries. Costs are
divided between the city and the contractors.

• Planning city

A checkpoint at the entrance to the construction area is established
and a maximum number of transport movements into the construction
area is determined. Supporting services are available. CLS costs are
borne by the contractors.

The Vienna workshop also focused on an ongoing construction pro-
ject, i.e., a new city district in Vienna (Seestadt Aspern). The workshop
showed different stakeholders’ perspectives and allowed for a fruitful
discussion on the reasons for preferring different alternatives based
on environmental, social and economic aspects of the CLS utilized in
Seestadt Aspern. It further underlined that when MAMCA is used dur-
ing the production phase of a construction project, the focus is on eval-
uating the existing CLS. It also helps to show stakeholders’ different
perspectives of the predefined alternatives, helping to develop an
understanding amongst the stakeholders of the pros and cons of the
existing CLS from other stakeholders’ points‐of‐view. Thus, the use
of the MAMCA enabled the priorities of heterogeneous stakeholder



Table 1
Stakeholder’s involvement in the MAMCA methodology adaptions.

Stakeholder Profile Role Contribution to research process Involved
in
iteration

Shop/ business
owners

External
stakeholder

Affected by construction • Co-creating knowledge of their concerns regarding construction projects and construc-
tion logistics

• Create understanding of why construction and construction logistics has to occur in
the area

• Create understanding of challenges of e.g., building, transporting materials, of legisla-
tion, etc.

1, 2

Residents External
stakeholder

Affected by construction • Co-creating knowledge of their concerns regarding construction projects and construc-
tion logistics

• Create understanding of why construction and construction logistics has to occur in
the area

• Create understanding of challenges of e.g., building, transporting materials, of legisla-
tion, etc.

1

Municipal
authorities

External
stakeholder

Responsible for infrastructure and
infrastructure use, environmental
concerns

• Co-creating knowledge of why construction and construction logistics has to occur in
the area

• Co-creating understanding for regulatory measures that can affect construction logis-
tics setups

• Co-creating understanding of the effect construction and construction logistics has on
environment, e.g., pollution, noise, vibrations, etc.

1, 2, 3

Municipal
development
authority

Internal
stakeholder

Responsible for city development and
development areas

• Co-creating knowledge of why construction and construction logistics has to occur in
the area

• Co-creating understanding of the effect construction and construction logistics has on
environment and the surrounding city

• Understanding of the logistics during the construction process, e.g., challenges of
building, of transporting materials, of legislation, etc.

1, 2, 5

Developers Internal
stakeholder

Project owners, (possible) CLS
customers

• Co-creating knowledge of the project owner’s perspective on what is important in con-
struction, e.g., timeliness, budget, environmental concerns, etc..

1, 2

Public
developers

Internal
stakeholder

Project owners, (possible) CLS
customers

• Co-creating knowledge of the project owner’s perspective on what is important in con-
struction, e.g., timeliness, budget, environmental concerns, etc.

3, 4

Contractors Internal
stakeholder

Project execution, CLS customers • Co-creating knowledge of the contractor’s perspective on what is important in con-
struction, e.g., timeliness, budget, work environment, material supply, planning, envi-
ronmental concerns, etc.

1, 2

Suppliers Internal
stakeholder

Material deliveries to construction
areas and sites

• Co-creating understanding of challenges with delivering materials to urban construc-
tion sites, e.g., legislation, planning, restrictions, etc.

1, 2

CLS provider Internal
stakeholder

CLS owner/ operator • Co-creating understanding of how construction logistics is managed and carried out in
connection to the projects

2,5

Environmental
group

External
stakeholder

Representing environmental concerns • Co-creating knowledge of environmental concerns with construction and construction
logistics, e.g., pollution, noise, vibrations, etc.

• Understanding of construction and why it is carried out in urban areas, e.g., challenges
of building, transporting materials, legislation, etc.

2
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groups to be identified. The Vienna workshop underlined the impor-
tance of a detailed introduction for the participating stakeholders, as
construction logistics knowledge was lacking. The participants of the
Vienna workshop identified the criteria groups marketing and safety
(and social aspects), which were added to the criteria groups used in
Brussels: delivery, environment, costs and flexibility.

4.3. Third iteration - Gothenburg

In comparison to the Brussels and Vienna workshops, the Gothen-
burg workshop was a more homogenous group (seven people repre-
senting different functions within the same development company)
and the construction project was in the planning phase. Here, the same
procedure, alternatives and criteria groups were used as in the Vienna
application1. Furthermore, based on the learnings about a lack of knowl-
edge about construction logistics, the introduction was extended and
structured in relation to the SMART Governance Process [19] (Fig. 3).
The SMART Governance Process has been developed together with the
development company in question and presents a seven‐step process
to develop a CLS in co‐creation between stakeholders. The introduction
allowed for more discussion of the alternatives and a better understand-
ing of the goal of the MAMCA method. The MAMCA with a homogenous
stakeholder group raised awareness of CLSs within the group, and
thereby a shared understanding of how to proceed within the company
1 Translated from German to Swedish

6

to initiate a CLS in the project. Furthermore, with a homogenous group
the workshop took the form of a role play, where actors with the same
background played the roles of different stakeholders, thus highlighting
the need to describe stakeholder roles to understand the variety of pref-
erences across the different stakeholders. Descriptions of the different
stakeholder roles were therefore added to the MAMCA method.
4.4. Fourth iteration - Swedish Traffic Administration

The fourth workshop was also conducted with a homogenous
group, this time within the Swedish Traffic Administration. The aim
of the MAMCA workshop was to increase awareness of the importance
of CLSs in order to make the Swedish Traffic Administration, as a
developer, initiate discussions of CLSs early in their projects. The six
participants came from different departments within the Swedish Traf-
fic Administration. In this workshop, the alternative logistics solutions
were reformulated to fit the infrastructure context. Based on the learn-
ings from the Gothenburg workshop, descriptions of the different
stakeholder roles were added as part of the introduction to the work-
shop. In the descriptions of the stakeholder roles the word “city” was
changed to “developer”. This workshop showed the importance of
clearly separating the stakeholder roles of the general public (e.g.,
municipalities) and citizens (people living and working in the area
of the construction site). These two stakeholders may have the same
goals, although not on the same aggregation level. The citizens care
about their everyday life, whereas the municipalities must take a gen-



Fig. 2. The four groups of stakeholders in construction (adapted from De Radiguès et al. [13]).

Fig. 3. SMART Governance Process [19].
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eral responsibility of different citizen groups. Furthermore, changing
the word “city” to the word “developer” in the description generated
a discussion on who should be responsible for organizing MAMCA
workshops, i.e., coordinating the stakeholders. It transpired that, in
the construction context, it is not clear who should be responsible
for initiating the use of a CLS in a project.
7

4.5. Fifth iteration - the city of Stockholm

The fifth workshop included six people from two different depart-
ments within the City of Stockholm, i.e., a semi‐homogenous work-
shop. The participants of the workshop were assigned different
stakeholder roles and were asked to role play based on the assigned
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stakeholder perspectives. The Stockholm workshop was based on the
same CLS alternatives as in Gothenburg. However, the Stockholm
development project was ongoing, and was expected to continue for
several years. As one of the aims of the workshop was to highlight dif-
ferences among stakeholder criteria, time and effort were spent on
understanding which criteria were to be included. The lessons learned
from this workshop were two‐fold. Firstly, it underlined the impor-
tance of taking into consideration the time needed to add and evaluate
the criteria on the online platform. Secondly, the workshop high-
lighted that further descriptions of the criteria were needed to achieve
a reasonable level of detail.
4.6. Summary of the iterations of the MAMCA for construction logistics
development

Table 2 summarizes the iterations of the MAMCA method develop-
ment to fit with the construction context.
5. Discussion and conclusions

Originally, it was found that MAMCA was not fully applicable to
construction logistics decisions and needed to be adapted to fit the
construction context. By applying an action research approach, we
have in this paper developed a MAMCA method for construction logis-
tics (see Fig. 4). Utilizing the action research approach, we have grad-
ually refined the method during five applications in three different
countries. By having this iterative approach, we have had the opportu-
nity to make incremental changes to the method, testing it as the pro-
ject progressed, thus ensuring the outcome validity of the research [1].
Furthermore, the iterative approach allowed for ensuring process
validity and dialogical validity as the researchers analyzed the data
from each workshop together and learned what needed to change
within the process which also fostered the catalytic validity as the
team had the opportunity to learn together [1]. Finally, as MAMCA
in itself is based on including all relevant stakeholders as participants,
the democratic validity highlighted by Abrahamsen et al. [1] is
achieved as the managerial problem solved, i.e. adapting the MAMCA
method to the construction context. Finding the relevant stakeholders
was one of the first steps of this research, conducted already in the first
Table 2
The links between contextual issues and MAMCA methodology adaptions.

Contextual issues to consider M

Many different internal stakeholders due to the large degree of outsourcing as well as
many external stakeholders due to the projects taking place in urban environment
and lack of knowledge among these stakeholders regarding construction logistics.

P
S

Need of increased understanding and awareness of “why” construction logistics is
important.

A
c
lo
G
c

Limited time to conduct the workshop due to the need of long introduction and the
many stakeholders.

U
v

What are criteria? Level of detail. E
p
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iteration in Brussels and subsequently the identified stakeholders were
included in the following workshops.

The developed MAMCA method for construction logistics is a fur-
ther development of the original MAMCA method by Macharis [39]
and Macharis et al. [43]. The MAMCA method for construction logis-
tics proved itself to be valuable for three reasons:

1) it helped identify relevant stakeholders and their criteria (as
demonstrated in the Brussels and Vienna applications),

2) it enabled different stakeholder preferences of CLSs to be iden-
tified and understood (as demonstrated in the Vienna applica-
tion and the three Swedish applications), and

3) it clarified the need for one stakeholder to take responsibility
for initiating a CLS (as demonstrated in the Gothenburg and
Swedish Traffic Administration applications).

This is in line with the conclusions of van der Meer et al. [59] that a
MCDA method in construction helps to define what is required to
structure the decision problem but not how to do it. Although the
MAMCA method does not support how to develop a CLS, it still proved
valuable in creating knowledge and awareness of the need to initiate
one. By taking the MAMCA for construction logistics approach to
develop and implement a CLS, the initiator of the CLS can gather
insights from multiple stakeholders. This can lead to a more nuanced
CLS that can benefit several stakeholders, rather than the traditional
approach of designing a setup based on one stakeholder perspective
as discussed by Janné and Fredriksson [26].

The general lack of knowledge about construction logistics among
the workshop participants required an extensive introduction to the
topic. As a result of spending time on the introduction, as well as
the lack of knowledge about CLSs, we found that predefined alterna-
tives, criteria groups, and stakeholder roles had to be used – see
Fig. 4. However, application within the Swedish Traffic Administra-
tion showed that these had to be adapted depending on the specific
project, as construction projects are unique with new supply chain set-
ups and different geographical and project settings. The addition of
predefined criteria groups could be questionable, as one of the main
ideas of MAMCA is to allow the stakeholders to voice their objectives
[43]. One could argue that by moving towards predefined criteria, we
are moving towards SMARTS/SMARTER developed by Edwards and
AMCA methodology adaptations

redefined construction logistics alternatives and described stakeholder roles.
uggested construction logistics alternatives are:
• “Laissez faire” with no coordination between different actors.
• Controlling city where city authorities propose a CLC to reduce transports. Costs
are divided between the city and the contractors.

• Planning city where a checkpoint is established at the entrance of the construction
area with a maximum number of transport movements are allowed. Costs are borne
by the contractors.

ddition of an introduction to the workshop. The introduction needs to present what
onstruction logistics entail, the goals of different stakeholder groups with construction
gistics and why it need to be implemented early. Preferably base it on the Smart
overnance Process to clearly show the linkage between construction project and
onstruction logistics.
se predefined criteria groups. Suggested criteria groups that the study found to be
iable are:
• Delivery
• Costs
• Environment
• Flexibility
• Marketing
• Safety and social aspects
xplanations of what criteria are and how the registration and evaluation processes are
erformed



Fig. 4. The construction logistics MAMCA methodology (own setup).
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Barron [16] and the works conducted by de Carvalho et al. [12]. How-
ever, the criteria groups used in our work are general and, can be filled
with content by the stakeholders in the workshop. As observed in the
Vienna workshop, the general criteria groups allowed for comparisons
between stakeholders. The criteria groups fostered discussions among
stakeholders about their different goals with CLSs. These discussions
had not been achieved had the criteria and criteria trees been fully
set from the start, i.e., had we followed the teachings of Edwards
and Barron [16] and de Carvalho et al. [12]. The MAMCA method thus
enabled discussions of alternative CLSs without getting stuck on eval-
uations of the existing solution. Further research should evaluate the
importance of criteria and criteria groups among different stakeholder
groups through a large‐scale survey.

To further create awareness among stakeholders, a discussion ses-
sion was added to the MAMCA method for construction logistics
(Fig. 4). During the Swedish applications of the method, we could
see that the result discussion should be focused on a comparison
between stakeholder criteria and on which alternative should be
selected. These discussions helped to create awareness among the
decision‐makers of the importance, scope and uncertainty of the con-
sidered criteria [59]. In view of the temporary nature of construction
projects and construction supply chains, finding common ground for
managing logistics between the different stakeholder groups is diffi-
cult. Involving different stakeholders early on in the process can be
one way to reach this common ground. Thus, in a construction logistics
context, the MAMCA method is not merely used for decisions on alter-
natives as in the original MAMCA method [43]. The MAMCA method
for construction logistics should rather be seen as an initiator to con-
sider the existence of alternative CLSs and to underline the difference
of preferences across stakeholders, i.e., criteria. This was sought by e.g.
Janné and Fredriksson [26] to handle the goal conflicts regarding CLSs
among stakeholders. Further research should improve the awareness‐
raising effect of the MAMCA method through its gamification.

In city logistics, where the original MAMCA method has been
applied previously, the issues discussed mainly involve who has the
most competence to make logistics decisions, i.e., who should be the
initiator of the city logistics initiative. In city logistics, initiatives are
often mandated by municipalities, but in construction there is the
9

question of who has the power to make decisions, i.e., who can enforce
the use of a CLS in a project. City logistics is a more mature subject
with numerous up‐and‐running applications to learn from, whereas
construction logistics is still treated as a novelty that stakeholders
are unaware of how to manage [17]. According to the results of the
CIVIC project, the stakeholders who hold the power to introduce and
enforce CLSs in larger projects are the developers or municipalities.
However, to get acceptance from other internal stakeholders such as
third‐party logistics providers, main contractors, and suppliers, it is
necessary to create stakeholder inclusion. Here, we see that the
MAMCA method for construction logistics plays a role. Therefore,
for CLS design, the MAMCA must be applied early in the project, dur-
ing the design phase. Otherwise, all necessary contracts between con-
tractors, developers and suppliers are already stipulated. However,
MAMCA can also be used later on in projects to clarify the needs
and viewpoints of different stakeholders, thereby improving imple-
mentation success [33].

The application of MCDA methods in construction project manage-
ment and urban regeneration projects is not uncommon [28,31,37,59].
However, this study is the first of its kind to apply MCDA methods to
the decision‐making process of CLSs. By applying an action research
methodology in this study, the refinement of the construction logistics
MAMCA method has helped in identifying different stakeholder
groups that are directly or indirectly affected by the introduction of
a CLS. By gathering and allowing these stakeholder groups to have
input on the decision‐making process, a CLS initiator can ensure that
different needs are met, both from an operational perspective and to
reduce impact on third parties. This will help increase the trans-
parency of why and how a CLS is introduced, thus increasing the accep-
tance of the CLS among internal stakeholders [27]. Furthermore, the
study serves as a proof of concept for introducing the discussion on
CLSs early on in development projects. It was found in the Vienna case
and the Swedish cases that by applying the construction logistics
MAMCA, an awareness was achieved among stakeholders and the like-
lihood of successful implementation was therefore greater. However,
further research should evaluate the impact of the SMART Governance
Process including the MAMCA method for construction on the accep-
tance of the implemented CLS.
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