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Summary
In the last decades, the importance of the hinterland transport leg as a component of the over-
all container transport chain has been recognized by both scholars and industry profession-
als, specifically from shipping lines. Shipping lines aim to gain market share in the container
port hinterlands by means of offering inland transport chain services to their customers,
which should be sufficiently attractive based on costs, operational efficiency and provided
services. A particular way of improving the inland transport chain is by effectively making
use of inland terminals. Inland terminals allow to transport containers through cost-efficient
intermodal set-ups and can be used as local storage spaces for customers’ containers. By
setting up inland terminals dedicated to the needs of the shipping line and its customers,
capacity can be sufficiently committed to import and export container flows and a unique
selling point in the hinterland can be created which facilitates the provision of door-to-door
services to customers. The location of such an inland terminal within the inland transport
chain is essential; it determines the distances between the terminal and the seaport and
shipper/consignee locations, and thus the (cost-)efficiency of the broader transport chain.
However, selecting such a location is a complex task in which multiple stakeholders and
multiple factors are involved. In that regard, the following research question is formulated:

”How can a shipping line select a location for setting up an own inland terminal in order to
increase its control on the container port hinterland?”

To answer this question, firstly the research system being the inland terminal location and
the context of the multi-layered structure of the container port hinterland is identified. This
structure consists of four interconnected layers; the logistical layer in which transport ser-
vices and chains are organized; a transport layer in which transport and transshipment
operations take place; an infrastructural layer which contains the provision of transport and
transshipment infrastructure; and a locational layer which contains the geographic loca-
tions of the infrastructure within the economic space of the hinterland. Each layer element
contributes to and is dependent on the elements occurring in the layer(s) above/below. By
reviewing the interrelated layer structure, key actors and their activities with regards to the
inland transport chain are identified. First of all, these include the shipping lines themselves
as organizers of the inland transport and transshipment services (logistical layer). Secondly,
transport operators perform the designed transport services, while terminal operators per-
form the designed transshipment operations (transport layer). Thirdly, transshipment infras-
tructure is provided and owned by the same inland terminal operators. Lastly, particularly in
the sense of this study, the transshipment infrastructure location is selected by the shipping
line (as organizer) and the inland terminal operator (as operator/owner). As each of these
stakeholders has its own objectives with regards to the inland terminal, the evaluation and
consequent selection of the location based on these objectives differ. The study takes into
account these different objectives as follows:

• The shipping line evaluates an inland terminal location and makes the decision to select
it based on the objective to incorporate the terminal in the designed inland transport
chain.

• The terminal operator evaluates an inland terminal location and makes the decision to
select it based on the objective to ensure profitability of transshipment operations at the
site.

• The transport operator does not actually select the inland terminal location, since it
is only using the facility in its own transport operations. Nevertheless, as they and
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their operations are influenced by the decision, the broader inland transport chain is
as well. Therefore, the terminal user’s evaluation of the location, based on the objective
to use the inland terminal to optimize their transport operation scheme, is also taken into
account.

To deal with these different objectives in the location selection problem, a Multi-Actor Multi-
Criteria Analysis approach is proposed, in which the preferences of the different actors are
taken into account equally. As the actors’ objectives vary, the criteria taken into account in
the study also vary per stakeholder. The first step of this research is to determine the spe-
cific criteria used to evaluate the inland terminal location for each stakeholder separately.
By means of a criteria selection survey, criteria observed in the literature are presented to
specific experts belonging to either one of the actor types in order to have them select the
factors they find most important. The actor-specific criteria sets resulting from this survey
are evaluated through a second survey, in which preference statements are gathered for set.
These preference statements are used to determine the weights for each criterion within each
actor-specific criteria set using the Best Worst Method. As multiple criteria per set are con-
sidered, multiple optimal solutions to the weight determination problems exist. Therefore,
non-linear determination of the criteria weights is applied, which results in criteria weight
intervals (instead of single solutions). These intervals are preferred in this study because
they represent a comprehensive range of the decision-makers’ possible optimal preferences
resulting from the several criteria sets. By considering weight intervals, utilities for alter-
natives based on these intervals can be aggregated into final utility scores which take into
account each actor’s preferences in an equal manner.

The results of the study are twofold. First of all, determined criteria weight intervals reveal
the individual preferences of the actors involved, which lead to certain utility contributions
to each alternative based on its respective data scores. The weight determination model
results show that container volume related factor of Market volume potential is overall con-
sidered to be a highly important factor by the majority of actors. Next to that, shipping line
actors specifically evaluate Intermodal market profitability as an important criterion and ter-
minal operator actors specifically evaluate Anchor customer proximity (which is also container
volume related) as an important criterion. In this regard, most utility contributions to the
alternatives are assigned based on the highly evaluated container volume related criteria.
The utility aggregation model applied to the case study on the study region around the cities
of A, B and C results in the highest aggregate utility scores for the two A locations consid-
ered, which are mainly based on the high amounts of container volume potentials forecasted
in this area compared to B and C. Another finding is the importance of expansion possibili-
ties around alternative locations, since it is noticed that locations with no/limited room for
physical expansion have considerable deficits in final utility scores. Sensitivity analyses fur-
ther stressed the importance of container volume related characteristics for the overall most
preferable locations based on all stakeholders’ preferences.

Apart from this study contributing to the contemporaryMCDM literature by proposing the use
of the MAMCA approach in combination with BWM in order to involve actor-specific criteria
sets and a subsequent utility aggregation methodology, the research adds practical knowl-
edge to the differently perceived factors relevant to several stakeholders in the inland terminal
location selection process. Practical implications of the study lead to recommendations for
shipping line professionals to ensure that an area specified for potential inland terminal de-
velopment has substantial amounts of container volumes imported/exported. The results of
this study indicate the importance of having customers which can provide such volumes to
all stakeholders involved, so that inland terminal related businesses can be profitable for all.
Next to that, it is advised to have sufficient room for (physical) expansion to safeguard po-
tential future developments if needed/wanted. With regards to the specific research inputs,
it is acknowledged that the multi-interpretability as well as lack of certain data can be ques-
tioned. It is suggested to further test the applicability and practicality of utility aggregation
in future multi-actor MCDM problems.
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1
Introduction

Since the introduction of the container in the 1950s, container transport practices and affili-
ated logistics services have been and are ever growing. Modern logistics markets and supply
chainmanagement uses have gone hand in hand with the increasingly globalizing world econ-
omy, which made it possible and necessary to have efficient flows of goods throughout all
parts of the world (Rodrigue and Notteboom, 2013). The collection of transport and logistics
related activities taking place in order to get these goods flowing from origin to destination is
called the supply chain (De Langen et al., 2013). The supply chain requires sufficient trans-
port networks, operations and infrastructure, especially since the separate chain legs are all
connected and dependent on each others performances (Acciaro and McKinnon, 2015). A
major component global supply chains are the inland transport chains, which connect sea-
ports with the shippers’ and consignees’ locations in the hinterland.

1.1. The vertical integration of hinterland container transport: Ship-
ping lines as designers of inland transport chains

The importance of the hinterland transport leg as a part of the total transport chain is in-
creasingly noticed by shipping lines (Franc and Van der Horst, 2010; Van den Berg and
De Langen, 2015). Traditionally, shipping lines were merely involved in the ocean transport
of containers, using ocean vessels to move containers between seaports all over the world.
The organization of the inland transport chains was taken care of by third parties such as
freight forwarders and logistics service providers, making these parties the customers of the
shipping lines (De Langen et al., 2013). However, shipping lines increasingly try to integrate
their ocean transport set-ups with corresponding inland transport services in order to of-
fer full door-to-door transport packages; they aim at vertically integrating into the container
port hinterlands by taking control of organizing the inland transport services as well. In this
sense, shipping lines position themselves as competitors of the original inland transport ser-
vice providers.

This strategy builds on the importance of the inland transport chain in the broader supply
chain, contributing to its total efficiency. Although such vertical integration developments
have been recognized for over three decades, interest from academics and business pro-
fessionals towards the inland transport services and operations is only recent (De Langen
et al., 2013; Van den Berg and De Langen, 2015). Inland legs of global transport chains
have not yet been subject to substantial efficiency improvements, in contrast to the maritime
legs (Ducruet and Notteboom, 2012; Panayides and Wiedmer, 2011). For instance, costs for
inland operations are considerably large compared to costs for ocean transport and port op-
erations. Thus, the potential for improvements in hinterland transport (cost-)efficiency and
integration within the global supply chain gets recognized more and more (Van den Berg and
De Langen, 2015; Van Der Horst and De Langen, 2008). This is particularly interesting to
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shipping lines, since the attractiveness of an inland transport chain is highly dependent on its
efficiency. In this regard, the ambition of the shipping line to integrate global supply chains
by offering door-to-door services can be pursued by improving the efficiency of their inland
transport chains, which increases their attractiveness to the shipping line’s customers.

1.2. The role of the inland terminal within the inland transport chain
Inland transport chains exist in several set-ups, in which different kinds of transport op-
erations and modalities are applied. Broadly, a division between direct trucking (consisting
of one truck leg) and intermodal transport (consisting of at least one main haulage leg by
intermodal vehicle such as train or barge and a pre- or end-haulage leg by truck) between
seaport and customer location is recognized. With regards to cost-efficiency, direct trucking
is regarded as flexible but expensive, whereas intermodal transport has significant economic
advantages (especially with longer distances). This is mostly due to the bundling of con-
tainers by making use of larger vehicles compared to trucks, which lowers the costs per
transported container unit (Simina et al., 2012). A major component of the intermodal in-
land transport chain is the inland terminal, at which containers get transshipped between
truck and intermodal vehicle (or vice versa). Because of the necessity of the transshipment
operations for intermodal transport, the inland terminal considerably influences the broader
inland transport chain (Rodrigue and Notteboom, 2009). Next to intermodal transshipment,
modern inland terminals are offering more services which add value to and increase the at-
tractiveness of the inland transport chain (de Villiers, 2015). Accordingly, inland terminals
have been progressively integrated within the chains, taking more active roles instead of be-
ing merely transshipment points. These developments are often directed from within the
hinterland networks, e.g. in order to attract more freight flows towards a certain area. How-
ever, in a lot of cases, inland terminal development is initiated by companies traditionally
operating in the seaport premises, such as terminal operating companies (Wilmsmeier et al.,
2011). More recently, attention goes towards the shipping lines to engage in inland terminal
practices (Van den Berg and De Langen, 2015). Active engagement with inland terminals
gives shipping lines more control over these nodes in the network, which enables them to
use the inland terminal in order to offer attractive inland transport chain services.

In general, inland terminals facilities are owned and operated by inland terminal operators,
which are individual companies or linked to intermodal transport operators by means of
holding. These ownership configurations imply that the shipping line has limited control
over the inland terminal, resulting in the need for negotiations and contracts between the
shipping line and the inland terminal operator in order to secure the inland terminal services
required by the shipping line for the organization of its inland transport chain. Since nu-
merous actors are involved in offering inland transport services (e.g. freight forwarders and
competing shipping lines), competitors have the same practices regarding inland terminal
service assurance, which leads to (potential) capacity likely to get occupied. By setting up
an own inland terminal which can be controlled by the shipping line, certain inland terminal
capacity could be dedicated to the needs of its (potential) customers and a proposed transport
chain can be enhanced (e.g. because volumes can be transported with acceptable costs in-
stead of higher costs as a result of overcapacity issues). Moreover, securing terminal capacity
also facilitates the shipping line’s competitive position in the local hinterland market, since
an own inland terminal serves as a unique selling point in the area; competing shipping lines
do not have these dedicated hubs which allow them to offer attractive door-to-door transport
services. All in all, an own inland terminal contributes to the shipping line’s ambition of
vertically integrating into the container port hinterland by facilitating the provision of effi-
cient and attractive transport services between seaports and customers’ locations. On a side
note, it must be remarked that it is not assumed that the proposed inland terminal would
only handle containers specifically belonging to the shipping line, since those amounts are
supposedly insufficient to ensure a terminal’s profitability.
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The location of the inland facility is a crucial factor with regards to its ability to contribute to
the effectiveness of the inland transport chain, mainly because the location of the terminal de-
termines the distances for container movements in the main haulage and pre-/end-haulage
legs (Pekin, 2010). Selecting the inland terminal location is thus an essential task for the
shipping line designing the inland transport chain in which the terminal is required to con-
tribute to its efficiency and effectiveness. However, as the inland terminal business is not
left to only the shipping line but also to other companies operating in the inland transport
chain, multiple stakeholders for the location selection problem are recognized (De Langen
et al., 2013; Franc and Van der Horst, 2010; Frémont, 2009; Monios and Wilmsmeier, 2012;
Rodrigue et al., 2010; Wilmsmeier et al., 2011). The problem definition for the shipping line is
therefore approached by taking into account the different objectives belonging to the several
stakeholders involved. Besides the objectives of the shipping line itself, these include the
objectives of terminal operating companies and terminal using companies.

1.3. Amulti-actor multi-objective inland terminal location selection
problem

As indicated, there are multiple objectives which play a role in the decision-making process
of the inland terminal investment problem. In this research, these objectives are evaluated
in order to develop a decision-support framework for the inland terminal location selection
problem of the shipping line, which takes into account the preferences of the relevant stake-
holders involved. In that regard, the purpose of the framework is to result in an inland
terminal location which is most desirable based on the preferences of all included actors. As
this location is supposedly most beneficial to the preferences of the companies involved in
the inland transport set-ups, it contributes most to the services and operations they provide
and thus to the overall effectiveness of the inland transport chain. In turn, this enables the
shipping line to attract customers and increase its control on the container port hinterland.

Basically, whereas the shipping line is mostly focused on penetrating into the hinterland
transport market by guaranteeing and consolidating certain transport chain services in their
hinterland network, terminal operators and terminal users are mostly concerned with fitting
the inland terminal facilities best in their transport and transshipment operations so they
can offer these and as such comply with the transport chain requirements (Notteboom and
Rodrigue, 2017). Because of these differences in objectives, the several factors which are
involved in the evaluation of inland terminal locations (to be selected) are expected to be
perceived and evaluated differently. In this research, these differences in evaluations are
studied by means of a decision-support framework incorporating Multiple-Criteria Decision
Making (MCDM) modeling. An MCDM model is developed in which the criteria relevant to
the stakeholders (which may partly overlap) are assessed in terms of weight and effect on
the ultimate decision-making process. Eventually, alternatives get assigned certain utilities
based on their characteristics and the corresponding weighted criteria. The analyses of the
evaluated factors, weights and utilities result in recommendations which can contribute to
the shipping line’s decision-making practice with regards to setting up inland terminals in
order to improve their inland transport chain propositions.

1.4. Research aim and question
The aim of this research is to provide insight in the influence of the different objectives of
relevant decision-making actors with respect to making use of and investing in inland in-
termodal terminals. The focus of attention goes towards the position of the shipping line,
which uses the inland terminals in its transport chain services offered to its customers. The
decision-making processes assessed in this study thus address the several criteria evalu-
ated differently by actors relevant to the inland terminal practices as well as the aim of the
shipping line to successfully use the inland terminal in its offered inland services in order
to increase its control on the container port hinterland. Accordingly, the outcomes of this
study serve as a basis for vertical integration strategies of shipping lines with regards to the
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inland terminal location selection problem.

This research objective results in the following research question:

”How can a shipping line select a location for setting up an own inland terminal in order to
increase its control on the container port hinterland?”

Multiple sub-questions are developed in order to structurally and efficiently answer the re-
search question:

1. What is the structure of the contemporary container port hinterland?

2. How do shipping lines exercise control over the container port hinterland?

3. How are inland terminals part of inland transport chains?

4. Which and how are the relevant actors linked to the inland terminal related activities
within the inland transport chains?

5. What factors are involved in evaluating an inland terminal location within the inland
transport chain?

6. How are these factors with regards to inland terminal location evaluation assessed by
the different actors involved in the inland transport chain?

7. How can the differently assessed factors be used to select a suitable location for a ship-
ping line’s own inland terminal within the container port hinterland?

1.5. Research scope: The intermodal inland transport chain
The research scope of this study is defined by the container port hinterland. More specifically,
it is focused on the intermodal transport chain between the container port and the demand
and supply points (e.g. factories) within the container port hinterland, including (potential)
terminals in the designated areas as components of these chains. This scope is graphically
displayed in Figure 1.1.

Figure 1.1: Scope of research: The inland transport chain

The scoped inland transport chain can go both ways:

• Import situation: The scope starts at the container port, followed by the main haulage
part (via rail or barge transport), after which the inland terminal is reached. After the
inland terminal, the end-haulage part (by truck) takes the goods to the final customers
(consignees).

• Export situation: The scope starts at the shipper, followed by a pre-haulage part (via
truck), after which the inland terminal is reached. After the inland terminal, the main-
haulage part (via rail or barge) takes the goods to the container port.

In order to run and validate the inland terminal decision-support model, it is applied to the
inland terminal location selection problem of shipping line Maersk. The geographical scope
of this project is the hinterland region around the cities of A, B and C, which is denoted by
Maersk as ”future growth potential region”. A map of these locations is displayed in Figure
1.2.
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Figure 1.2: Figure is not available due to confidentiality reasons.

In the map, the seaports and the cities in the hinterland, being the demand and supply
points, are indicated. Each of the three hinterland areas contains two discrete alternative
locations for a potential new inland terminal, which are examined using the MCDM model.
These alternative locations are further described in Chapter 4.

1.6. Academic relevance
Location studies are not new in operational optimization and management studies, also not
for inland terminals. However, this research adds to the current literature on inland terminal
location selection in particular and on Multi-Criteria Decision-Making in two ways.

1.6.1. The inland terminal location selection problem from the shipping line point
of view

First of all, this study adds to the literature on inland terminals within the scope of the inland
transport chain by viewing the specific inland terminal location selection problem from the
shipping line point of view. Various scholars have studied the components, activities and
dynamics of and in container port hinterlands. Multiple studies consider analyses on con-
tainer transport markets (e.g. De Langen et al. (2013); Rodrigue and Notteboom (2013) and
optimizing hinterland transport efficiency (e.g. Caris et al. (2012); Notteboom and Rodrigue
(2017). However, few studies take the point of view from the shipping line being a main ac-
tor in such hinterland developments, mostly because it is a rather new development both in
the professional sense as well as in academics. This is especially the case with regards to
studies on inland terminals and inland terminal location selection, in which shipping lines
originally are not the most common stakeholders being involved. Where Franc and Van der
Horst (2010) and Van den Berg and De Langen (2015) touched upon the relationship be-
tween inland service integration and inland terminals, this study adds to the contemporary
literature and follows up on their notions by focusing on the development and functioning
of inland terminals from the perspective of the shipping line as a key decision-maker, with
the main purpose of improving the shipping line’s inland transport chain services offered to
its customers. Next to that, this research contributes to the current literature on vertical
integration in hinterland container transport markets by obtaining insights in the differently
valued criteria involved in inland terminal location decisions by the shipping lines themselves
as well as by supplier companies involved in the inland transport chains.

1.6.2. The inland terminal location selection study supported by MAMCA and
BWM

Secondly, this study adds to the literature on multi-actor multi-criteria decision making
problems by taking into account the varying preferences for individually relevant criteria
stemming from the distinct objective(s) of each actor involved. In most primary literature on
multi-actor MCDM, the views of the multiple actors involved in the research are generally
taken into account by having them evaluate all criteria deemed relevant within one fixed
criteria set (e.g. Kayikci (2010); Regmi and Hanaoka (2013); Roso et al. (2015), which are
specifically focused on inland terminal location selection). Based on the evaluations of the
involved actors, criteria weights are calculated which are used for further assessment of al-
ternatives’ utilities. The advantage of this approach is that the calculated criteria weights
and the resulting utilities are directly comparable to each other, because they all stem from
the same fixed set of decision criteria. However, it is argued that decision criteria (which are
originally stored into one fixed set) are not necessarily relevant to the particular objectives
of every actor involved in the process, as this implies that criteria irrelevant to certain ac-
tors are subject to their assessment while they actually are not the appropriate criteria to
assess in order to properly reflect their preferences (Macharis et al., 2012). In fact, sets of
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decision criteria are likely to vary between the different actors in the study. Incorporating
the multiple stakeholders’ objectives into multi-criteria decision-making models is facilitated
by the Multi-Actor Multi-Criteria Analysis (MAMCA) framework (Macharis, 2005). However,
as the stakeholder-specific criteria sets consist of varying (amounts of) criteria for each ac-
tor, resulting criteria weights are not directly comparable to each other since they are based
only on the other criteria in the set. Straightforward comparison between criteria weights of
criteria from different stakeholder-specific sets is therefore troublesome. Nevertheless, the
stakeholders’ preferences can still be extracted to be used in the MCDM study. Accordingly,
the inclusion of the Best-Worst Method (BWM) as weight determination approach into the
MAMCA framework is proposed. The multi-optimality property of the non-linear BWM model
allows to determine criteria weight intervals, in which the complete range of preferences of the
respective stakeholders based on stakeholder-specific criteria sets are taken into account. In
order to compare the final utility scores of the alternatives, a utility aggregation approach is
proposed, by which it is made possible to equally include all actors’ preferences with regards
to the specific criteria they find relevant.



2
The inland terminal within the multi-layer
structure of the container port hinterland

The aim of this chapter is to define the research system (i.e. the inland terminal location)
and to define the context of the system by assessing the influences from/on the location.
Since the inland terminal is located within the hinterland of the container port, the inland
terminal location is viewed within the structure of this container port hinterland, which can
be subdivided into multiple layers. Consequently, each layer is described separately in order
to assess the features, activities and actors which (potentially) affect the inland terminal
location. The end of this chapter includes an overview of the system inputs ought to be
taken into account for the remainder of this research.

2.1. The multiple layers of the container port hinterland
The seaport hinterland can be defined as ”the area over which a port draws the majority
of its business” (Notteboom and Rodrigue, 2017, p. 2). For the inland terminal, this hin-
terland definition implies the position of the inland terminal within the economical region
around its location. As the location of the inland terminal is within this hinterland, it affects
and is affected by the components and activities that take place in this area. This is also
applicable to the selection of a location for the inland terminal, which thus gets influenced
by these components and activities taking place in the hinterland context. In other words,
the components and activities taking place in the container port hinterland are considered
as input for the inland terminal location evaluation and selection process. Since the collec-
tion of hinterland components and activities is rather dynamic and complex, it is assessed
by subdividing the complete structure of the container port hinterland into multiple layers,
each containing corresponding components and activities. For this purpose, the four-layer
model of Notteboom and Rodrigue (2017) is considered. This model allows to individually
examine the several interrelated levels which compose the structure the hinterland. Since
the original model focuses on the position of seaports in between their hinterlands and the
ocean transport network (see Notteboom and Rodrigue (2017, p. 8) for details), it is applied
in an adapted1 form with a focus specifically on the hinterland in order to fit this study. This
adapted model is displayed in Figure 2.1.

• The logistical layer involves the organization of transport and transshipment services
in the container port hinterland, which together make up inland transport chains. The
logistical layer thus involves the design of such inland transport chains by means of the
organization of the transport, transshipment and affiliated logistical services offered by
(inland) transport service providers to shippers/consignees between their facility loca-
tions and the corresponding seaports.

1In the original four-layer model, the focus is on the seaport as a node between ocean and hinterland transport. In the adapted
model, this focal point is shifted from the seaport node (which is less relevant in this study) towards the inland terminal as a
node between main haulage transport and pre-/end-haulage transport.

7
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Figure 2.1: Four-layer model expanding the structure of the container port hinterland (edited from Notteboom and Rodrigue,
2017)

• The transport layer involves the actual transport and transshipment operations con-
ducted within the hinterland, thus realizing the above mentioned designed services.
With regards to intermodal transport, it involves the main haulage transport legs be-
tween seaports and inland terminals as well as the pre- and end-haulage parts between
the inland terminals and the shippers/consignees. The transshipment operations take
place in between such legs.

• The infrastructural layer involves the transportation and transshipment infrastructure
available for the above mentioned transport and transshipment operations in the hin-
terland region. It includes the networks of highways, railways and inland waterways as
well as the physical inland facilities including equipment such as inland terminals.

• The locational layer involves the geographical locations of the above mentioned infras-
tructure in the container port hinterland. As these locations are concerned with the
positions in the economic space, it defines measures such as its centrality and inter-
mediacy with respect to other geographical locations. As the infrastructure location
encompass the inland terminal locations, selection of the inland terminal location is
represented in the locational layer as well.

Certain downward effects (demand pulls) and upward effects (valorization) between the lay-
ers exist. The demand pulls indicate demand effects generated by an activity/feature in an
upper layer imposed on the lower layer, e.g. transport operations (in the transport layer) re-
quire transport infrastructure (in the infrastructure layer). The valorization effects indicate
the value added by activities/features in a layer to its lower layer, e.g. the existence of infras-
tructure (in the infrastructure layer) near a certain location (in the locational layer) makes
sure that the location is actually accessible, which adds value based on this accessibility to
the location. These effects imply the interrelatedness between the components from different
layers with each other. More specifically with regards to this study, the effects imply the in-
fluences between the inland terminal location and the components of the logistical, transport
and infrastructural layers.
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2.2. Inputs from the multi-layer container port hinterland for inland
terminal location evaluation and selection

According to the analogy of the four-layer model, the remainder of this chapter involves de-
scribing the system inputs stemming from the logistical, transport, infrastructural and lo-
cational layers. The purpose of this review is to define the context of each layer, consisting
of components, actors and related activities deemed relevant to the inland terminal location
evaluation and selection process.

2.2.1. Logistical layer contents
The logistical layer of the four-layer model comprises the organization of transport and trans-
shipment operations in the container port hinterland, which linked together form the inland
transport chains. The highest levels of these organization practices involve the design and
the management of complete supply chains for customers (De Langen et al., 2013), in which
strategies are developed which support optimizing companies’ logistics configurations (e.g.
the number and location of warehouses). In lower levels, the actual transport chains from
origin to destination are designed. This implies the allocation and use of certain transport
services to comply with the (customer’s required) supply chain configuration. To comply
with the specific components of the total transport chain, specific schedules for transport
and transshipment services are sold, designed and managed for/between the various modal-
ities. Multiple actors are involved in these activities. De Langen et al. (2013) define the
major companies that play roles in the supply and transport chain design and management,
specifically for hinterland transport:

• Shippers, also known as Consignors, are the parties that own the goods that have
to be shipped, thus the initiators of container transport (Douma, 2008). They deliver
the goods that have to be transported via containers and are therefore at the export
sides of the transport chains. Next to shippers initiating container transport, scholars
also acknowledge the receiving parties to be separate significant factors in supply chain
development and design (e.g. Douma (2008) and Smeele (2009)). These parties are
called the Consignees and are at the pulling ends of the transport chains, i.e. the import
sides. Most shippers and consignees outsource their logistics activities. Accordingly,
the designs of their transport chains are taken care of by third parties (De Langen et al.,
2013). Thus, shippers/consignees are usually the customers of the transport chain
designers.

• Freight Forwarders are mostly active in the design of door-to-door transport chains for
their customers which deliver the goods to be transported. Usually, freight forwarders
purchase services from transport operating companies instead of owning and operating
transport-related assets by themselves.

• Shipping Lines are originally responsible for the (organization of) ocean transport of
containers between ports, carried out with their own vessels and containers (Van den
Berg and De Langen, 2015). However, since a few decades, shipping lines increasingly
offer the services of having containers transported between ports and locations in the
hinterland as well. This development, which forms the basis of this research, is further
discussed next.

The way these actors and their corresponding activities are positioned with respect to the
supply chain design and management practices and relative to each other within the logis-
tical layer is largely dependent on the hinterland haulage configuration. This configuration
determines the different parties’ responsibilities within the transport chains, thus define the
positions of the players in the hinterland transport playing field. Common from a shipping
line perspective is to use the bill of lading (B/L) in order to define the leg(s) of the transport
chain for which a carrier is responsible for the shipment (Veenstra et al., 2012). In general,
three types of haulage configurations can be defined based on common B/L agreements;
Merchant Haulage, Carrier Haulage and Terminal Haulage (Figure 2.2).
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Figure 2.2: Variants of Bill of Lading (B/L) configurations (edited from Veenstra et al., 2012).

InMerchant Haulage (M/H), the B/L states that the shipping line is responsible to move the
goods along the maritime leg (from port to port). A customer (shipper/consignee) arranges
sea transport with the shipping line, but takes care of the hinterland transportation on its
own. The hinterland transport leg is usually arranged by consulted third parties such as
freight forwarders or logistics service providers, so called Third Party Logistics (3PL, Alireza
and Alagheband, 2011). In the Carrier Haulage (C/H) configuration, B/L responsibility lasts
until the final destination of the goods. A customer (shipper/consignee) arranges the com-
plete transport from origin to final destination with the shipping line. Thus, the shipping
line is responsible for both the maritime leg and the inland leg from the port to the final
destination. This is in contrast to the original role of the shipping line, which was limited
to long-distance transport of containers in seagoing ships. However, Carrier Haulage be-
comes more common since shipping lines increasingly aim at expanding their activities to
the hinterlands by means of vertical integration (Franc and Van der Horst (2010). By offer-
ing door-to-door services, shipping lines have expanded their markets from partly to totally
covering the transport chain. Reasons for this development include the need for an im-
proved competitive position in the container transport market by reducing overall costs and
the amount of involved parties in the hinterland transport chains (Franc and Van der Horst,
2010) and improved repositioning strategies by having better insight into the positions and
flows of the shipping lines’ containers within the hinterland2 (Frémont, 2009; Song and Dong,
2015; Van den Berg and De Langen, 2015).

The scope of the door-to-door service provision is much larger than that from the port-to-
port service provision. Next to ocean transport, the shipping line offers services for three
landside modes (if available), in order to comply with customers’ hinterland needs. Since
the shipping line does not have vehicles and other kinds of assets in the hinterlands, it has
to outsource these operations to inland transport and terminal operating companies. The
development towards designing such door-to-door transport chains increases the activity of
the shipping line within the logistical layer of the container port hinterland. It also implies
an increasing competitiveness between shipping lines and freight forwarders, since the latter
originally designed these transport chains and served as customers of the shipping lines by
taking care of transporting their containers inland (Van den Berg and De Langen, 2015). Im-
portant to notice (with regards to this study) is the fact that in these value propositions the
shipping lines do not develop, own or control inland terminals. This lies outside of the scope
of shipping lines in the conventional door-to-door configurations. However, by being actively
engaged with these inland terminals, the potential to effectively use the inland terminal ser-
vices in order to improve the (design of the) inland transport chain is increased. Franc and
Van der Horst (2010) furthermore indicate the fact that having a dedicated inland terminal
can be used by shipping lines to convince shippers of the ability to secure container flows
and consequent service reliability. A dedicated inland terminal would give the shipping line
a unique selling point, interesting for customers because of the higher service compared to
2In contrast: when no adequate repositioning strategies are used, empty containers will mostly be transported from their final
inland destinations back to the seaports, after which they are returned to their next export location in the hinterland, implying
extra transport operations and corresponding costs (Theofanis and Boile, 2009).
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competitors’ inland service offers.

Another configuration mentioned in the figure is Terminal Haulage (T/H), in which the B/L
states a transport responsibility for the sea leg and the hinterland transport leg until an
inland terminal combined (De Langen and Chouly, 2009). Although this set-up is mostly
practiced by seaport terminal operating companies in order to commercialize transport oper-
ations and decongest seaport space by pushing containers quickly from the seaports towards
the hinterlands, shipping lines can offer T/H services as well (Van den Berg and De Langen,
2015). However, T/H contracts account for substantially less transactions compared to M/H
and C/H. Therefore, it is not further considered in the scope of this research.

2.2.2. Transport layer contents
In order to realize the designed transport chain services, actual transport and transshipment
operations have to be executed. Such operations include the movements of containers at and
between locations in the hinterland as well as affiliated services (e.g. storage). While trans-
port operations are based on the particular transport mode, transshipment operations occur
between such modes (e.g. transferring loads from one mode to another). This is especially
the case for intermodal transport, in which at least one transshipment operation exists be-
tween either rail or barge and truck. The actors involved in the transport layer are the inland
transport and the inland terminal operators (De Langen et al., 2013). Transport Operators
take care of actually performing the transport of goods between origins and destinations.
They work for the shippers, forwarders and shipping lines which design the transport chain
service to be realized. Three main transport operating company types are defined:

• Trucking Companies own and operate trucks which they use for road transport ser-
vices. In the case of intermodal transport, they usually perform the pre-/end-haulage
legs between customer locations (doors) and inland terminals.

• Rail Operators provide inland railway transport by running scheduled train services
from and to (inland) terminals. In the case of intermodal transport, they operate in the
main haulage parts.

• Barge Operators provide inland waterway transport by operating barges. Usually they
have contracts with individual barge owners (captains) instead of owning the barges. In
the case of intermodal transport, they operate in the main haulage parts.

Terminal Operating Companies (TOCs) operate terminals and thus provide terminal han-
dling activities and management of container flows through their terminals. A distinction
is made between ocean terminal operators and inland terminal operators. Although there
exists overlap since some ocean terminal operators also operate inland terminals (Franc and
Van der Horst, 2010), in this research only the inland terminal operators are considered to
be relevant to the inland terminal location evaluation and selection. Several levels of service
are used to classify inland terminals based on their operational fit within transport chains.
de Villiers (2015) distinguishes:

• Level 1: Basic logistics services are offered based on the available core infrastructure.
These services mainly facilitate flow, storage and distribution of goods/containers. On
top, Rodrigue et al. (2010) mention three functions for characterizing the basic logistics
services of the inland terminal:

– Consolidation/deconsolidation: bundling or breaking down batches of goods to be
transported, according to shipper’s/consignee’s needs.

– Transloading: if needed, maritime containerized units can be transloaded into do-
mestic units or vice versa. Domestic units are locally used container standards
which can vary per geographic region, e.g. 53 foot in North America and 45 foot in
Europe (differing from the maritime 20/40 foot standard). Most often, transloading
is combined with consolidation/deconsolidation.
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– Postponement: the inland terminal can be used to store goods (according to avail-
able dwell times) in order to enable last minute/last mile trucking. Hence, the in-
land terminal functions as a buffer within the transport chain, called “warehousing-
based terminalization” (Rodrigue and Notteboom, 2009).

• Level 2: Value-Added Services (VAS) can be offered on top of the basic services. They
include extra services which improve the (cost-)efficiency of the movement and storage
of the goods within the transport chain. Rodrigue et al. (2010) define VAS as light trans-
formations; product and package transformations including e.g. packaging, labeling
and customization to national/cultural/linguistical market characteristics. As this is
usually done in seaports, inland terminals closer to customers can provide improved
supply chain management flexibility.

• Level 3: Once VAS are available at an inland terminal, commercial and financial services
can be offered on top. This is often by default the case, since they are required to sustain
and serve the value added services. These services are however not directly related to
the transport and transshipment operations in the transport layer, thus they are not
taken into account in the remainder of this research.

2.2.3. Infrastructural layer contents
The infrastructural layer contains the physical facilities used to serve the container move-
ments, handlings and other related activities performed by transport and terminal operators.
These include the specific container handling equipment (e.g. vehicles and cranes) as well
as the infrastructure networks including the specific sites at which transshipment facilities
(e.g. inland terminals) are developed are represented (De Langen et al., 2013). The most
common practice in the characterization of such infrastructure networks is the distinction
between links and nodes. Whereas links represent the infrastructure used for the move-
ment of vehicles/goods between certain points in the network (e.g. roads, rail tracks and
inland waterways), nodes represent the infrastructure at these points in the network (which
could be either origin/destination points or intermediate points used for transshipment op-
erations). Based on this distinction, the main actors involved in the development, operation
and ownership of the infrastructure are also distinguished:

• Link infrastructure: Link infrastructure consists of the road, railway, inland waterway
and other kinds of longitudinal infrastructure which connect the points in a geographi-
cal area with each other. These networks mainly have a public function of making loca-
tions within such geographical areas accessible, thus are usually initiated and owned
by public actors such as governments or governmental authorities (Bergqvist and Mo-
nios, 2014; De Langen et al., 2013). Since the extent of this public task on maintaining
and increasing public well being is larger than only related to inland terminals, the de-
cisions made with regards to link transport infrastructure development are considered
to be outside of the scope of this research.

• Node infrastructure: Node infrastructure consists of the transshipment facilities at the
origins, destination and intermediate facilities from and to which containers are trans-
ported. Main actors in this regard are the inland terminal owners3 (De Langen et al.,
2013). The inland terminal owner could be a single party or a combination of multiple
parties sharing the ownership of one inland terminal, possibly including both private
and public parties (Bergqvist and Monios, 2014). Hence, governmental entities also
need to be taken into account as important actors. However, they usually only (partly)
define context rather than actually take part in the (final) decision-making regarding
node infrastructure.

The inland terminal serves as an infrastructural node within the hinterland container trans-
port network. Three major infrastructural functionalities for inland terminals, which char-
acterize their position within the hinterland networks, are identified (Rodrigue et al., 2010);
3Usually, the inland terminal owners are the same companies as the inland terminal operators, thus these actors are present in
both the transport and the infrastructural layer
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the satellite terminal (1), the transmodal center (2) and the load center (3). These concepts
are graphically displayed in Figure 2.3

Figure 2.3: Three types of ILT functionalities (from Rodrigue et al., 2010).

1. The satellite terminal can mostly be seen as an addition to the seaport capacity; it serves
the seaport terminal by accommodating additional traffic and other functions beneficial
to the seaport activities. If needed it gets transloaded into container types sufficient for
the subsequent transport leg modality. A comparison can be made with the extended
gateway concept, in which the inland terminal basically forms a direct capacity exten-
sion of the seaport terminals by facilitating direct transit from the seaport to the inland
terminal, from where the cargo can be moved further inland. In the extended gateway
concept, the inland terminal is also owned and controlled by the seaport TOC (Veenstra
et al., 2012).

2. The transmodal center serves as a point where freight flows from a certain port get
consolidated with rail or barge flows (e.g. from other inland terminals). Thus, it mostly
serves as an intermediate point in the network between seaports and shippers’/consignees’
locations. If needed, goods get transloaded into container types sufficient for the sub-
sequent transport leg modality.

3. The load center is located in and directly serves a certain region, often at a consider-
able distance from the sea(port), in which substantial volumes between this area and
the seaport find their origins or destinations. It forms a point in the hinterland net-
work at which container flows to/from specific shippers/consignees in the region get
(de)consolidated. Transloading is usually not applicable to the load center, because the
container flows between the seaport and this type of inland terminal mostly consist of
maritime containers directly loaded from the ocean vessel to a train/barge or vice versa.

The inland terminal functionality of the load center (3) can be considered as most applica-
ble to the interest of shipping lines, since these facilities are usually located close to and/or
focused on (large) shippers. The load center terminal can function as an extended stor-
age area and facilitate efficient services from the shipping line for its customers (Rodrigue
et al., 2010; Van den Berg and De Langen, 2015). Hence, the effectiveness of the load center
terminal within the inland transport chain is mainly based on the distances between the
terminal and the customer locations rather than between the terminal and the seaport(s),
since the former determine the effectiveness of the terminal functionality for the particular
shippers/consignees. Based on the load center’s contribution to further integration between
inland terminals and shippers/consignees and to integration of shipping lines into the hin-
terland (Van den Berg and De Langen, 2015), the added value of the load center terminal for
the specific inland transport chain is implied. The development in which the inland terminals
increasingly integrate within these transport chains is referred to as supply chain terminal-
ization by Rodrigue and Notteboom (2009).
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2.2.4. Locational layer contents
Lastly, the locational layer of the container port hinterland contains the geographical loca-
tions of the infrastructures in the economical space of the hinterland. As a major part of this
economic space consists of the positions of container volume generating/attracting entities
(e.g. factories and distribution centers), the locations of the infrastructures in the locational
layer are relative to these points. In the locational layer, centrality measures thus determine
the (relative) distances between infrastructures and points which should benefit from these
infrastructures (e.g. by being/becoming accessible). Accordingly, the location of infrastruc-
ture can be contributive to as well as dependent on such volume generating and attracting
points. Because of the aim of this study, this is an important notion with regards to the
selection of the infrastructure location. Generally, deciding on the location of the infrastruc-
ture is based on the provision as well as the operation of the facilities. Hence, the decision is
made by the actors involved in the infrastructural layer. In the sense of this study, another
decision-maker with regards to the selection of the inland terminal location is the shipping
line, because this actor aims at incorporating the infrastructure operations in its designed
inland transport chain.

2.3. Synthesis of the review of the inland terminal within the multi-
layer structure of the container port hinterland

In this chapter, the research system and the context determining the research system in-
puts are discussed. The research system, being the inland terminal location, is viewed as a
component of the broader container port hinterland of which the structure exists of multiple
layers. By making use of the four-layer model of Notteboom and Rodrigue (2017), the logisti-
cal layer, the transport layer, the infrastructural layer and the locational layer are identified.
All layers are considered to be important for the assessment of the container port hinterland
due to demand pull effects from a higher layer towards the layer below and valorization effects
from a lower layer towards the layer above. From each layer, the components, activities and
related actors relevant to the evaluation and selection of the inland terminal location can
be extracted. With regards to the actors, a distinction can be made between key actors and
contextual actors. Key actors are directly involved in the main activities taking place within
the respective layer, whereas contextual actors are associated with these activities but not
actively involved (in the scope of this research). The latter ones are therefore not taken into
account as decision-makers in the remainder of the study.

• The logistical layer contains the organization of supply and transport chains. Origi-
nally, these transport chains are mostly designed by freight forwarders or other third
parties for shippers/consignees in so called Third Party Logistics. However, in recent
times, shipping lines increasingly tend to expand their scopes and gain more control
in the design of transport chains (which is the basis of this research, see also Sections
1.1 and 1.4). Shipping lines aim at increasing the Carrier Haulage set-ups (compared
to Merchant Haulage set-ups) in the hinterlands, which enlarges their controlled scopes
from port-to-port to door-to-door transport. A means of stimulating this development
is by actively engaging with inland terminals in the hinterland transport network, as
this enables local facilitation of transport and transshipment operations contributing to
the effectiveness of inland transport chains. Hence, with regards to the shipping line’s
design objectives for its inland transport chains in the logistical layer, the shipping line
is considered to be a key actor. Freight forwarders and the shippers/consignees are
considered to be contextual actors (in the form of competitors and customers respec-
tively).

• The transport layer contains the transport and transshipment operations that realize
the designed transport chain services as described above. Main haulage legs, in the
form of either rail or barge transport, are performed by intermodal transport operators
while pre-/end-haulage legs are conducted by truck transport operators. Since these
transport operators actively make use of inland terminals in their operations, they are
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considered to be key actors with regards to inland terminal location evaluation. Trans-
shipment operations are performed at inland terminals by inland terminal operators,
which are thus also regarded as key actors in the transport layer. Next to basic logistics
services, Value-Added Services (VAS) can be offered which involve extra services aimed
at improve the (cost-)efficiency of the broader transport chain.

• The infrastructural layer contains the transport and transshipment infrastructure
used to facilitate the above mentioned transport and transshipment operations. Link
infrastructure (e.g. roads, railways and inland waterways) is usually developed and
owned by governmental actors, based on maintaining and increasing public well be-
ing in a larger sense than only related to inland terminals. Therefore, the decisions
made with regards to link transport infrastructure development are considered to be
outside of the scope of this research4. The government as a key actor with regards
to infrastructure is thus not considered in this research. Node infrastructures such
as inland terminals are commonly owned by private or public-private entities. With
regards to inland terminals, the key actor is the inland terminal owner operator, imply-
ing its presence in both the transport layer and the infrastructural layer. Whereas the
inland terminal operators are considered as key actors, public(/governmental) actors
which might be involved with inland terminal ownership are not because of their rather
non-executive roles. With regards to the infrastructural function of the inland terminal
within the inland transport chain, the load center facilitating integrated transport and
transshipment solutions close to the locations of shippers/consignees is most applica-
ble to the shipping line aiming at setting up the facility as a component of its offered
inland services.

• The locational layer contains the geographical locations of the above described infras-
tructural components within the economic space of the container port hinterland. Since
these infrastructure locations are relative to the container volume generating/attracting
points in this economic space, they define the distances between these locations and the
actual infrastructure and thus the relative effectiveness of the infrastructure. Accord-
ingly, the location of infrastructure can be contributive to as well as dependent on the
economic space. Selecting infrastructure locations is shaped by these relations as well.
The infrastructure operator is a key actor with regards to the infrastructure location
selection, since it is involved with the actual provision as well as the operation of the
infrastructure. As this study is aimed at selecting a location for inland terminal infras-
tructure to be specifically used in the inland transport chain designed by the shipping
line, the latter is also a key actor in the location selection process.

An overview of the container port hinterland layer contents applicable to this study, including
the key activities and the actors making the (final) decisions with regards to these activities,
is given in Table 2.1.

Layer Key activity Key actor
Logistical Organize inland transport chains Shipping line

Transport Transport containers Intermodal transport operator,
truck transport operator

Transship containers Inland terminal operator
Infrastructural Provide transshipment infrastructure Inland terminal operator
Locational Select infrastructure location Shipping line, inland terminal operator

Table 2.1: Overview of container port hinterland layers, corresponding key activities and actors making decisions with regards
to these activities.

The information from the container port hinterland structure review is further used as system
4However, the availability of link transport infrastructure is taken into account because this does influence the decision-making
regarding inland terminal location selection.
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input in the remainder of this study. Based on the review outcomes, the inland terminal
location selection process considered in this study can be configured as follows:

• The actual decision-making actors with regards to the location selection of the inland
terminal are the shipping line and the inland terminal operator.

– The shipping line evaluates an inland terminal location and makes the decision to
select it based on the objective to incorporate the terminal in the designed inland
transport chain.

– The terminal operator evaluates an inland terminal location andmakes the decision
to select it based on the objective to ensure profitability of transshipment operations
at the site.

• The transport operators, i.e. the terminal users, are not actually involved in the deci-
sion made on the location of the terminal. However, they are influenced by this decision,
as the eventual location of the terminal defines between which locations in the broader
network transport operations have to be performed. The fit of the selected location
within the transport operation scheme of the terminal user consequently affects the
(cost-)efficiency of the transport operations and eventually of the whole inland trans-
port chain. Accordingly, the evaluation of the inland terminal location by the transport
operators is based on the objective to use the inland terminal to optimize the transport
operation scheme. This evaluation is important for eventually selecting a location ben-
eficial to these transport operations, thus ultimately beneficial to the designed inland
transport chain.

Figure 2.4 shows this study configuration graphically.

Figure 2.4: Inland terminal location selection configuration

As can be noticed, there is a clear distinction between the actors which evaluate and even-
tually select the inland terminal location and the actor which only evaluates the location.
The dashed arrow indicates the importance of the evaluation by the terminal user on top of
the evaluations by the decision-making actors for the ultimate location selection. Theories
on the methods for evaluating and selecting inland terminals are reviewed in Section 3.1.
Specific factors included in these processes commonly observed in literature are discussed
in Section 3.2. An eventually proposed methodology for assessing stakeholders’ preferences
with regards to such factors is described in Section 3.3.2. The proposed methods for using
these preferences for inland terminal evaluation and selection is presented in Sections 3.3.4,
3.3.5 and 3.3.6. Ultimately, the application of this methodology to multiple alternative lo-
cations in a case study leads to selecting an inland terminal location, which is discussed in
Chapter 4.



3
Location selection model development

based on inland terminal location
selection literature review

In this chapter the inland terminal location selection context is shaped. This context involves
a theoretical background used to define the location selection methodology. This theoretical
background is discussed in Section 3.1. Additionally, common factors used particularly
in literature on inland terminal location selection are reviewed in Section 3.2. Based on
the theoretical background on location selection modeling and features, a six-step research
framework is proposed (Section 3.3).

3.1. Common practices in handling inland terminal location selec-
tion problems

In this section, literature on the location decision-making process with regards to inland
terminals is reviewed. Finding the best location for an inland terminal can be considered
as a typical location problem. Location problems exist in several ways and have multiple
approaches and solving techniques. With regards to finding appropriate locations for inland
terminals, two general approach categories can be defined (Wiegmans and Behdani, 2018);
the quantitative mathematical modeling approach and the (qualitative or semi-quantitative)
multi-criteria analysis approach.

3.1.1. Quantitative methods for inland terminal location selection problems: lo-
cation selection through optimization

In general, location optimization by means of mathematical modeling is dependent on the
(transport) network considered. A classic approach to the location problem is the p-Median
problem, in which the demand weighted average distance between demand nodes and se-
lected facilities is minimized (Daskin and Maass, 2015). Other classical location problems
are the Fixed-Charge Facility problem, which determines facility location and service alloca-
tion (Fernández and Landete, 2015) and p-Center problems in which the demand weighted
maximum distances between demand and supply points are minimized (Calik et al., 2015).
These classic location problem solving techniques have been the basis for more advanced
methods, such as facility location under uncertainty, multiple-criteria location problems and
hub location problems (Laporte et al., 2015). Especially the latter one is a typical method to
solve location problems for inland consolidation/distribution facilities within a larger (trans-
port) network, such as inland intermodal terminals. In this approach, hub facilities are
located within a network including demand nodes, in order to route traffic between origins
and destinations making use of these hubs. Important is the relationship between the loca-
tions of the hubs and the flows within the network, which are consolidated in hubs on their
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routes (e.g. based on transport cost minimization). Thus, in hub location problems, not only
the allocation of the distribution facilities takes place, but also the optimal set-up of routing
within the network (Alumur and Kara, 2008).

Basically, these kinds of classical (based) location problem solving techniques make use of
an optimization task in order to get to a final optimal solution. When considering inland
terminal location optimization studies, a majority uses the minimization of transportation
costs as optimization objective on which the optimal location is based, e.g. Ambrosino and
Sciomachen (2014); Ishfaq and Sox (2010, 2011); Jeong et al. (2007); Limbourg and Jourquin
(2010); Meers and Macharis (2014); Sörensen et al. (2012). With respect to inland terminal
locations specifically, Wiegmans and Behdani (2018) also indicate the explicit inclusion of
transshipment and handling costs in order to optimize inland terminal location selection,
e.g. by Arnold et al. (2004); Limbourg and Jourquin (2007, 2009). Next to approaches in-
cluding optimization, network-based scenario studies are applied by e.g. Pekin et al. (2013),
in which they assess the effects of different network and inland terminal location configura-
tions on resulting total (generalized) costs.

In other studies, location problems are approached by considering the multiple attributes
and criteria involved in the decision-making processes with regards to allocating facilities
(e.g. Farahani and Asgari (2007) and Żak and Węgliński (2014)). Major difference is the fact
that no optimal configuration of facility locations and service set-up is tried to be found, but
that the assessment of the multiple factors involved, from the point of view of (a) decision
maker(s), leads to a ranking/best of considered options within a studied setting. These are
the qualitative and/or semi-quantitative multi-criteria approaches, discussed in the next
section.

3.1.2. (Semi-)qualitative methods for inland terminal location selection prob-
lems: location selection through Multi-Criteria Decision-Making

Apart from studies using quantitative data to approach location problems, scholars also no-
tify the importance of qualitative information for location problems. Although these kinds of
data are not always easily quantifiable, they can be important for the determination of inland
terminal locations. The use of qualitative data is praised for it allowing the preservation of
integrity and elimination of complexity in studies (Atieno, 2009). However, it also brings limi-
tations since qualitative analyses are prone to ambiguities and findings of qualitative studies
are not easily extendable to other/wider subjects with the same level of certainty as quan-
titative studies. For these reasons, amongst others, a large amount of studies make use of
both quantitative and qualitative data. The combination of using both quantitative and qual-
itative data is usually facilitated by Multi-Criteria Decision-Making (MCDM) methods. These
techniques make the qualitative data quantifiable and the different kinds of information able
to be evaluated by relevant experts and compared to each other (Long and Grasman, 2012).

The MCDM approach basically consists of systematically pursuing multiple decisions and/or
objectives. The concept has been academically popularized since the 1970s (Zionts, 1979)
and can be divided into Multi-Objective Decision Making (MODM) and Multi-Attribute Decision
Making (MADM) (Farahani et al., 2010). Whereas MODM is aimed at solving continuous
problems, MADM is aimed at solving discrete problems (Zavadskas et al., 2014). In MODM,
a decision maker designs an alternative (instead of choosing it from a predetermined set)
by considering the interactions, constraints and objectives it has to meet. Therefore, it can
be stated that MODM studies aim at a certain optimized objective, similar to the previously
described traditional location problem solving techniques (e.g. Feng and Huang (2005); Lv
and Li (2009)). In contrast, more distinct to the optimization approaches, MADM considers
a predetermined number of alternatives which each satisfy certain objectives to some ex-
tent, making up the selection set for a decision maker. The decision maker selects the best
objective-reaching solution from this set, according to the priority of each objective and the
interactions between the objectives. Generally, this approach is mathematically displayed in
a matrix form (Rezaei, 2015):
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In the matrix, {𝑎 , 𝑎 ,⋯ , 𝑎 } is a set of alternatives; {𝑐 , 𝑐 ,⋯ , 𝑐 } is a set of criteria on which the
decision has to be based; and 𝑝 is the score of alternative 𝑖 regarding corresponding criterion
𝑗. Score 𝑝 is based on the particular data representing the criterion for the corresponding
alternative. As data for various criteria differ in contentual and numerical characteristics,
𝑝 represents the normalized score of the corresponding data. Normalization of the data
generally implies the transformation necessary in order to obtain numerical and comparable
input by making use of a common scale (Vafaei et al., 2016). Several normalization tech-
niques exist, of which typically used ones include Linear Max normalization (Çelen, 2014);
Linear Max-Min normalization (Patro and Sahu, 2015); Linear Sum normalization, Vector nor-
malization and Logarithmic normalization (Jahan and Edwards, 2015). The most suitable
normalization technique to apply on the data relies on the particular MCDM method con-
sidered in the study (Vafaei et al., 2016, 2018a,b, 2019). Subsequent to the normalization
procedure, the normalized scores of 𝑝 add up to overall score 𝑉 for alternative 𝑎 . The best
overall scoring 𝑎 then represents the most desirable option from this set of alternatives. The
value of overall score 𝑉 is not obtained by simply summing the values of 𝑝 , but is in most
MCDM techniques produced by the Additive Value Function (Keeney and Raiffa, 1976):

𝑉 = ∑ 𝑤 𝑝

, in which 𝑤 ≥ 0,∑𝑤 = 1, represents a weight factor for criterion 𝑗. Basically, it is the
summation of all scores 𝑝 in which weights 𝑤 determine the degree of importance given to
criterion 𝑗 by the decision maker.

MADM or discrete MCDM, in existing literature most often simply referred to with the global
term MCDM, thus allows including the various criteria considered important to some (rel-
ative) extent for reaching objectives by the stakeholders involved in a certain project. With
regards to inland terminals, MCDM approaches are used by several scholars in order to han-
dle the several actors and criteria involved in assessing their (proposed) locations. Ka (2011)
and Özceylan et al. (2016) approach the inland terminal location problem from an admin-
istrative point of view, by involving governmental actors in the MCDM study. A different
perspective is applied by Karaşan and Kahraman (2019), which let the assessments of crite-
ria included in their study be performed by supply chain experts. In several studies, broader
perspectives based on more kinds of relevant actors’ inputs are involved. Regmi and Hanaoka
(2013) and Roso et al. (2015) include a.o. governmental actors, logistics service providers,
terminal operators and other business professionals. The eventual study outcomes are then
based on the evaluations of these several types of actors combined, which leads to certain
compromise solutions based on the combination of preferences of all stakeholders involved,
typically useful to policy-makers who need to take into account such varieties of different
preferences. Kayikci (2010) also shows that multi-actor MCDM models are supportive in in-
land terminal location problems from a policy point of view. However, different than in the
earlier mentioned studies, the qualitative information is gathered from and processed individ-
ually for the stakeholders in the decision-making process (i.e. transport service organizers,
terminal operators and transport operators).

A common characteristic of the above mentioned MCDM studies on inland terminal location
selection is the fact that fixed decision criteria sets are used for each actor involved. This
means that every actor evaluates the same criteria, regardless of the relevancy of particular
factors with regards to the stakeholder’s objective. Because of the differing stakeholders’
objectives involved in many multi-criteria problems (e.g. in the inland terminal location se-
lection problem, as discussed in Section 2.3), criteria relevant to certain actors might also
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differ (Macharis et al., 2012). A useful methodology in which every stakeholder group can be
assigned its own criteria set is Multi-Actor Multi-Criteria Analysis (MAMCA) (Macharis, 2005;
Macharis et al., 2012). Through the MAMCA framework, the different criteria and the various
criteria-evaluating actors can be combined and analyzed structurally. The approach consists
of a stepwise process, which is graphically displayed in Figure 3.1.

Figure 3.1: Basic MAMCA methodology (from Macharis, 2005)

Step 1: Defining the problem and the alternatives
The first stage of MAMCA involves the problem definition and the consequent identification of
alternatives to be submitted for evaluation. As the problem definition essentially includes the
research objective, the alternatives are naturally derived from that objective. In some studies
alternatives are pre-determined, which prompts straightforward definition. Other studies
involve a range of alternatives from which the ones eventually included in the study have to
be selected. Selection can be done through specific screening techniques (e.g. Macharis et al.
(2004)) or by stakeholders being involved early in the process (e.g. Turcksin et al. (2011)). In
the latter case, possibly revealed stakeholder objectives can serve as input for the next step,
which involves the stakeholder analysis.

Step 2: Stakeholder analysis
The stakeholder analysis is used to determine1 and examine the actors which are likely to
use or get influenced by the researched system. The stakeholders thus have interest in the
consequences of the decision(s) to be made. Multiple scientific methods are described which
are supposed to lead to appropriate lists of relevant stakeholders. Macharis et al. (2012) in-
dicate the approaches of Weiner and Brown (1986), based on the potential reasons for people
get involved with any aspect of the problem; and Munda (2002), based on document analysis
combined with in-depth interviews, to be particularly suitable for the MAMCA methodology.
Next to the determination of the particular actors involved, an important part of the stake-
holder analysis is the identification of their objectives.s. Generally, the stakeholders with
varying objectives are either on the demand or the supply side of the problem (e.g. Turcksin
and Macharis (2009)). In most cases, stakeholder groups instead of single stakeholders are
1Note that if the stakeholders are involved earlier in the process as described in Step 1, determination of stakeholders is already
performed.
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involved in a study. Within a certain group, homogeneity in the particular criteria to be eval-
uated is usually expected. Weights of certain criteria might differ, but in general the same
criteria are deemed important for evaluation in the first place (Macharis et al., 2012).

Step 3: Determination of criteria and criteria weights
The criteria determined to be evaluated are mainly based on the stakeholders involved in
the study. The general practice of determining the criteria to be involved in the study starts
by generating a preliminary list based on literature applicable to the particular problem.
Next, each stakeholder group is asked to evaluate and validate the pre-defined criteria from
the list. This can be done through interactive personal discussions with the stakeholders
(Macharis et al., 2012), which (potentially) allows for in-depth understanding of the respon-
dents’ perspectives; or by means of surveying the actors (e.g. Sun et al. (2015)), which is less
time-consuming, thus with which a higher number of stakeholders can be involved in the
same amount of time. Eventually, a definitive set of criteria can be taken into account for
the MCDM study.

One of the fundamental parts of MCDM approaches in general and of MAMCA in particular
is the determination of the criteria weights. Multiple techniques to calculate these weights
exist. A widely used technique is the Analytic Hierarchy Process (AHP), in which weighting
gets based on the arrangement of the relevant factors in a hierarchical order; the ultimate
goal at the top level, specific alternatives at the bottom level and in between criteria and
subcriteria (Saaty, 1990, 2013). Other commonly used techniques include Analytic Network
Process (ANP), in which the hierarchy structure used in AHP is replaced by a network struc-
ture (Saaty, 1996); TOPSIS (Lai et al., 1994) and VIKOR (Opricovic and Tzeng, 2004), which
are based on the compromise principle: the chosen solution is supposed to have the shortest
distance from the best solution as well as the longest distance from the worst solution; and
PROMETHEE (Brans et al., 1986) and ELECTRE (Roy, 1990), which are based on the assess-
ment of alternatives outranking each other. A recent development in MCDM techniques is the
Best-Worst Method (BWM) (Rezaei, 2015, 2016), in which the best (most desirable) and worst
(least desirable) criteria are identified. Consequently, the best criterion is compared to the
remaining criteria and the remaining criteria are compared to the worst criterion and weights
are defined by minimizing the maximum absolute difference between the weight ratios and
their corresponding comparisons.

Step 4: Determining criteria indicators and measurement methods
Next to weighting the criteria involved in the study based on the stakeholders’ assessed pref-
erences, criteria need to operationalized by means of defining the criteria metrics that can
be used to measure whether or to what extent an alternative contributes to each individual
criterion. The operationalization enables quantifying the data scores 𝑝 which get multiplied
with the corresponding weights 𝑤 , as introduced in the beginning of this section. Criterion
operationalization starts with determining the particular indicator (e.g. unit of measurement)
for the factor (Macharis et al., 2012). Subsequently, an appropriate measurement method
can be defined. An alternative’s performance value on a certain criterion can then be as-
sessed through available information sources and/or through expert consultation. Finally,
alternatives’ criteria scores can be compared to each other through pairwise comparisons
(e.g. Saaty (2008)) or evaluation matrices (e.g. Brans et al. (1986)).

Step 5: Overall analysis and ranking of alternatives
The fifth step of the MAMCA framework involves the Multi-Criteria Analysis (MCA) in which
the alternatives from Step 1 are evaluated on the various criteria, weighted based on the
inputs from each stakeholder in Step 3, by means of the metrics gathered in Step 4 (Macharis
et al., 2012). By making use of scenarios, the alternatives submitted for evaluation can be
defined more broadly, including the environment in which the alternatives are assessed (e.g.
market conditions or other kinds of socio-economic settings). Any MCDM technique can
eventually be used to to calculate the alternatives’ evaluation scores based on the scenario
settings and the inputs from Steps 1 to 4. These lead to the results and a certain ranking of
the alternatives, discussed next.



3.2. Factors typically considered in inland terminal location selection studies 22

Step 6: Results and sensitivity analysis
Based on the outcomes of the MCA in Step 5, a classification of the evaluated alternatives
can be defined. In general, the alternatives are ranked hierarchically based on total utility
from high to low (e.g. Nguyen and Notteboom (2016); Rezaei et al. (2016)). Besides the
scored and ranked alternatives, the analysis provides insight in the critical stakeholders and
criteria which have led to the model results (Macharis et al., 2012). By testing such critical
components by means of sensitivity analyses, the elements with a clearly positive or clearly
negative impact on the alternatives can be pointed out. The understanding of these impacts
reveals what is important to each of the stakeholders involved, which is the aim of this step
in particular and of the broader MAMCA framework in general.

Step 7: Implementation of the results
The results of applying the MAMCA methodology to a multi-actor multi-criteria decision-
making problem provide the involved decision-makers with information which can be used
to develop recommendations towards the specific problem being subjected to the research.
Actual implementation strategies based on the MAMCA results can be further assessed by
means of e.g. cost-benefit analyses (Macharis, 2005). As been indicated earlier with regards
to MCDM studies specifically on inland terminal selection studies, problems can be viewed
from the perspectives of several different actors individually or combined. Therefore, impli-
cations of the MAMCA results also rely on the specific actors involved and, nonetheless, on
the point of view applied by the researcher, such as a policy point of view in which a compro-
mise solution for all stakeholders involved is tried to be found (e.g. Macharis and Januarius
(2010)); or an individual point of view specifically from one of the certain actors involved (e.g.
Kayikci (2010)).

A key component of MAMCA in particular and MCDM studies in general consists of the actual
criteria used. Such criteria depend on the subject of the decision-making study. However,
various studies of the same subject often include different kinds of criteria. Therefore, the
next section involves a review of the criteria typically observed in MCDM studies on inland
terminal location selection.

3.2. Factors typically considered in inland terminal location selec-
tion studies

The determination of a suitable location for an inland terminal involves multiple factors stem-
ming from the different interrelated features of the container port hinterland. Both quanti-
tative and qualitative factors are often applied to such location studies (Notteboom, 2011).
These factors, in MCDM studies denoted as criteria, and their evaluations by decision mak-
ers eventually determine the outcomes of theoretical and practical applications of decision-
making models. This section describes the most commonly observed criteria with regards to
the location decision-making problem for inland terminals. The review is done using Sco-
pus2 as primary academic database and Google Scholar3 as additional bibliographic search
engine. In this regard, literature specifically concerned with the location selection of inland
terminals is considered. Since the terminology used for denoting inland terminal facilities
often varies, attention is also paid to location selection studies for dry ports and freight vil-
lages. Although these terms and definitions might vary, the common characteristic of the
referenced location selection literature is the fact that the facilities subject to research are all
focused on inland intermodal transshipment of containerized cargo. This ensures that the
reviewed factors are correct for the goal of this study.

The eventual literature basis reviewed in this study consists of MCDM studies specifically fo-
cused on inland terminal location selection. Not all observed criteria are taken into account
for the remainder of this study, in the first place because of practical reasons; it is not desir-
able to have an overly long list of criteria, since this implies (time-)intensive data gathering
2https://www.scopus.com/
3https://scholar.google.com/
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and criteria weighting processes. Next to that, as the (combinations of) decision-makers, (ge-
ographical) scopes and used methods vary per reviewed study, criteria do as well. Therefore,
not all observed factors are considered eligible for this particular research. In order to involve
only the most suitable factors, prioritization of observed criteria is performed, which entails
specific requirements that have to be met by observed factors:

• First of all, a minimum threshold value of two observations in literature is used to filter
out infrequently mentioned factors.

• Secondly, factors that are not relevant with regards to this research’s particular case
study (see Chapter 4) are filtered out. These include:

– factors that are not generically applicable because they are location-specific (e.g.
criteria aimed at particular local legislation).

– factors indicating existing properties/performances of a facility, not applicable be-
cause this study is specifically aimed at finding a location for a new inland terminal.

– factors considered with conditions that are preliminarily taken into account when
selecting alternative locations, thus not relevant to assess (e.g. connection to in-
frastructure network).

– factors concerned with certain terminal functionalities not applicable to the con-
sidered Load center terminal type (see Section 2.2.3).

The complete overview of criteria as observed in the literature is given in Appendix A. This
overview contains the indications for criteria taken into account for the remainder of this
study as well as criteria filtered out, including the reason for filtering out the criterion. If
factors are included, it is also indicated if they are grouped under more comprehensive cri-
teria denominations or otherwise alternative names (relevant for the criteria determination
survey, as introduced in Section 3.3.2). Furthermore, if included in the paper4, the estimated
(global) weights of the criteria are given in order to indicate the relative importance of a factor
based on the particular source. These are further touched upon when comparing the criteria
weighting results of this study with the reviewed literature findings.

The prioritized criteria are further reviewed in the remainder of this section. This review
is structured according to the container port hinterland layer structure; factors are stored
in main categories being logistical layer factors, transport layer factors, infrastructural layer
factors and locational layer factors.

3.2.1. Logistical layer factors
Factors used for inland terminal location selection affiliated with logistical layer aspects are
mostly related to local market characteristics and related indicators. These are character-
istics and indicators which influence the decisions involved in the organization of transport
chains (at those locations), for which they are considered to take place in the logistical layer.
One of the most observed factors concerned with these organizational decisions is market
volume potential, which relates to the entities in a certain area generating and/or attract-
ing freight volumes, often also denoted as demand (Nguyen and Notteboom, 2016; Regmi
and Hanaoka, 2013). Such volume potential/demand is usually presented as the amount
of freight (e.g. TEU) moved to/from an area in a certain time unit (e.g. Roso et al. (2015);
Rožić et al. (2016)). Other often proposed economical factors concerned with organizing in-
land transport chains are the labor market as a resource for conducting the inland facility
operations (e.g. Karaşan and Kahraman (2019); Long and Grasman (2012)); as well as the
more general socio-economic development of an area, often indicated by indicators such as
an area’s GRP5 per capita (e.g. Kayikci (2010); Li et al. (2011)). Multiple factors are used in
order to indicate a local investment climate. On a market level, transport and logistics compe-
tition is used to indicate the amount of potential competitors offering inland facility services
4The papers of Li et al. (2011) and Long and Grasman (2012) do not include weight estimates for the considered criteria.
5Gross Regional Product



3.2. Factors typically considered in inland terminal location selection studies 24

(Karaşan and Kahraman, 2019; Long and Grasman, 2012). On an administrational level,
governmental policies factors are proposed to indicate the local/regional/national regulatory
and/or political stances on the development of inland facilities at a certain location (e.g. Ka
(2011); Roso et al. (2015)). As can be noticed, the factors mentioned reveal the use of broad
perspectives used in most inland facility location studies, ranging from factors explicitly fo-
cused on transport and/or logistics (e.g. Market volume potential) to factors describing more
general market indicators (e.g. Socio-economic development). In this regard, criteria related
to the logistical layer context are relatively high in number because multiple characteristics
from several kinds of market(-related) components/developments may have an influence on
decisions made with regards to companies’ transport chain set-ups. An overview of all pri-
oritized logistical layer factors taken into account in this study based on the observations in
literature and the applicability to the location of the inland intermodal container terminal in
the case study area is presented in Table 3.1.

Factor Explanation Observations in literature
Market vol-
ume potential

Amount of container vol-
umes forecasted to be
generated in and/or at-
tracted to the area

Ka (2011); Kayikci (2010); Komchornrit
(2017); Li et al. (2011); Nguyen and Notte-
boom (2016); Regmi and Hanaoka (2013);
Roso et al. (2015); Rožić et al. (2016); Wei
et al. (2010)

Governmental
policies

Local/regional politi-
cal, administrational
and regulatory cir-
cumstances with
regards to inland
terminal (related) devel-
opments/activities

Ka (2011); Karaşan and Kahraman (2019);
Li et al. (2011); Long and Grasman (2012);
Nguyen and Notteboom (2016); Regmi and
Hanaoka (2013); Roso et al. (2015)

Local labor
market

Local supply of suffi-
ciently skilled labor for
inland terminal related
activities

Karaşan and Kahraman (2019); Long and
Grasman (2012); Nguyen and Notteboom
(2016); Rožić et al. (2016); Wei et al. (2010)

Regional
economic
development

Local/regional socio-
economic characteris-
tics indicating develop-
ment of population and
economy

Ka (2011); Kayikci (2010); Li et al. (2011); Roso
et al. (2015)

Regional
trans-
port/logistics
competition

Amount of companies
involved in inland termi-
nal (related) activities in
area

Karaşan and Kahraman (2019); Long and
Grasman (2012)

Table 3.1: Logistical layer criteria observed in literature

3.2.2. Transport layer factors
Factors used for inland facility location selection affiliated with transport layer aspects are
directly related to the operational activities at and around the inland facility. These can be
conditions under which these operations (have to) take place, but also effects as a conse-
quence of such operations. Costs for operations are often used, such as costs for transport
(e.g. Ka (2011); Regmi and Hanaoka (2013)) and costs for operating the inland facility (Ka,
2011; Nguyen and Notteboom, 2016). Furthermore, local traffic characteristics influencing
transport operations are mentioned. These are mostly characterized by traffic congestion in-
dicators (e.g. Li et al. (2011); Wei et al. (2010)). Sometimes, these are directly translated
into delivery times (Karaşan and Kahraman, 2019). Next to that, environmental effects of
the operations are observed. Whereas sometimes it is indicated if these effects are on local
scale (e.g. Nguyen and Notteboom (2016); Özceylan et al. (2016)) or global scale (Kayikci,
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2010), this scale is often not indicated6. Other transport and transshipment related factors
concerned with the effects of the operations on the environment are noise pollution, which
can be considered as a local effect (e.g. Roso et al. (2015)) and energy consumption effects,
which can be regarded indirect increases or decreases of emissions as a result of energy us-
age due to the transport and transshipment operations at/near a site (Kayikci, 2010). An
overview of all prioritized transport layer factors taken into account in this study based on
the observations in literature and the applicability to the location of the inland intermodal
container terminal in the case study area is presented in Table 3.2.

Factor Explanation Observations in literature
Total inland
transport
costs

Overall costs for inland
transport, including
(if applicable) trucking
costs, rail/barge costs
and inland terminal
handling costs.

Ka (2011); Kayikci (2010); Nguyen and Notte-
boom (2016); Regmi and Hanaoka (2013); Wei
et al. (2010)

Traffic conges-
tion

Local congested infras-
tructure causing delays
in transport flows

Karaşan and Kahraman (2019); Kayikci
(2010); Long and Grasman (2012); Nguyen
and Notteboom (2016); Wei et al. (2010)

Environmental
effects6

Effects of inland termi-
nal (related) operations
on environment, e.g. re-
lease of hazardous ma-
terials or emissions in
surroundings.

Kayikci (2010); Nguyen and Notteboom
(2016); Özceylan et al. (2016); Regmi and
Hanaoka (2013)

Inland ter-
minal opera-
tional costs

Costs for operating
inland terminal and
related activities (e.g.
handling)

Ka (2011); Nguyen and Notteboom (2016)

Table 3.2: Transport layer criteria observed in literature

3.2.3. Infrastructural layer factors
Factors used for inland facility location selection affiliated with infrastructural layer aspects
are first of all related to local infrastructure and its characteristics. In this sense, local
transport infrastructure metrics (e.g. Komchornrit (2017); Rožić et al. (2016)) are used to in-
dicate the properties of the link infrastructure relevant to (potential) inland facilities in the
area. Criteria with regards to the development/construction of the infrastructure are also
commonly proposed. These factors are associated with the infrastructural layer since it also
involves the provision of the infrastructures. Such factors are e.g. regarding investments
costs for setting up an inland facility, which are most usually subdivided into costs for land
(e.g. Özceylan et al. (2016); Yıldırım and Önder (2014)), costs for construction (e.g. Karaşan
and Kahraman (2019); Regmi and Hanaoka (2013)) or other kinds of investment costs (Ka,
2011; Nguyen and Notteboom, 2016)7. Next to monetary factors, the resource availability
factor of expansion possibilities in order to be able to develop more inland facility infrastruc-
ture if necessary/wanted is also indicated (e.g. Özceylan et al. (2016); Roso et al. (2015)). In
this regard, the spatial development criterion is also proposed in order to indicate potentially
unfavorable land use types close to the (potential) inland facility (e.g. Kayikci (2010); Kom-
chornrit (2017)). An overview of all prioritized infrastructural layer factors taken into account
in this study based on the observations in literature and the applicability to the location of
6As the literature is often unclear if the environmental effects factor is concerned with local effects or global effects, this criterion
is subdivided into Local environmental effects and Global environmental effects in the eventual criteria selection survey sent to
transport chain experts (see Appendix B).

7In order to limit the total amount of selectable decision criteria, these investment costs factors are stored under the encompassing
Inland terminal CAPEX in the eventual criteria selection survey sent to transport chain experts (see Appendix B).
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the inland intermodal container terminal in the case study area (see Section 4.1) is presented
in Table 3.3.

Factor Explanation Observations in literature
Transport in-
frastructure
network in
area

Characteristics of trans-
port infrastructure net-
work (e.g. lengths, den-
sity) in area

Ka (2011); Karaşan and Kahraman (2019);
Kayikci (2010); Komchornrit (2017); Li et al.
(2011); Regmi and Hanaoka (2013); Roso et al.
(2015); Rožić et al. (2016)

Expansion
possibilities

Available land which
could potentially be
used to physically
expand inland terminal

Karaşan and Kahraman (2019); Nguyen and
Notteboom (2016); Özceylan et al. (2016);
Roso et al. (2015); Yıldırım and Önder (2014)

Land pur-
chase costs

Costs for purchasing
land for inland terminal

Nguyen and Notteboom (2016); Özceylan et al.
(2016); Regmi and Hanaoka (2013); Yıldırım
and Önder (2014)

Construction
costs

Costs for building in-
land terminal

Karaşan and Kahraman (2019); Nguyen and
Notteboom (2016); Regmi and Hanaoka (2013)

Land use near
location8

Land use at sites neigh-
boring the inland termi-
nal location

Kayikci (2010); Komchornrit (2017); Nguyen
and Notteboom (2016)

Other invest-
ment costs

Other costs with re-
gards to set-up of
inland terminal (e.g. for
equipment)

Ka (2011); Nguyen and Notteboom (2016)

Table 3.3: Infrastructure layer criteria observed in literature

3.2.4. Locational layer factors
Factors used for inland facility location selection affiliated with locational layer aspects are
basically only involved with proximitymeasures. These can regard distances of inland facility
locations towards various objects in the economic space of the container port hinterland
represented by the locational layer. The factor most observed in literature as well as most
applicable to this study on inland terminal location selection is market proximity, i.e. the
distances between the inland facility site and locations in the area at/to which a certain
amount of container volumes are generated/attracted (Karaşan and Kahraman, 2019; Long
and Grasman, 2012; Nguyen and Notteboom, 2016; Özceylan et al., 2016; Roso et al., 2015;
Yıldırım and Önder, 2014). The entities at these locations are the ones that make up the total
market volume potential in a certain area, as previously described in Section 3.2.1. Market
proximity is the only prioritized location layer factor taken into account in the remainder of
this research.

3.3. Multi-actor multi-criteria location selection methodology
This section involves the elaboration on the research methodology used in this study. Be-
cause of the multiple actors and multiple criteria involved in the decision-making process on
inland terminal location selection, the methodology is largely based on the MAMCA frame-
work as discussed in the literature review. As the methodology is applied specifically to this
inland terminal location selection problem initiated by the shipping line, the corresponding
problem definitions and relevant stakeholders including their objectives are already defined
in Chapter 2. Therefore, the original MAMCA Steps 1 (problem definition) and 2 (stakeholder
analysis) are merged into one step, aimed at defining the particular case study location prob-
lem on which this framework can be applied. Next to that, since a fundamental part of this
research is involved with using the Best Worst Method to determine the actor-specific crite-
ria weights, this weighting procedure (in the original MAMCA framework together with the
8Although often called Spatial development in literature, the name is changed to Land use near location in the eventual criteria
selection survey sent to transport chain experts (see Appendix B) in order to clearly indicate factor representation.
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criteria determination procedure in one step) is presented as a separate sub-step within Step
2. The eventual methodology framework thus consist of 6 main steps, which will each be
discussed accordingly. The framework is graphically displayed in Figure 3.2.

Figure 3.2: Six-step research methodology framework

3.3.1. Research step 1: Definition of the location selection problem
The first step of the research methodology involves the preparation of the multi-actor multi-
criteria decision-making study by defining the inland terminal location selection problem
of the particular case study considered. Defining the problem starts with determining the
geographical scope of the location selection study. Within this scoped region, the specific lo-
cations submitted for evaluation can be selected, i.e. the study alternatives. In this research
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this set is given, hence there is no further focus on its formation. Next to that, the particular
stakeholder experts from either one of the three key actor groups user can be determined.
These can be representatives of companies already doing business in or willing to enter the
particular regional market, but also relevant experts from the same types of companies op-
erating in other regions. In the latter case, the experts’ evaluations are predominantly used
for their perceptions on the general matters regarding intermodal transport and/or trans-
shipment rather than on locally specific characteristics. When at least one expert from each
stakeholder-type is selected to take part in the study, Step 2 of the framework can commence.

3.3.2. Research step 2: Determination of criteria and criteria weights
Research step 2 consists of two sub-steps. Firstly, in Step 2a, the actual criteria to be taken
into account for the inland terminal location multi-criteria analysis are determined for each
stakeholder. Secondly, in Step 2b, the weights of these criteria are calculated using the Best
Worst Method.

Research Step 2a: Determining decision criteria through criteria selection sur-
vey
First of all, the definitive criteria to take into account for each stakeholder are determined.
This is done through criteria selection by each of the stakeholders involved. The basis of the
criteria selection is formed by the observed and prioritized criteria from the reviewed literature
on inland terminal location problems. This collection of factors is compiled into a general list
of criteria. Through a criteria selection survey, the list is sent to and assessed by the experts
as determined in Step 1. They are asked to indicate the criteria they find most important for
evaluating a location for an inland terminal (see Appendix B for the template of this survey).
Based on these indications, a list of relevant decision criteria for each stakeholder is devel-
oped. These are further considered for determining the particular criteria weights by making
use of the Best-Worst Method.

Research Step 2b: Determining decision criteria preferences and weights using
Best-Worst Method
In order to determine the weights for each criterion, the Best-Worst Method (BWM) is used.
BWM is a relatively recent MCDM technique, in which the best (most desirable) and worst
(least desirable) criteria are identified, after which the best criterion is compared to the re-
maining criteria and the remaining criteria are compared to the worst criterion. The original
BWM involves a non-linear model for calculating optimal criteria weight values as well as a
consistency ratio in order to check the reliability of the comparisons made by the decision-
maker (Rezaei, 2015). Next to the original non-linear model, a linear approximation is pro-
posed (Rezaei, 2016) as well as a multiplicative version which can be transformed into an
equivalent linear program as well (Brunelli and Rezaei, 2019). An extension of the method
to group decision-making is also presented (Mohammadi and Rezaei, 2019), besides hybrid
extension such as BWM-VIKOR (Garg and Sharma, 2018) and BWM-MULTIMOORA (Hafeza-
lkotob et al., 2019). Applications of the method include a.o. transport and logistics (Groe-
nendijk et al., 2018; Rezaei et al., 2019), supply chain structures (Onstein et al., 2019) and
management (Ahmadi et al., 2017; Gupta and Barua, 2018), energy systems (Ren, 2018) and
risk management (Torabi et al., 2016). Favorability of BWM over other MCDM methods is
first of all based on the fact that the method involves a criteria comparison procedure which is
relatively clear to involved decision-makers, which results in more consistent pairwise com-
parisons (Rezaei, 2015). The use of integers rather than e.g. fractions in the BWM approach
is also considered to be less problematic (Van de Kaa et al., 2017). Next to that, BWM re-
quires fewer comparisons for estimating consistent weights compared to e.g. the commonly
used AHP method. Based on the relatively few amounts of data as well as the relatively low
computation times needed to result in reliable weights, BWM is considered to be a rather
data- and time-efficient technique (Rezaei, 2015). Furthermore, particularly beneficial to the
aims of this study is the possibility to take into account multi-optimality in not-fully consis-
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tent cases with more than three criteria or alternatives when using the (original) non-linear
BWM model (Rezaei, 2016). Multi-optimal solutions increase the flexibility in studies where
multiple decision-makers are involved, resulting in higher chances for desirable compromise
solutions compared to models resulting in unique solutions. This is further touched upon
when introducing Models 3.4 and 3.5 (further in this section).

For estimating the criteria weights (mathematically denoted as 𝑤 ) making use of BWM, two
steps are taken; the criteria preference statement (1) and the calculation of optimal weights
(2):

1. In order to be able to calculate the optimal weight factors, preference statements of
the criteria are gathered. These preference statements are done by the stakeholder
experts as defined in Step 1. The reasoning behind the preference statements is to gain
understanding in how these stakeholders perceive the importance of the several criteria
used for inland terminal location assessment. Through a preference statement survey,
the stakeholders are asked to indicate which one of the decision criteria they find most
important (Best) and which one of the decision criteria they find least important (Worst)
for evaluating inland terminal locations. Next to that, they are asked to use a scoring
system (ranging from scores of 1 - 9) in order to indicate;

• the preference of the best criterion over all other criteria. This results in a best-to-
others (BO) vector : 𝐴 = (𝑎 , 𝑎 , ..., 𝑎 ), where 𝑎 indicates the preference of the
best criterion 𝐵 over criterion 𝑗.

• the preference of the all other criteria over the worst criterion. This results in
an others-to-worst (OW) vector: 𝐴 = (𝑎 , 𝑎 , ..., 𝑎 ), where 𝑎 indicates the
preference of criterion 𝑗 over the worst criterion 𝑊.

A graphical visualization of these vectors is shown in Figure 3.3.

Figure 3.3: Reference comparisons in the Best-Worst Method (from Rezaei, 2015)

The survey template used to gather the stakeholders’ indications of the importance/unimportance
of each other criterion relative to the best and the worst criterion is given in Appendix
D.

2. The next step in the weight determination contains the calculation of the optimal weights
𝑤∗, for which the relatively evaluated rankings from the first step are used as input. The
optimal weights for the criteria are determined by setting the conditions where for each
pair of 𝑤 /𝑤 and 𝑤 /𝑤 , 𝑤 /𝑤 = 𝑎 and 𝑤 /𝑤 = 𝑎 . To satisfy these conditions for

all 𝑗, a solution in which the maximum absolute differences | − 𝑎 | and | − 𝑎 |
for all 𝑗 are minimized, formulated by the following model:
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minmax {| − 𝑎 | , | − 𝑎 |}

subject to:

∑𝑤 = 1,

𝑤 ≥ 0, ∀𝑗

(3.1)

Model 3.1 gets converted into model:

min 𝜉
subject to:

|𝑤𝑤 − 𝑎 | ≤ 𝜉, ∀𝑗

|
𝑤
𝑤 − 𝑎 | ≤ 𝜉, ∀𝑗

∑𝑤 = 1

𝑤 ≥ 0, ∀𝑗

(3.2)

, which is solved accordingly to obtain optimal weights 𝑤∗, 𝑤∗, ..., 𝑤∗ and 𝜉∗.

To assess the reliability of the comparisons, the consistency measure as proposed by
Rezaei (2015) is considered. A comparison is fully consistent when 𝑎 × 𝑎 = 𝑎 , ∀𝑗.
As full consistency is an unrealistic expectation, a Consistency Index (Table 3.4) is used
to calculate the level of consistency, i.e. the Consistency Ratio.

𝑎 1 2 3 4 5 6 7 8 9

Consistency Index 0,00 0,44 1,00 1,63 2,30 3,00 3,73 4,47 5,23

Table 3.4: Consistency Index values (from Rezaei, 2015)

The Consistency Ratio (𝐶𝑅) is then computed using 𝜉∗ and the consistency index value
corresponding to 𝑎 , as follows:

𝐶𝑅 = 𝜉∗
𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝐼𝑛𝑑𝑒𝑥 (3.3)

In general, the closer the Consistency Ratio value is to 0, the more consistent a com-
parison is. Eventually, to assess if comparisons are consistent or not based on the
Consistency Ratio value, consistency threshold values from the study of Liang et al.
(2019) are considered. These threshold values are based on the number of criteria
considered in the comparison and on the corresponding value of 𝑎 . The threshold
values are displayed in Table 3.5. A comparison is considered to be consistent if the
Consistency Ratio does not exceed the corresponding consistency threshold value. If
the Consistency Ratio is larger than the corresponding consistency threshold value, the
comparison is not consistent.

As multiple decision criteria per actor-specific set are considered, the BWM model can
result in multiple optimal values for the weight factors (Rezaei, 2016). Since each opti-
mization corresponds to an approximation of an optimal setting of criteria weight factors,
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Number of criteria
𝑎 3 4 5 6 7 8 9

3 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087
4 0,1581 0,2352 0,2738 0,2928 0,3102 0,3154 0,3273
5 0,2111 0,2848 0,3019 0,3309 0,3479 0,3611 0,3741
6 0,2164 0,2922 0,3565 0,3924 0,4061 0,4168 0,4225
7 0,2090 0,3313 0,3734 0,3931 0,4035 0,4108 0,4298
8 0,2267 0,3409 0,4029 0,4230 0,4379 0,4543 0,4599
9 0,2122 0,3653 0,4055 0,4225 0,4445 0,4587 0,4747

Table 3.5: Consistency Ratio thresholds for different combinations of numbers of criteria
and (from Liang et al., 2019)

each optimization is considered to represent the real-life preferences of the decision-
makers in an optimal way as well. Therefore, it is preferred to take into account all
these optimal weight values instead of single solutions. The use of weight intervals
enables taking into account these multiple optimal solutions by representing each so-
lution within the range of the minimum optimal solution and the maximum optimal
solution for the criterion weight determination. The lower and upper bounds of the
weight intervals 𝑤min and 𝑤max are calculated after having solved Model 3.2, by solving
models:

min𝑤
subject to:

|𝑤𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

|
𝑤
𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

∑𝑤 = 1

𝑤 ≥ 0, ∀𝑗

(3.4)

max𝑤
subject to:

|𝑤𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

|
𝑤
𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

∑𝑤 = 1

𝑤 ≥ 0, ∀𝑗

(3.5)

Eventually, the minimum and maximum weight values for criterion 𝑗 are used to form
weight interval 𝑊 = [𝑤min, 𝑤max], of which the center as derived through 𝑤∗ = (min𝑤 +
max𝑤 )/2 can be used as a representative weight for criterion 𝑗 (Rezaei et al., 2015).

This process is executed for each stakeholder 𝑘 with corresponding stakeholder-specific cri-
teria. Thus ultimately, a collection of weight intervals 𝑊 for each criterion 𝑗 from each stake-
holder 𝑘 is generated: 𝑊 . These intervals can then be multiplied with the corresponding
criterion scores 𝑝 in order to calculate the corresponding utility intervals 𝑉. This is fur-
ther elaborated upon in Research Step 4 (Section 3.3.4), in which the evaluated criteria are
applied to the alternatives using Multi-Criteria Analysis.
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Aggregated criteria weights per stakeholder type
The criteria of the different actors from the same stakeholder type are aggregated in order to
get an indication of the common notion between these related actors. Aggregation of criteria
weights can be performed using several techniques. For example, the average of the interval
centers can be taken (averaging) or the sum of the estimated aggregate weights (based on the
intervals) can be minimized (minsum). A problem with considering the averages is the fact
that these are sensitive to outlying values, which can lead to certain stakeholder preferences
taken into account more or less than others. A problem with the minsum technique, which
implies minimizing the sum of the distances from the estimated aggregate weight value to
each individual actor’s weight, is the fact that the operation takes into account only the values
for the actor’s optimal criterion weights closest to the estimate for the aggregate weight value,
thus neglecting the actor’s optimal weight values lying further away from this point, which
means that the complete range of possible optimal solutions for the criterion weight is not
taken into account. For those reasons, interval aggregating by making use of a minmax
function is considered. By applying minmax aggregation on the intervals, which basically
looks for the minimum of the maximum differences between the value to be determined for
𝑤 and each actor’s utility value 𝑤 ∈ [𝑤 ,min, 𝑤 ,max], all weight values within the ranges
of these intervals are taken into account equally, thus the common notion is most optimally
supported by each actor’s inputs. Based on the criteria weights 𝑤 from each actor 𝑘, an
aggregate value 𝑤 is determined. This is done by solving the following minimax model:

minmax |𝑤 − 𝑤 |
subject to:

𝑤min ≤ 𝑤 ≤ 𝑤max, ∀𝑖, 𝑘
(3.6)

This model is converted to the following model:

min𝜔
subject to:

|𝑤 − 𝑤 | ≤ 𝜔, ∀𝑗, 𝑘
𝑤min ≤ 𝑤 ≤ 𝑤max, ∀𝑖, 𝑘

(3.7)

Solving Model 3.7 results in the aggregate weights of the stakeholder types based on the
individual actors’ inputs.

3.3.3. Research step 3: Criteria operationalization and data gathering
Next to calculating the criteria weights, the outcomes of Research Step 2a are also used for
determining the criteria indicators and measurement methods by means of operationaliza-
tion. Determining the measure units makes it possible to know the types of data that have
to be gathered in order to sufficiently represent the criteria. The operationalization is also
used to define the criteria as comparable factors. This means that the criteria with absolute
data values can be expressed into relative values so that the same type of data for different
locations/areas is comparable to each other. Another purpose of the operationalization step
is to determine if factors are benefit criteria or cost criteria; benefit criteria imply quantitative
values which contribute to a certain alternative (positive), whereas cost criteria imply quan-
titative values which depreciate a certain alternative (negative). After operationalization of
the data, the gathering methods for specific data types can be determined. As the opera-
tionalization and corresponding data gathering methods are specific to each criterion, they
are described individually per criterion in Appendix C.

3.3.4. Research step 4: Determination of utilities using Multi-Criteria Analysis
Research Step 4 consist of the Multi-Criteria Analysis (MCA) performed on the inland terminal
location selection study. The inputs for the MCA are threefold;

• The alternatives to be assessed from Step 1
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• The actor-specific criteria weight intervals from Step 2b

• The data corresponding to the criteria specific to each alternative from Step 3

The goal of the MCA is to determine the utilities of each alternative based on the weighted
criteria and data. To do so, each actor’s criterion weight interval 𝑊 gets multiplied with
corresponding data score 𝑝 to result in utility intervals for each actor 𝑘. A pre-processing
step of this operation is the determination of criterion scores 𝑝 by means of normalization of
the corresponding data. In this research, max -min normalization is used. The advantage of
using this technique is that the scale measurement of the data lies precisely between 0 and
1 for each criterion, which supports containing the relationships between the original data
(Çelen, 2014; Patro and Sahu, 2015; Vafaei et al., 2018b). This makes the relative proportions
within a particular criterion set comparable with the proportions within the other criteria
sets. Accordingly, the eventually resulting utilities based on corresponding normalized data
scores and criteria weights are similarly comparable9, which is beneficial for analyzing the
individual criterion utilities as well as the overall utility scores with regards to each other.
Accordingly, the first step in order to obtain normalized scores 𝑝 is to identify the benefit
and cost criteria. This is per data type indicated in Appendix C. Next, max -min normalization
is applied on each data point 𝑟 , as follows:

𝑝 =
⎧
⎪
⎨
⎪
⎩

min

max min if benefit criteria

max

max min if cost criteria

(3.8)

Eventually, the normalized scores 𝑝 can be used further in combination with the earlier
computed weight intervals 𝑊 = [𝑤min, 𝑤max] for the utility interval calculations. The utility
intervals are computed based on interval arithmetic as follows:

𝑝 𝑊 = [ 𝑝 𝑤 ,min, 𝑝 𝑤 ,max ] (3.9)

These separate actor-specific utility intervals for each criterion for each alternative are the
utility sub-intervals. Consequently, the lower bounds and upper bounds of the sub-intervals
𝑝 𝑊 are summed according to the following interval operation:

∑𝑝 𝑊 = [∑ 𝑝 𝑤 ,min, ∑ 𝑝 𝑤 ,max] (3.10)

This operation generates actor-specific gross utility intervals, in which the lower and upper
bounds result from actor 𝑘’s criteria evaluations: [𝑉 ,min, 𝑉 ,max]. With the gross utility inter-
vals of each actor 𝑘 (with a total amount of actors 𝑘 = 1, 2,⋯ , 𝑘) for each alternative 𝑖 known,
each alternative’s set of gross utility intervals is used to determine the overall final utility
score for the alternative. For the same line of reasoning as applied to the weight aggregation
procedure (Model 3.6), aggregation of utility scores is applied, resulting in the alternative’s
aggregate utility value 𝑉 . By aggregating the utility intervals, each actor’s individually as-
signed utility score are taken into account in an equal manner, thus individual preferences
are equally represented. To determine the final aggregated utility value, the following model
is solved:

minmax |𝑉 − 𝑉 |
subject to:

𝑉min ≤ 𝑉 ≤ 𝑉max, ∀𝑖, 𝑘
(3.11)

9Note that in this research this only applies to utilities assigned by actors from the same stakeholder types, since criteria weights
are not comparable between different stakeholder types due to the actor-specific criteria sets.
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, which basically looks for the minimum of the maximum differences between the value to be
determined for 𝑉 and each actor’s utility value 𝑉 ∈ [𝑉 ,min, 𝑉 ,max]. This model is converted
to the following model:

min 𝜁
subject to:

|𝑉 − 𝑉 | ≤ 𝜁, ∀𝑖, 𝑘
𝑉min ≤ 𝑉 ≤ 𝑉max, ∀𝑖, 𝑘

(3.12)

Solving Model 3.12 results in the aggregate utility scores for the alternatives, based on the
inputs of the different stakeholders. These scores can then be ranked and a most desirable
alternative can be selected based on this ranking.

3.3.5. Research step 5: Sensitivity analysis
Based on the results from the MCA, the elements which have clearly positive or negative
impacts on the study results are pointed out. By means of a sensitivity analysis, the model
inputs which highly influence the final results can be tested. The goal of the sensitivity
analysis is twofold:

• The first goal of the sensitivity analysis is to assess the influences of the stakeholders’
preferences on the outcomes of the model. Accordingly, it is tested to which extent
the inputs of specific stakeholders involved in the study determine the final aggregate
utility scores. In this regard, the sensitivity analysis serves as an alternative to expert
validation in order to assess the accuracy of the results; by manipulating stakeholder
weights, the underlying preferences of a particular stakeholder can be indicated and
validated.

• The second goal of the sensitivity analysis is to assess the influences of particular criteria
involved in the study. Accordingly, criteria which distinctively contribute to the utility of
(a) certain alternative(s) are tested in order to assess their impacts on the final ranking
of all alternatives.

The sensitivity analysis consists of adapting the corresponding model parameters and com-
paring the results of these adaptations with the initial results of Step 5. Accordingly, the
parameters to be adjusted rely on the results of Step 5 as well. Each parameter adjustment
is represented by a certain sensitivity analysis scenario, which involves the particularly spec-
ified model parameter settings. In this regard, the model results of of Step 5 are represented
by Scenario 0, to which the sensitivity scenario results are compared.

3.3.6. Research step 6: Location selection
Based on the results of the initial model (Step 5) and the insights gained from the sensitivity
analysis (Step 6), final recommendations on the inland terminal location selection problem
can be given. In this study, the practical implications are given in Section 5.2.1, after con-
cluding and discussing the important assumptions, methods, inputs and other research
features that led to the results of the study.

3.4. Model verification and validation
In order to check if the models composed of the equations as described in Sections 3.3.2 and
3.3.4 deliver the right outcomes, they are verified and validated. The purpose of verification is
to ensure the models work as they are intended to do, i.e. if they produce the correct results.
The purpose of validation is to ensure the models actually represent the system well, i.e. if
they produce realistic(/predictive) results corresponding to (yet despite of) the model inputs.

3.4.1. Verification
To verify the models, it is checked if all constraints of the separate models of Research Step 2b
and 4 are satisfied. These separate models are the non-linear Weight Interval Determination
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Models 3.4 and 3.5, Weight Aggregation Model 3.7 and Utility Aggregation Model 3.12. The
model input data gathered in Research Step 3 is also used for these verification checks. The
complete verification including results is presented in Appendix E.

3.4.2. Validation
The validation process involves the same models as for the verification procedure to be con-
sidered. Validation of Models 3.4 and 3.5 is done by checking if the resulting criteria weight
intervals are in line with the expected solutions. In order to do so, an experimental weight
interval determination problem is constructed in which the Best-to-others and others-to-
Worst vectors are linearly ascending and descending (respectively), which supposedly leads
to a predictable criteria weight ranking without detailed analysis. Next to that, although the
Best-to-others and the others-to-Worst vectors are linear in terms of score distribution, they
are not entirely asymmetrical with respect to each other, which leads to the expectation that
the solution should consist of weight intervals rather than discrete weight values. The val-
idation of Models 3.4 and 3.5 is then conducted by comparing the expected results of this
experimental weight determination problem (i.e. the expected ranking and weight intervals
instead of single solutions) with the actual results after running the model with the corre-
sponding settings. This procedure and the results are presented in Appendix F.

Since Weight Aggregation Model 3.7 and Utility Aggregation Model 3.12 are basically the same
mathematical models (only their inputs are different), validation of both models is conducted
by testing one. In this sense, another experimental problem is constructed using the aggre-
gation of weight intervals as a follow-up of the earlier introduced experimental weight interval
determination problem. The determined weight intervals from this first problem are therefore
used as inputs for the experimental weight aggregation model. Accordingly, the weight in-
tervals are duplicated and the second set of intervals is doubled, resulting in two sets of five
weight intervals 𝑊 = [𝑤 , , 𝑤 , ] and 𝑊 = [𝑤 , , 𝑤 , ], of which the corresponding
sets are each others halves/doubles respectively. Aggregation of these intervals using the
aggregation model (to be validated) should thus result in aggregate values within the range of
𝑤 , and 𝑤 , , since it opts for the minimum of the differences between the weight values
within the intervals 𝑊 and 𝑊 and the aggregate weight values 𝑤 to be determined. Next
to that, since the linearly weighted values of the experimental weight interval determination
are used in the Weight Aggregation model, the ranks of the Aggregate weights should end up
the same as the ranks of the initial weights relative to each other. The validation procedure
and the results are presented in Appendix F.



4
Application of Multi-Actor Multi-Criteria
Location Selection Framework: Case

Study on hinterland region
In this section the application of the six-step research methodology is discussed and the
results of this application are presented. For the application of the framework, the real-life
case study of shipping line Maersk is considered.

4.1. Results of Research Step 1: Location selection problem defi-
nition

The inland terminal location selection problem for shipping line Maersk involves the case
study region which broadly encompasses the urban and catchment areas of the cities of
A, B and C. In total, six alternatives locations within this scoped region are submitted for
evaluation, of which two per city, which are generically called A1; A2; B1; B2; C1; C2. All
alternatives meet the conditions of being at least 50 hectares in area and being located next
to road and rail infrastructure, as preliminarily set by Maersk. The geographical locations
within the study region are displayed in Figure 4.1.

Figure 4.1: Figure is not available due to confidentiality reasons.

Next, relevant stakeholders are selected. Besides having shipping line and terminal opera-
tor as decision-making stakeholders, two types of terminal user stakeholders are taken into
account for their evaluations. First of all, these include truck transport operators as repre-
sentatives of pre-/end-haulage transport operators. Secondly, these include rail transport
operators as representatives of intermodal transport operators. Only rail operators are ap-
proached due to the geographical scope of this study, being a region not having extensive
inland waterway networks and/or a correspondingly extensive (focus on the) barge trans-
port market within the intermodal hinterland transport. Therefore, the focus of this study
with regards to intermodal transport is on rail transport only1. A selection of relevant em-
ployees of Maersk and of relevant vendors2 of the company are considered to represent the
stakeholder expert groups. In total, 12 shipping line experts, 8 terminal operator experts, 3
rail transport operator experts and 2 truck transport operator experts are taken into account.

1This means that barge operators are excluded from the surveys and inland waterway networks and features are excluded from
the analyses

2The vendors are the supplier companies of the shipping line, i.e. the terminal and transport operators performing the inland
services as offered by Maersk.
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Despite the fact that the actor configuration in the inland terminal location selection process
consists of the actual decision-making actors (i.e. shipping line and terminal operator actors)
and the evaluating actors (i.e. terminal users) as been discussed in Section 2.3, it is chosen
to take all stakeholders and their preferences equally into account in the initial MCDMmodel
set-up. Hence, no particular weights are used for certain stakeholders in order to reflect their
assumed relevancy towards the actual decision-making problem. However, the assumed
differences in relevancy is further looked into in the sensitivity analysis (Section 4.6.1).

4.2. Results of Research Step 2a: Decision criteria
The actor-specific decision criteria are based on the particular expert evaluations of the cri-
teria as observed in the literature gathered through the criteria selection survey (of which
the template is presented in Appendix B). On top of the criteria gathered in the literature
review, the survey also includes two additional criteria as proposed to be relevant by the
case shipping line Maersk (although not observed in the literature review); Intermodal mar-
ket profitability and Terminal market profitability. Surveys sent out to the experts lead to the
following survey response level as presented in Table 4.1.

Stakeholder Invitations Responses Response rate
Shipping line 12 6 50%
Terminal operator 8 2 25%
Rail transport operator 3 2 67%
Truck transport operator 2 1 50%
Total 25 11 44%

Table 4.1: Response overview of criteria selection survey.

The details of the criteria selection survey results are presented in Appendix G. The determi-
nation of criteria to be definitively taken into account in the remainder of this study is based
on certain threshold values. Since the amount of responses of the criteria selection survey
vary per stakeholder, these thresholds for determining which criteria to take into account and
which not are based on the amounts of responses and thus differ between the stakeholder
types.

Shipping line criteria
As shipping line experts see a large response amount, variations exist in selected criteria.
In order to keep a limited amount of decision criteria, a threshold value of two mentions is
applied to this stakeholder type. This means that eight of the literature criteria are taken
into account. Next to the literature criteria, intermodal market profitability is included based
on preliminary input from the case shipping line. The additionally mentioned criterion of
depot capacity in area is taken into account because this technical capacity criterion was
not identified in the literature review, yet it is regarded as important for becoming active in
the inland terminal business as a newcomer. The additionally mentioned criterion of unique-
ness is excluded from the definitive criteria list because this factor is not straightforwardly
measurable in a quantitative way. An overview of the definitive criteria for the shipping line
actors is presented in Table 4.2.



4.2. Results of Research Step 2a: Decision criteria 38

Criterion As observed in
Gathered through literature review, selected by experts

Expansion possibilities Karaşan and Kahraman (2019); Nguyen and Notteboom
(2016); Özceylan et al. (2016); Roso et al. (2015); Yıldırım
and Önder (2014)

Governmental policy Ka (2011); Karaşan and Kahraman (2019); Li et al. (2011);
Long and Grasman (2012); Nguyen and Notteboom (2016);
Regmi and Hanaoka (2013); Roso et al. (2015)

Inland terminal CAPEX Ka (2011); Karaşan and Kahraman (2019); Nguyen and Not-
teboom (2016); Özceylan et al. (2016); Regmi and Hanaoka
(2013); Yıldırım and Önder (2014)

Intermodal market profitability3 -
Market proximity Karaşan and Kahraman (2019); Long and Grasman (2012);

Nguyen and Notteboom (2016); Özceylan et al. (2016); Roso
et al. (2015); Yıldırım and Önder (2014)

Market volume potential Ka (2011); Kayikci (2010); Komchornrit (2017); Li et al.
(2011); Nguyen and Notteboom (2016); Regmi and Hanaoka
(2013); Roso et al. (2015); Rožić et al. (2016); Wei et al.
(2010)

Regional transport/logistics competition Karaşan and Kahraman (2019); Long and Grasman (2012)
Total inland transport costs Ka (2011); Kayikci (2010); Nguyen and Notteboom (2016);

Regmi and Hanaoka (2013); Wei et al. (2010)
Transport infrastructure network Ka (2011); Karaşan and Kahraman (2019); Kayikci (2010);

Komchornrit (2017); Li et al. (2011); Regmi and Hanaoka
(2013); Roso et al. (2015); Rožić et al. (2016)

Additionally added, as proposed by experts
Local depot capacity -

Table 4.2: List of selected criteria relevant to the shipping line actors.

The total amount of shipping line criteria is thus ten. For the use of the BWM method in
the third research stage, it is recommended to cluster criteria into certain clusters if the
total amount of criteria exceeds nine 4. Therefore, clustering of criteria is applied in order
to limit the numbers of (sub-)criteria to be compared to each other by respondents and to
guarantee a certain level of consistency between comparisons of criteria more related to the
other criteria within the cluster than to criteria of other clusters. The first step of clustering
is to categorize the criteria according to the main categories as considered in Section 3.2.
However, for the sake of clarity towards the preference statement survey respondents, the
names of the clusters are adjusted towards more common category identifiers: Logistical
layer criteria are to be called Local market characteristics; Infrastructural layer criteria are to
be called Technical characteristics. Furthermore, another cluster is made to distinguish cost-
and benefit-related criteria (which initially occurred in all layers) from the others. The reason
for this is because it is expected that criteria related to costs and benefits are perceived as a
distinct category to decision-making actors from each layer rather than factors inherent to a
specific layer (which is also commonly the case in the literature, e.g. Dobrota et al. (2015);
Farahani et al. (2010); Pramanik et al. (2016); Regmi and Hanaoka (2013); Wang et al. (2014);
Wei et al. (2010)). An overview of the clustering of shipping line criteria is presented in Table
4.3.
3Although not found in these particular forms in literature, criteria Intermodal market profitability and Terminal market profitability
are added to the survey list based on preliminary input from the case shipping line.

4http://bestworstmethod.com/
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Layer Cluster Criterion

Infrastructural5
Costs and benefits

Inland terminal CAPEX
Logistical5 Intermodal market profitability
Transport5 Total inland transport costs

Logistical Local market characteristics

Governmental policy
Market proximity
Market volume potential
Regional transport/logistics competition

Infrastrucural Technical characteristics
Expansion possibilities
Local depot capacity
Transport infrastructure network in area

Table 4.3: List of clusters and corresponding criteria relevant to the shipping line actors

Terminal operator criteria
Survey response amounts of the terminal operators are lower, thus the selection threshold
value is chosen to be one mention. This results in seven literature criteria to be taken into
account. Terminal operator experts have also indicated additional criteria, of which the An-
chor customer proximity and the Enabling modality shift factors are taken into account for
the remainder of the study because of their added value to the case study and possibility of
quantitative measurement. An overview of definitive terminal operator criteria is presented
in Table 4.4.

Terminal operator criteria As observed in
Gathered through literature review, selected by experts

Inland terminal CAPEX Ka (2011); Karaşan and Kahraman (2019); Nguyen and Notteboom
(2016); Özceylan et al. (2016); Regmi and Hanaoka (2013); Yıldırım and
Önder (2014)

Market volume potential Ka (2011); Kayikci (2010); Komchornrit (2017); Li et al. (2011); Nguyen
and Notteboom (2016); Regmi and Hanaoka (2013); Roso et al. (2015);
Rožić et al. (2016); Wei et al. (2010)

Regional economic devel-
opment

Ka (2011); Kayikci (2010); Li et al. (2011); Roso et al. (2015)

Regional transport/logistics
competition

Karaşan and Kahraman (2019); Long and Grasman (2012)

Total inland transport costs Ka (2011); Kayikci (2010); Nguyen and Notteboom (2016); Regmi and
Hanaoka (2013); Wei et al. (2010)

Transport infrastructure
network in area

Ka (2011); Karaşan and Kahraman (2019); Kayikci (2010); Komchornrit
(2017); Li et al. (2011); Regmi and Hanaoka (2013); Roso et al. (2015);
Rožić et al. (2016)

Additionally added, as proposed by experts
Anchor customer proximity -
Enabling modality shift -

Table 4.4: List of definitive criteria relevant to the terminal operator actors

Terminal user criteria
Since survey response amounts of the terminal users are lower as well, the selection threshold
is also one mention (for both subgroups). No additional criteria have been mentioned by either
one of the subgroups. This results in the following overviews, which partially overlap (Table
5Note that the layers of the Costs and benefits cluster do not necessarily comply with each other. However, as been described,
the cluster is developed so the corresponding criteria are not specifically linked to a layer
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4.5 for the criteria selected for rail transport operator actors6 and Table 4.6 for the criteria
selected for the truck transport operator actor6).

Rail transport operator criteria As observed in
Expansion possibilities Karaşan and Kahraman (2019); Nguyen and Notteboom (2016);

Özceylan et al. (2016); Roso et al. (2015); Yıldırım andÖnder (2014)
Inland terminal CAPEX Ka (2011); Karaşan and Kahraman (2019); Nguyen and Notteboom

(2016); Özceylan et al. (2016); Regmi and Hanaoka (2013); Yıldırım
and Önder (2014)

Market proximity Karaşan and Kahraman (2019); Long and Grasman (2012); Nguyen
and Notteboom (2016); Özceylan et al. (2016); Roso et al. (2015);
Yıldırım and Önder (2014)

Market volume potential Ka (2011); Kayikci (2010); Komchornrit (2017); Li et al. (2011);
Nguyen and Notteboom (2016); Regmi and Hanaoka (2013); Roso
et al. (2015); Rožić et al. (2016); Wei et al. (2010)

Transport infrastructure network
in area

Ka (2011); Karaşan and Kahraman (2019); Kayikci (2010); Kom-
chornrit (2017); Li et al. (2011); Regmi and Hanaoka (2013); Roso
et al. (2015); Rožić et al. (2016)

Table 4.5: List of definitive criteria relevant to the rail transport operator actors

Truck transport operator crite-
ria

As observed in

Expansion possibilities Karaşan and Kahraman (2019); Nguyen and Notteboom (2016);
Özceylan et al. (2016); Roso et al. (2015); Yıldırım andÖnder (2014)

Intermodal market profitability7 -
Land use near location Kayikci (2010); Komchornrit (2017); Nguyen and Notteboom (2016)
Market proximity Karaşan and Kahraman (2019); Long and Grasman (2012); Nguyen

and Notteboom (2016); Özceylan et al. (2016); Roso et al. (2015);
Yıldırım and Önder (2014)

Market volume potential Ka (2011); Kayikci (2010); Komchornrit (2017); Li et al. (2011);
Nguyen and Notteboom (2016); Regmi and Hanaoka (2013); Roso
et al. (2015); Rožić et al. (2016); Wei et al. (2010)

Regional transport /logistics
competition

Karaşan and Kahraman (2019); Long and Grasman (2012)

Terminal market profitability7 -
Total inland transport costs Ka (2011); Kayikci (2010); Nguyen and Notteboom (2016); Regmi

and Hanaoka (2013); Wei et al. (2010)
Transport infrastructure network
in area

Ka (2011); Karaşan and Kahraman (2019); Kayikci (2010); Kom-
chornrit (2017); Li et al. (2011); Regmi and Hanaoka (2013); Roso
et al. (2015); Rožić et al. (2016)

Table 4.6: List of definitive criteria relevant to the truck transport operator actors

4.3. Results of Research Step 2b: Decision criteria weights deter-
mined with BWM

The definitive criteria for each actor are weighted by means of BWM. The first step in this
process is gathering each actor’s preference statements on the criteria through a preference
6As the terminal user actors did not propose any new factors, all criteria stem from the initial literature review as well.
7Although not found in these particular forms in literature, criteria Intermodal market profitability and Terminal market profitability
are added to the survey list based on preliminary input from the case shipping line.



4.3. Results of Research Step 2b: Decision criteria weights determined with BWM 41

statement survey (see Appendix D for a template of this survey). Based on the results of the
surveys, the weight intervals for each criterion per actor are calculated. In the remainder
of this section, the survey results and each stakeholders’ corresponding weight intervals are
discussed accordingly.

4.3.1. Preference statements
An overview of the response level of the preference statement survey is presented in Table
4.7.

Stakeholder Invitations Responses Response rate
Shipping line 12 3 25%
Terminal operator 8 3 38%
Rail transport operator 3 2 67%
Truck transport operator 2 1 50%
Total 25 9 36%

Table 4.7: Response overview of preference statement survey

The preference statement survey involves indicating the most important (Best) criterion and
the least important (Worst) criterion. Next to that, scores of the remaining criteria compared
to the most important criterion and scores of the least important criterion compared to the
remaining criteria are noted. Since each actor has an own set of relevant criteria, the detailed
results of the preference statement indications are presented for each actor separately in
Appendix H. These outcomes serve as input for the calculation of the criteria weight intervals.
The resulting comparison consistencies and weight intervals for each actor are discussed
next.

4.3.2. Comparison consistency
Each comparison made by each actor in this study leads to the criteria weight intervals as
described in the upcoming sections. Although in principle each comparison is consistent
when evaluated with BWM (Rezaei, 2015), the reliability of the weight values is dependent on
the level of consistency of the comparison. This reliability is therefore assessed through ex-
amining these comparison consistencies, which are measured by means of the Consistency
Ratio. The values of the Consistency Ratios of each actor’s comparisons are compared to
corresponding consistency threshold values, as proposed by Liang et al. (2019). These in-
dicate the maximum value of the Consistency Ratio corresponding to the amount of criteria
and the value of 𝑎 to be sufficiently consistent (see also Table 3.5 in Section 3.3.2). If the
Consistency Ratio value exceeds the threshold, the comparison is considered to be incon-
sistent. Details on the consistency of each individual comparison and on the corresponding
consistency threshold values are given in Appendix I. As been presented in the appendix,
each comparison is sufficiently consistent based on the Consistency Ratio values. The cal-
culated weight interval values are therefore assumed to be sufficiently reliable, based on the
corresponding comparisons consistency levels.

4.3.3. Criteria weights
In the next subsections the calculated criteria weight intervals for each actor are discussed.
As can be noticed in some of the weight interval plots, displayed interval values might seem
very close or similar to each other. However, the lower and upper bounds do actually differ,
yet in smaller amounts than displayed by the decimal numbers in the plot. It is chosen to
display both lower and upper bound values in these limited decimal numbers (despite the
fact that they appear similar) in order to allow for readability of the plot, yet having con-
sistent interval representation. The more detailed interval values are given in Appendix J.
Next to the results of the individual actors being described, the aggregated weights for the
stakeholder-types are discussed. These aggregated weights give an indication of the common
notion between the different decision-makers of the same background.
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To determine if the relative weights of criteria observed in the literature comply with the rel-
ative weights calculated in this study, the results of the weight calculations are compared
with the findings from the literature review. An overview of the considered literature includ-
ing observed criteria and their relative weights is given in Appendix A. As most observed
relative criteria weights are (traditionally) based on the preferences of multiple stakehold-
ers combined, special attention goes towards referenced studies which specifically include
the individual decision-makers comparable to the respective actors of this study in order to
make useful comparisons for each stakeholder-type. This also contributes to the particular
purpose of this study to involve actor-specific criteria and evaluations. These include;

• for the shipping line actors, the studies of Kayikci (2010)8, who assessed the prefer-
ences of transport service organizing experts; and the studies of Karaşan and Kahraman
(2019) and Komchornrit (2017), who assessed the preferences of logistics experts.

• for both terminal operator and terminal user actors, the studies of Kayikci (2010)8 and
Nguyen and Notteboom (2016), who assessed the preferences of those stakeholder-type
experts individually.

Shipping line criteria weights
The calculation of criteria weight intervals for the shipping line actors is a three-step pro-
cedure; firstly the global weight intervals are determined for the main criteria; secondly the
local weight intervals are determined for the sub-criteria; eventually the final weight intervals
are calculated by multiplying the global weights with the corresponding local weight values.
The final weight intervals of shipping line actor 1 are displayed in Figure 4.2.

Figure 4.2: Weight intervals shipping line 1

For shipping line 1, the most important criterion is Transport infrastructure network in area.
This is a higher relative evaluation (compared to the other evaluated factors) than observed in
Kayikci (2010) and Komchornrit (2017), in which this factor is rated averagely; and Karaşan
and Kahraman (2019), in which this factor is rated poorly. Intermodal market profitability
and Local depot capacity are relatively averagely evaluated, closely followed by Total inland
transport costs, Market proximity and Market volume potential. These evaluations are in line
with Kayikci (2010). The values of the intervals are very close to each other (see Appendix
8Kayikci (2010) assessed the individual preferences of a.o. transport service organizers, terminal users and terminal operators.
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J for numerical details), implying their relatively comparable perception to shipping line ac-
tor 1. The result of Local depot capacity scoring relatively high is to some extent interesting
since the main factor of Technical characteristics was indicated as the least important main
criterion by the respondent. However, the relative score of this Worst main criterion in combi-
nation with the relatively high scores of the technical sub-criteria of Transport infrastructure
network in area and Local depot capacity is still sufficient to lift their final weights. The three
least important criteria are Governmental policy ≺ Inland terminal CAPEX ≺ Expansion pos-
sibilities. The low score for Inland terminal CAPEX is in line with Karaşan and Kahraman
(2019), however Expansion possibilities and Governmental policy were evaluated higher in
their study. In the literature involving combined stakeholder preferences, these three factors
are mostly scored relatively higher compared to these results (e.g. in Özceylan et al. (2016);
Regmi and Hanaoka (2013); Yıldırım and Önder (2014)).

The weight intervals of shipping line actor 2 are displayed in Figure 4.3.

Figure 4.3: Weight intervals shipping line 2

The more detailed numerical interval values are given in Appendix J. For shipping line 2, the
two most important criteria are Intermodal market profitability9 and Market volume potential.
The high score for Market volume potential is in line with the findings of Roso et al. (2015),
which used combined decision-maker evaluations. It is to a lesser extent comparable to the
transport service organizers’ evaluations as observed in Kayikci (2010), which evaluate this
factor slightly above average. Transport infrastructure network in area is fairly highly evalu-
ated (which is slightly less than for shipping line actor 1), followed closely by Inland terminal
CAPEX and Regional transport/logistics competition. The average evaluation for the latter
factor complies with the findings from Karaşan and Kahraman (2019). The two least impor-
tant criteria are Expansion possibilities and Governmental policy, which is comparable to the
preferences of shipping line actor 1. Whereas Inland terminal CAPEX is scored fairly low by
shipping line actor 1, it is evaluated averagely by shipping line actor 2 (fourth rank). This
is more in line with findings from the literature review, especially from Ka (2011) and Regmi
and Hanaoka (2013) (although they are based on combined decision-maker evaluations).

The weight intervals of shipping line actor 3 are displayed in Figure 4.4.
9Since this criterion is not observed in the literature, it cannot be compared to the findings of the literature review.
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Figure 4.4: Weight intervals shipping line 3

The more detailed interval values are given in Appendix J. The most important criterion is
Expansion possibilities, which is interesting since it was evaluated relatively low by the other
shipping line respondents. The high score for this factor is relatively more than observed
in the literature review (Karaşan and Kahraman, 2019; Özceylan et al., 2016; Roso et al.,
2015). Averagely scored criteria are Intermodal market profitability and Local depot capac-
ity. The preference for the Local depot capacity criterion is in line with the one of shipping
line respondent 1, next to the fact that Intermodal market profitability9 is scored high by all
three. Market proximity is scored slightly below average, which complies with the findings
of Karaşan and Kahraman (2019) and Roso et al. (2015). The two least important criteria
are Total inland transport costs and Governmental policy. Especially the perception of the
Governmental policy criterion is in line with the other shipping line actors, since they scored
this factor relatively low as well.

The preferences of the shipping line actors combined result in the aggregate weights as dis-
played in Figure 4.5. The aggregate weight calculation results show Intermodal market prof-
itability9. Second highest scoring criterion is Transport infrastructure network in area, which
complies with the findings of Komchornrit (2017) who observes a similar rank for the in-
frastructure factor as well. Closely following is Market volume potential. This is in line with
the evaluated weight for this factor found by Kayikci (2010), however higher than found by
Komchornrit (2017). The high aggregate score of Intermodal market profitability is interesting
since its main criterion Costs and benefits was only indicated once as Best criterion (com-
pared to twice for Local market characteristics). However, this sub-criterion was indicated by
all three respondents as most important within the Costs and benefits. This line of reasoning
holds even more for the relatively high aggregate score of Transport infrastructure network
in area, which belongs to main criterion Technical characteristics which is indicated as least
important main criterion by all three respondents. Within Technical characteristics, the sub-
criterion is indicated twice as most important compared to Expansion possibilities and Local
depot capacity. The latter two have relatively intermediate aggregate weight values. Rela-
tively poor scoring, yet not lowest, is Total inland transport costs, which is consistent with
the findings of Kayikci (2010). The same holds for the relatively low score of Regional trans-
port/logistics competition and the corresponding criterion weight in the research of Karaşan
and Kahraman (2019). The lowest scoring criterion based on the aggregate weight value is
Governmental policy, mostly due to it being poorly evaluated by by all shipping line respon-
dents. As been mentioned before, the relatable decision-maker evaluation as observed by
Karaşan and Kahraman (2019) shows a much higher preference for this factor.
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Figure 4.5: Aggregate weights shipping line

With regards to the overall aggregate scores, it must be noted that these weight aggregates,
which can basically be regarded as compromise solutions, might not be representing com-
promise preferences too accurately. This is because the inputs for the calculations of the
aggregate weights are quite distinct for some criteria (e.g. for the criterion of Expansion pos-
sibilities, which is scored low by both shipping line actors 1 and 2 but very high by shipping
line respondent 3, leading to an aggregate value which is relatively far from preferred for each
of the actors).

Terminal operator criteria weights
Since the amount of criteria relevant to the terminal operators does not exceed nine, the eval-
uation and corresponding criteria weight interval calculations are done in one step (hence no
distinction between global and local weights to be considered). The criteria weight intervals
for terminal operator actor 1 are displayed in Figure 4.6. The highest scoring criterion ac-
cording to terminal operator 1 is Regional economic development. This is much higher than
as indicated by Kayikci (2010) for the terminal operator experts. However, it does comply
with the findings of Roso et al. (2015) (although these are based on the combined preferences
of decision-makers). Market volume potential, Transport infrastructure network in area, An-
chor customer proximity10 and Total inland transport costs are scored intermediately. Since
there is much overlap between the interval values of these criteria, they are to some degree
comparably preferred. The averagely evaluated scores for Market volume potential and To-
tal inland transport costs are similar to the findings of Kayikci (2010). However, Transport
infrastructure network in area is evaluated much higher by the terminal operator actors in-
volved in that paper. Enabling modality shift10 and Regional transport/logistics competition
are scored similarly as relatively low. Although not based specifically in terminal operator
expert preferences, this is in line with the findings of Karaşan and Kahraman (2019). The
lowest scoring criterion of Inland terminal CAPEX is interesting; firstly, it is evaluated much
higher by terminal operators as observed by Nguyen and Notteboom (2016); secondly, the
relative importance of all the other factors compared to the investment costs thus implies a
relatively high value of sufficient (local) market conditions for the inland terminal to be suc-
cessful (according to terminal operator actor 1).

10Since this criterion is not observed in the literature, it cannot be compared to the findings of the literature review.
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Figure 4.6: Weight intervals terminal operator 1

The criteria weight intervals for terminal operator actor 2 are displayed in Figure 4.7.

Figure 4.7: Weight intervals terminal operator 2

The highest scoring criterion according to terminal operator 2 is Market volume potential.
This complies with the terminal operator evaluations of volume-potential (related) factors
as found by Kayikci (2010). The intervals of Regional economic development, Regional trans-
port/logistics competition and Anchor customer proximity10 practically fully overlap each other
(details on the weight interval values are given in Appendix J), implying similar importance
of these criteria. Especially the lower score for Regional economic development is more in
line with Kayikci (2010) (as compared to the results of terminal operator actor 1). The three
lowest scoring criteria are Enabling modality shift10, Total inland transport costs and Trans-
port infrastructure network in area. Interesting is the fact that for this respondent Transport
infrastructure network in area scores relatively low compared to the higher score of this cri-
terion for terminal operator actor 1. This also conforms less to the findings of Kayikci (2010)
on this factor.
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The criteria weight intervals for terminal operator actor 3 are displayed in Figure 4.8.

Figure 4.8: Weight intervals terminal operator 3

The two highest scoring criteria according to terminal operator 3 are Anchor customer prox-
imity10 and Total inland transport costs, which practically fully overlap each other (details
on the weight interval values are given in Appendix J). The score for the latter criterion is
much higher than as indicated by Kayikci (2010) for the terminal operator experts (which is
scored averagely in that research). Overlap in intervals is also seen for Market volume poten-
tial and Regional transport/logistics competition, although these are evaluated substantially
less. This is more in line with Kayikci (2010), as well as with Karaşan and Kahraman (2019).
The three lowest scoring criteria are Regional economic development, Transport infrastructure
network in area and Enabling modality shift10. Worth to note is the fact that transport costs
seem more important to this terminal operator respondent compared to the other two. The
other way around, Regional economic development is considered to be less important by this
terminal operator actor when compared to the other two.

The preferences of the terminal operator actors combined result in the aggregate weights as
displayed in Figure 4.9. The highest scoring aggregate weight is the one of criterion Anchor
customer proximity10, closely followed by Market volume potential (which might suggest a di-
rect relationship between the anchor customers and the local container volume potentials as
perceived by the terminal operators). The relatively high aggregated score of Market volume
potential is similar as been observed in Kayikci (2010) and Nguyen and Notteboom (2016).
Enabling modality shift10 and Inland terminal CAPEX have the lowest aggregate scores. With
regards to the latter criterion, the relative importance of all the other factors compared to
the investment costs once again implies the relatively high value of sufficient (local) market
conditions for the inland terminal to be successful.

For the aggregate weights of the terminal operator actors it must also be noted that these
weight aggregates might not be representing compromise preferences too accurately, since
the inputs for the calculations of the aggregate weights are quite distinct for some criteria
(e.g. for the criterion of Regional economic development, which is scored higher by terminal
operator respondents 1 and 2 but much lower by terminal operator respondent 3, leading to
an aggregate value which might be relatively far from preferred for each of the actors).
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Figure 4.9: Aggregate weights terminal operator

Terminal user criteria weights
Since terminal users consist of both the intermodal (rail) transport operators (for main haulage
operations) and the truck transport operators (for pre-/end-haulage operations), their criteria
evaluations are assessed separately.

Rail transport operator criteria weights
Since the amount of criteria relevant to rail transport operators does not exceed nine, the
evaluation and corresponding criteria weight interval calculations are done in one step (hence
no distinction between global and local weights to be considered). The weight intervals of rail
transport operator actor 1 are displayed in Figure 4.10.

Figure 4.10: Weight intervals rail transport operator 1

More detailed numerical interval values are given in Appendix J. The two most important cri-
teria as perceived by rail transport operator 1 are Market volume potential and Transport in-
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frastructure network in area. This is higher than as been observed in Kayikci (2010), in which
both these factors get evaluated averagely by the transport operator experts. However, the
high evaluations for both these factors are in line with the findings of Rožić et al. (2016)11.
Rated slightly below average is Inland terminal CAPEX. This complies with the findings of
Regmi and Hanaoka (2013), although these findings are based on combined stakeholder in-
puts. The somewhat lower, yet not lowest score for Market proximity is very much in line
with the evaluation of this factor by terminal users as observed by Nguyen and Notteboom
(2016). As for the lowest score for Expansion possibilities, this criterion is not being assessed
by comparable decision-making experts in the literature.

The weight intervals of rail transport operator actor 2 are displayed in Figure 4.11.

Figure 4.11: Weight intervals rail transport operator 2

The more detailed interval values are given in Appendix J. Transport infrastructure network
in area and Market volume potential are both considered to be similarly more important com-
pared to the other factors. The high scoring of both these factors is comparable to rail trans-
port operator actor 1. The values for Expansion possibilities and Inland terminal CAPEX lie
very close to each other as well. Market proximity is considered to be least important for this
actor, which is to some extent in line with the findings of Nguyen and Notteboom (2016).

The preferences of both actors result in the aggregate weights, as displayed in Figure 4.12.
Obviously,Market volume potential is the highest scoring aggregate weight since this criterion
got the highest scores from both actors. The aggregated weight for Expansion possibilities is
the lowest one, followed by the aggregated weight forMarket proximity, which implies a higher
relative score for the latter criterion from rail transport operator respondent 1 compared to
respondent 2. Unlike the high variation in criteria scores between the shipping line and
terminal operator actors respectively and the resulting compromised aggregate weight values,
the aggregate weight values of the rail transport operator actors are more in line with the
criteria perceptions of both actors individually. The compliance of these findings with the
criteria weights as observed in the literature are therefore similar as described earlier for the
individual actors’ weight analyses.

11It must be noted that the decision-making experts in this study are undefined, thus it cannot be assessed if their perspectives
are comparable to those of the rail transport operator.
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Figure 4.12: Aggregate weights rail transport operator

Truck transport operator criteria weights
Since the truck transport operator stakeholders had one response, one set of criteria weight
intervals is calculated. The results are displayed in Figure 4.13.

Figure 4.13: Weight intervals truck transport operator

The highest scoring criterion is Market volume potential, which conforms with the evalua-
tions of this factor by the rail transport operator actors. Market proximity is scores second
best, which is interesting because this factor is evaluated much less by the shipping line and
rail transport operator actors (as well as by the terminal user decision-makers in Nguyen
and Notteboom (2016)). A possible explanation for this is the fact that the costs for truck
transport are more sensitive to distance (Pekin, 2010), which results in a higher importance
of the proximity of customers for the operations of this stakeholder. Intermodal market prof-
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itability12 is ranked third. The evaluation of Total inland transport costs being slightly below
average is in line with the findings of Kayikci (2010) on this factor. However, according to
Nguyen and Notteboom (2016), this factor is evaluated higher by terminal user experts. The
three lowest scoring criteria are Land use near location, Expansion possibilities and Transport
infrastructure network in area, of which the weight values lie very close to each other. Espe-
cially the latter poorly scored criterion regarding the infrastructure is interesting, since it is
observed as more important in Kayikci (2010), but even more since truck transport operators
are assumed to be highly dependent on this infrastructure for their own operations/business.
Since there is only one respondent from the truck transport operator stakeholder type, no
aggregate intervals are calculated.

4.4. Results of Research Step 3: Operationalized criteria and cor-
responding data

Research Step 3 involves the operationalization of the criteria into measurable and compa-
rable metrics. This operationalization leads to particular data gathering methods and even-
tually to a collection of quantitative data corresponding to each criterion for each alternative.
As data type and gathering method are specific for each criterion, extensive descriptions per
criterion are presented in Appendix C. The gathered data is also given in this appendix. In
the next step, the data is normalized in order to be able to be processed in the MCA.

4.5. Results of Research Step 4: Utility assessment and initial rank-
ing of alternatives

Research Step 4 involves the calculation of the alternatives’ utilities based on the criteria
weight intervals and the data obtained in the previous research steps. First of all, the gath-
ered data is normalized using max -min normalization. The outcomes of the normalization
of all criteria sets are presented in Table 4.8.

Criterion Alternative
A1 A2 B1 B2 C1 C2

Anchor customer proximity 1,00 0,91 0,08 0,08 0,00 0,00
Enabling modality shift 1,00 0,94 0,00 0,00 0,04 0,07
Expansion possibilities 0,80 0,00 1,00 0,17 0,10 0,00
Governmental policy 1,00 1,00 1,00 1,00 0,00 0,00
Inland terminal CAPEX 0,00 0,33 0,78 0,44 0,89 1,00
Intermodal market profitability 0,00 0,08 0,61 1,00 0,92 0,89
Land use near location 1,00 1,00 1,00 0,00 0,00 0,00
Local depot capacity 0,00 0,00 0,58 0,58 1,00 1,00
Market proximity 0,89 1,00 0,05 0,05 0,00 0,00
Market volume potential 1,00 0,94 0,00 0,00 0,04 0,10
Regional economic development 1,00 1,00 0,61 0,61 0,00 0,00
Regional transport/logistics competition 1,00 1,00 0,15 0,15 0,00 0,00
Terminal market profitability 0,28 0,28 0,00 0,00 1,00 1,00
Total inland transport costs 0,96 1,00 0,00 0,19 0,47 0,45
Transport infrastructure network in area 0,56 0,36 0,00 0,11 1,00 0,98

Table 4.8: Normalized data scores for all criteria sets

By applying Equation 3.9, each distinct weight interval of each criterion for each actor is
multiplied with the corresponding normalized data score of the alternative. This leads to a
utility interval for each criterion belonging to the set of actor-relevant criteria for each alter-
native location, i.e. the utility sub-interval. For each alternative, the sub-intervals of each
12Since this criterion is not observed in the literature, it cannot be compared to the findings of the literature review.
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actor are summed in order to result in a set of gross utility intervals per actor. Eventually, as
the gross utility intervals of the different actor types cannot be straightforwardly compared
to each other because the (amounts of) sub-intervals making up the gross utility assigned to
each alternative vary for each actor type13, the gross utility intervals are aggregated into a
comparable aggregate utility score for each alternative (discussed in Sub-section 4.5.2).

This section is first of all involved with the examination of the utility sub-interval stemming
from all criteria of all actors for each alternative in order to assess the sources of the (relative)
utility contributions to each location. In this sense, the criteria which have the highest
scoring utility intervals contribute most to the gross utility and can thus be considered as
most essential to the alternative, whereas the lowest scoring utility intervals contribute least
to the gross utility and can thus be considered as critical for the alternative. Consequently,
the gross utility intervals are touched upon, after which the aggregate utility scores based on
these gross utility intervals are presented.

4.5.1. Utility intervals
The utility sub-intervals stemming from each criterion are graphically presented in Figures
4.15, 4.16, 4.17, 4.18, 4.19 and 4.20 for each alternative location respectively. To allow for
comparison between the several sub-interval plots, the utility scale (x-axis) is set to [0, 0.45]
for each plot. The utility sub-intervals for A1 are graphically presented in Figure 4.15. Exam-
ination of the sub-intervals shows that Market volume potential results as the factor mostly
assigning large amounts of utility to the alternative. This is the case for shipping line actor 2,
terminal operator actor 2 and all terminal user actors, mainly due to their high evaluations
for this criterion in combination with the alternative’s relatively large number of potential
volumes. Large sub-utility scores are also assigned by Anchor customer proximity, evaluated
relatively highly by the terminal operator actors, which is related to the container volume
potential in the area in general. The alternative also scores considerably well on Expansion
possibilities (especially for shipping line actor 3) and Regional economic development (espe-
cially for terminal operator actor 1). Relatively lower amounts of utility comes from shipping
line actor 1, which evaluates Transport infrastructure network in area as important, however
this factor is not a very outstanding characteristic for A1. Overall, the alternative scores
low for Inland terminal CAPEX and Intermodal market profitability as well. This is because it
has the highest investment costs of all alternatives as well as the lowest estimated margins
to be gained from intermodal transport operations. By applying Equation 3.10, the utility
sub-intervals are summed, resulting in the gross utility intervals for A1. These are referred
to in Appendix K.

The utility sub-intervals for A2 are graphically presented in Figure 4.16. Likewise as for A1,
the factors assigning high amounts of utility to the alternative are Market volume potential
and Anchor customer proximity. This is explicable since these factors represent area-wide
potential container volumes, thus both A alternatives score similarly high on these criteria.
The same reasoning is also applicable to Regional economic development (which scores high)
and Regional transport/logistics competition (which scores highest of all alternatives, but is
not evaluated as very important by the corresponding actors). The alternative scores consid-
erably well for Total inland transport costs, since these are the lowest compared to the other
locations. As A2 does not have any expansion possibilities, the sub-utility scores for this
criterion are 0. By applying Equation 3.10, the utility sub-intervals are summed, resulting
in the gross utility intervals for A2. These are referred to in Appendix K.

The utility sub-intervals for B1 are graphically presented in Figure 4.17. As can be noticed,
there are considerably less utility sub-intervals with high value ranges compared to the A al-
ternatives. One exception is criterion Expansion possibilities, which has a high data score for
the alternative. However, since this criterion is only evaluated highly by shipping line actor 3
13Each actor type-specific utility sub-interval is generated by the actor-specific operation. Since the values of weights
are dependent on the values of the other weights in the actor type-specific decision-criteria set, they can only be compared to
each other within this specific set. Therefore, the same applies to the resulting utility (sub-)intervals.
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and relatively low by the other actors, it only results in a relatively high utility score for this
particular actor. Since B1 has the least container volume potentials around its location, it
scores low on criteria related to these volumes (i.e. Market volume potential, Market proximity,
Anchor customer proximity and Enabling modality shift). Furthermore, it scores low on Total
inland transport costs because it is situated furthest away from the seaports (resulting in the
highest inland transport costs of all locations) and Transport infrastructure network in area
because the area in which it is located is relatively far away from any dense infrastructure
network. By applying Equation 3.10, the utility sub-intervals are summed, resulting in the
gross utility intervals for B1. These are referred to in Appendix K.

The utility sub-intervals for B2 are graphically presented in Figure 4.18. Overall, outlying
scores (compared to the rest) are assigned to criterion Intermodal market profitability. The
reason for this is that B2 has the highest intermodal profitability figure of all alternatives.
Especially shipping line actor 2 causes for a substantial amount of utility for this criterion,
since this actor evaluates this factor highest of all. The reason that B2 scores so much higher
on this criterion than B1 (which is in the same area, thus similar market profitability scores
would be expected) is the fact that B1 is located at some distance from any urban conglomera-
tion compared to B2, which causes for larger pre-/end-haulage distances to most customers
in the area and correspondingly higher average trucking costs. As these have a relatively
large impact on the total transport costs (Pekin, 2010), the higher costs for transport even-
tually lead to lower margins gained from intermodal services. Furthermore, since container
volume potentials around B are relatively low, the volume related criteria of Market volume
potential, Market proximity, Anchor customer proximity and Enabling modality shift are scored
low as well (which is similar to B1). By applying Equation 3.10, the utility sub-intervals are
summed, resulting in the gross utility intervals for B2. These are referred to in Appendix K.

The utility sub-intervals for C1 are graphically presented in Figure 4.19. Notable for this
alternative are the utility scores for Transport infrastructure network in area. These are rel-
atively high, since this alternative is located in the area with the most dense infrastructure
network (compared to the other alternatives). Especially shipping line actor 1 and rail trans-
port operator actors 1 and 2 cause for these higher utilities, since they evaluate this factor
high as well. As C1 also scores fairly well on Intermodal market profitability, the utilities
coming from this criterion are also relatively high. The alternative scores high on Local depot
capacity, since there are not as much existing container depots in the area compared to A and
B. However, as container volumes in the area are also relatively low, volume-related utilities
score poorly as well (comparable to B1 and 2). Since C1 has no customers with substantial
container volumes (> 1.000 FEU p.a.) within a 25 kilometer reach, it scores 0 on Anchor cus-
tomer proximity. Enabling modality shift also has low utilities because of the relatively high
distances between the location and customers with substantial volumes. Next to that, the
alternative scores 0 on Governmental policy as well (although this is a factor that is overall
not very important to the actors). By applying Equation 3.10, the utility sub-intervals are
summed, resulting in the gross utility intervals for C1. These are referred to in Appendix K.

The utility sub-intervals for C2 are graphically presented in Figure 4.20. Since this alterna-
tive is located in the same area as C1 and the high-scoring Transport infrastructure network
in area represents the wider C area, the utility scores from this alternative for C2 are also
relatively high. Intermodal market profitability is also considerably high for the location. It is
noticeable that C2 scores slightly higher on Market volume potential and Enabling modality
shift compared to C1. However, like C1, it is still too far away from customers with substan-
tial container volumes to score anything on Anchor customer proximity. As the same local
governmental situation applies to C2 as to C1, it also generates no utility from this criterion.
Another 0 score is for criterion Expansion possibilities, which location C2 does not have. By
applying Equation 3.10, the utility sub-intervals are summed, resulting in the gross utility
intervals for C1. These are referred to in Appendix K.

As the ranges of the overall minimum and the overall maximum interval value of the gross
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utilities for each alternative vary, a graphical representation of these range differences is
given in Appendix K. Although the differences in total gross utility interval ranges are visible
in this plot, they cannot be straightforwardly deducted from comparing these interval sets
with each other13. Therefore, aggregate utility scores based on these separate utility intervals
for each alternative location are calculated. These are discussed in the next sub-section.

4.5.2. Aggregate utility scores
The aggregate utility scores for all alternatives is depicted in Figure 4.14.

Figure 4.14: Aggregate utility scores

Based on these aggregates, the highest ranked alternative is A1 with a score of 0,7338, which
is almost 21% higher than second best alternative A2. The high score of A1 is mostly based
on the fact that this alternative has a combination of highly scoring factors such as Market
volume potential, Expansion possibilities and Transport infrastructure network in area, which
are also relatively highly valued by most of the respondents. This also explains the relatively
high score of A2, as some of these criteria represent area-wide rather than location-specific
characteristics (e.g. Market volume potential, which is measured by taking into account the
locations of volume generating customers in the wider area). The lower score for A2 compared
to A1 is thus most likely related to other factors than the previously mentioned. A factor on
which A2 scores distinctively worse is Expansion possibilities, which are not existent at the
location. The scores of the two C alternatives lie considerably close to each other, indicating
the fact that their data scores do not differ that much. This is also the case for the B loca-
tions, although B1 scores somewhat better (most likely due to the high amount of Expansion
possibilities around its location). Overall worst scoring alternative is B2. This alternative
scores worse on the previously mentioned highly valued criteria, which results in a low final
aggregate utility.
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Figure 4.15: Utility sub-intervals for all criteria of each actor for A1
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Figure 4.16: Utility sub-intervals for all criteria of each actor for A2
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Figure 4.17: Utility sub-intervals for all criteria of each actor for B1
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Figure 4.18: Utility sub-intervals for all criteria of each actor for B2
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Figure 4.19: Utility sub-intervals for all criteria of each actor for C1
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Figure 4.20: Utility sub-intervals for all criteria of each actor for C2
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4.6. Results of Research Step 5: Sensitivity analysis
On top of the initial results of the inland terminal location selection model, a sensitivity anal-
ysis is conducted in order to test which model inputs have low and high impacts on the
final model results. These impacts can be assessed by adapting the corresponding model
parameters and comparing the results of these adaptations with the results of the model
results in Section 4.5. In order to conduct the sensitivity analysis, sensitivity model scenar-
ios are considered; each scenario involves certain specified model parameter settings. Two
main scenarios are considered in order to reach the goals of the sensitivity analysis (Section
3.3.5), which both consist of certain sub-scenarios in which varying model settings for the
same general alteration are applied; Decision-maker relevance scenario (consisting of three
sub-scenarios), in order to assess the influences of the decision-making stakeholders’ pref-
erences on the outcomes of the model; and the Container volume potential growth scenario
(consisting of two sub-scenarios), in order to assess the influences of the container-volume
related criteria considered to be critical for the alternatives’ final utility scores. The results
of the scenario models ran with the corresponding scenario settings are then compared to
results of the initial model (Step 5), which is called Scenario 0 for the remainder of this chap-
ter.

4.6.1. Scenario 1: Decision-maker relevance scenario
As explained in Section 2.3, the inland terminal location selection problem contains the three
key stakeholders of the shipping line, the terminal operator and the terminal user. These are
therefore all taken into account in the MCDM study. However, in reality, the actual decision
concerning the location of the inland terminal is made either by the shipping line and the ter-
minal operator combined, or by one of each individually. The transport operators, which only
make use of the inland terminal in their operations, are only taken into account in the study
for their evaluation of the inland terminal location. Hence, this sensitivity analysis is aimed
at assessing the influences of the actual decision-makers involved in the inland terminal lo-
cation selection process, regardless of the evaluations of the terminal users. Accordingly, a
stepwise approach is considered for the analysis, consisting of three sub-scenarios.

Scenario 1.1: Influence of the combined shipping line and terminal operator actors’ preferences on the
final utility scores
The first sub-scenario involves the inland terminal location selection problem with the termi-
nal user actors eliminated from the MCDM study. Consequently, the outcomes of the model
are based on the preferences of just the shipping line actors and terminal operator actors.
The final aggregate utility scores resulting from this procedure are displayed in Figure 4.21.
The numerical differences in utility scores per alternative for the sensitivity analysis scenario
compared to Scenario 0 are presented in Table 4.9. Interestingly, it can be noticed that al-
most all aggregate utility scores for the alternatives in Scenario 2.1 are similar to the ones in
Scenario 0. The only alternative with a different score is B2, which sees a 6% increase in final
utility when the alternatives are evaluated by the shipping line and terminal operator actors
only. This implies that the combined preferences of these two actors together lead to nearly
the same results as all actors’ preferences combined, including those of the terminal users.
The preferences of the terminal users are thus in line with the combined preferences of the
shipping line and terminal actors, since including the terminal user evaluations results in
nearly the same aggregate utilities and consequent ranks for the alternatives. In that sense,
it can be stated that the influence of the terminal users on the final outcome of the original
model is limited. Although one alternative (B2) sees a rise in score after elimination of the
terminal users, the overall ranking based on the final utility scores of Scenario 2.1 is the
same as in Scenario 0.
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Figure 4.21: Aggregate utility scores of Scenario 1.1: Only shipping line and terminal operator actors considered.

Alternative A1 A2 B1 B2 C1 C2
Utility
score 0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility
score 0,7338 0,6044 0,3960 0,3918 0,5380 0,5608

Percentage
difference 0% 0% 0% +6% 0% 0%

Table 4.9: Scenario 1.1: Aggregate scores and increase ratios.

Scenario 1.2: Influence of the shipping line actors’ preferences on the final utility scores
The second sub-scenario involves the inland terminal location selection problem with the
terminal user and terminal operator actors eliminated from the MCDM study. Consequently,
the outcomes of the model are based on the preferences of just the shipping line actors.
The final aggregate utility scores resulting from this procedure are displayed in Figure 4.22.
The numerical differences in utility scores per alternative for the sensitivity analysis scenario
compared to Scenario 0 are presented in Table 4.10. In contrast to Scenario 2.1, the overall
ranking of Scenario 2.2 does differ from the initial one of Scenario 0. With only the shipping
line actors involved in the location selection process, alternative C1 results with the high-
est aggregate utility score (although the score for C1 in Scenario 2.2 (0,6892) is not as high
as the score for A1 in Scenario 0 (0,7338). Second best ranking alternative is C2, closely
followed by initial best scoring A1. The two B locations are again the lowest ranking alter-
natives, although their respective ranks have changed. The resulting high scores for both
C alternatives imply well scoring location characteristics, evaluated highly by the shipping
line actors. The most distinctive of these factors is Intermodal market profitability, which is
relatively high in the C area. Next to that, the dense transport infrastructure in the C area, a
characteristic which is also assessed as fairly important by the shipping line actors, results
in relatively large portions of utility for the alternatives as well.
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Figure 4.22: Aggregate utility scores of Scenario 1.2: Only shipping line actors considered.

Alternative A1 A2 B1 B2 C1 C2
Utility
score 0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility
score 0,6750 0,5497 0,4822 0,5146 0,6892 0,6817

Percentage
difference −8% −9% +22% +39% +28% +22%

Table 4.10: Scenario 1.2: Aggregate scores and increase ratios.

Scenario 1.3: Influence of the terminal operator actors’ preferences on the final utility scores
The third sub-scenario involves the inland terminal location selection problem with the ter-
minal user and shipping line actors eliminated from the MCDM study. Consequently, the
outcomes of the model are based on the preferences of just the terminal operator actors.
The final aggregate utility scores resulting from this procedure are displayed in Figure 4.23.
The numerical differences in utility scores per alternative for the sensitivity analysis scenario
compared to Scenario 0 are presented in Table 4.11. The alternatives’ aggregate utility
scores based on the inputs of just the terminal operator actors results in the same first and
second ranked locations as in Scenario 0, namely A1 and A2. However, the utility scores are
very close to each other (0,8565 and 0,8563 respectively). Third and fourth ranks are also
similar (C1 and C2 respectively), although the aggregate utility scores for the C alternatives
are considerably lower in Scenario 2.3 than in Scenario 0. The same holds for B2 and B1,
which are ranked fifth and sixth respectively. The substantially larger scores for the A al-
ternatives as well as the substantially lower scores for the C and B alternatives emphasizes
the suitability of the A locations compared to the other locations for the terminal operators
(based on their stated preferences). These are mostly based on the highly evaluated Market
volume potential, which is significantly higher in the A area compared to the other areas.
Accordingly, the Anchor customer proximity in the A area, which is also highly assessed by
the terminal operators, results in large portions of the utility scores as well. Furthermore,
the area’s higher Regional economic development, which is evaluated highly particularly by
terminal operator 1 as well as fairly high by terminal operator 2, leads to substantial amounts
of utility.
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Figure 4.23: Aggregate utility scores of Scenario 1.3: Only terminal operator actors considered.

Alternative A1 A2 B1 B2 C1 C2
Utility
score 0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility
score 0,8565 0,8563 0,1591 0,1783 0,2237 0,2403

Percentage
difference +17% +42% −60% −52% −58% −57%

Table 4.11: Scenario 1.3: Aggregate scores and increase ratios.

4.6.2. Scenario 2: Container volume potential growth scenario
As container volume related characteristics are generally evaluated as considerably impor-
tant by most of the stakeholders involved, they account for substantial amounts of utility
for the alternatives. This is especially the case for the locations in the A area, in which the
container volume potentials are significantly higher than for the other areas. This leads to
substantial amounts of utility assigned to the A alternatives, whereas the other alternatives
receive considerably less utility due to the fewer volumes. Consequently, the container vol-
ume related factors, i.e. Market volume potential,Market proximity, Anchor customer proximity
and Enabling modality shift, can be considered as critical factors of the MCDM study. Next
to being critical with regards to the location selection model, the container related charac-
teristics of a region are also rather variable. Overall, a steady growth of containers use can
be indicated (Diaz et al., 2011). However, due to particular economical events, container
volumes generated in/attracted to a certain area might fluctuate more in shorter periods of
time. An examples of such an event is a (new) shipper/consignee opening a new facility in
the particular region (e.g. a factory or a distribution center), which is sufficiently large to
cause for a relatively high influx of annual container volumes.

For those two reasons, the Container volume potential growth scenario is considered. The
scenario involves assessing the hypothetical, yet not totally unrealistic situation of sudden
container volume potential influx in the areas of B and C. These areas are selected because
they have the lowest container volumes in the current situation (Scenario 0). Thus, manipu-
lating their container volume related characteristics enables assessing the influence of these
characteristics on the desirability of the respective locations compared to the A locations,
which already have higher volumes. Because the hypothetical container volume potential
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influx is unlikely to happen for both locations simultaneously, it is chosen to assess them
separately. This also enables evaluation of each manipulated location compared to the non-
manipulated locations individually. The manipulation itself starts with increasing theMarket
volume potential factor of the corresponding area’s locations. A stepwise container volume
potential influx is considered; the minimal increase starts with 10.000 FEU extra potential
p.a., up to a maximum increase of 30.000 FEU extra potential p.a., with intermediate steps
of 5.000 FEU p.a.. As the criteria of Anchor customer proximity, Enabling modality shift and
Market proximity are related to Market volume potential14, they need to be manipulated as
well. Therefore, the values of these particular factors are increased proportionally to the
increase of the Market volume potential. Accordingly, two sub-scenarios are constructed.
Each sub-scenario consists of the five container volume potential influxes for the particular
location.

Scenario 2.1: Container volume potential influx for the B area
The stepwise development of the aggregate utilities for the alternatives as a result of the
container volume potential influxes for the B area is given in Figure 4.24.

Figure 4.24: Aggregate utility scores of Scenario 2.1: Increased container volume potentials for B.

The numerical utility scores per alternative including comparisons to Scenario 0 are pre-
sented in Table 4.12. As can be deducted from the figure, both B locations surpass the ranks
of the C locations between a container volume potential influx of 10.000 to 15.000 FEU p.a.
in the B area. Because of the max -min normalization applied in this study, the overall utility
scores of the C alternatives decrease as a result of becoming the minimum data values in the
respective criterion range. Between 15.000 to 20.000 FEU extra container volume potential
p.a. for B, both B alternatives surpass A2 as well. At an influx level of 25.000 FEU p.a., B2
reaches rank 1 by surpassing A2. This is particularly interesting because at this influx level,
the container volume potential amounts of A1 and B2 are similar to each other. The fact
that B2 has surpassed A1 at this point implies that, if it were not for the distinctively high
container volume characteristics in the A area in the current situation (Scenario 0), B2 would
14The data scores of Anchor customer proximity, Enabling modality shift and Market proximity are calculated using the Market
volume potential data as input.
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Alternative A1 A2 B1 B2 C1 C2
Utility
score 0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility score 2.1.1.
+10.000 FEU p.a. 0,7338 0,6041 0,5132 0,5057 0,5228 0,5465

Percentage
difference 0% 0% +30% +37% −3% −3%

Utility score 2.1.2.
+15.000 FEU p.a. 0,7338 0,6041 0,5721 0,5845 0,5228 0,5465

Percentage
difference 0% 0% +44% +58% −3% −3%

Utility score 2.1.3.
+20.000 FEU p.a. 0,7338 0,6041 0,6311 0,6633 0,5228 0,5465

Percentage
difference 0% 0% +59% +80% −3% −3%

Utility score 2.1.4.
+25.000 FEU p.a. 0,7338 0,6041 0,7059 0,7421 0,5228 0,5465

Percentage
difference 0% 0% +78% +101% −3% −3%

Utility score 2.1.5.
+30.000 FEU p.a. 0,6984 0,5695 0,7310 0,7647 0,5228 0,5442

Percentage
difference −5% −6% +85% +107% −3% −3%

Table 4.12: Scenario 2.1: Aggregate scores and increase ratios.

actually be a more desirable alternative based on its non-container volume related charac-
teristics. B1 surpasses A1 in between 25.000 to 30.000 FEU p.a.. Because of the applied
normalization technique, the aggregate utility scores of the A alternatives decrease as well
after they get surpassed by the new maximum higher scoring B locations. Also worth noting
is the fact that B2 surpasses B1 as a results of the influx (also between 10.000 to 15.000
FEU p.a. in the whole B area). This is because of the fact that B2 already has higher con-
tainer volume related characteristics to begin with (in Scenario 0), whereas it scores less on
the other factors compared to B1, resulting in an initial higher rank for the latter alternative.
However, as the container volume related factors of the B locations are increased whereas the
other factors stay the same, the overall utility assigned to B1 based on its relatively higher
container volumes result in an overall higher aggregate utility as well.

Scenario 2.2: Container volume potential influx for the C area
The stepwise development of the aggregate utilities for the alternatives as a result of the
container volume potential influxes for the C area is given in Figure 4.25. The numerical
utility scores per alternative including comparisons to Scenario 0 are presented in Table
4.13. As the C alternatives initially already score averagely as well as higher than the B
alternatives in Scenario 0, it takes less container volume potential influx to let the respective
aggregate utility scores surpass the ones from the A locations. As can be noticed in the plot,
both C locations exceed A2 at less than 10.000 FEU extra volume potential p.a.. Initially first
ranked A1 is surpassed by C2 just before the level of 10.000 FEU p.a. extra container volume
potential and by C1 in between 10.000 to 15.000 FEU p.a.. Most interesting about this
development is the fact that at the influx level at which both C alternatives surpass A1, the
total container volume potential of the C area is still below the total container volume potential
of the A area. Around the influx level of 25.000 FEU extra container volume potential p.a.
for C, the volume potential level of the A area would be met. At this level, the final aggregate
utility scores of both C alternatives are about 30% higher than the initial aggregate utility
score of A1 in Scenario 0. This indicates the fact that of all alternatives, the C locations
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have particularly high scoring non-container volume related characteristics and would be
considerably good options compared to the A locations under relatively slightly improved
market conditions.

Figure 4.25: Aggregate utility scores of Scenario 2.2: Increased volume potentials C.

Alternative A1 A2 B1 B2 C1 C2
Utility
score 0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility score 2.2.1.
+10.000 FEU p.a. 0,7335 0,6035 0,3822 0,3671 0,7113 0,7405

Percentage
difference 0% 0% −3% −1% +32% +32%

Utility score 2.2.2.
+15.000 FEU p.a. 0,7335 0,6035 0,3822 0,3671 0,7933 0,8226

Percentage
difference 0% 0% −3% −1% +47% +47%

Utility score 2.2.3.
+20.000 FEU p.a. 0,7335 0,6035 0,3822 0,3671 0,8752 0,9047

Percentage
difference 0% 0% −3% −1% +63% +61%

Utility score 2.2.4.
+25.000 FEU p.a. 0,7245 0,5940 0,3822 0,3670 0,9427 0,9536

Percentage
difference −1% −2% −3% −1% +75% +70%

Utility score 2.2.5.
+30.000 FEU p.a. 0,6812 0,5523 0,3822 0,3667 0,9456 0,9536

Percentage
difference −7% −9% −3% −1% +76% +70%

Table 4.13: Scenario 2.2: Aggregate scores and increase ratios.



5
Conclusions and discussion

This final chapter involves concluding and discussing the research and its results, aimed at
finding a desirable location for a shipping line to set up an inland terminal which can be incor-
porated in the inland transport services offered to its customers. In that regard, the multiple
different stakeholders with particular objectives which are involved are taken into account by
considering the MAMCA framework as an approach for the Multi-Criteria Decision-Making
study, in which BWM is considered for determining the optimal criteria weights for each
stakeholder. While the use of MAMCA allows the inclusion of multiple stakeholders and
their objectives, BWM allows to consider specific criteria sets for each stakeholder by means
of the multi-optimality properties of the non-linear weight determination model. The multi-
optimal weight intervals stemming from the different stakeholder-specific criteria sets are
eventually used to calculate utility intervals, which are subsequently aggregated into final
utility scores using a min -max model. Based on the study results, it has been demonstrated
that the use of BWM within the MAMCA framework and the subsequent utility aggregation
procedure is a successful method for determining an alternative’s relative desirability based
on equally taking into account all stakeholders’ preferences. The conclusions based on these
results are discussed in the next section. Next to that, the remainder of this chapter involves
discussing the important assumptions, methods and inputs of the research that led to the
results of the study. Practical implications and recommendations fur further research are
also presented. Lastly, a reflection on the research process leading to the final outcomes is
given.

5.1. Conclusions
The research is concluded by means of providing answers to the research question and sub-
questions as introduced in Section 1.4. The followingmain research question was introduced:

”How can a shipping line select a location for setting up an own inland terminal in order to
increase its control on the container port hinterland?”

Multiple sub-questions were developed in order to structurally and efficiently answer the
research question. Therefore, first of all, these sub-questions are answered one by one.
Eventually, this section is concluded by answering the main research question based on the
answers to the sub-questions. The sub-questions are answered as follows:

1. What is the structure of the contemporary container port hinterland?

The first step of the research involved defining the research system and the contextual
setting in which this system exists. As the aim of this study is to find a location for a
new inland terminal for the shipping line, the research system is defined as the inland
terminal location. This location is positioned in the hinterland of the container seaports

68
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which (potentially) have services to/from the inland terminal. Therefore, the structure
of the container port hinterland was assessed in order to gain insight in the components,
activities and actors occurring in it, which influence/are influenced by the (presence of
an) inland terminal. The structure of the container port hinterland was assessed by
means of the four-layer model, consisting of the following interrelated layers:

• Logistical layer, involved with the organization and management of inland transport
chains;

• Transport layer, involved with the transport and transshipment operations;
• Infrastructural layer, involved with the (provision of) transport and transshipment
infrastructure;

• Locational layer, involved with the geographical locations of the infrastructure in
the container port hinterland.

2. How do shipping lines exercise control over the container port hinterland?

Since the aim of this research is to select a location for an inland terminal in order
to specifically increase the shipping line’s control on the container port hinterland, in-
sight is gained in the activities and responsibilities of these shipping lines within the
hinterland. The shipping line’s ambition to increase its control in the hinterland is a
relatively recent development. Initially, shipping lines were merely involved with ocean
transport of containers between ports across the world, which is offered as port-to-port
services. Inland transport was managed by third parties, meaning that the control of
the shipping line on the total container transport chain was limited to only the mar-
itime leg. Although maritime transport is still their core business, shipping lines have
been increasingly providing door-to-door services in the last decades, which encompass
not only the maritime transport legs but also the inland transport legs. By means of
vertical integration the maritime and inland transport chains can be integrated with
each other, which increases the control and market share of a shipping line in global
and regional container transport/logistics markets. It also means that the shipping line
is now concerned with the design and management of the inland transport chains as
well. The shipping lines aim to increase Carrier Haulage transport set-ups, in which
these door-to-door services are offered1. Whereas maritime transport is organized as
well as actually executed by the shipping line itself (by using its own vessels), the in-
land transport chain is only designed by the shipping line and the actual transport
and transshipment operations are outsourced to vendors such as transport and inland
terminal operators. Therefore, to result in an effective organization of the inland trans-
port chain, the design of the inland services may take into account the operations and
perspectives from the multiple actors involved.

3. How are inland terminals part of inland transport chains?

Inland transport can roughly be divided in direct trucking and intermodal transport.
This study is focused on intermodal transport, which is composed of a main haulage
leg (by means of intermodal vehicle) and a pre-/-end haulage leg (by means of truck),
with transshipment operations in between taking place at an inland terminal. In this
sense, the characteristics of the inland terminals influence the whole inland transport
chain, since they determine a.o. the (amounts of) vehicles eligible to be served at the
terminal, the lengths of the main- and pre-/end-haulage legs, the subsequent transport
and transshipment costs, etc.. The (cost-)efficiency of the whole inland transport chain
is therefore for a large part dependent on the inland terminal properties. Therefore,
decision-making with regards to the design of the inland transport chain, taking place in
the logistical layer of the container port hinterland, is for a substantial amount affected

1On the contrary, currently more common is the Merchant Haulage set-up, which is the more traditional form in which only the
maritime leg is controlled by the shipping line whereas the inland leg is controlled by third parties such as freight forwarders
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by these properties, which occur in the transport, infrastructural and locational layer,
as follows:

• Transport layer: The proposed effectiveness of an inland terminal in a particular
inland transport chain is dependent on the services it offers, which could range
from basic logistics services (e.g. consolidation/deconsolidation and transloading)
to Value-Added Services (VAS) (e.g. product and package transformations).

• Infrastructural layer: The terminal infrastructure determines which kinds of ser-
vices can be offered at the facility, and in which quantities. It also determines
which kinds of and how many (intermodal) vehicles can be served at the terminal.

• Locational layer: The location of the inland terminal determines the distances be-
tween the terminal and the seaport and customer locations. This in turn affects
the transport times and costs for the main haulage and pre-/end-haulage legs re-
spectively.

4. Which and how are the relevant actors linked to the inland terminal related activities
within the inland transport chains?

Based on examining the structure of the container port hinterland and the (organization
of the) inland transport chains within this structure, relevant actors involved with the
inland terminal location problem are pinpointed. These actors are presented according
to the container port hinterland layer structure and based on their key activities within
these layers, as shown in Table 5.1.

Layer Key activity Key actor
Logistical Organize inland transport chains Shipping line

Transport Transport containers Intermodal transport operator
Truck transport operator

Transship containers Inland terminal operator
Infrastructural Provide transshipment infrastructure Inland terminal operator

Locational Select infrastructure location Shipping line,
inland terminal operator

Table 5.1: Overview of key actors relevant to inland terminal location selection within the inland transport chain

Within the logistical layer, the shipping lines take responsibility of the organization
of the inland transport chains which they offer to their customers. These transport
chains thus need to satisfy the various needs of these customers (e.g. acceptable trans-
port times, acceptable transport costs, value-added services, etc.). To achieve this, the
shipping line is first of all reliant on the operations performed by the intermodal and
truck transport operators. These transport operators are the terminal users. Next to
that, the shipping line relies on the inland terminal operators providing the inland ter-
minal infrastructure and equipment as well as the transshipment operations performed
at the facilities. These key actors have particular objectives with regards to the eval-
uation and selection of an inland terminal location within the inland transport chain,
which can be configured as follows:

• The actual decision-making actors with regards to the location selection of the in-
land terminal are the shipping line and the inland terminal operator.
– The shipping line evaluates an inland terminal location and makes the decision
to select it based on the objective to incorporate the terminal in the designed
inland transport chain.

– The terminal operator evaluates an inland terminal location and makes the de-
cision to select it based on the objective to ensure profitability of transshipment
operations at the site.
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• The transport operators, i.e. the terminal users, are not actually involved in the
decision made on the location of the terminal. However, since they are affected by
the inland terminal location, they evaluate it based on the objective to use the inland
terminal to optimize the transport operation scheme. This evaluation is important
for eventually selecting a location beneficial to these transport operations, thus
ultimately beneficial to the designed inland transport chain.

5. What factors are involved in evaluating an inland terminal locationwithin the inland trans-
port chain?
The evaluation and selection of a location for an inland terminal involves multiple fac-
tors. According to the structure of the container port hinterland in which this inland
terminal is (supposed to be) located, factors can stem from the logistical, transport,
infrastructural and/or locational layer. Therefore, the same structure is applied for cat-
egorizing factors that are determined to be (potentially) relevant to this specific inland
terminal location selection study. The first step in determining relevant factors was by
reviewing criteria used in the literature on finding locations for inland terminals. By
means of prioritization, the relevant criteria observed in the literature were gathered.
Eventually, the literature review resulted in an extensive collection of relevant criteria
proposed in comparable academic studies. Since different types of actors are involved
in this inland terminal location selection study, factors deemed relevant specifically to
these actors are assumed to vary between the specific actor types. Therefore, a list
of relevant decision criteria was composed for each actor type by letting them select
from the initially collected criteria and add missing factors through a survey. The final
decision criteria for each actor are given in Table 5.2.

Shipping line Terminal operator
Inland terminal CAPEX Anchor customer proximity
Intermodal market profitability Enabling modality shift
Total inland transport costs Inland terminal CAPEX
Governmental policy Market volume potential
Market proximity Regional economic development
Market volume potential Regional transport/logistics competition
Regional transport/logistics competition Total inland transport costs
Expansion possibilities Transport infrastructure network in area
Local depot capacity
Transport infrastructure network in area

Rail transport operator Truck transport operator
Expansion possibilities Expansion possibilities
Inland terminal CAPEX Intermodal market profitability
Market proximity Land use near location
Market volume potential Market proximity
Transport infrastructure network in area Market volume potential

Regional transport/logistics competition
Terminal market profitability
Total inland transport costs
Transport infrastructure network in area

Table 5.2: Criteria to be taken into account in the study based on the criteria selection survey results

6. How are these factors with regards to inland terminal location evaluation assessed by
the different actors involved in the inland transport chain?

Since criteria used in a certain exercise are generally not perceived as equally important
by decision makers, the Best-Worst Method was used to calculate the weights of the
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factors indicated by the respective actors. The following key findings were made:

• The factor generally perceived as most important by the shipping line actors is
Intermodal market profitability. The overall relatively high evaluation for this factor
makes sense with respect to the inland terminal location selection study as being
initiated by the shipping line itself, since it is this stakeholder’s aim to set-up an
inland terminal in order to increase its profits made in the intermodal market. Next
to that, there is an overall relatively high importance assigned to the transport in-
frastructure network in the area and to the local market volume potential. The latter
factor is especially crucial to the decision-making process of the shipping line with
regards to inland terminal location selection, since the market volume potential is
not only potentially beneficial to the inland terminal business itself, but also to the
local transport service arrangements which could be offered in a Carrier Haulage
set-up by the shipping line to the (potential) customers generating these container
volumes. The factor generally perceived as least important is Governmental policy.
An important reason for this could be the fact that local policies with regards to
transport and logistics activities in an area are generally examined in later stages
of business development projects, in contrast to most of the other factors assessed
(which could be considered to be more essentially).

• The factor generally perceived to be most important by the rail transport opera-
tors (which represent the earlier mentioned intermodal transport operators) is
Market volume potential. This is in line with expectations, as an area’s potentially
generated container volumes imply transport (and thus business) possibilities for
the intermodal transport operators. Another important factor is the local transport
infrastructure network. Obviously, it is clear that the efficiency of the operations
performed by the rail transport operators to/from/in a certain area depend on the
infrastructure that they make use of. The factor considered to be least important
is Market proximity. This can be explained by the fact that the rail transport opera-
tors just perform the main haulage transport operations between the seaports and
the inland terminals, on which the distances between the inland terminals and the
shippers/consignees generally have no influence. However, as market proximity
does impact the generation/attraction of container transport business opportuni-
ties, it is still to some extent important to the rail transport operators.

The factor generally perceived to be most important by the truck transport oper-
ator is also Market volume potential, likely with the same reasoning as for the rail
transport operator. However, in contrast to the other terminal user actor, Market
proximity is perceived as the second most important factor by the truck transport
operator. This can be explained by the fact that the costs for truck transport are
more sensitive to distance, which results in a higher importance assigned to the
proximity of customers for the operations of this actor. Interesting is the high eval-
uation of the truck transport operator for criterion Intermodal market profitability,
since they do not directly gain profits from offering complete intermodal transport
services (which are offered by the transport chain designers such as the shipping
line). However, the high evaluation could be explained by the fact that a more
profitable area in terms of intermodal transport attracts business and generates
business needs which could be responded to by the truck transport operators (e.g.
increased needs for pre-/end-haulage transport). Poorly evaluated criteria include
Land use near location and Expansion possibilities, which makes sense since the
truck transport operators are not directly affected by these factors. On the contrary,
the also poorly evaluated criterion of Transport infrastructure network in area raises
interest, since truck transport operators are assumed to be highly dependent on
this infrastructure for their own operations/business. However, it could be argued
that the infrastructure needed for truck transport is relatively basic (i.e. roads)
and apparent in most areas in which container transport demanding customers
are already situated. Therefore, it is assumed that most of the times the truck
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transport operators do not take into account situations in which this infrastruc-
ture is not apparent, which results in a relatively low perception of the importance
of the criterion.

• The factor generally perceived to be most important by the terminal operators is
Anchor customer proximity. Interesting is the fact that this criterion is specifically
important to the terminal operators, since neither shipping line nor terminal user
respondents indicated this factor. The high evaluation for this criterion can be
explained by the fact that setting-up and operating an inland terminal is highly
capital intensive, resulting in a considerable need for reducing the risk of miss-
ing/losing business. By having anchor customers in the area, a substantial amount
of volumes to be handled is ensured. Similar reasoning can be applied to the sec-
ond highest evaluated criterion Market volume potential; more volumes generated
in/attracted to the area means more (potential) transshipment business. Inter-
esting is the fact that Transport infrastructure network in area is scored fairly low,
which implies that the accessibility of the area around the inland terminal weighs
little in evaluating the terminal location. Also interesting is the overall lowest eval-
uated Enabling modality shift factor, since this criterion was actually introduced by
one of the terminal operator respondents. It could be argued that enabling a shift
in modality is dependent on the effectiveness of the inland terminal within the in-
land transport chain, resulting in increased attractiveness of intermodal transport
instead of direct trucking. However, the effectiveness of the inland terminal is ini-
tially dependent on other (i.e. more important) factors such as the Anchor customer
proximity and Market volume potential. Therefore, Enabling modality shift could be
considered as a less essential factor. Lastly, an interesting finding is the overall low
score of Inland terminal CAPEX. The relative importance of the other factors com-
pared to the investment costs implies the relatively high value of sufficient (local)
market conditions for the inland terminal to be successful. In other words, as long
as the transshipment operations in the area are sufficiently profitable to the inland
terminal operator, the costs of setting up the facility are less important.

7. How can the differently assessed factors be used to select a location for a shipping line’s
own inland terminal within the container port hinterland?

The inland terminal location selection study first of all required the determination of
alternative locations to choose from. A total of six alternative locations in the case
study region were taken into account in this study; two alternatives in the A area; two
alternatives in the B area; and two alternatives in the C area. Data on the factors de-
termined by means of the literature review and the inputs of the surveyed experts were
then gathered for each alternative. The factors’ corresponding normalized data scores
were then multiplied with the calculated criteria weights according to the Multi-Criteria
Decision-Making methodology. Since criteria weight intervals were used, the multiplica-
tion operations resulted in utility intervals from each actor for each alternative location.
Since these utility intervals are composed of utility scores based on the evaluations of
the actor type-specific (amounts of) criteria, the utility intervals could not straightfor-
wardly be compared or combined. Therefore, min -max aggregation of the utility scores
was applied. Accordingly, the resulting aggregate utility scores for each alternative are
considered to take into account each actor’s assigned utility in an equal manner by
equally representing the individual preferences.

The utility aggregation operation showed that A1 is ranked as the best scoring alterna-
tive. This location gains most of its utility from the high container volume potentials
in the area of A, which cause for high scores for the already highly weighted criteria of
Market volume potential and Anchor customer proximity. It also gains a substantial part
of its utility from the Expansion possibilities present around the location. A2, which is
ranked second best, also gains a high amount of utility from the local container volume
potentials in the area of A. However, since it has no expansion possibilities around its
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location, it ends up with an aggregate utility which is about 21% lower than the one
of its A counterpart. The scores of ranks three and four for C2 and C1 respectively lie
close to A2 and to each other, whereas the utility scores for the two B locations end up
considerably lower and thus least in ranks. This implies the fact that A1 clearly is an
optimal location based on the model inputs and the alternatives set, predominantly be-
cause it scores high on overall highly evaluated factors related to local container volume
potentials.

Sensitivity analyses were performed to assess the influence of critical model inputs.
First of all, the influences of the actual decision-makers involved in the inland terminal
location selection process were tested. As the initial model involved all actors equally
weighted, the initial model outcomes (called Scenario 0) are based on all involved ac-
tors’ preferences equally taken into account. Therefore, this first sensitivity analysis
scenario involved taking into account just the actual decision-making actors involved
in the inland terminal location selection process, i.e. the shipping line and terminal
operator actors. A stepwise procedure was applied by making use of sub-scenarios:

• In the first sub-scenario, the terminal user actors were eliminated from the MCDM
model, leaving the combination of the shipping line and terminal operator actors
as decision-makers. The model outcomes showed aggregate utility scores and a
ranking which were nearly the same as in in the initial Scenario 0. This implies
that the combined preferences of all actors involved are not much influenced by the
preferences resulting from the evaluations of the terminal user actors, since exclud-
ing these evaluations results in nearly the same aggregate utilities and consequent
ranks for the alternatives.

• In the second sub-scenario, the terminal user and the terminal operator actors
were eliminated from the MCDM model, leaving only the shipping line actors as
decision-makers. The model outcomes showed increased aggregate utility scores
for the B and C alternatives, whereas decreased aggregate utility scores for the
A alternatives. This ultimately resulted in C1 and C2 ranking first and second
respectively, followed by A1 and A2. These results imply that the C locations have
relatively better characteristics which are evaluated highly by the shipping line
actors, which is mostly applicable to Intermodal market profitability and Transport
infrastructure network in area.

• In the third sub-scenario, the terminal user and shipping line actors were elimi-
nated from the MCDMmodel, leaving only the terminal operator actors as decision-
makers. The model outcomes showed a considerably high preference for both A al-
ternatives, compared to a considerably low preference for the B and C alternatives.
A1 was still ranked first, however followed closely by A2. The significantly higher
preferences for the A alternatives can mostly be dedicated to the container volume
potential (related) factors in the A area, which are substantially larger than in the
other areas. Since these volume related factors are evaluated highly by the terminal
operator actors, the utility scores for the A alternatives end up high as well.

A second sensitivity analysis involved assessing the hypothetical situation of a sudden
container volume potential influx in a certain area. This scenario was considered be-
cause of the criticality of container volume related factors for the final outcomes of the
initial model as well as because of the considerable possibility of market fluctuations.
Since the container volume related characteristics of the B and C areas are lowest, test-
ing the influences of these factors is applied by increasing them for these particular
alternatives. Therefore, two sub-scenarios were considered:

• The first sub-scenario involved gradually increasing the container volume related
criteria of the B alternatives. The model outcomes showed that for B2 an additional
amount of 25.000 FEU p.a. is necessary to be ranked first, whereas for B1 an ad-
ditional amount of over 25.000 FEU p.a. is needed to surpass formerly first ranked
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A1. Interestingly, the total container volume potential of B2 including 25.000 ex-
tra FEU p.a. would be similar to the total potential of A1, implying the fact that
B1 scores better on the non-container volume related characteristics (and would
be more desirable if the container volume potentials of the A area would not be
distinctively high compared to the other areas).

• The second sub-scenario involved gradually increasing the container volume re-
lated criteria of the C alternatives. For C2 to be ranked first, only 10.000 extra
FEU p.a. would be needed, whereas for C1 slightly more than 10.000 extra FEU
p.a. is needed to surpass formerly first ranked A1. Most interesting is the fact that
for C1 and C2 to end up highest in ranks, the total container volume potential of
the C area is considerably lower than the total potential of the A area in Scenario 0.
This indicates that of all alternatives, the C locations have particularly high scor-
ing non-container volume related characteristics. They would thus be considerably
good options compared to the A locations under relatively slightly improved market
conditions.

Subsequent to answering the sub-questions, the main research question -”How can a ship-
ping line select a location for setting up an own inland terminal in order to increase its control
on the container port hinterland?”- is answered. As the inland terminal can be incorporated in
the inland services designed by the shipping line, it facilitates increasing the (cost-)efficiency
of the broader inland transport chain. A (cost-)efficient inland transport chain supports the
ability of the shipping line to successfully offer Carrier Haulage services to its customers
and consequently increase its control on the container port hinterland. Therefore, selecting
the location of the inland terminal is viewed from the perspective of the inland transport
chain within the structure of the container port hinterland. Based on the contents of this
structure, the decision-making process with regards to the inland terminal location selection
should take into account the individual objectives of the shipping lines themselves, next to
those of terminal operator and terminal user (i.e. transport operators) stakeholders.

As the objectives of these stakeholders vary, the factors deemed relevant for inland terminal
location evaluation to each stakeholder involved differ as well. Overall, factors related to a
location’s container volume potential (e.g. the location’s overall market volume potential) are
evaluated highly by the majority of actors in the inland transport chain. In that regard, a
location suitable to most of the stakeholders involved, thus most likely to contribute to the
inland transport chain and the shipping line’s control on the hinterland, is near a certain
amount of (potential) customers’ locations at/to which substantial container volumes are
generated/attracted. Next to that, it should be noted that preferences for certain factors by
particular decision-makers also influence the overall desirability of an inland terminal lo-
cation, such as intermodal market profitability for shipping line actors and anchor customer
proximity for the terminal operators. As a consequence, whereas the shipping line actors’
preferences would lead to a most desirable location scoring higher on its intermodal market
margins characteristics, the terminal operator actors’ preferences would lead to a most de-
sirable location scoring higher on its market volume potentials and related (possible) anchor
customers located in the area. Therefore, it is important to be able to clearly indicate the im-
portance of the final decision-maker in the inland terminal location selection process, since
this can essentially determine the final study outcomes.

5.2. Discussion and recommendations
This section involves the discussion of important assumptions, methods and inputs of the
research that led to the results of the study. Practical recommendations with regards to
business implementations are given. Furthermore, the results, implications and research
limitations lead to recommendations for further studies. Lastly, a reflection on the research
process leading to the final outcomes is given.

A fundamental element of this research is concerned with the criteria used in the inland
terminal location decision making process. As these are crucial to the study process and
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results, implications of the choices and assumptions made with regards to criteria are worth
mentioning. To begin with, the determination of decision criteria is performed by letting rel-
evant experts from the stakeholder types considered in this study evaluate a list of factors
gathered through literature review. Eventually, a list of decision criteria is composed for each
stakeholder type, which is based on the stakeholder type experts’ survey indications. This
means that, although there is a certain amount of consistency between the responses of each
expert from the same stakeholder type, some expert indications have been left out of further
examination in the study due to the practical reasons of limiting the amount of different
decision criteria sets as well as limiting the amount of criteria within each decision criteria
set. However, it could be argued that if each expert’s survey indications would have been
totally included in the further analyses regardless of the survey indications of the other ex-
perts from the same stakeholder type, the resulting aggregate utilities would represent each
different actor’s preferences in the MCDM model better. For further research on applying the
preferences of actor-specific criteria for multiple different stakeholders in an MCDMmodel, it
is therefore advised to have clearly indicated if it is more desirable to examine certain actor-
types or the individual actors separately.

Another point worth noting with respect to the determination of decision criteria is the fact
that some vendor companies of which experts are questioned actually offer both transport
and terminal operations (either as an integrated service or separately). Although the sur-
veyed experts from the companies have specific functions related to the either transport or
transshipment operations, they might have filled in the survey from the perspective of the
company providing both services instead of only from the perspective of the relevant service.
This might for example have led to the truck transport operator respondent indicating Termi-
nal market profitability as important, which is quite unexpected since actual truck transport
operations do not directly profit from transshipment operations.

Further questioning with regards to the decision criteria can also be aimed at the clustering
of the shipping line decision criteria. Although the clusters are based on the container port
hinterland structure and verified by means of additional literature, it could have resulted in
the final weights of the shipping line actor criteria being different than if no clustering had
to be applied. While the clustering is scientifically backed by the use of literature, it might
not have seem as straightforward to the actual survey respondents. This leads to the fact
that the main clusters are not scored most accurately, which in turn affects the local scores
of the actual decision criteria. For example, they score a certain cluster as very important
because it contains two relatively important sub-criteria. On the other hand, they score an-
other cluster as less important because it contains only one relatively important criteria. In
the end, although all these sub-criteria might in reality be perceived as equally important,
the first two might end up with higher final scores than the latter one. In other words, when
no or other clusters would have been applied, the (final) scores of the actual shipping line
decision criteria might have been different.

A final note on the factors applied and analyzed in this study is with regards to the definition
of benefit and cost criteria. Although most of the times it is rather obvious if a factor belongs
to either one of the two, for some criteria this determination is not as apparent. For example,
criterion Regional transport/logistics competition is considered to be a negative aspect of a
certain area in this study, thus it is defined as a cost criterion. However, it could also be
argued that more transport/logistics companies in a certain area allow for more cooperations
and partnerships, which would contribute to the attractiveness of the location with regards
to inland terminal investment. The certain determination of criteria being either costly or
beneficial could have impacts on the eventual utility for an alternative.

With regards to the data, a point of discussion is the operationalization of decision criteria
into measurable units. One problem encountered in the study was the lack of sufficient
data for some of the relevant criteria. The most striking example is criterion Governmental
policy. Due to the lack of reliable sources on local governmental attitudes towards inland
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terminal developments, operationalization of this rather qualitative factor has been simpli-
fied to certain quantitative indicators representing if local governments are or are not willing
to (administrationally) support inland terminal development. This simplification as well as
sources for potential support are however questionable. Furthermore, as most factors in-
cluded in this research can be interpreted in multiple ways, operationalization is influenced
by this particular interpretation. To make factors measurable, assumptions had to be made
in order to scope the operationalization and the measuring units as well as the eventual data
score. An example is the operationalization of criterion Transport infrastructure network in
area, which is measured in this study as the total length of Autobahn, Bundesstraße and
railway infrastructure within an area of 100 square kilometers around the alternative loca-
tion. Although the specific area measure is based on common catchment area figures from
literature, the inclusion of only highways, regional roads and railways could be considered
as arbitrary in terms of pointing out accessibility indicators. For instance, other types of
roads (e.g. Landesstraße infrastructure) could have been included as well, which would
have changed the ultimate data scores of the factors for the alternatives. Next to that, as a
measuring unit, the total lengths of all types of infrastructure are taken equally after which
they are summed, resulting in the infrastructure density indicator. It could be argued that
the different types of hierarchies and modalities making use of the infrastructure should not
be considered equally, which would also lead to different ultimate data scores.

5.2.1. Practical implications
As the goal of this research is to select a location for an inland terminal within the inland
transport chain organization of the shipping line, insight in the factors and factor-evaluations
of several relevant stakeholders is gained through the study results. First of all, it is clear
that the most important factors to base the inland terminal location selection choice upon
are related to an area’s container volume potentials, which is in turn associated with the local
container volume generating/attracting customers of the shipping line. Therefore, the ship-
ping line setting-up a new inland terminal at a certain location should be in close touch with
the (potential) customers in this area, in order to have a certain amount of container flows
ensured for the new inland facility. Close cooperation with anchor customers ensuring the
provision of substantial and continuous volumes is believed to be especially advantageous
with regards to setting up the inland terminal. This will eventually benefit the profitability of
both the inland terminal operations at the particular location and the inland transport chain
as a whole. It is further advised to pay attention to the expansion possibilities of possible
greenfield locations, since it is shown that alternative locations with no/limited expansion
possibilities had considerably less utility scores because of this deficit. Sufficient room for
(physical) expansion provides increased possibilities for (mostly uncertain) future develop-
ments within the local container transport and transshipment market.

Overall, it can be concluded that most weights from different stakeholders put on specifi-
cally relevant criteria eventually lead to comparable results in terms of preferability. This
indicates the notion that, although business models and objectives from the different ac-
tors might vary, an increasingly (cost-)efficient inland transport chain ultimately benefits all
stakeholders involved. With regards to the specific alternatives examined in this research,
the most preferred inland terminal location would be A1. Based on the expert insights from
the relevant actors involved as well as the data as input for the MCDM model, A1 is most
desirable since it has the most optimally balanced characteristics, especially in terms of local
market conditions and expansion possibilities.

5.2.2. Future research
As this is one of the first MCDM studies in which the alternatives’ final utilities are composed
of aggregated separate utility scores assigned based on actor-specific criteria evaluations,
further research lies in extending the properties and applications of this utility aggregation
methodology. As mentioned earlier, it would for example be interesting to look into the differ-
ences of calculating aggregate utilities based on actor-types (as has been done in this study)
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compared to aggregate utilities based on individual actors, regardless of a proposed group
they belong to. To further test the applicability and practicality of utility aggregation, it could
be applied in other (real-life) multi-actor MCDM problems tackled commonly with MCDM
modelling. In addition to this, it is suggested to be able to make use of robust data sets to
ensure reliable resulting utilities.

Furthermore, besides studies on the specific methodologies applied, further research can
be conducted on the inland terminals itself and on the terminals within the container port
hinterland in general. First of all, in reality there might be more actors involved in inland
terminals than the key actors considered in this study. An example is the governmental
actor, which is left out in this study. However, since they (can) also take part in the develop-
ment of terminal infrastructure in the areas under their legislation, it would be interesting to
assess their preferences on relevant criteria and resulting utility contributions as well. In a
broader sense, more research can be done on the shipping line’s vertical integration into the
container port hinterland, which is an increasingly interesting development. Before, when
shipping lines did not provide door-to-door services, the inland transport services were fully
managed by third parties such as freight forwarders, making them customers of the ship-
ping lines. However, due to the developments as described in this research, shipping lines
actively operating in the container port hinterlands are becoming competitors of their former
customers. With regards to research on inland terminals and their locations, it would thus
be interesting to acquire more insights in the changing dynamics between the shipping lines
and their customer-competitors, especially since implications of these changing dynamics
could also influence the suitability of inland terminals located in certain inland transport
chains.

5.3. Reflection
The initial goal of this research, finding a location for an inland terminal for the shipping line,
has led to the complete study as presented in this report. As the goals from the business
side were clear, the approaches to reach these goals were anything but. This section involves
a reflection on the important steps taken from the start of the research until the presumed
achievement of the research objectives.

Reflection on problem definition
The first step in the research was defining the exact problem and the underlying reasons
for the problem. Obviously, these were partly already known to the company. However, a
definition of the exact requirements of the proposed inland terminal for the shipping line, and
thus for the terminal location, was not clear from the beginning. Therefore, the initial steps
of the research were involved with defining the inland terminal location problem from the
perspective of the shipping line, a point of view which is not very common in the contemporary
literature on inland terminal location selection. By means of the four-layer model as adapted
in the system development part of this research, the position of the inland terminal within the
shipping line’s inland transport chain could be clarified. This helped in defining the relevant
stakeholders, objectives and possible methodologies to encounter the problem.

Reflection on literature review
The problem definition and the identified complexity due to the varying stakeholders and
objectives involved lead to looking into literature on MCDM. The body of reviewed literature
provided multiple comparable inland terminal location selection studies which were executed
by making use of MCDM techniques. First of all, this gave insight in the various factors taken
into account in the different studies, which vary considerably based on the included study
settings and stakeholders. Secondly, this provided knowledge on the possible methodologies.
The observations led to identifying a research gap based on the fact that most studies apply
fixed criteria sets for the different stakeholders involved in the MCDM study. The conclusion
was made to specifically consider actor-specific criteria sets in order to take into account the
most relevant preferences of all stakeholders. Therefore, literature on the MAMCA methodol-
ogy was further examined, which provided a useful basis for the methodology framework used
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in this study. Next to that, by including BWM in the MAMCA framework, the possibilities to
successfully involve the stakeholder preferences coming from the actor-specific criteria sets
were enlarged based on the multi-optimality properties as provided by the non-linear BWM
model.

Reflection on methodology
As mentioned previously, the research methodology was largely built on the principles of the
MAMCA framework, although adapted to fit with the particular inland terminal location se-
lection problem for the shipping line. Due to this, not all elements regarded as essential in
the MAMCA framework were included completely. For example, whereas an extensive stake-
holder analysis is an important part of the original MAMCA framework, it was chosen to let
this only be a minor part of the study methodology. This choice was made mostly due to time
limitations and a lack of sufficient access to all relevant stakeholders involved in the inland
terminal location selection process. Therefore, the stakeholders included in this research
might have more passive roles with regards to the study outcomes rather than being actively
involved. Next to that, because of the same reasons concerned with time and accessibility,
surveys were used to determine final decision criteria and preference statements. Although
this was time-efficient, using surveys might not result in entirely the same answers as ques-
tioning respondents in a more interactive way (e.g. by means of personal conversations).
For example, survey questions as well as the topics being surveyed about might be misun-
derstood, or surveys might be filled out in a hurry leading to inaccurate statements. On
the other hand, on a more theoretical level, the applied BWM methodology to determine the
criteria weights as well as the use of utility aggregation to calculate final utility scores was
a way to extract the stakeholders’ preferences in an efficient way. In that sense, individual
preferences have been taken into account as much as possible.

Reflection on study outcomes
The weights calculated based on the respondents’ preference statements overall lead to log-
ical figures. Not all findings were exactly in line with the observations from the literature
review, but it might be argued that a possible reason for this is the fact that location selec-
tion problems such as these are rather geographically specific and reliant on the particular
experts and their backgrounds involved in the process, which might differ per case study.
The final utility scores (partially) based on these weights are in line with initial expectation:
high utilities for the locations with relatively large amounts of container volume potentials
and lower scores for locations with less market potential. The sensitivity analyses provided
valuable insights in changing dynamics within the process. With regards to the initial prob-
lem and goal of the case shipping line, relevant recommendations could be made based on
these study outcomes. Next to that, the study results have shown that using BWM to de-
termine weight intervals and utility aggregation to determine the final utility scores is an
effective way of incorporating stakeholders’ preferences based on relevant specific criteria.
In that regard, the study contributes to the literature as well as to the particular business
needs.
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A
Factors observed in literature on inland

terminal location selection
This Appendix contains the lists of factors relevant for inland terminal location selection,
including their estimated (global) weight values as observed in the literature review. For
each list, the factors are ordered hierarchically according to their importance derived from
the respective weight factors. Furthermore, the involved decision-making experts, regions of
application and used methods are indicated.

With regards to the eventual criteria determination survey used in this study, the gathered
factors filtered from this survey and the corresponding reason for filtering is indicated. The
properties for this prioritization procedure are:

• A minimum threshold value of two observations in literature is used to filter out infre-
quently mentioned factors.

• Factors that are not relevant with regards to this research’s particular case study (see
Chapter 4) are filtered out. These include:

– factors that are not generically applicable because they are location-specific (e.g.
criteria aimed at particular local legislation).

– factors indicating existing properties/performances of a facility, not applicable be-
cause this study is specifically aimed at finding a location for a new inland terminal.

– factors considered with conditions that are preliminarily taken into account when
selecting alternative locations, thus not relevant to assess (e.g. connection to in-
frastructure network).

– factors concerned with certain terminal functionalities not applicable to the Load
center terminal type (see Section 2.2.3) considered in this study.

If factors are included in the criteria determination survey, they might be grouped under
more comprehensive criteria denominations or otherwise alternative names. This is done in
order to let the observed factors be clearly presented in the report as well as in the criteria
determination survey. This is also indicated in the tables.

Weighted factors as observed in Ka (2011), presented in Table A.1
• Decision-makers: governmental professionals

• Country: China

• Used method(s): AHP + ELECTRE
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Factor (Global)
weight

Filtered
from sur-
vey

Alternative grouping/naming in
survey

Transportation 0,22 No Total inland transport costs
Trade level 0,21 No Market volume potential
Cost 0,18 No Inland terminal CAPEX / Inland ter-

minal OPEX
Policy environ-
ment

0,15 No Governmental policy

Economic level 0,14 No Regional economic development
Infrastructure fa-
cilities

0,10 No Transport infrastructure network in
area

Table A.1: Weighted factors relevant for inland terminal location selection, as observed in Ka (2011).

Weighted factors as observed in Karaşan and Kahraman (2019), presented in
Table A.2

• Decision-makers: Supply chain professionals and academics

• Country: Turkey

• Used method(s): ANP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Governmental
incentive

0,23 No Governmental
policy

Investment at-
traction

0,13 No Market volume
potential1

International
market loca-
tion

0,12 Yes The case study region is in
the Schengen Area, thus bor-
der crossings are deemed irrel-
evant.

Origin/
Destination
proximities

0,08 No Market proximity

Value-added
services

0,08 No The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Suitability to
extension of
land

0,07 No Expansion possi-
bilities

Delivery time 0,06 No Market proximity2
+ Traffic conges-
tion3

1As Investment attraction is a broad characteristic interpretable in various manners. It is chosen to let this characteristic be
represented by the more specified market characteristic of Market volume potential.

2Delivery time is considered to be directly related to the pre-/end-haulage distances between the alternative location and the
customers, thus represented by Market proximity.

3Delivery time is influenced by local traffic congestion.
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Average traffic
speed

0,06 No Traffic conges-
tion4

Transportation
& logistical
competition
level

0,06 No Regional trans-
port/logistics
competition

Transportation
and distribu-
tion systems

0,03 No Transport infras-
tructure network
in area

Intermodal
operations
and manage-
ment

0,03 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Building cost 0,01 No Inland terminal
CAPEX

Integration 0,01 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Infrastructure 0,01 No Transport infras-
tructure network
in area

Workforce 0,00 No Local labor mar-
ket

Table A.2: Weighted factors relevant for inland terminal location selection, as observed in Karaşan and Kahraman (2019).

Weighted factors as observed in Kayikci (2010), presented in Table A.3
• Decision-makers: Transport service organizers

• Country: Austria

• Used method(s): Fuzzy-AHP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Spatial devel-
opment

0,099 No Land use near lo-
cation

Socio-
economic
development

0,090 No Regional eco-
nomic develop-
ment

Social stability 0,085 Yes Less than threshold value of
two observations in literature.

Economic sta-
bility

0,076 Yes Less than threshold value of
two observations in literature.

Political sta-
bility

0,069 Yes Less than threshold value of
two observations in literature.

4It is chosen to let this local traffic characteristic be represented by Traffic congestion
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Transshipment
volume

0,066 No Market volume
potential

International
manufactur-
ing market

0,059 No Market volume
potential

Corridors 0,052 Yes Less than threshold value of
two observations in literature.

Import/Export
volumes

0,045 No Market volume
potential

Accessibility 0,043 No Transport infras-
tructure network
in area

Energy use 0,039 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

International
consumption
market

0,038 No Market volume
potential

Congestion 0,038 No Traffic congestion
Emissions 0,032 No Environmental ef-

fects
Transport
costs

0,030 No

Land use 0,029 Yes The case study alternatives
are determined based on the
preliminary condition of being
available properties, thus cur-
rently not used for other eco-
nomical activities.

Coordination 0,029 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Customs 0,028 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

IT infrastruc-
ture

0,027 Yes Case study region is assumed
to have a sufficient IT infras-
tructure network, thus factor is
deemed irrelevant.

Accident 0,025 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.
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Transport
time

0,025 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3). Therefore,
total transport times between
seaports and customer loca-
tions are also deemed irrele-
vant. Pre-/end-haulage trans-
port times are covered by mea-
surements on distances be-
tween the alternative location
and customer locations.

Service avail-
ability

0,025 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Quality 0,025 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Border cross-
ing

0,024 Yes The case study region is in
the Schengen Area, thus bor-
der crossings are deemed irrel-
evant.

Connectivity 0,017 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Hazardous
materials

0,014 No Environmental ef-
fects

Interoperability 0,013 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Mobility 0,000 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Table A.3: Weighted factors relevant for inland terminal location selection to transport service organizers, as observed in
Kayikci (2010).

Weighted factors as observed in Kayikci (2010), presented in Table A.4
• Decision-makers: Transport operators

• Country: Austria

• Used method(s): Fuzzy-AHP
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Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Political sta-
bility

0,095 Yes Less than threshold value of
two observations in literature..

Social stability 0,080 Yes Less than threshold value of
two observations in literature.

Economic sta-
bility

0,075 Yes Less than threshold value of
two observations in literature.

Transshipment
volume

0,057 No Market volume
potential

Accident 0,055 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Accessibility 0,051 No Transport infras-
tructure network
in area

Import/Export
volumes

0,048 No Market volume
potential

Socio-
economic
development

0,044 No Regional eco-
nomic develop-
ment

Spatial devel-
opment

0,042 No Land use near lo-
cation

Transport
time

0,042 Yes Inland terminal is of the Load
Center type, for which the dis-
tance to the hinterland loca-
tion has limited relevance (see
Section 2.2.3). Therefore, to-
tal transport times between
seaports and customer loca-
tions are also deemed irrele-
vant. Pre-/end-haulage trans-
port times are covered by mea-
surements on distances be-
tween the alternative location
and customer locations.

Congestion 0,042 No Traffic congestion
Emissions 0,042 No Environmental ef-

fects
Hazardous
materials

0,042 No Environmental ef-
fects

International
manufactur-
ing market

0,040 No Market volume
potential

International
consumption
market

0,039 No Market volume
potential

Corridors 0,038 Yes Not deemed relevant to case
study, since alternative loca-
tions are all on the same cor-
ridor.
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Energy use 0,036 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

IT infrastruc-
ture

0,036 Yes Case study region is assumed
to have a sufficient IT infras-
tructure network, thus factor is
deemed irrelevant.

Transport
costs

0,034 No

Border cross-
ing

0,031 Yes The case study region is in
the Schengen Area, thus bor-
der crossings are deemed irrel-
evant.

Customs 0,031 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Interoperability 0,029 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Quality 0,023 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Connectivity 0,021 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Mobility 0,019 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Land use 0,015 Yes The case study alternatives
are determined based on the
preliminary condition of being
available properties, thus cur-
rently not used for other eco-
nomical activities.

Service avail-
ability

0,015 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Coordination 0,011 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.
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Table A.4: Weighted factors relevant for inland terminal location selection to terminal users, as observed in Kayikci (2010).

Weighted factors as observed in Kayikci (2010), presented in Table A.5
• Decision-makers: Terminal operators

• Country: Austria

• Used method(s): Fuzzy-AHP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Accessibility 0,106 No Transport infras-
tructure network
in area

International
manufactur-
ing market

0,077 No Market volume
potential

Border cross-
ing

0,074 Yes The case study region is in
the Schengen Area, thus bor-
der crossings are deemed irrel-
evant.

Accident 0,061 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Political sta-
bility

0,059 Yes Less than threshold value of
two observations in literature.

International
consumption
market

0,058 No Market volume
potential

Corridors 0,058 Yes Not deemed relevant to case
study, since alternative loca-
tions are all on the same cor-
ridor.

Social stability 0,053 Yes Less than threshold value of
two observations in literature.

Energy use 0,051 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Congestion 0,049 No Traffic congestion
Economic sta-
bility

0,048 Yes Less than threshold value of
two observations in literature.

IT infrastruc-
ture

0,047 Yes Case study region is assumed
to have a sufficient IT infras-
tructure network, thus factor is
deemed irrelevant.



94

Interoperability 0,047 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Customs 0,046 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Emissions 0,044 No Environmental ef-
fects

Import/Export
volumes

0,042 No Market volume
potential

Transport
costs

0,042 No

Connectivity 0,042 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Quality 0,036 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Socio-
economic
development

0,034 No Regional eco-
nomic develop-
ment

Land use 0,032 Yes The case study alternatives
are determined based on the
preliminary condition of being
available properties, thus cur-
rently not used for other eco-
nomical activities.

Transshipment
volume

0,032 No Market volume
potential

Service avail-
ability

0,031 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Spatial devel-
opment

0,029 No Land use near lo-
cation

Mobility 0,024 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.
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Transport
time

0,016 Yes Inland terminal is of the Load
Center type, for which the dis-
tance to the hinterland loca-
tion has limited relevance (see
Section 2.2.3). Therefore, to-
tal transport times between
seaports and customer loca-
tions are also deemed irrele-
vant. Pre-/end-haulage trans-
port times are covered by mea-
surements on distances be-
tween the alternative location
and customer locations.

Coordination 0,016 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Hazardous
materials

0,000 No Environmental ef-
fects

Table A.5: Weighted factors relevant for inland terminal location selection to terminal operators, as observed in Kayikci (2010).

Weighted factors as observed in Komchornrit (2017), presented in Table A.6
• Decision-makers: Logistics experts

• Country: Thailand

• Used method(s): MACBETH

Factor (Global)
weight

Filter from
survey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Seaport 0,22 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

Airport 0,20 Yes The focus of this study is on
container transport, which is
not directly related to air freight
and affiliated factors.

Highway 0,18 No Transport infras-
tructure network
in area

Industrial
area

0,17 No Land use near lo-
cation

Cross-border
market

0,15 No Market volume
potential

Regional mar-
ket

0,08 No Market volume
potential

Local market 0,06 No Market volume
potential

Table A.6: Weighted factors relevant for inland terminal location selection, as observed in Komchornrit (2017).
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Weighted factors as observed in Nguyen and Notteboom (2016), presented in
Table A.7

• Decision-makers: Terminal users

• Country: Vietnam

• Used method(s): AHP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Reduction
of transport
costs

0,157 No Total inland
transport costs

Reduction of
transport time

0,152 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3). Therefore,
total transport times between
seaports and customer loca-
tions are also deemed irrele-
vant. Pre-/end-haulage trans-
port times are covered by mea-
surements on distances be-
tween the alternative location
and customer locations.

Range of ser-
vices

0,145 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing offered
services are not applicable.

Accessibility
to road

0,138 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Accessibility
to rail

0,138 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Proximity to
the produc-
tion base

0,136 No Market proximity

Accessibility
to inland
waterway

0,133 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Table A.7: Weighted factors relevant for inland terminal location selection to terminal users, as observed in Nguyen and
Notteboom (2016).
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Weighted factors as observed in Nguyen and Notteboom (2016), presented in
Table A.8

• Decision-makers: Terminal operators

• Country: Vietnam

• Used method(s): AHP

Factor (Global)
weight

Filtered
from sur-
vey

Alternative grouping/naming in
survey

Market demand 0,363 No Market volume potential
Cost 0,318 No Inland terminal CAPEX / Inland ter-

minal OPEX
Room for expan-
sion

0,175 No Expansion possibilities

Investment atmo-
sphere

0,144 No Governmental policy

Table A.8: Weighted factors relevant for inland terminal location selection to terminal operators, as observed in Nguyen and
Notteboom (2016).

Weighted factors as observed in Nguyen and Notteboom (2016), presented in
Table A.9

• Decision-makers: Community representatives

• Country: Vietnam

• Used method(s): AHP

Factor (Global)
weight

Filter from
survey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Complement
with other
transport
planning

0,227 No Governmental
policy5

Maximizing
value added
services and
return to
government

0,148 Yes Less than threshold value of
two observations in literature

Minimizing
road conges-
tion

0,136 No Traffic congestion

Employment
generation

0,131 No Local labor mar-
ket

Dry port re-
lated pollution

0,114 No Environmental ef-
fects

5As other transport planning is assumed to be performed by governmental institutions, the inland terminal planning is ought to
be in line with their policies as represented by this factor.
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Contribution
to land use
reorganization

0,102 No Land use near lo-
cation

Minimizing
pollution per
route

0,097 No Environmental ef-
fects

Minimizing vi-
sual intrusion

0,045 No Environmental ef-
fects

Table A.9: Weighted factors relevant for inland terminal location selection to the local community, as observed in Nguyen and
Notteboom (2016).

Weighted factors as observed in Özceylan et al. (2016), presented in Table A.10
• Decision-makers: Governmental professionals and academics

• Country: Turkey

• Used method(s): ANP-TOPSIS

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Land costs 0,160 No Inland terminal
CAPEX

Proximity to
population
density

0,128 Yes Less than threshold value of
two observations in literature.

Proximity
to highway
system

0,103 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Proximity to
industrial
zone

0,097 No Market proximity

Acreage of
land & Op-
portunities for
possible site
expansion

0,084 No Expansion possi-
bilities

Distance to
rivers

0,082 No Environmental ef-
fects

Distance to
lakes

0,075 No Environmental ef-
fects

Proximity
to railroad
system

0,069 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Distance to
forest zone

0,066 No Environmental ef-
fects
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Slope of land 0,049 Yes The case study alternatives
are determined based on the
preliminary condition of be-
ing available properties suit-
able specifically for inland ter-
minal development, thus sur-
face conditions are assumed to
be sufficient already.

Proximity to
airport

0,036 Yes The focus of this study is on
container transport, which is
not directly related to air freight
and affiliated factors.

Distance to
earthquakes

0,026 Yes Factor is excluded since earth-
quakes do not naturally occur
in case study region.

Height differ-
ence to railway

0,024 Yes The case study alternatives
are determined based on the
preliminary condition of be-
ing available properties suit-
able specifically for inland ter-
minal development, thus sur-
face conditions are assumed to
be sufficient already.

Table A.10: Weighted factors relevant for inland terminal location selection, as observed in Özceylan et al. (2016).

Weighted factors as observed in Regmi and Hanaoka (2013), presented in Table
A.11

• Decision-makers: Governmental professionals, freight forwarder professionals, general
business professionals (local chambers of commerce)

• Country: Laos

• Used method(s): ANP-TOPSIS

Factor (Global)
weight

Filter from
survey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Total trans-
port time from
seaport

0,133 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

Government
policies to de-
velop special
economic zone
or free trade
area nearby

0,112 No Governmental
policies

Impacts from
construction

0,110 No Environmental ef-
fects

Impacts from
transport op-
eration

0,099 No Environmental ef-
fects
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Transportation
costs

0,089 No Total inland
transport costs

Proximity
to market,
production
centers and
consumers

0,087 No Market proximity

Highways 0,073 No Transport infras-
tructure network
in area

Railways 0,071 No Transport infras-
tructure network
in area

Construction
costs

0,057 No Inland terminal
CAPEX

Freight de-
mand

0,057 No Market volume
potential

Land acquisi-
tion costs

0,056 No Inland terminal
CAPEX

Inland water-
ways

0,034 No Transport infras-
tructure network
in area

Seaports 0,023 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

Table A.11: Weighted factors relevant for inland terminal location selection, as observed in Regmi and Hanaoka (2013).

Weighted factors as observed in Roso et al. (2015), presented in Table A.12
• Decision-makers: Governmental professionals, intermodal logistics professionals, ter-
minal operator professionals, port authority professionals, shipping line professionals

• Country: Croatia

• Used method(s): AHP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Goods flows in
the catchment
area of the ter-
minal

0,112 No Market volume
potential

Power of the
economic
sector in the
catchment
area of the
terminal

0,102 No Regional eco-
nomic develop-
ment
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International
freight flows
that pass
through the
area of the ter-
minal (tonnes
per year)

0,092 Yes The case study region is in
the Schengen Area, thus bor-
der crossings are deemed irrel-
evant.

Future goods
flows in the
catchment
area of the
terminal

0,058 No Market volume
potential

Distance from
main indus-
trial zones
(km)

0,051 No Market proximity

Distance from
railway sta-
tions

0,049 Yes Less than threshold value of
two observations in literature.

Distance from
seaports

0,046 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

Terminal con-
nections

0,045 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Possibility of
expanding the
area consid-
ering future
requirements

0,039 No Expansion possi-
bilities

Possibility
of getting a
major status
in the network

0,034 Yes Proposed inland terminal is of
the Load Center type, for which
the network function of the in-
land terminal has limited rele-
vance (see Section 2.2.3).

Flows that
are created in
the catchment
area of the
terminal

0,034 No Market volume
potential

Ratio of total
flows rail /
road

0,034 Yes Less than threshold value of
two observations in literature.

Free zones
(SZ) in the
catchment
area of the
terminal

0,034 Yes Not applicable to case study,
since this factor is specifically
considered with Croatian pub-
lic administration.
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Safety of plan-
ning (SZ) –
planning (is it
approved for
implementa-
tion, and in
compliance
with national
and regional
planning?)

0,034 Yes Governmental
policy

Ownership
status / avail-
ability (public
or private,
one or several
owners)

0,034 Yes The case study alternatives
are determined based on the
preliminary condition of being
available properties.

Distance from
transport and
rail companies

0,034 No Market proximity

Rail network
characteris-
tics

0,032 No Transport infras-
tructure network
in area

Terminal per-
formance indi-
cators

0,026 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Distance from
river ports
(km)

0,019 Yes The case study does not involve
barge transport (related) oper-
ations (see Section 4.1), thus
barge transport (related) fac-
tors are not applicable.

Accessibility
to municipal
and commer-
cial centers

0,019 No Market proximity6

Distance from
agricultural
centers

0,019 No Market proximity6

IWW network
characteris-
tics

0,017 No Transport infras-
tructure network
in area

Quality indi-
cators

0,015 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

Equipment
and activities
at terminal

0,010 Yes The goal of the research is to
find a location for a new inland
terminal, thus existing perfor-
mance indicators are not appli-
cable.

6Accessibility to municipal and commercial centers and Distance from agricultural centers are combined grouped into Market
proximity
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Distance from
airports

0,007 Yes The focus of this study is on
container transport, which is
not directly related to air freight
and affiliated factors.

Development
of logistics
structures

0,006 Yes Less than threshold value of
two observations in literature.

Table A.12: Weighted factors relevant for inland terminal location selection, as observed in Roso et al. (2015).

Weighted factors as observed in Rožić et al. (2016), presented in Table A.13
• Decision-makers: Undefined

• Country: Undefined

• Used method(s): AHP + ELECTRE + PROMETHEE

Factor Final
weight
result

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Goods flow 9 No Market volume
potential

City logistics 8 Yes Less than threshold value of
two observations in literature.

Infrastructure 7 No Transport infras-
tructure network
in area

Port influence 6 Yes Proposed inland terminal is of
the Load Center type, for which
the relation with the seaport
has less relevance (see Section
2.2.3).

Labour mar-
ket

5 No Local labor mar-
ket

Table A.13: Weighted factors relevant for inland terminal location selection, as observed in Rožić et al. (2016).

Weighted factors as observed in Wei et al. (2010), presented in Table A.14
• Decision-makers: Undefined

• Country: China

• Used method(s): Fuzzy-ANP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Traffic 0,167 No Traffic congestion
Information
infrastructure

0,145 Yes Case study region is assumed
to have a sufficient IT infras-
tructure network, thus factor is
deemed irrelevant.
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Distribution
and quantity
of goods

0,129 No Market volume
potential

Customer
conditions

0,129 Yes Less than threshold value of
two observations in literature.

Transport
costs

0,107 No Total inland
transport costs

Local labor
wage level

0,096 Yes Less than threshold value of
two observations in literature.

Environment
protection
costs

0,087 Yes Less than threshold value of
two observations in literature.

Labor condi-
tions

0,081 No Local labor mar-
ket

State of public
facilities

0,058 No Transport infras-
tructure network
in area7

Table A.14: Weighted factors relevant for inland terminal location selection, as observed in Wei et al. (2010).

Weighted factors as observed in Yıldırım and Önder (2014), presented in Table
A.15

• Decision-makers: Governmental professionals, logistics firm professionals, customer
firm professionals, academics

• Country: Turkey

• Used method(s): AHP

Factor (Global)
weight

Filtered
from sur-
vey

Reason for filtering Alternative
grouping/
naming in sur-
vey

Proximity
to highway
system

0,19 Yes The case study alternatives
are determined based on the
preliminary condition of being
connected to relevant transport
infrastructure networks.

Cost of land 0,18 No Inland terminal
CAPEX

Opportunities
for possible
site expansion

0,17 No Expansion possi-
bilities

Proximity to
harbor

0,17 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

7Public facilities is grouped under the transport infrastructure criterion since this encompasses the publicly accessible infrastruc-
ture in the area.
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Proximity
to railroad
system

0,17 Yes Proposed inland terminal is of
the Load Center type, for which
the distance to the hinterland
location has limited relevance
(see Section 2.2.3).

Proximity to
industrial
zone

0,08 No Market proximity

Proximity to
airport

0,04 Yes The focus of this study is on
container transport, which is
not directly related to air freight
and affiliated factors.

Table A.15: Weighted factors relevant for inland terminal location selection, as observed in Yıldırım and Önder (2014).

Factors as observed in Li et al. (2011) and Long and Grasman (2012), presented in Table
A.16. Weight values are not indicated in the papers, thus not present in the overview either.

Factor Filter
from
survey

Reason for filtering Alternative
grouping/
naming in
survey

Li et al. (2011)
Country: China
Environmental protec-
tion climate - numbers
of sustainability mea-
sures by governments

No Governmental
policy8

Environmental pro-
tection climate - per-
centage of investment
in sustainability mea-
sures compared to total
governmental expenses

No Governmental
policy8

Gross Regional Product
per capita

No Regional
economic
develop-
ment

Monetary value of fixed
transport related as-
sets

No Inland
terminal
CAPEX

Total freight infrastruc-
ture length

No Transport
infrastruc-
ture in
area

Total freight volumes No Market vol-
ume poten-
tial

Total import and export
value

No Market vol-
ume poten-
tial9

8Although only focused on environmental protection, the original factor is regarded as an investment climate indicator based on
governmental policies

9Market characteristics are expressed in volumes rather than monetary units.



106

Long and Grasman
(2012)
Country: United States
of America
Infrastructure No Transport

infrastruc-
ture in
area

Proximity to market No Market
proximity

Land availability Yes The case study alternatives are de-
termined based on the preliminary
condition of being available proper-
ties.

Government and in-
dustry support

No Governmental
policy

Labor supply No Local labor
market

Origin/destination dis-
tances

No Market
proximity

Congestion No Traffic con-
gestion

Table A.16: Factors relevant for inland terminal location selection, as observed in Li et al. (2011); Long and Grasman (2012)
(no weight values observed).



B
Criteria determination survey template

Q1. Next, you see a list of factors gathered through reviewing earlier performed studies and
other kinds of literature. From this list, could you indicate (by ticking the box(es)) the most
important factors for evaluating the location of an inland terminal? In other words, which
factors would you use to determine if an inland terminal is located good, bad, moderate, etc.?
Please select as few or many criteria as you would like up to a maximum of 8 (ranking them
is not needed).
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Q2. Are there factors you find important for evaluating the location of an inland terminal, but
not present in the list? If not, you can skip this question. If so, please indicate accordingly
(and further explain if necessary):

Q3. Do you have any other remarks on the above list and your selection of criteria important
for evaluating the location of an inland terminal? If not, you can skip this question. If so,
please indicate below:

End of questionnaire. Thank you very much for your participation. If you would be interested
in receiving (non-confidential) research results after completion of this study, please feel free to
reach out.



C
Data gathering methods per criterion

Content cannot be displayed due to confidentiality reasons.
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D
Preference statement survey template

D.1. Survey for shipping line experts
The following main factors and sub factors were identified as most important for evaluating
the location of an inland terminal:

The first question consists of scoring the main factors:

Q1a. Could you indicate which one of the main factors you find the MOST important for
evaluating the location of an inland terminal?

Q1b. Could you indicate how much you consider the other main factors to be LESS impor-
tant than what you selected? Use a number from the scale 1 – 9, as follows;
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Q1c. Could you indicate which one of the main factors you find the LEAST important for
evaluating the location of an inland terminal?

Q1d. Could you indicate how much you consider the other main factors to be MORE impor-
tant than what you selected? Use a number from the scale 1 – 9, as follows;

The next part consists of scoring the sub factors:

Costs and benefits
Q2a. Could you indicate which one of these costs and benefits factors you find the MOST
important for evaluating the location of an inland terminal?

Q2b. Could you indicate how much you consider the other factors to be LESS important
than what you selected? Use a number from the scale 1 – 9, as follows;
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Q2c. Could you indicate which one of these costs and benefits factors you find the LEAST
important for evaluating the location of an inland terminal?

Q2d. Could you indicate how much you consider the other factors to be MORE important
than what you selected? Use a number from the scale 1 – 9, as follows;

Local market characteristics
Q3a. Could you indicate which one of these local market characteristics factors you find the
MOST important for evaluating the location of an inland terminal?

Q3b. Could you indicate how much you consider the other factors to be LESS important
than what you selected? Use a number from the scale 1 – 9, as follows;
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Q3c. Could you indicate which one of these local market characteristics factors you find the
LEAST important for evaluating the location of an inland terminal?

Q3d. Could you indicate how much you consider the other factors to be MORE important
than what you selected? Use a number from the scale 1 – 9, as follows;

Technical characteristics
Q4a. Could you indicate which one of these technical characteristics factors you find the
MOST important for evaluating the location of an inland terminal?

Q4b. Could you indicate how much you consider the other factors to be LESS important
than what you selected? Use a number from the scale 1 – 9, as follows;
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Q4c. Could you indicate which one of these technical characteristics factors you find the
LEAST important for evaluating the location of an inland terminal?

Q4d. Could you indicate how much you consider the other factors to be MORE important
than what you selected? Use a number from the scale 1 – 9, as follows;

D.2. Survey for terminal operator experts
The following factors were identified as most important for evaluating the location of an inland
terminal:
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Q1. Could you indicate which one of these factors you find the MOST important for evaluat-
ing the location of an inland terminal?

Q2. Could you indicate how much you consider the other factors to be LESS important than
what you selected? Use a number from the scale 1 – 9, as follows;

Q3. Could you indicate which one of these factors you find the LEAST important for evalu-
ating the location of an inland terminal?
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Q4. Could you indicate how much you consider the other factors to be MORE important than
what you selected? Use a number from the scale 1 – 9, as follows;

D.3. Survey for terminal user experts
D.3.1. Survey for intermodal transport operator experts
The following factors were identified as most important for evaluating the location of an inland
terminal:

Q1. Could you indicate which one of these factors you find the MOST important for evaluat-
ing the location of an inland terminal?

Q2. Could you indicate how much you consider the other factors to be LESS important than
what you selected? Use a number from the scale 1 – 9, as follows;
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Q3. Could you indicate which one of these factors you find the LEAST important for evalu-
ating the location of an inland terminal?

Q4. Could you indicate how much you consider the other factors to be MORE important than
what you selected? Use a number from the scale 1 – 9, as follows;

D.3.2. Survey for truck transport operator experts
The following factors were identified as most important for evaluating the location of an inland
terminal:
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Q1. Could you indicate which one of these factors you find the MOST important for evaluat-
ing the location of an inland terminal?

Q2. Could you indicate how much you consider the other factors to be LESS important than
what you selected? Use a number from the scale 1 – 9, as follows;

Q3. Could you indicate which one of these factors you find the LEAST important for evalu-
ating the location of an inland terminal?
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Q4. Could you indicate how much you consider the other factors to be MORE important than
what you selected? Use a number from the scale 1 – 9, as follows;



E
Model verification

E.1. Non-linear Weight Interval Determination Models
The following constraints are checked to verify Models 3.4 and 3.5:

|𝑤𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

|
𝑤
𝑤 − 𝑎 | ≤ 𝜉∗, ∀𝑗

∑𝑤 = 1

𝑤 ≥ 0, ∀𝑗
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E.2. Weight Aggregation Model
The following constraints are checked to verify Model 3.7:

|𝑤 − 𝑤 | ≤ 𝜔, ∀𝑗, 𝑘
𝑤 ≤ 𝑤 ≤ 𝑤 , ∀𝑖, 𝑘
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E.3. Utility Aggregation Model
The following constraints are checked to verify Model 3.12:

|𝑉 − 𝑉 | ≤ 𝜁, ∀𝑖, 𝑘
𝑉 ≤ 𝑉 ≤ 𝑉 , ∀𝑖, 𝑘
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F
Model validation

F.1. Non-linear Weight Interval Determination Models
The following model outputs support the validation of Models 3.4 and 3.5:

Criterion Model input Expected rank Model output Compliance
BO OW 𝑤 Actual rank

𝑐 1 9 1 0,5100 1 Yes
𝑐 3 6 2 0,2357 2 Yes
𝑐 5 4 3 0,1363 3 Yes
𝑐 7 2 4 0,0683 4 Yes
𝑐 9 1 5 0,0497 5 Yes

Table F.1: Validation of Models 3.4 and 3.5: Expected criteria ranking versus actual criteria ranking.

Figure F.1: Weight intervals of criteria weight determination problem for validation

As the expected criteria weight ranks comply with the actual criteria weight ranks and the
model produces intervals rather than discrete values, Models 3.4 and 3.5 are successfully
validated.
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F.2. Weight Aggregation Model and Utility Aggregation Model
The following model outputs support the validation of Models 3.7 and 3.12:

Criterion Model input Expected weight
range

Model output Comp-
liance𝑤 , 𝑤 , 𝑤 , 𝑤 , 𝑤

c1 0,4732 0,5133 0,9465 1,027 0, 5133 ≤ 𝑤 ≤ 0, 9465 0,7299 Yes
c2 0,2310 0,2787 0,4620 0,5574 0, 2787 ≤ 𝑤 ≤ 0, 4620 0,3703 Yes
c3 0,1265 0,1372 0,2530 0,2744 0, 1372 ≤ 𝑤 ≤ 0, 2530 0,1951 Yes
c4 0,0588 0,0870 0,1176 0,1741 0, 0870 ≤ 𝑤 ≤ 0, 1176 0,1023 Yes
c5 0,0461 0,0500 0,0923 0,1001 0, 0500 ≤ 𝑤 ≤ 0, 0923 0,0712 Yes

Table F.2: Validation of Models 3.7 and 3.12: Expected aggregated criteria weights versus actual aggregated criteria weights.

Figure F.2: Aggregate weights of weight aggregation problem for validation

As the expected aggregated weight values comply with the actual aggregated weight values
and the aggregate weight ranking is the same as the ranking of the initial weight intervals,
Models 3.7 and 3.12 are successfully validated1.

1Note that weights are duplicates of weights purely in order to conduct this validation exercise. Theoretically, weights
cannot be calculated by multiplying initial weight factors with themselves/other weight values.
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Results of criteria determination surveys
The criteria selection survey produces two outcomes. First of all, it produces the outcome
of the examination of criteria gathered in the literature review by the industry expert. The
selections of the most important literature criteria are presented in Table G.1.

Stakeholder Shipping
line

Terminal user Terminal
operatorIntermodal operator Truck operator

Criterion Times mentioned Total
Transport infrastructure
network in area 5 1 2 2 10

Market volume potential 4 1 1 2 8
Expansion possibilities 4 1 2 - 7
Market proximity 4 1 1 - 6
Total inland transport costs 2 - 2 1 5
Regional transport/logistics
competition 2 - 1 1 4

Inland terminal CAPEX 2 1 - 1 4
Intermodal market
profitability 2 - 1 - 3

Local environmental
effects 1 1 - 1 3

Governmental policy 2 - - - 2
Terminal market
profitability 1 - 1 - 2

Land use near location 1 - 1 - 2
Regional economic
development - - - 2 2

Inland terminal OPEX 1 - - - 1
Traffic congestion 1 - - - 1
Local labor market - - - - -
Local average wage
level - - - - -

Global environmental
effects - - - - -

Table G.1: Criteria selection survey results: Numbers of selections by experts.

Secondly, the survey gains insight in factors not observed in the literature but still considered
to be important by industry experts. These additionally mentioned criteria are presented in
Table G.2.
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Stakeholder Shipping
line

Terminal user Terminal
operatorIntermodal operator Truck operator

Criterion Times mentioned Total
Local depot capacity 1 - - - 1
Uniqueness 1 - - - 1
Customer demand - - - 1 1
Enabling modality shift - - - 1 1
Anchor customer
proximity - - - 1 1

Development of supply-
demand over time - - - 1 1

Ability to offer ancillary
services - - - 1 1

Table G.2: Criteria selection survey results: Numbers of additional mentions by experts.
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Results of preference statement surveys
In this appendix the results of the preference statement survey are presented for each re-
spondent. The tables display the Best-to-Others (BO) scores as well as the Others-to-Worst
(OW) scores.

Shipping line respondent 1

Main criterion BO OW Subcriterion BO OW

Cost and benefits 2 6
Inland terminal CAPEX 7 1
Intermodal market profitability 1 7
Total inland transport costs 1 6

Local market characteristics 1 8

Governmental policy 8 1
Market proximity 1 8
Market volume potential 1 8
Regional transport/logistics competition 5 4

Technical characteristics 8 1
Expansion possibilities 8 1
Local depot capacity 3 5
Transport infrastructure network in area 1 8

Table H.1: Preference statement survey results: Shipping line 1

Shipping line respondent 2

Main criterion BO OW Subcriterion BO OW

Cost and benefits 1 9
Inland terminal CAPEX 3 4
Intermodal market profitability 1 7
Total inland transport costs 7 1

Local market characteristics 3 6

Governmental policy 9 1
Market proximity 8 3
Market volume potential 1 9
Regional transport/logistics competition 3 5

Technical characteristics 9 1
Expansion possibilities 9 1
Local depot capacity 3 6
Transport infrastructure network in area 1 9

Table H.2: Preference statement survey results: Shipping line 2
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Shipping line respondent 3

Main criterion BO OW Subcriterion BO OW

Cost and benefits 2 2
Inland terminal CAPEX 4 4
Intermodal market profitability 1 9
Total inland transport costs 9 1

Local market characteristics 1 5

Governmental policy 4 1
Market proximity 1 4
Market volume potential 2 3
Regional transport/logistics competition 3 2

Technical characteristics 5 1
Expansion possibilities 1 5
Local depot capacity 2 2
Transport infrastructure network in area 5 1

Table H.3: Preference statement survey results: Shipping line 3

Terminal operator respondents 1, 2 and 3

Criterion Respondent 1 Respondent 2 Respondent 3
BO OW BO OW BO OW

Anchor customer proximity 2 4 3 5 1 9
Enabling modality shift 4 4 7 1 7 2
Inland terminal CAPEX 7 1 4 4 5 5
Market volume potential 2 5 1 7 4 7
Regional economic development 1 7 3 5 9 1
Regional transport/logistics competition 4 3 3 5 4 7
Total inland transport costs 3 4 6 2 1 9
Transport infrastructure network in area 3 5 5 3 9 2

Table H.4: Preference statement survey results: Terminal operators

Rail transport operator respondent 1 and 2

Criterion Respondent 1 Respondent 2
BO OW BO OW

Expansion possibilities 8 1 4 3
Inland terminal CAPEX 4 6 4 3
Market proximity 5 4 6 1
Market volume potential 1 8 1 6
Transport infrastructure network in area 3 7 1 6

Table H.5: Preference statement survey results: Rail transport operators



132

Truck transport operator respondent

Criterion BO OW
Expansion possibilities 8 2
Intermodal market profitability 3 7
Land use near location 9 1
Market proximity 2 8
Market volume potential 1 9
Regional transport/logistics competition 6 4
Terminal market profitability 5 5
Total inland transport costs 4 6

Table H.6: Preference statement survey results: Truck transport operator



I
Consistency of comparisons

Although BWM always results in consistent comparisons, they are not always fully consistent
(Rezaei, 2015). Therefore, Consistency Ratio threshold values from the study of Liang et al.
(2019) are used to check the levels of consistency of the several comparisons made in this
study. These threshold values are based on two parameters:

• Number of criteria considered in comparison

• Corresponding value of 𝑎

The threshold values are displayed in Table I.1.

Number of criteria
𝑎 3 4 5 6 7 8 9

3 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087
4 0,1581 0,2352 0,2738 0,2928 0,3102 0,3154 0,3273
5 0,2111 0,2848 0,3019 0,3309 0,3479 0,3611 0,3741
6 0,2164 0,2922 0,3565 0,3924 0,4061 0,4168 0,4225
7 0,2090 0,3313 0,3734 0,3931 0,4035 0,4108 0,4298
8 0,2267 0,3409 0,4029 0,4230 0,4379 0,4543 0,4599
9 0,2122 0,3653 0,4055 0,4225 0,4445 0,4587 0,4747

Table I.1: Consistency Ratio thresholds for different combinations of numbers of criteria and (from Liang et al., 2019)

A comparison is considered to be consistent if the Consistency Ratio does not exceed the
corresponding consistency threshold value. If the Consistency Ratio is larger than the cor-
responding consistency threshold value, the comparison is not consistent. In general, the
closer the Consistency Ratio value is to 0, the more consistent the comparison is.

Table I.2 shows the Consistency Ratio value of the separate comparisons considered by each
actor in this study. Corresponding threshold values and consistency based on (the violation
of) these thresholds are also included.
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Comparison by actor 𝑛 𝑎 Threshold CR Consistency check
Shipping line 1 (global) 3 6 0,2164 0,1049 Consistent
Shipping line 1 (local c&b) 3 7 0,2090 0,1340 Consistent
Shipping line 1 (local market) 4 8 0,3409 0,3120 Consistent
Shipping line 1 (local technical) 3 8 0,2267 0,1924 Consistent
Shipping line 2 (global) 3 9 0,2122 0,1912 Consistent
Shipping line 2 (local c&b) 3 7 0,2090 0,1832 Consistent
Shipping line 2 (local market) 4 9 0,3653 0,2710 Consistent
Shipping line 2 (local technical) 3 9 0,2122 0,1912 Consistent
Shipping line 3 (global) 3 5 0,2111 0,0837 Consistent
Shipping line 3 (local c&b) 3 9 0,2122 0,1644 Consistent
Shipping line 3 (local market) 4 4 0,2352 0,2173 Consistent
Shipping line 3 (local technical) 3 5 0,2111 0,0837 Consistent
Terminal operator 1 8 7 0,4108 0,3072 Consistent
Terminal operator 2 8 7 0,4108 0,3072 Consistent
Terminal operator 3 8 9 0,4587 0,3589 Consistent
Rail transport operator 1 5 8 0,4029 0,3859 Consistent
Rail transport operator 2 5 9 0,4055 0,2792 Consistent
Truck transport operator 9 9 0,4747 0,3298 Consistent

Table I.2: Criteria comparison consistency check
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Criteria weight intervals (numerical)

Actor Criterion Lower bound Upper bound

Shipping
line 1

Inland terminal CAPEX 0,0245827949938 0,0263387089244
Intermodal market profitability 0,1712016080071 0,1843709624838
Total inland transport costs 0,1597881674631 0,1712016080473
Governmental policy 0,0164657736975 0,0164657737054
Market proximity 0,1546868667380 0,1546868668505
Market volume potential 0,1546868667147 0,1546868668271
Regional transport/logistics competition 0,0429024176762 0,0429024176841
Expansion possibilities 0,0403279577353 0,0403279577421
Local depot capacity 0,1669599608564 0,1669599608600
Transport infrastructure in area 0,3573034897902 0,3573034897946

Shipping
line 2

Inland terminal CAPEX 0,1727408744963 0,1727408744996
Intermodal market profitability 0,4001757921689 0,4001757921739
Total inland transport costs 0,0520833333265 0,0520833333333
Governmental policy 0,0321875852410 0,0376901641523
Market proximity 0,0509392900827 0,0596475377313
Market volume potential 0,3353117328228 0,3926344321026
Regional transport/logistics competition 0,1350278660272 0,2065613918592
Expansion possibilities 0,0195312499970 0,0195312499999
Local depot capacity 0,0976562499986 0,0976562500003
Transport infrastructure in area 0,1953124999986 0,1953125000004

Shipping
line 3

Inland terminal CAPEX 0,0614716894370 0,0614716894382
Intermodal market profitability 0,1930244823741 0,1930244823756
Total inland transport costs 0,0195766285988 0,0195766286009
Governmental policy 0,0284138364764 0,0284138368544
Market proximity 0,1237209102146 0,1237209102364
Market volume potential 0,0751759424785 0,0751759451594
Regional transport/logistics competition 0,0467621086079 0,0467621108961
Expansion possibilities 0,3611134991639 0,3611134991837
Local depot capacity 0,1646978004261 0,1646978004474
Transport infrastructure in area 0,0751158999395 0,0751158999443

Rail
transport
operator 1

Expansion possiblities 0,0390661973069 0,0443462235998
Inland terminal CAPEX 0,1670047594955 0,1895764348039
Market proximity 0,0913513937705 0,1277535818528
Market volume potential 0,3799220028034 0,4312706955934
Transport infrastructure in area 0,2269320066607 0,3063098063942

Rail
transport
operator 2

Expansion possiblities 0,1138040748491 0,1138040874603
Inland terminal CAPEX 0,1138040825999 0,1138040874603
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Market proximity 0,0526315789158 0,0526315827420
Market volume potential 0,3598800922144 0,3598801232771
Transport infrastructure in area 0,3598801230115 0,3598801675947

Truck
transport
operator

Expansion possiblities 0,0253541829227 0,0473675108963
Intermodal market profitability 0,1287640651046 0,2178532643295
Land use near location 0,0226740843849 0,0281869481487
Market proximity 0,1543529312345 0,2498250121623
Market volume potential 0,2431814320425 0,3023073522774
Regional transport/logistics competition 0,0518567120329 0,0702533196097
Terminal market profitability 0,0742557493463 0,0923099218049
Total inland transport costs 0,0979056587640 0,1312608247442
Transport infrastructure in area 0,0294133097392 0,0561110150128

Terminal
operator 1

Anchor customer proximity 0,0874391833525 0,1740695753380
Enabling modality shift 0,0817026598987 0,1046589148472
Inland terminal CAPEX 0,0286263983785 0,0366696481362
Market volume potential 0,1180755041238 0,2078964359154
Regional economic development 0,2331877222647 0,2987072146509
Regional transport/logistics competition 0,0546404199492 0,1009568622316
Total inland transport costs 0,0854689244252 0,1524980499364
Transport infrastructure in area 0,1120591956893 0,1579816474807

Terminal
operator 2

Anchor customer proximity 0,1355517007683 0,1621455718821
Enabling modality shift 0,0345160214077 0,0376557796700
Inland terminal CAPEX 0,0985122445701 0,1074734347972
Market volume potential 0,2811639909273 0,3067401415757
Regional economic development 0,1355517007689 0,1621455718856
Regional transport/logistics competition 0,1355517007690 0,1621455718819
Total inland transport costs 0,0400909683476 0,0619366981786
Transport infrastructure in area 0,0645745306102 0,0788178919659

Terminal
operator 3

Anchor customer proximity 0,2710224921485 0,2836335189680
Enabling modality shift 0,0312298645874 0,0540970849911
Inland terminal CAPEX 0,0785228674390 0,0899740491139
Market volume potential 0,1276537958719 0,1335936921761
Regional economic development 0,0249172680013 0,0260767006828
Regional transport/logistics competition 0,1276537958719 0,1335936921761
Total inland transport costs 0,2710224921485 0,2836335189594
Transport infrastructure in area 0,0252488124839 0,0392790238432

Table J.1: Criteria weight intervals for each actor, rounded to 13 decimal points.



K
Utility interval analysis - Gross utility

intervals of all alternatives
The gross utility intervals of all actors for alternative A1 are displayed in the following figure.

The gross utility intervals of all actors for alternative A2 are displayed in the following figure.
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The gross utility intervals of all actors for alternative B1 are displayed in the following figure.

The gross utility intervals of all actors for alternative B2 are displayed in the following figure.
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The gross utility intervals of all actors for alternative C1 are displayed in the following figure.

The gross utility intervals of all actors for alternative C2 are displayed in the following figure.
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The following figure shows all actors’ gross utility intervals for each alternative location.
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Abstract

Purpose - As shipping lines aim at vertically integrate into the container port hinterland by offering inland
transport and logistics services to their customers, the need for effective intermodal transport chain set-
ups grows. Choosing a location for setting up inland terminals dedicated to the needs of the shipping
lines and their customers contributes to these aims. The purpose of this paper is to develop an inland
terminal location selection methodology, viewed from the perspective of the shipping line designing the
inland transport chain, which additionally includes terminal operator and terminal user stakeholders and
their corresponding objectives related to the inland terminal.
Design/methodology/approach - A literature review is performed to identify methods and factors used
commonly for inland terminal location selection problems. Multi-Criteria Multi-Actor Criteria Analysis
(MAMCA) is considered to take into account the varying stakeholders and their objectives, presenting the
Best-Worst Method (BWM) to determine multi-optimal criteria weight intervals based on actor-specific
sets and evaluations. By means of min - max aggregation of subsequent utility intervals, alternatives’ final
utilities are involving all actors’ preferences in an equal manner.
Findings - The application of the methodology on a case study including six alternatives and three shipping
line decision-makers, three terminal operator decision-makers and three terminal user decision-makers results
in a most desirable inland terminal location based mainly on the high container volume potential related
characteristics of the area.
Contribution - First of all, a non-conventional perspective of the shipping line with regards to the inland
terminal location selection problem leads to an interesting point of view of the location problem. By
considering MAMCA and the multi-optimality properties of the non-linear BWM model, actor-specific
criteria sets instead of a fixed set of criteria for all stakeholders can be involved. This improves the flexibility
of the decision-making process and the desirability of the results.

Keywords: Inland terminal location selection, MAMCA, BWM, multi-optimality, utility aggregation

1. Introduction

A major component of global container supply
chains consists of hinterland transport. The im-
portance of such inland transport legs are increas-
ingly noticed by scholars [1, 2], as well as by ship-
ping lines [3, 4]. As shipping lines were originally

merely involved with maritime transport between
seaports across the globe, they now increasingly try
to integrate their ocean transport set-ups with con-
necting inland transport services in order to offer
full door-to-door business propositions to their cus-
tomers, which is called vertical integration [3]. By
vertically integrating into the hinterland, shipping
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lines can improve coordination of container flows
and inland repositioning tactics [3, 5, 6, 4], subse-
quently leading to increased (cost-)efficiency of pro-
vided hinterland operations. In turn, such efficient
inland transport chain services enables attracting
customers and increase their market share in and
control on the hinterland.

With regards to cost-efficiency of the inland
transport chain, intermodal transport has signifi-
cant economic advantages due to the possibility to
bundle containers on larger vehicles, reducing the
costs per transported container [7]. A major com-
ponent of intermodal transport is the inland termi-
nal, at which containers get transshipped between
truck and intermodal vehicle or vice versa. Be-
cause of the necessity of the transshipment oper-
ations for intermodal transport, the inland termi-
nal considerably influences the cost-efficiency of the
broader inland transport chain [8]. Therefore, ac-
tive engagement with inland terminals by shipping
lines enables them to effectively use these facilities
in their inland transport configurations [4]. Since
numerous competing actors also make use of these
facilities (e.g. freight forwarders, logistics service
providers and competing shipping lines), setting up
an own inland terminal dedicated to the needs of
the shipping line and its (potential) customers en-
ables effective incorporation in a designed inland
transport chain. Highly important is the location
of the terminal, since it determines the attractive-
ness to use it based on the distances to the (poten-
tial) customers which influence transport times and
costs. Therefore, this research is concerned with the
location problem of the inland terminal to be set
up by a shipping line. Since this location selection
problem is derived from the specific purpose of the
inland terminal to contribute to the shipping line’s
inland transport chain proposition, the location is
viewed within the structure of the container port
hinterland.

1.1. The inland terminal within the multi-layer
structure of the container port hinterland

Based on the four-layer model [9], as applied to
the container port hinterland, four interrelated hin-
terland layers are distinguished, consisting of a lo-
gistical layer in which transport services and chains
are organized; a transport layer in which transport
and transshipment operations take place; an in-
frastructural layer which contains the provision of
transport and transshipment infrastructure; and a

locational layer which contains the geographic lo-
cations of the infrastructure within the economic
space of the hinterland (Figure 1.1).

Figure 1: Four-layer structure of the container port
hinterland [edited from 9]

Key actors and their activities with regards to
the inland transport chain are identified. First of
all, these include the shipping lines themselves as
organizers of the inland transport and transship-
ment services (logistical layer). Secondly, trans-
port operators perform the designed transport ser-
vices, while terminal operators perform the de-
signed transshipment operations (transport layer).
Thirdly, transshipment infrastructure is provided
and owned by the same inland terminal operators.
Lastly, particularly in the sense of this study, the
transshipment infrastructure location is selected by
the shipping line (as organizer) and the inland ter-
minal operator (as operator/owner). As each of
these stakeholders has its own objectives with re-
gards to the inland terminal, the evaluation and
consequent selection of the location based on these
objectives differ. The study takes into account
these different objectives as follows:

• The shipping line evaluates an inland termi-
nal location and makes the decision to select it
based on the objective to incorporate the ter-
minal in the designed inland transport chain.

• The terminal operator evaluates an inland
terminal location and makes the decision to
select it based on the objective to ensure prof-
itability of transshipment operations at the
site.

• The transport operator does not actually se-
lect the inland terminal location, since it is
only using the facility in its own transport
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operations. Nevertheless, as they and their
operations are influenced by the decision, the
broader inland transport chain is as well.
Therefore, the terminal user’s evaluation of
the location, based on the objective to use
the inland terminal to optimize their transport
operation scheme, is also taken into account.

As the research is involved with multiple differ-
ent actors and corresponding objectives, a Multi-
Criteria Decision Making approach is proposed in
order to deal with the location selection problem.
A review of literature on such methods, specifically
focused on the inland terminal location selection
problem, is discussed in Section 2. Consequently,
the methodology considered for this research is pre-
sented in Section 3. Section 4 involves the applica-
tion of the proposed location selection methodology
on a case study region. Based on the results of the
case study, a conclusion including practical implica-
tions and recommendation for further research are
discussed in Section 5.

2. Literature review

In contemporary literature on the inland ter-
minal location selection problem, two general
approaches are mostly applied; the quantitative
mathematical modeling approach and the (semi-
)qualitative multi-criteria analysis approach [10].

2.1. Quantitative methods for inland terminal loca-
tion selection problems

Location optimization by means of mathemati-
cal modeling is mostly performed through a (trans-
port) network approach. Classical approaches to
location problems are the p-Median problem [11];
the Fixed-Charge Facility problem [12]; and the p-
Center problem [13]. Such classical mathemati-
cal programming methods have been extended to
more advanced location optimization techniques,
e.g. facility location under uncertainty, multiple-
criteria location problems and hub location prob-
lems [14]. Location optimization studies for in-
land terminals are mostly focused on minimiz-
ing costs, particularly for the transport operations

[15, 16, 17, 18, 19, 20]. Some also explicitly in-
clude the terminal-related transshipment and han-
dling costs [21, 22, 23]. Although mathematical op-
timization methods can be efficiently used to trans-
form quantitative aspects of the location selection
problem into useful results and are generally ex-
tendable to other settings, a drawback is the fact
that qualitative information cannot easily be taken
into account [24].

2.2. (Semi-)qualitative methods for inland terminal
location selection problems

The use of qualitative data in decision-making
studies is praised for it allowing the preservation
of integrity and elimination of complexity [24].
However, it also brings limitations since qualita-
tive analyses are prone to ambiguities and findings
of qualitative studies are not easily extendable to
other/wider subjects with the same level of cer-
tainty as quantitative studies. As a consequence,
a large amount of studies make use of both quan-
titative and qualitative data. The combination of
using both quantitative and qualitative data is usu-
ally facilitated by Multi-Criteria Decision-Making
(MCDM) methods. These techniques make the
qualitative data quantifiable and the different kinds
of information able to be evaluated by relevant ex-
perts and compared to each other [25]. MCDM1

involves a predetermined number of alternatives,
each satisfying the objectives of a decision-maker to
some extent. The method helps the decision-maker
select the best objective-reaching solution from this
set, according to the priority of each objective and
the interactions between the objectives [26]. Gen-
erally, the approach is mathematically displayed in
a matrix form [27]:

c1 c2 · · · cn

A =

a1
a2
...
am


p11 p12 · · · p1n
p21 p22 · · · p2n
...

...
. . .

...
pm1 pm2 · · · pmn


, in which {a1, a2, · · · , am} is the set of alternatives;
{c1, c2, · · · , cn} is the set of criteria on which the

1This literature review and research is focused on Multi-Attribute Decision-Making (MADM) or discrete MCDM, in most
literature referred to with the global term MCDM, as a subset of Multi-Criteria Decision-Making. Multi-Objective Decision-
Making (MODM, which is also categorized as a subset of Multi-Criteria Decision-Making, is not considered in the scope of this
study.

2As the original data for various criteria differ in contentual and numerical characteristics, they have to be normalized
making use of a common scale in order to be applicable and comparable
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decision has to be based; and pij is the normal-
ized2 score of alternative i regarding corresponding
criterion j. The normalized scores of pij add up to
overall score Vi for alternative ai by making use of
the Additive Value Function [28]:

Vi =
∑

n
j=1wjpij

, in which wj ≥ 0,
∑
wj = 1, represents a weight

factor for criterion j. The best overall scoring ai
then represents the most desirable option from this
set of alternatives, based on the degrees of impor-
tance given by the decision-maker which add value
to the several criteria of the alternative.

MCDM approaches are used in multiple inland
terminal location selection studies in order to take
into account the preferences of (multiple) experts
with regards to varying criteria involved with the
selection process. Whereas some studies include
only the perspectives of single decision-making ex-
perts [29, 30, 31], others apply broader perspectives
based on the inputs of several experts with varying
backgrounds combined [32, 33, 34]. Common char-
acteristic of these multi-actor approaches for inland
terminal location selection in particular as well as
for multi-criteria decision studies in general is the
fact that fixed decision criteria sets are used for all
actors involved. This means that every actor evalu-
ates the same criteria, regardless of the relevancy of
particular factors with regards to the stakeholder’s
objective. Because of the differing stakeholders’ ob-
jectives involved in many multi-criteria problems,
criteria relevant to certain actors might also differ
[35]. A useful methodology in which every stake-
holder group can be assigned its own criteria set
is Multi-Actor Multi-Criteria Analysis (MAMCA)
[35, 36].

2.3. Multi-actor Multi-Criteria Analysis

The MAMCA methodology, as been graphically
displayed in Figure 2, consists of seven steps.

• Step 1: Defining the problem and the
alternatives submitted for evaluation. In
some studies. alternatives are predetermined,
whereas in others they have to be generated
through specific techniques [37] or early in-
volvement of stakeholders and their objectives
[38].

• Step 2: Stakeholder analysis, in which the
actors which are likely to use or get influenced
by the researched system are examined.

Figure 2: MAMCA methodology framework [from 36]

• Step 3: Determination of criteria by means
of literature research [35] and further stake-
holder interaction, e.g. through surveys [39].
Subsequent to determining the criteria they
are weigthed, which is a fundamental parts
of MCDM approaches in general and the
MAMCA approach in particular. Multi-
ple techniques for weighting criteria exist, of
which a widely used one is the Analytical
Hierarchy Process (AHP) [40, 41], in which
weighting gets based on the arrangement of
the relevant factors in a hierarchical order; the
ultimate goal at the top level, specific alterna-
tives at the bottom level and in between cri-
teria and subcriteria. Other commonly used
techniques include Analytic Network Process
(ANP), in which the hierarchy structure used
in AHP is replaced by a network structure
[42]; TOPSIS [43] and VIKOR [44], which are
based on the compromise principle in which
the chosen solution is supposed to have the
shortest distance from the best solution as
well as the longest distance from the worst
solution; and PROMETHEE [45] and ELEC-
TRE [46], which are based on the assess-
ment of alternatives outranking each other.
A recent development in MCDM techniques
is the Best-Worst Method (BWM) [27, 47],
in which the best (most desirable) and worst
(least desirable) criteria are identified. Con-
sequently, the best criterion is compared to
the remaining criteria and the remaining cri-
teria are compared to the worst criterion and
weights are defined by minimizing the maxi-
mum absolute difference between the weight
ratios and their corresponding comparisons.

156



• Step 4: Determine criteria indicators and
measurement methods, in which the previ-
ously defined criteria are operationalized by
means of determining the criteria metrics that
can be used to measure whether or to what
extent an alternative contributes to each in-
dividual criterion.

• Step 5: Overall analysis and ranking of al-
ternatives, in which each alternative gets eval-
uated based on the different criteria weights
and metrics (i.e. scores) for each stakeholder.

• Step 6: Results and sensitivity analysis, in
which the elements with a clearly positive or
clearly negative impact on the alternatives
can be pointed out.

• Step 7: Implementation of the results.

A key component of the MAMCA methodology
in particular and MCDM studies in general consists
of the actual criteria used.

2.4. Factors typically considered in inland terminal
location selection studies

Various factors used in multi-criteria inland
terminal location selection problems are observed
in the literature, of which several are further re-
viewed based on the fact that they are frequently
mentioned by multiple authors and/or their appli-
cability to the case study considered in this re-
search. For this research, the factor review is
structured according to the earlier introduced four-
layer model considered to define the inland ter-
minal location problem within the context of the
container port hinterland. Factors used for in-
land terminal location selection affiliated with lo-
gistical layer aspects are mostly related to lo-
cal market characteristics and related indicators.
These are characteristics and indicators which in-
fluence the decisions involved in the organization
of transport chains (at those locations). Often
observed factors include market volume potential
[29, 34, 48, 33, 49, 50, 51, 52, 32]; governmental
policies [29, 31, 48, 25, 32, 51, 33]; local labor mar-
ket characteristics [31, 49, 50, 25, 48]; regional eco-
nomic development indicators [29, 34, 33, 51]; and
regional transport/logistics characteristics [31, 25].

Factors used for inland facility location selection
affiliated with transport layer aspects are directly
related to the operational activities at and around

the inland facility. These can be conditions un-
der which these operations (have to) take place,
but also effects as a consequence of such opera-
tions. Transport costs [32, 29] and costs for op-
erating the inland terminal [29, 48] are observed,
next to traffic congestion indicators [51, 50] (which
can also be represented by e.g. delivery times
[31]). Next to that, environmental effects of the
transport/transshipment operations are indicated
[30, 48, 34, 33, 31]

Factors used for inland facility location selec-
tion affiliated with infrastructural layer aspects
are first of all related to local infrastructure and
its characteristics. In this sense, local transport in-
frastructure metrics [29, 31, 34, 33, 49, 51, 52, 32])
are used to indicate the properties of the link in-
frastructure relevant to (potential) inland facilities
in the area. Criteria with regards to the devel-
opment/construction of the infrastructure are also
commonly proposed. These factors are associated
with the infrastructural layer since it also involves
the provision of the infrastructures. Such factors
are e.g. regarding investments costs for setting up
an inland facility, such as land costs [48, 30, 32, 53];
construction costs [31, 48, 32]; or other types of
CAPEX [29, 48]. Next to monetary factors, land
availability in the form of expansion possibilities
[31, 30, 48, 33, 53] is mentioned, next to the overall
spatial development around an area [34, 48, 52].

Factors used for inland facility location selec-
tion affiliated with locational layer aspects are
basically only involved with proximity measures.
In that regard, the most observed as well as the
most applicable factor with regards to this study
is market proximity [31, 48, 30, 33, 53, 25], which
encompasses the distances between the inland fa-
cility site and locations in the area at/to which
a certain amount of container volumes are gener-
ated/attracted.

3. Multi-actor multi-criteria location selec-
tion methodology

Because of the multiple actors and multi-
ple criteria involved in the decision-making pro-
cess on inland terminal location selection, the re-
search methodology considered for this study is
largely based on the MAMCA framework, although
adapted to the specific goal of the inland terminal
selection problem as initiated by the shipping line
in order to be contributive to its designed inland
transport chain.
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3.1. Research Step 1: Definition of the location se-
lection problem

The first step of the research methodology in-
volves the preparation of the multi-actor multi-
criteria decision-making study by defining the in-
land terminal location selection problem of the par-
ticular case study considered. This is done by de-
termining the geographical scope of the study, de-
termining the alternatives within this scoped region
to be submitted for evaluation and determining the
experts from the shipping line, terminal operator
and terminal user stakeholders to be included in
the study for their evaluation input.

3.2. Research Step 2: Determination of criteria
and criteria weights

The second step of the research methodology
is subdivided into Step 2a: Determination of crite-
ria; and Step 2b: Determination of criteria weights.
The subdivision is made to emphasize the impor-
tance of considering actor-specific decision criteria
sets as well as determining the weights of these cri-
teria, for which the Best-Worst Method (BWM)
is used. In that regard, the combination of us-
ing actor-specific criteria by using the MAMCA
framework and the use of BWM for calculating
the optimal criteria weights contributes to the con-
temporary literature on multi-actor multi-criteria
decision-making.

3.2.1. Research Step 2a: Determination of criteria

The basis of the criteria selection procedure is
formed by the criteria observed in the literature re-
view. Through a criteria selection survey, a list
containing the observed criteria is sent to and as-
sessed by the experts as determined in Step 1. They
are asked to indicate the criteria they find most im-
portant for evaluating and selecting a location for
an inland terminal. Based on these indications, a
list of relevant decision criteria for each stakeholder
is developed.

3.2.2. Research Step 2b: Determination of criteria
weights using Best-Worst Method

The Best-Worst Method (BWM) is used for cal-
culating the decision criteria weights. The original
BWM involves a non-linear model for calculating
optimal criteria weight values as well as a consis-
tency ratio in order to check the reliability of the
comparisons made by the decision-maker [27]. Next

to the original non-linear model, a linear approxi-
mation is proposed [47] as well as a multiplicative
version which can be transformed into an equiva-
lent linear program as well [54]. An extension of
the method to group decision-making is also pre-
sented [55], besides hybrid extension such as BWM-
VIKOR [56] and BWM-MULTIMOORA [57]. Ap-
plications of the method include a.o. transport and
logistics [58, 59], supply chain structures [60] and
management [61, 62], energy systems [63] and risk
management [64]. Favorability of BWM over other
MCDM methods is first of all based on the fact that
the method involves a criteria comparison proce-
dure which is relatively clear to involved decision-
makers, which results in more consistent pairwise
comparisons [27]. The use of integers rather than
e.g. fractions in the BWM approach is also con-
sidered to be less problematic [65]. Next to that,
BWM requires fewer comparisons for estimating
consistent weights compared to e.g. the commonly
used AHP method. Based on the relatively few
amounts of data as well as the relatively low com-
putation times needed to result in reliable weights,
BWM is considered to be a rather data- and time-
efficient technique [27]. Furthermore, particularly
beneficial to the aims of this study is the possi-
bility to take into account multi-optimality in not-
fully consistent cases with more than three criteria
or alternatives when using the (original) non-linear
BWM model [47]. Multi-optimal solutions increase
the flexibility in studies where multiple decision-
makers are involved, resulting in higher chances for
desirable compromise solutions compared to models
resulting in unique solutions.

Estimating the criteria weights wj consists of
two main steps. First of all, criteria preference
statements need to be performed by the correspond-
ing experts in order to obtain relative preferences of
the criteria relevant to the particular stakeholder.
Through a preference statement survey, the stake-
holders are asked to indicate which one of the deci-
sion criteria they find most important (Best) and
which one of the decision criteria they find least
important (Worst) for evaluating inland terminal
locations. Next to that, they are asked to use a
scoring system (ranging from scores of 1 - 9) in or-
der to indicate;

• the preference of the best criterion over all
other criteria. This results in a best-to-others
(BO) vector : AB = (aB1, aB2, ..., aBn), where
aBj indicates the preference of the best crite-
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rion B over criterion j.

• the preference of the all other criteria
over the worst criterion. This results in
an others-to-worst (OW) vector : AW =
(a1W , a2W , ..., anW ), where ajW indicates the
preference of criterion j over the worst crite-
rion W .

The next step in the weight determination con-
tains the calculation of the optimal weights w∗

j .
The optimal weights for the criteria are determined
by setting the conditions where for each pair of
wB/wj and wj/wW , wB/wj = aBj and wj/wW =
aajW . To satisfy these conditions for all j, a so-
lution in which the maximum absolute differences∣∣∣wB

wj
− aBj

∣∣∣ and
∣∣∣ wj

wW
− ajW

∣∣∣ for all j are minimized,

formulated by the following model:

min max
j

{∣∣∣wB

wj
− aBj

∣∣∣ , ∣∣ wj

wW
− ajW

∣∣}
subject to:∑
j

wj = 1,

wj ≥ 0,∀j

(1)

Model 1 gets converted into model:

min ξ

subject to:∣∣∣∣wB

wj
− aBj

∣∣∣∣ ≤ ξ,∀j∣∣∣∣ wj

wW
− ajW

∣∣∣∣ ≤ ξ,∀j∑
j

wj = 1

wj ≥ 0,∀j

(2)

, which is solved accordingly to obtain optimal
weights w∗

1 , w
∗
2 , ..., w

∗
n and ξ∗.

To assess the reliability of the comparisons, the
Consistency Ratio [27] is considered. A compari-
son is fully consistent when aBj × ajW = aBW , ∀j.
As full consistency is an unrealistic expectation, a
Consistency Index (Table 1) is used to calculate the
level of consistency, i.e. the Consistency Ratio. In
general, the closer the Consistency Ratio value is to
0, the more consistent a comparison is. Eventually,
to assess if comparisons are consistent or not based

on the Consistency Ratio value, consistency thresh-
old values are considered [66]. These threshold val-
ues are based on the number of criteria considered
in the comparison and on the corresponding value
of aBW , as displayed in Table 2. A comparison is
considered to be consistent if the Consistency Ra-
tio does not exceed the corresponding consistency
threshold value. If the Consistency Ratio is larger
than the corresponding consistency threshold value,
the comparison is not consistent.

As multiple decision criteria per actor-specific
set are considered, the BWM model can result in
multiple optimal values for the weight factors [47].
Since each optimization corresponds to an approx-
imation of an optimal setting of criteria weight
factors, each optimization is considered to repre-
sent the real-life relative preferences of the decision-
makers in an optimal way as well. Therefore, it
is preferred to take into account all these optimal
weight values instead of single solutions. The use of
weight intervals enables taking into account these
multiple optimal solutions by representing each so-
lution within the range of the minimum optimal
solution and the maximum optimal solution for the
criterion weight determination. The lower and up-
per bounds of the weight intervals, i.e. wmin

j and
wmax

j , are calculated after having solved Model 2,
by solving models:

minwj

subject to:∣∣∣∣wB

wj
− aBj

∣∣∣∣ ≤ ξ∗,∀j∣∣∣∣ wj

wW
− ajW

∣∣∣∣ ≤ ξ∗,∀j∑
j

wj = 1

wj ≥ 0,∀j

(3)

maxwj

subject to:∣∣∣∣wB

wj
− aBj

∣∣∣∣ ≤ ξ∗,∀j∣∣∣∣ wj

wW
− ajW

∣∣∣∣ ≤ ξ∗,∀j∑
j

wj = 1

wj ≥ 0,∀j

(4)
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aBW 1 2 3 4 5 6 7 8 9

Consistency Index 0,00 0,44 1,00 1,63 2,30 3,00 3,73 4,47 5,23

Table 1: Consistency Index values [from 27]

Number of criteria
aBW 3 4 5 6 7 8 9

3 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087 0,2087
4 0,1581 0,2352 0,2738 0,2928 0,3102 0,3154 0,3273
5 0,2111 0,2848 0,3019 0,3309 0,3479 0,3611 0,3741
6 0,2164 0,2922 0,3565 0,3924 0,4061 0,4168 0,4225
7 0,2090 0,3313 0,3734 0,3931 0,4035 0,4108 0,4298
8 0,2267 0,3409 0,4029 0,4230 0,4379 0,4543 0,4599
9 0,2122 0,3653 0,4055 0,4225 0,4445 0,4587 0,4747

Table 2: Consistency Ratio thresholds for different combinations of numbers of criteria and aBW [from 66]

Eventually, the minimum and maximum weight val-
ues for criterion j are used to form weight interval
Wj = [wmin

j , wmax
j ], of which the center as derived

through w∗
j = (minwj+maxwj)/2 can be used as a

representative weight for criterion j [67]. The inter-
vals are generated for each stakeholder k with cor-
responding stakeholder-specific criteria. Thus ulti-
mately, a collection of weight intervals W for each
criterion j from each stakeholder k is generated:
W k

j .
The criteria of the different actors from the same

stakeholder type are aggregated in order to get an
indication of the common notion between these re-
lated actors. Aggregating by making use of a min-
max function, which basically looks for the mini-
mum of the maximum differences between the value
to be determined for wagg

j and each actor’s utility

value wk
j ∈ [wk,min

j , wk,max
j ], all weight values within

the ranges of these intervals are taken into account
equally, thus the common notion is most optimally
supported by each actor’s inputs. Based on the cri-
teria weights wk

j from each actor k, an aggregate
value wagg

j is determined. This is done by solving
the following min - max model:

min max
∣∣wagg

j − wk
j

∣∣
subject to:

wmin
j ≤ wk

j ≤ wmax
j ,∀i, k

(5)

This model is converted to the following model:

minω

subject to:∣∣wagg
j − wk

j

∣∣ ≤ ω,∀j, k
wmin

j ≤ wk
j ≤ wmax

j ,∀i, k

(6)

Solving Model 6 results in the aggregate weights of
the stakeholder types based on the individual ac-
tors’ inputs.

3.3. Research Step 3: Criteria operationalization
and data gathering

Next to calculating the criteria weights, the out-
comes of Research Step 2a are also used for de-
termining the criteria indicators and measurement
methods by means of operationalization. Determin-
ing the measure units makes it possible to know
the types of data that have to be gathered in order
to sufficiently represent the criteria, to define the
criteria in comparable metrics and to determine if
factors are benefit criteria or cost criteria.

3.4. Research Step 4: Determination of utilities us-
ing Multi-Criteria Analysis

Research Step 4 consist of the Multi-Criteria
Analysis (MCA) performed on the inland termi-
nal location selection study using the inputs from
Step 1 to 3. The goal of the MCA is to deter-
mine the utilities of each alternative based on the
weighted criteria and data. Each actor’s crite-
rion weight interval W k

j gets multiplied with corre-
sponding data score pij to result in utility intervals
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for each actor k. A pre-processing step of this oper-
ation is the determination of criterion scores pij by
means of normalization of the corresponding data.
max - min normalization is considered, in which the
scale measurement of the data lies precisely between
0 and 1 for each criterion, supporting the preserva-
tion of the relationships between the original data
[68, 69, 70]. max - min normalization is applied on
each data point rij , as follows:

pij =


rij−rmin

j

rmax
j −rmin

j
if benefit criteria

rmax
j −rij

rmax
j −rmin

j
if cost criteria

(7)

Eventually, the normalized scores pij can be
used further in combination with the earlier com-
puted weight intervals W k

j to calculate the utility
intervals. The utility intervals are computed based
on interval arithmetic as follows:

pijW
k
j =

[
pijw

k,min
j , pijw

k,max
j

]
(8)

These separate actor-specific utility intervals for
each criterion for each alternative are the util-
ity sub-intervals. Consequently, the lower bounds
and upper bounds of the sub-intervals pijW

k
j are

summed according to the following interval opera-
tion:

J∑
j=1

pijW
k
j =

[∑J
j=1 pijw

k,min
j ,

∑J
j=1 pijw

k,max
j

]
(9)

This operation generates actor-specific gross util-
ity intervals, in which the lower and upper
bounds result from actor k’s criteria evaluations:
[V k,min

i , V k,max
i ]. With the gross utility intervals

of each actor k (with a total amount of actors
k = 1, 2, · · · , k) for each alternative i known, each
alternative’s set of gross utility intervals is used to
determine the overall final utility score for the alter-
native. For the same line of reasoning as applied to
the weight aggregation procedure (Model 5), aggre-
gation of utility scores is applied, resulting in the
alternative’s aggregate utility value V agg

i . By ag-
gregating the utility intervals, each actor’s individ-
ually assigned utility score are taken into account
in an equal manner, thus individual preferences are
equally represented. To determine the final aggre-
gated utility value, the following model is solved:

min max
∣∣V agg

i − V k
i

∣∣
subject to:

V min
i ≤ V k

i ≤ V max
i ,∀i, k

(10)

This model is converted to the following model:

min ζ

subject to:∣∣V agg
i − V k

i

∣∣ ≤ ζ,∀i, k
V min
i ≤ V k

i ≤ V max
i ,∀i, k

(11)

The resulting scores can consequently be ranked
and a most desirable alternative can be selected
based on this ranking.

3.5. Research Step 5: Sensitivity analysis

Based on the results from the MCA, the ele-
ments which have clearly positive or negative im-
pacts on the study results are pointed out. By
means of a sensitivity analysis, the model inputs
which highly influence the final results can be
tested. The first goal of the sensitivity analysis is
to assess the influences of the stakeholders’ prefer-
ences on the outcomes of the model. Accordingly, it
is tested to which extent the inputs of specific stake-
holders involved in the study determine the final ag-
gregate utility scores. In this regard, the sensitivity
analysis serves as an alternative to expert valida-
tion in order to assess the accuracy of the results.
The second goal of the sensitivity analysis is to as-
sess the influences of particular criteria involved in
the study. Accordingly, criteria which distinctively
contribute to the utility of (a) certain alternative(s)
are tested in order to assess their impacts on the
final ranking of all alternatives. Each parameter
adjustment is represented by a certain sensitivity
analysis scenario, which involves the particularly
specified model parameter settings. In this regard,
the model results of of Step 5 are represented by
Scenario 0, to which the sensitivity scenario results
are compared.

3.6. Research Step 6: Location selection

Based on the results of the initial model (Step 5)
and the insights gained from the sensitivity analysis
(Step 6), final recommendations on the inland ter-
minal location selection problem are given. These
are discussed at the end of this paper.
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4. Application of multi-actor multi-criteria
location selection model

The previously described research methodology
is applied to the inland terminal location selection
case study of shipping line Maersk. In this section
the results of the case study application are dis-
cussed.

4.1. Results of Research Step 1: Location selection
problem definition

The case study region on which the methodol-
ogy is applied consists of six alternative locations to
be submitted for evaluation, as depicted in Figure 3.

Figure 3: This figure is not available due to confiden-
tiality reasons.

Next, relevant stakeholders are selected. Be-
sides having shipping line and terminal operator
stakeholders, two types of terminal user stakehold-
ers are taken into account: Rail transport oper-
ators, which are considered as experts on main
haulage operations using inland terminals; and
truck transport operators, which are considered as
experts on pre-/end-haulage operations musing in-
land terminals. A selection of relevant employees
of Maersk and of relevant vendors3 of the company
are considered to represent the stakeholder expert
groups. In total, 12 shipping line experts, 8 termi-
nal operator experts and 5 terminal user actors are
taken into account.

4.2. Results of Research Step 2a: Decision criteria

The actor-specific decision criteria are based on
the particular expert evaluations of the criteria as
observed in the literature gathered through the cri-
teria selection survey. Next to the observed criteria
from the literature, this survey also includes two ad-
ditional criteria as proposed to be relevant by the
case shipping line Maersk (although not observed in
the literature review); Intermodal market profitabil-
ity and Terminal market profitability. Literature
criteria taken into account for each stakeholder are
based on the amounts of times they are mentioned
by each expert. Next to that, additional criteria
as proposed by the experts are considered for the

study as well, if possible and applicable to the study
goal. The resulting criteria taken into account for
each actor based on their survey responses are given
in Table 3. Criteria which are additionally added
based on the experts inputs are displayed in bold
and with *.

4.3. Results of Research Step 2b: Criteria weights

In step 2b, the identified criteria are further
evaluated in order to determine weight factors for
each stakeholder by means of BWM. In this regard,
a preference statement survey is sent to the expert
group, in which they indicate the most important
(Best) criterion; the least important (Worst) crite-
rion; the relative preferences of the remaining crite-
ria compared to the Best criterion; and the relative
preferences of the Worst criterion compared to the
remaining criteria. Based on the survey, eventually
filled out by nine respondents, criteria weight inter-
vals for each stakeholder are calculated by means
of solving the non-linear BWM model with the re-
spective preference statement inputs. An example
showing such weight intervals is given in Figure 7, in
which overlapping optimal weight values for the cri-
teria can be clearly indicated. Next to calculating
the weight intervals, the comparison consistencies
are checked by means of the consistency threshold
values. This consistency check, which is concluded
with the notion that all made comparisons are suf-
ficiently consistent, is presented in Table 44.

The results of the determined weight intervals
for all stakeholders except for the truck transport
operator (since there is only one set of weight in-
tervals for this stakeholder) are discussed based on
the aggregate weight values derived from these in-
tervals. First of all, the aggregate weights of the
shipping line actors are discussed, as presented in
Figure 4.

3The vendors are the supplier companies of the shipping line, i.e. the terminal and transport operators performing the
inland services as offered by Maersk.

4Note that because the amount of shipping line criteria exceeds nine, the criteria are categorized into larger criteria cate-
gories in order to be sufficiently evaluated and processed in the BWM procedure [27].
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Criterion
Stakeholder

Shipping
line

Terminal
operator

Rail transport
operator

Truck transport
operator

Anchor customer proximity* x
Enabling modality shift* x
Expansion possibilities x x x
Governmental policy x
Inland terminal CAPEX x x x
Intermodal market profitability x x
Land use near location x
Local depot capacity* x
Market proximity x x x
Market volume potential x x x x
Regional economic development x
Regional transport/logistics competition x x x
Terminal market profitability x
Total inland transport costs x x x
Transport infrastructure network in area x x x x

Table 3: Criteria to be taken into account in the study based on the criteria selection survey results

Figure 4: Aggregate weights of shipping line actors

The aggregate weight calculation results show
Intermodal market profitability5 to be the most im-
poertant factor. Second highest scoring criterion
is Transport infrastructure network in area, which
complies with the findings in [52] who observes a
similar rank for the infrastructure factor as well.
Closely following is Market volume potential. This
is in line with the evaluated weight for this factor
found in [34], however higher than found in [52].
Relatively poor scoring, yet not lowest, is Total in-

land transport costs, which is consistent with the
findings in [34]. The same holds for the relatively
low score of Regional transport/logistics competi-
tion and the corresponding literature [31]. The low-
est scoring criterion based on the aggregate weight
value is Governmental policy, mostly due to it be-
ing poorly evaluated by by all shipping line respon-
dents. Relatable decision-maker evaluation as ob-
served in [31] shows a much higher preference for
this factor.

The aggregate weights of the terminal opera-
tor actors are presented in Figure 4. The highest
scoring aggregate weight for Anchor customer prox-
imity5, closely followed by Market volume potential
(which might suggest a direct relationship between
the anchor customers and the local container vol-
ume potentials as perceived by the terminal op-
erators). The relatively high aggregated score of
Market volume potential is similar as been observed
in [34] and [48]. Enabling modality shift5 and In-
land terminal CAPEX have the lowest aggregate
scores. The low scoring criterion of Inland terminal
CAPEX is interesting; firstly, it is evaluated much
higher by terminal operators as observed in [48];
secondly, the relative importance of all the other
factors compared to the investment costs thus im-

5Since this criterion is not observed in the literature, it cannot be compared to the findings of the literature review.
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Comparison by actor ncriteria aBW Threshold CR Consistency check

Shipping line 1 (global) 3 6 0,2164 0,1049 Consistent
Shipping line 1 (local c&b) 3 7 0,2090 0,1340 Consistent
Shipping line 1 (local market) 4 8 0,3409 0,3120 Consistent
Shipping line 1 (local technical) 3 8 0,2267 0,1924 Consistent
Shipping line 2 (global) 3 9 0,2122 0,1912 Consistent
Shipping line 2 (local c&b) 3 7 0,2090 0,1832 Consistent
Shipping line 2 (local market) 4 9 0,3653 0,2710 Consistent
Shipping line 2 (local technical) 3 9 0,2122 0,1912 Consistent
Shipping line 3 (global) 3 5 0,2111 0,0837 Consistent
Shipping line 3 (local c&b) 3 9 0,2122 0,1644 Consistent
Shipping line 3 (local market) 4 4 0,2352 0,2173 Consistent
Shipping line 3 (local technical) 3 5 0,2111 0,0837 Consistent
Terminal operator 1 8 7 0,4108 0,3072 Consistent
Terminal operator 2 8 7 0,4108 0,3072 Consistent
Terminal operator 3 8 9 0,4587 0,3589 Consistent
Rail transport operator 1 5 8 0,4029 0,3859 Consistent
Rail transport operator 2 5 9 0,4055 0,2792 Consistent
Truck transport operator 9 9 0,4747 0,3298 Consistent

Table 4: Criteria comparison consistency check

plies a relatively high value of sufficient (local)
market conditions for the inland terminal to be
successful.

Figure 5: Aggregate weights of terminal operator ac-
tors

The aggregate weights of the rail transport op-
erator actors are presented in Figure 6.

Figure 6: Aggregate weights of rail transport operator
actors

The two most important criteria as perceived
by rail transport operator actors are Market vol-
ume potential and Transport infrastructure network
in area. This is higher than as been observed in
[34], in which both these factors get evaluated av-
eragely by the transport operator experts. How-
ever, the high evaluations for both these factors are
in line with the findings in [49]6. Inland terminal

6It must be noted that the decision-making experts in this study are undefined, thus it cannot be assessed if their perspec-
tives are comparable to those of the rail transport operator.
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CAPEX is rated relatively poorly, which is in line
with the findings in [32] (although these findings are
based on combined stakeholder inputs, not specif-
ically from terminal user experts). The low score
for Market proximity complies with the evaluation
of this factor by terminal users as observed in [48].
As for the lowest score for Expansion possibilities,
this criterion is not being assessed by comparable
decision-making experts in the literature.

The weights intervals of the truck transport op-
erator actors are presented in Figure 7. Since there
is only one truck transport operator actor, weights
do not have to be aggregated.

Figure 7: Weight intervals of truck transport operator
actors

The highest scoring criterion is Market volume
potential, which conforms with the evaluations of
this factor by the rail transport operator actors.
Market proximity is scores second best, which is in-
teresting because this factor is evaluated much less
by the shipping line and rail transport operator ac-
tors (as well as by the terminal user decision-makers
in [48]). A possible explanation for this is the fact
that the costs for truck transport are more sensitive
to distance, which results in a higher importance
of the proximity of customers for the operations of
this stakeholder. Intermodal market profitability5 is
ranked third. The evaluation of Total inland trans-
port costs being slightly below average is in line
with the findings in [34] on this factor. However,
in [48] this factor is evaluated higher by terminal
user experts. The three lowest scoring criteria are
Land use near location, Expansion possibilities and
Transport infrastructure network in area, of which
the weight values lie very close to each other. Es-
pecially the latter poorly scored criterion regarding

the infrastructure is interesting, since it is observed
as more important in [34], but even more since truck
transport operators are assumed to be highly de-
pendent on this infrastructure for their own opera-
tions/business.

4.4. Results of Research Step 3: Operationalized
criteria and data

The operationalization of the involved criteria
leads to data gathering methods and eventually to
a collection of quantitative data corresponding to
each criterion for each alternative. The original
data values are are not included in this paper. How-
ever, the results of the data normalization proce-
dure as performed in the next Research Step are
presented in Table 5.

4.5. Results of Research Step 4: Overall ranking of
alternatives based on Multi-Criteria Analysis

As been mentioned previously, the first opera-
tion of this research step involves the normalization
of the data using max - min normalization. The re-
sults of this procedure are given in Table 5.

The normalized data in combination with the
criteria weight intervals as determined in Step 2b
are used to calculate the utility scores assigned
to the alternatives. The separate utilities based
on each stakeholder’s criterion preferences and cor-
responding data are summed into a set of gross
utility weight intervals for each alternative, after
which these are aggregated using min - max model
11. These aggregate utility scores for each alterna-
tive are presented in Figure 8.

Figure 8: Aggregate utility scores of alternatives

Based on these aggregates, the highest ranked
alternative is A1 with a score of 0,7338, which is al-
most 21% higher than second best alternative A2.
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Criterion
Alternative

A1 A2 B1 B2 C1 C2

Anchor customer
proximity

1,0000 0,9139 0,0767 0,0767 0,0000 0,0000

Enabling modality
shift

1,0000 0,9422 0,0000 0,0000 0,0430 0,0735

Expansion possibili-
ties

0,8006 0,0000 1,0000 0,1681 0,0989 0,0000

Governmental pol-
icy

1,0000 1,0000 1,0000 1,0000 0,0000 0,0000

Inland terminal
CAPEX

0,0000 0,3333 0,7778 0,4444 0,8889 1,0000

Intermodal market
profitability

0,0000 0,0829 0,6111 1,0000 0,9237 0,8890

Land use near loca-
tion

1,0000 1,0000 1,0000 0,0000 0,0000 0,0000

Local depot capac-
ity

0,0000 0,0000 0,5806 0,5806 1,0000 1,0000

Market proximity 0,8932 1,0000 0,0460 0,0501 0,0000 0,0013
Market volume po-
tential

1,0000 0,9433 0,0000 0,0044 0,0447 0,1000

Regional economic
development

1,0000 1,0000 0,6061 0,6061 0,0000 0,0000

Regional trans-
port/logistics
competition

1,0000 1,0000 0,1538 0,1538 0,0000 0,0000

Terminal market
profitability

0,2850 0,2850 0,0000 0,0000 1,0000 1,0000

Total inland trans-
port costs

0,9586 1,0000 0,0000 0,1941 0,4671 0,4498

Transport infras-
tructure network in
area

0,5634 0,3556 0,0000 0,1097 1,0000 0,9834

Table 5: Normalized data scores for all criteria sets

The high score of A1 is mostly based on the fact
that this alternative has a combination of highly
scoring factors such as Market volume potential,
Expansion possibilities and Transport infrastructure
network in area, which are also relatively highly val-
ued by most of the respondents. This also explains
the relatively high score of A2, as some of these
criteria represent area-wide rather than location-
specific characteristics (e.g. Market volume poten-
tial, which is measured by taking into account the
locations of volume generating customers in the
wider area). The lower score for A2 compared to
A1 is thus most likely related to other factors than
the previously mentioned. A factor on which A2

scores distinctively worse is Expansion possibilities,
which are not existent at the location. The scores
of the two C alternatives lie considerably close to
each other, indicating the fact that their data scores
do not differ that much. This is also the case for
the B locations, although B1 scores somewhat bet-
ter (most likely due to the high amount of Expan-
sion possibilities around its location). Overall worst
scoring alternative is B2. This alternative scores
worse on the previously mentioned highly valued
criteria, which results in a low final aggregate util-
ity.
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4.6. Results of Research Step 5: Sensitivity analy-
sis

The sensitivity analysis involves testing the crit-
ical model inputs leading to the final aggregate util-
ity scores of the alternatives. First of all, the impor-
tance of the particular stakeholders in the decision-
making process is assessed. The first sensitivity
analysis scenario is therefore involved with elimi-
nation of actors from the MCDM study; firstly, the
terminal user actors, which in reality are also not
involved in the actual location decision-making, are
eliminated (sub-scenario 1.1); secondly, the termi-
nal user and terminal operator actors are eliminated
to assess the influence of merely the shipping line
actor preferences (sub-scenario 1.2); lastly, the ter-
minal user and shipping line actors are eliminated
to assess the influence of merely the terminal opera-
tor actor preferences (sub-scenario 1.3). The results
of these analyses are given in Table 6.

The figures show nearly the same results when
the locations are evaluated by only the shipping
line and terminal operator actors, which indicates
the limited influence of the terminal user actors on
the final aggregate utility scores. When the loca-
tions are assessed by only the shipping line actors,
a stronger preference for the C alternatives is no-
ticeable (mostly due to those locations’ high scor-
ing Intermodal market profitability and Transport
infrastructure area characteristics, which are evalu-
ated highly by the shipping line actors). When the
locations are assessed by only the terminal opera-
tor actors, a stronger preference for the A alterna-
tives is noticeable (mostly due to those locations’
high scoring container volume related characteris-
tics, which are evaluated highly by the terminal op-
erator actors).

A second sensitivity analysis involves assessing
the impacts of sudden container volume influxes in
the areas of B and C, which score considerably lower
in the initial model because of the low volume po-
tentials around these areas. Container volume in-
flux rates of 5.000 FEU p.a. per sub-scenario are
applied, starting with 10.000 FEU p.a. for the re-
spective first sub-scenario. The results of the anal-
yses applied to both the B and C alternatives are
presented in Figures 9 and 10.

Whereas for B2 an additional amount of 25.000
FEU p.a. is necessary to be ranked first, for C2 this
amount is only 10.000 FEU p.a.. Most interesting
is the fact that for C1 and C2 to end up highest in
ranks, the total container volume potential of the C

area is considerably lower than the total potential
of the A area in Scenario 0. This indicates that of
all alternatives, the C locations have particularly
high scoring non-container volume related charac-
teristics, making them considerably good options
compared to the A locations if market conditions
would allow.

Figure 9: Aggregate utility scores of alternatives after
container volume influx in the B area

Figure 10: Aggregate utility scores of alternatives af-
ter container volume influx in the C area

5. Conclusion

This research is aimed at finding a desirable lo-
cation for a shipping line to set up an inland termi-
nal which can be incorporated in the inland trans-
port services offered to its customers. In that re-
gard, multiple different stakeholders with particu-
lar objectives are involved, including shipping line
stakeholders, terminal operator stakeholders and
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Alternative A1 A2 B1 B2 C1 C2
Utility
score

0,7338 0,6044 0,3960 0,3694 0,5380 0,5608

Utility
score 1.1

0,7338 0,6044 0,3960 0,3918 0,5380 0,5608

Percentage
difference

0% 0% 0% +6% 0% 0%

Utility
score 1.2

0,6750 0,5497 0,4822 0,5146 0,6892 0,6817

Percentage
difference

−8% −9% +22% +39% +28% +22%

Utility
score 1.3

0,8565 0,8563 0,1591 0,1783 0,2237 0,2403

Percentage
difference

+17% +42% −60% −52% −58% −57%

Table 6: Scenario 1.1: Aggregate scores and increase ratios.

terminal user stakeholders. To take these differ-
ent stakeholders and objectives into account, the
MAMCA framework is considered as an approach
for the Multi-Criteria Decision-Making study, in
which BWM is considered for determining the op-
timal criteria weights for each stakeholder. While
the use of MAMCA allows the inclusion of multiple
stakeholders and their objectives, BWM allows to
consider specific criteria sets for each stakeholder
by means of the multi-optimality properties of the
non-linear weight determination model. The multi-
optimal weight intervals stemming from the differ-
ent stakeholder-specific criteria sets are eventually
used to calculate utility intervals, which are subse-
quently aggregated into final utility scores using a
min - max model.

As expected, the outcomes of the study show
differently evaluated criteria for each actor. While
the shipping line actors assign most value to inter-
modal market profitability and transport infrastruc-
ture characteristics of a studied area, terminal oper-
ators and terminal users prefer container volume re-
lated factors the most. Overall, these container re-
lated characteristics are highly evaluated by all in-
volved actors including the shipping line. The pref-
erences of all involved actors combined lead to the
two A locations ending up with the highest ranks,
mostly due to the high amount of container volume
potentials in the A area. A high amount of expan-
sion possibilities results in A1 being first and A2
being second in rank. Sensitivity analyses turned
out that the influence of the terminal user actors

on the final outcomes of the model based on the ac-
tual decision-making actors is limited. Whereas in-
dividual preferences of the shipping line actors lead
to the C locations being most preferred, the indi-
vidual preferences of the terminal operator actors
are much more in favor of selecting a location in
the A area (due to its high container volumes), re-
sulting in a compromise solution for the latter one.
However, it must be noted that as the locations in
the C area score best on their non-container related
characteristics, it would take less potential volumes
at those places to become equally attractive as the
A locations, implying the relatively good positions
regardless of poorer market conditions.

Based on the results, the main recommenda-
tions to be made to the decision-making actors of
the shipping line and the terminal operator are first
of all involved with the container volume potentials
of an area. Since these factors are regarded as im-
portant by all stakeholders involved, alternatives
having high potentials are in line of the preferences
of the majority of the affected group. Next to that,
room for expansion possibilities can be an impor-
tant final decisive factor with regards to the final
utility score. For further research, it is advised
to test the applicability and practicality of util-
ity aggregation on more multi-actor multi-criteria
decision-making problems within different fields of
studies.
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