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Abstract

Although the location of a logistics facility is generally considered as an important, strategic
decision that affects the company’s supply chain (SC) performance, location factors play a mi-
nor role in the selection of third-party logistics (3PL) providers nonetheless they exert the com-
pany’s logistics activities. Based on this contradiction, the paper proposes a Geographic Infor-
mation System (GIS)-based multi-criteria decision making (MCDM) approach for 3PL selec-
tion taking service, cost and location factors into account. The underlying approach consists of
six steps including SC-based problem definition, weight generation using the Analytic Hierar-
chy Process (AHP), establishment of a database, suitability and sensitivity analysis (SA), and
recommendations to the decision maker. Moreover, the practicability of the approach is tested
in a case study assessing twelve 3PL locations in the Netherlands. The result of this research is
that decision makers benefit from incorporating location factors in the selection process because

unsuitable locations can be excluded at an early stage.

Key words: Third-party logistics (3PL) provider selection - Geographical Information System
(GIS) - Multi-criteria decision-making (MCDM) -
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1 Introduction

Since the 1950s, supply chains (SC) are affected by globalization (Cheong 2003). Thus, they
became not only more complex but also less integrated. The former is perceptible in world-span-
ning supply chains and the increasing spatial division of production and consumption (Verhetsel
et al. 2015; Khaled, Kim 2012), while the latter is mainly caused by outsourcing efforts which
results in more parties that are involved in the supply chain (Cheong 2003). Following new strat-
egies to stay competitive, companies started to concentrate on their core competencies while out-
sourcing tasks that are not considered as such (Falsini et al. 2012; Farzipoor Saen 2010). Examples
include transport, handling, and storage activities (Cheong 2003). This allows them to achieve
greater flexibility, operational efficiency, cost reduction, and improved customer service levels
(Aguezzoul 2007; Gol, Catay 2007; Aghazadeh 2003).

As a response to this trend, third-party logistics (3PL) providers emerged as a new business
form in the 1990s (Giircan et al. 2016). By specializing in providing and managing a variety of
logistics services for companies, they became the logistical connection between supplier, manu-
facturer and end consumer of the products (Verhetsel et al. 2015; Farzipoor Saen 2010; Cheong
2003). Due to this central position in the supply chain, 3PLs rate among the three most important
strategic alliances in the logistics value chain (Gircan et al. 2016).

With a rising number of 3PLs and constantly growing service portfolios covering multiple
activities along the supply chain (Gurcan et al. 2016; Alkhatib et al. 2015), companies are facing
the challenge of determining the most suitable 3PL provider according to multiple selection cri-
teria; for example service variety, service quality, cost structure, technology usage and location
factors (Alkhatib et al. 2015; Aguezzoul 2014, 2007). A large literature is concerned with the 3PL
selection process and thereby used selection criteria and multi-criteria decision making (MCDM)
methods (Glrcan et al. 2016; Jihene 2014; Bansal, Kumar 2013; Gupta et al. 2011; Farzipoor Saen
2010; Aguezzoul 2007; Gol, Catay 2007). A close examination shows that location factors belong
to the least mentioned criteria group and thus seem to play a minor role for 3PL selection. Agu-
ezzoul (2014) validates this impression in his literature review on the 3PL selection problem.

In literature regarding location and site planning, Rikalovic et al. (2014) and Verhetsel et al.
(2015) emphasize the great importance and scope of location decisions for (logistics) operations
because of their strategic character. As almost 80% of all logistical processes are related to geo-
graphic coordinates (Khaled, Kim 2012), the choice of the right location for logistics facilities

greatly impacts the key measures of a company’s supply chain performance in terms of lead time,



inventory capacity, responsiveness to demand variability, flexibility, quality and average dis-
tances or areas covered (Mangalan et al. 2016; Rikalovic et al. 2014).

Since 3PL provider takes over the logistics activities of companies, the lack of involvement of
location factors in the 3PL selection is to be criticized and greater attention must be paid on loca-
tion factors in the selection process. Correspondingly, the objective of this paper is to propose an
approach which includes a spatial analysis of several location factors in the 3PL selection process.
This is achieved by developing a Geographic Information System (G1S)-based MCDM approach.
For this purpose, necessary steps, criteria and MCDM and GIS tools need to be identified. Select-
ing a GIS approach offers the advantage of reducing conjectures and providing valuable under-
standing of the business location and its development opportunities (Ringo 2009). Combining GIS
and MCDM methods creates a powerful decision making approach that improves the efficiency
and quality of spatial analysis by generating a synergistic effect (Rikalovic et al. 2014; Al-Shalabi
et al. 2006; Malczewski 2006).

The remainder of this paper is organized as following. In the literature review, previous work
that has been conducted on 3PL selection and G1S-based MCDM is described. To provide suffi-
cient basis, relevant publications in the individual areas of GIS and MCDM are reviewed. In the
following section, the methodology of a GIS-based MCDA 3PL selection is proposed and further
underlined with literature. This approach consists of six steps that include the application of the
Analytic Hierarchy Process (AHP) as MCDM method to determine criteria weights, a spatial
analysis to evaluate the alternative locations and a sensitivity analysis (SA) determine the impact
of a variation in the input weights as well as to assess the robustness of the outcome. In a subse-
quent case study practicability of the methodology is tested. Lastly, the research findings are dis-

cussed and summarized. A conclusion is drawn and guidance for future research is outlined.



2 Literature Review

The literature review focuses on two elements: the parallels of 3PL and site selection and the tools
used for it. Further literature will be reviewed in appropriate chapters in the methodology section.

2.1 Parallels in 3PL and site selection, and 3PL selection criteria

3PL selection has many parallels with site selection problems and facility location problems
such as similarities in the selection process.

When a company considers working together with a 3PL, a selection process is initiated to
determine a suitable 3PL for a long-term cooperation. In his paper, Aghazadeh (2003) presents
the five steps of selecting an effective 3PL: once a company decides to use a 3PL, criteria and
objectives, the 3PL is supposed to meet, need to be developed. Next, in the weeding out process
a list of possible 3PLs is created. Based on this list, the management arranges meetings and facility
visits to determine the top prospect. Finally, a new partnership with the chosen 3PL can begin.

The process of site selection is triggered by the recognition of the need to locate a facility (Al-
Shalabi et al. 2006; Eldrandaly et al. 2003). Rikalovic et al. (2014) refer to and base their approach
on Zelenovic's (2003) steps in a site selection process which are: establishing a set of influential
factors relevant to site selection, predicting and analysing the intensity and direction of their ef-
fects in time and for given conditions, evaluating possible variants of solutions, and selecting the
optimal variant. Van Thai and Grewal (2005) propose in their paper a three-stage hierarchy,
namely general geographical area identification, alternative sites identification and specific site
selection. While van Thai and Grewal's (2005) stages rather define the scope of actions, Zelenovic
(2003) focuses on the tasks that need to be executed in order to find an appropriate site.

Based on these similarities, the existing and broad research in location planning can be ex-
plored to support the development of the GIS-based MCDA methodology for 3PL selection by
serving as examples. However, operations-research optimization models used in facility location
problems are not taken into account in this paper since they mainly deal with the problem to assess
the number and location to open a set of preselected alternatives optimizing for example profits,
costs, or coverage (Church 1999).

The selection of a 3PL is based on numerous criteria. Aguezzoul (2007, 2014), Gupta et al.
(2011), and Jihene (2014) dedicated their collection an own sub chapter. While Gupta et al. (2011)
review 3PL selection criteria with attention on the Indian logistics sector, Aguezzoul (2007, 2014)
keeps his literature review on a general level. The most extensive collection of criteria is provided

by Jihene (2014). However, three of the four papers lack in the definition of the collected criteria.



For this purpose, one can find explanations for 27 criteria in GOl and Catay's (2007) and 23 criteria
in Jharkharia and Shankar's (2007) paper. Jung (2017) proposes to consider social sustainability

as an important factor for the customer’s recognition of the brand image.

2.2 Site selection tools
The most commonly used tools for solving site selection problems are GIS, MCDA and the
combination of both. Before GIS-based MCDM methods are discussed, the single methods will

be explained briefly. In doing so, main functionalities, benefits and limitations are described.

2.2.1 Multi-criteria decision analysis

Rikalovic et al. (2014) defines a decision as a choice between alternatives which is based on
measurable criteria. Criteria can either be a factor that is measured on a continuous scale or a
constraint that quantifies a limit (Rikalovic et al. 2014). If multiple criteria are involved, a multi-
criteria decision analysis (MCDA) is performed. It is used to structure decision making, and to
compare and evaluate a number of alternatives based on multiple, well-specified criteria (Mal-
czewski 2006). MCDA supports decision making by addressing the common problem of
weighting criteria according to their importance (Al-Shalabi et al. 2006). Thereby, decision mak-
ers can rely on a rich collection of techniques and procedures (Malczewski 2006). Due to its im-
pact on the final outcome, the selection of the appropriate MCDA method is crucial (Chen et al.
2009; Al-Shalabi et al. 2006). Some methods allow the decision makers to implement preferences
for the relative importance of criteria (Malczewski 2006). Pontius and Si (2015) refer to Greene
et al. (2011) for a summary of MCDA methods and decision aid for the selection of appropriate
methods. Malczewski (2006) distinguishes between two MCDA groups, multi-attribute and multi-
objective decision making. While former describes a selection process based on the attributes of
a discrete number of alternatives, the best solution in the latter may be found anywhere within a
region of feasible solutions. Rikalovic et al. (2014) assume this concept, too.

Due to these various, often conflicting criteria involved in the 3PL selection, the decision-
making process is complex. Aguezzoul (2007, 2014) compared four evaluation methods namely:
linear weighting models, artificial intelligence, statistical/ probabilistic approaches, and mathe-
matical programming models. The multi-criteria evaluation methods in the reviewed papers on
3PL selection, belong into the groups of linear weighting models (Jung 2017; Giircan et al. 2016;
Jihene 2014; Bansal, Kumar 2013; Gol, Catay 2007) and mathematical programming models (Far-
zipoor Saen 2010; Hamdan, Rogers 2007). The distribution of the methods used in the literature

review for this paper is in line with Aguezzoul's (2007, 2014) findings: Linear weighting models
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like the Analytic Hierarchy Process (AHP) are the most utilized approaches. Accordingly, the
ranking of criteria in this paper is also conducted using AHP. As an orientation, the ranking con-
ducted in 2003 by the International Warehouse Logistics Association (IWLA) may be considered
(see www.iwla.com). However, the importance of criteria varies from company to company de-
pending on factors like company size, demand level and business sector (Aguezzoul 2007).

Site selection as well does not only require the consideration of a wide range of decision crite-
ria, but also the balancing of numerous and possibly conflicting objectives (Rikalovic et al. 2014;
Al-Shalabi et al. 2006). Due to the involvement of spatial factors, a site selection is not only a
MCDM problem but a spatial MCDM (SMCDM) problem (Rikalovic et al. 2014). Through de-
velopments in information technologies, the use of GIS became a common application to deter-
mine the suitability of a location and thus for solving SMCDM problems as from 1970s onwards
(Boroushaki, Malczewski 2008; Trubint et al. 2006; Church 2002, 1999). This suitability score
represents the extent to which a location meets desired conditions that are defined by the selection
criteria (Rikalovic et al. 2014). Finally, the site with the highest score of all alternatives is selected.

2.2.2 Geographic Information System

A geographic information system (GIS) is a collection of various powerful tools designed for
spatial analysis which provides functionality to manage (acquire, store, collect, access, organize,
retrieve), explore and analyse (measure, query, proximity, centrality and service zones functions),
manipulate or edit (conversion, aggregation, overlay, interpolation) and visualize (digital map de-
sign) information (Bruno, Gianniskos 2015; Murray 2010; Malczewski 2004; Church 2002,
1999).

The central element of a GIS is the location referencing system which allows data to be linked
to a specific location and analyse relationships among locations (Church 2002). Empowered by
the merger of both spatial and non-spatial attribute data, decision makers are able to display spatial
patterns, links or hidden relationships in computerized maps that might not be evident in a non-
spatial context by layering multiple sources of information (Aber, Aber 2017). Thus, these maps
provide a very powerful message to decision makers and offer the opportunity to answer more
complex questions (Comber et al. 2015). Accordingly, there is a huge variety in the fields of GIS
applications reaching from site selection problems for production facilities (Zhang et al. 2017;
Sahoo et al. 2016; Zhang et al. 2011), storage and retail facilities (Kahraman et al. 2016; Ringo
2009; Trubint et al. 2006; Vlachopoulou et al. 2001; van Ritsema Eck, Jong 1999), public facilities
(Ribeiro, Antunes 2002; Yeh 1999; Yeh, Chow 1996) or network and distribution planning issues
(Gu et al. 2016; Moreno-Navarro et al. 2015; Irizarry et al. 2013; Sarkar 2007; Miller 1999).
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Many authors state that GISs strongly support managers to evaluate placement options and to
make informed decisions by visualizing selection criteria the earlier it is applied (Rikalovic et al.
2014; Ringo 2009; Noon, Hankins 2001; Vlachopoulou et al. 2001). Therefore, it is unavoidable
when spatial factors are involved in decision-making (Trubint et al. 2006). However, Khaled and
Kim (2012) reveal that despite GIS’s key strength in spatial suitability analysis, the usage of GIS
in facility location analysis is low and not utilizing the program’s full potential. Reasons for this
may be found in several limitations of GIS that a number of authors are expressing, which are:

1. Auvailability of data and data structure (Church 2002, 1999; Yeh 1999; Yeh, Chow 1996)

2. Auvailability of a user-friendly input-output interface (Church 2002; Ribeiro, Antunes
2002)

3. Cost of software and analysis packages (Lei et al. 2015; Ribeiro, Antunes 2002)

4. Availability of analysis and MCDM tools (Lei et al. 2015; Sanchez-Lozano et al. 2013;
Murray 2010; Al-Shalabi et al. 2006; Church 2002; Carver 1991)

As indicated by the year of publications of several references, the relevance of limitations men-
tioned for example in points 1 and 2 decreased and diminished until now due to technological
progress. Unlike in 1 and 2, technical developments can also promote the recurring of limitations
due to ever advancing possibilities in computing and representation. This applies for example to
points 3 and 4. Especially in point 4, authors continue to criticize the limited availability of nec-
essary tools to perform analyses and evaluations since 1991. As main drawbacks are mentioned
too generic and unspecialized tools causing a need for manual problem solving, limited possibil-
ities for integrating subjective judgments and limitations to incapability of processing multiple
and conflicting criteria. Bruno and Gianniskos (2015) and Malczewski (2004) state that since the
mid-1990s the number and variety of available tools as well as the user-friendliness increased
while Rikalovic et al. (2014) point out that recent innovations have led to drastic improvements
in the mentioned capabilities of GIS.

Of all reviewed papers, only Comber et al. (2015) criticize the lack of critical understanding of
the operation in regard to the usage of available analysis and decision-making tools which results
in naively generated and/or erroneous maps. GIS does not provide its user with a final solution,
but rather allows for a more organized information analysis, which is crucial to making quality
decisions (Trubint et al. 2006).
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2.2.3 GIS-based multi-criteria decision-making

Location decision problems are complex, data- and time-intensive (Rikalovic et al. 2014; Al-
Shalabi et al. 2006; Vlachopoulou et al. 2001). In order to effectively deal with these characteris-
tics, several appropriate modelling, analysis and decision tools need to be employed simultane-
ously (Al-Shalabi et al. 2006; Vlachopoulou et al. 2001; Carver 1991). Due to technical advances
in computing science, GIS and MCDM tools can be combined which leads to a synergistic effect
that raises efficiency and quality of the spatial analysis (Rikalovic et al. 2014; Malczewski 2006).
The integration of the capabilities of both tools provides better procedures and thus forms one of
the most advanced and reliable methods for special decision-making (Feizizadeh, Kienberger
2017; Delgado, Sendra 2004; Carver 1991). Thereby, main GIS functionalities for analysing, man-
aging, storing and visualizing geospatial information are applied in different spatial planning and
evaluation processes as well as as they play a vital role in the creation of a comprehensive database
(Sanchez-Lozano et al. 2013; Malczewski 2006; Delgado, Sendra 2004). Next, a rich collection
of MCDA methods is used to generate judgment values for a set of criteria (Ozceylan et al. 2016a;
Malczewski 2006). For evaluation reasons, MCDM results can be mapped with the help of GIS
in a way that the suitability of sites and areas for a criterion is visualized as a geographical repre-
sentation of a set of preferences (Chen et al. 2009; Al-Shalabi et al. 2006). Generated criterion
maps are overlaid using weights that are established by MCDM methods (Chen et al. 2009; Carver
1991). Based on the thereby calculated suitability levels, alternatives can be compared, ranked
and the best result selected in the decision making process (Sanchez-Lozano et al. 2013; Al-Shal-
abi et al. 2006; Delgado, Sendra 2004).

Comber et al. (2015), Pontius and Si (2015), Rikalovic et al. (2014) and Malczewski (2006)
list MCDM methods that are most commonly used in the GIS environment for geo-computation
and suitability analysis, which are Boolean Overlay, Analytic Hierarchy Process, Weighted Linear
Combination, Ordered Weighted Averaging, outranking methods, and Multiple-Objective Land
Allocation. Furthermore, Pontius and Si (2015) provide a brief description of most methods. Chen
et al. (2009) identifies the AHP as one of the most popular methods to obtain weights, too. For
instance, GIS-AHP integration is used for warehouse site selection (Vlachopoulou et al. 2001),
housing area identification (Al-Shalabi et al. 2006) or industrial site selection (Rikalovic et al.
2014). Ozceylan et al. (2016b) and Sanchez-Lozano et al. (2013) extended the GIS-AHP approach
by assessing the similarity to ideal solutions using the TOPSIS technique for evaluating solar farm
locations and freight villages. Ozceylan et al. (2016a) offers in their study on logistic performance

evaluation of provinces the most extensive use of GIS-based MCDM by comparing five, three-
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steps approaches using combinations of the MCDA methodologies AHP, ANP, TOPSIS and equal
weights. That way, the difference of weighting and ranking based on the relations between criteria
(AHP, ANP), the improvement potential of criteria (TOPSIS) and equal weights of criteria is
evaluated.

GIS-MCDM literature is reviewed and compared to identify the similarities and differences in
the steps that are processed in publications on site selection and evaluation. Figure 1 displays the
outcome of the research. Six steps are identified of which the definition of evaluation criteria, the
suitability analysis and recommendation for decision makers are mentioned most frequently. Alt-
hough the step of establishing a data base is not mentioned in many publications, it is necessary
to be able to conduct a suitability analysis. Furthermore, the publications vary in the degree to
which problems and goals are defined. The main difference lays in the conduct of a sensitivity

analysis (SA). Based on these findings, the methodology of a GIS-based MCDA for 3PL selection

IS built in the following chapter.
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Figure 1: GIS-based MCDM
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3 Methodology

The aim of this paper is to develop an approach that supports decision making in selecting the
best 3PL provider based on a set of spatial and non-spatial criteria. The literature review demon-
strated that publications on 3PL selection are limited to MCDM methods (see 2.2.1. Hence, in
order to pay more attention to include spatial factors in the analysis, a GIS-based MCDM approach
for 3PL selection is proposed hereinafter.

To be able to grant a sufficient robustness of this approach, the three components of a reliable
model, verification, validation and SA, are taken into account (Qureshi et al. 1999). By being built
based on the literature review in Figure 1, it is ensured that the approach accurately implements
its specifications (verification) and that it is suitable for the intended purpose (validation). Fur-
thermore, a SA is integrated to examine the robustness of the outcome when input weights are

systematically altered within a specific range of interest (Qureshi et al. 1999).

3.1 GIS-based multi-criteria decision-making approach

The suggested GIS-based MCDM approach for 3PL selection is displayed in Figure 2. Fol-
lowing the literature review in Figure 1, six sequential steps are distinguished.

First of all, a framework needs to be established by defining the problem and goals. Therefore,
a supply chain analysis is used to determine the initial situation and performance from which,
subsequently, improvement potential can be deducted and constraints be defined.

In the next step, spatial and non-spatial evaluation criteria and sub-criteria for 3PL selection
are chosen from existing literature (see Figure 3). Their respective, relative weights are computed
using the MCDM method AHP and the consistency ratio (CR) of each criteria matrix is calculated
to ensure appropriate consistency. This method is a common approach for weight determination
and is successfully applied by numerous authors (Jihene 2014; Rikalovic et al. 2014; Al-Shalabi
et al. 2006; Vlachopoulou et al. 2001). Therefore, a short chapter explains the process of obtaining
weights by applying AHP.

In the third phase, a database must be established. Here, a screening phase in line with Sharma
etal. (2017), Rikalovic et al. (2014), Jharkharia and Shankar (2007), and Eldrandaly et al. (2003)
is implemented in which possible alternatives are determined that meet the basic criteria. This
offers the advantage that the time required for decision making is reduced and the efficiency and
quality of the decision-making process is increased. Furthermore, criteria layers are created and

prepared for the GIS environment.
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Following Sharma et al. (2017), Rikalovic et al. (2014) and Eldrandaly et al. (2003), in the
subsequent evaluation phase the most appropriate 3PL provider is determined by comparing the
possible alternatives. Therefore, spatial information of the criteria layers is analysed with spatial
analysis tools and non-spatial information is evaluated using a rating scheme. To determine the
degree of suitability of 3PL providers, the suitability scores of each criterion and 3PL alternative
are weighted and summed up.

Afterwards, the robustness of the outcome is determined by changing criteria weights within
the scope of a SA and a final ranking of the alternatives is compiled. This is done by following
four steps proposed by Chen et al. (2010).

In the last step, the results of both the suitability and sensitivity analyses are summarized and
a final decision is proposed to the decision maker. Additionally, the respective improvement

against the initial situation can be assessed.
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Figure 2: Overall methodology for GIS-based multi-criteria 3PL selection

3.2 Choice of criteria

The definition of selection criteria for the identification of optimal locations is vital (Rikalovic
et al. 2014). Criteria can either be described by qualitative or quantitative attributes that define the
degree of feasibility or suitability to the company’s goals (Vlachopoulou et al. 2001).

This study proposes that the 3PL selection problem can be addressed using nine sub-criteria
within the three criteria: service portfolio, logistics costs and location factors. According to Agu-
ezzoul's (2014, p. 75) study, the criterion cost is mentioned most often (13.4%), services rank on
place 3 (12.2%) and location scores the penultimate place (4.7%). In their study, Meiduté-
Kavaliauskiené et al. (2014) identify service factors as most important followed by costs while
location factors are not examined. A summary of the chosen criteria can be seen in figure Figure
3.
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3.2.1 Service portfolio

Selecting the right 3PL depends on the company’s expectations and needs and the 3PL’s ability
to fulfil these (Aghazadeh 2003). Many authors evaluated and chose 3PL based on their service
portfolio (see Figure 3). Thus, the service portfolio is considered the most important factor in 3PL
selection and is defined by the breadth or specialization of available services (Aguezzoul 2014).
In the following, this is summarized under the heading ‘available service variety’. While in the
beginning, only transportation and distribution functions were offered, the portfolio of today’s
3PL also include warehousing, inventory management, order processing, IT services and more
value added services (Aguezzoul 2007). Among these services, warehousing is the most often
outsourced logistics activity (Moberg, Speh 2004). Following Aguezzoul (2007), for the evalua-
tion the services are categorized in these six groups. The other and more important factor is the
service quality because it determines the customer satisfaction and loyalty and hence the business
success of the company (Meiduté-Kavaliauskiené et al. 2014).

While the number of available services can easily be quantified by counting, the service quality
is hard to measure (Meiduté-Kavaliauskiené et al. 2014). A common approach is it to determine
the difference between the provided service level and the customer’s expectation (Meidute-
Kavaliauskiené et al. 2014; Abdur Razzaque, Chen Sheng 1998). In order to do so, both Meiduté-
Kavaliauskiené et al. (2014) and So et al. (2006) conduct a customer survey using a five-point
rating scale. While So et al. (2006) are evaluating the service quality of 3PL providers using the
five service quality dimensions tangibles, reliability, responsiveness, assurance and empathy
which are proposed as SERVQUAL criteria by Parasuraman, Zeithaml and Berry (1988, 1991);
Meiduté-Kavaliauskiené et al. (2014) are examining twelve logistics services, such as transporta-
tion and warehousing.

In this paper, the service quality of a 3PL is evaluated based on the information provided on
their homepages. This approach is chosen because surveying customers of 3PLs to which a com-
pany wants to outsource activities is not considered a common approach from a company’s point
of view. Furthermore, the internet homepage is regarded as the platform where a company first
comes in contact with a 3PL provider and based on which it decides if the 3PL should be consid-
ered in the following selection process or not. Following So et al. (2006), the service quality is
measured along a five-point rating scale with the dimensions outstanding (5), good (4), average
(3), fair (2) and poor (1). Since some services are favored over others, a weight is assigned to each
service based on its importance for guaranteeing a smoothly operating supply chain. For that pur-

pose, weights between not important (1) and essential (3) are used.
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3.2.2 Logistics costs

In general, the main components of logistics costs are cost of procurement, storage, transpor-
tation and warehouse management (Stepien et al. 2016). The supply chain consulting firm Estab-
lish assessed the importance of them at approximately 2%, 26%, 50% and 22% (Establish Inc.
2011, p. 19) while another supply chain and economic development consultancy Foremost Qual-
ity Logistics identifies shares of approximately 1%, 23%, 63% and 13% (Foremost Quality Lo-
gistics 2014, p. 2). These numbers illustrate that major cuts in logistics costs can especially result
from minimizing transportation expenses.

With regard to the 3PL selection problem, logistics costs derive from the cost of logistics out-
sourcing (Aguezzoul 2014). Thus, from a supply chain perspective, they can be divided in in-
bound, 3PL and outbound costs. Inbound costs refer to procurement, import and transportation
costs towards the 3PL, while outbound costs comprise the distribution costs from the 3PL towards
the customer. The cost structure of a 3PL differs from the storage and warehousing costs men-
tioned above. It consists of five elements: the cost of initial set-up, receiving, storage, order ful-

filment, and shipping (insightQuote Inc. 2017).

3.2.3 Location factors
The location of a logistics facility ranks among the most crucial strategic decisions (Demirel
et al. 2010). Its attractiveness depends in particular on its accessibility which can be expressed by
means of distance or transportation cost (Verhetsel et al. 2015). In connection with location factors
in 3PL selection, attributes such as distribution/ geographical or market coverage, international
scope, shipment destinations, and distance are mentioned most often (Aguezzoul 2014). However,
these dimensions rather describe outbound logistics attributes than illustrating the whole supply
chain. In their study on location choices of logistics companies in Flanders, Belgium, Verhetsel
et al. (2015) identify a ranking of site selection factors based on the outcome of a conducted stated
choice experiment. The most important factor is the cost of land rent and the least important factor
is a location in a business park. All examined infrastructure characteristics, such as the proximity
to a sea port, motorway junction, inland navigation terminal and to a rail terminal, appear to have
the same importance. These infrastructure connections should preferably be available within 10
km, 5 min, 15 km and 5 km respectively (Verhetsel et al. 2015). However, Verhetsel et al. (2015)
examine companies that are specified in freight transport. Hence, given values do not necessarily
apply one-to-one to 3PL providers. Nevertheless, the factors have their justification in the 3PL
selection process as they present inbound as well as outbound logistics points. Yet, their use as
sub-criteria depends on the structure of the company’s supply chain.
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Figure 3: Evaluation criteria
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3.3 Determination of weights using the Analytic Hierarchy Process

In order to specify the weights of the previously defined criteria, Saaty’s AHP is applied.
The procedure is chosen because it weighs each criterion and establishes a total score for each
3PL by summarizing the product of criteria performance and its respective weight (Aguezzoul
2007). Although the method is based on a simple algorithm (Ozceylan et al. 2016a), it effec-
tively helps to reduce the complexity of a decision problem by successively examining pairwise
comparisons in a hierarchical order (Feizizadeh, Kienberger 2017; Al-Shalabi et al. 2006). By
making use of this extensive, logical and structural framework, decision alternatives are easily
sorted from the most to the least desirable (Feizizadeh, Kienberger 2017; Al-Shalabi et al.
2006).

AHP consists of three underlying principles: decomposition, comparative judgments and
synthesis of priorities. In the decomposition phase, the complex decision problem is broken
down into its elements. By arranging these elements in a hierarchical order of criteria, sub-
criteria and so on, the problem is structured from the generally applicable to the more specific
factors. In the next phase, elements of the same hierarchy level are compared in a nxn matrix
A using the pairwise comparison method and the verbal judgments of preferences between al-
ternatives given in Figure 4. Thereby, the decision maker’s knowledge can be incorporated.
Possible values range from 1/, to 1 and through to 9, representing the least, equal and most
important criterion. Since the reciprocal value is automatically entered for the transpose,

n(n — 1)/2 comparisons are made (Saaty 1987).

Verbal judgements of preferences between alternative = Numerical rating
i and alternative j

Aj is equally important to A;

A; is slightly more important than A;

Ay Is strongly more important than A;

Ay Is very strongly more important than A;
Aj Is extremely more important than A;
Intermediate values

MO W=

Figure 4: Verbal judgments of preferences between alternatives (Saaty 1987)

From this point, there are several ways to generate the weights. In the chosen approach,
matrix A is normalized by dividing each judgment a;; by the corresponding column sum. The
relative weights w,, of the single criterion or sub-criterion are obtained by computing the aver-
age of the corresponding row of the normalized matrix A’. Since human judgment can cause
inconsistency, the obtained weights need to be verified. Therefore first, the vector x,, is com-

puted by multiplying the normalized matrix A" with the relative weights vector w,,, then the
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eigenvalue is calculated using the formula 2., = average{z*; ..;%}. Next, the consistency
1 n

index CI is calculated by the formula CI = (4,4 — n)/(n — 1) and the result is divided by the
corresponding random consistency index RI given in Figure 5 to obtain the consistency ratio
CR. The value of CR has to fall between 0.01 and 0.10 in order to be reliable. In case of a high
inconsistency (CR = 0.10), the judgments can be revised (Saaty 1987).

n 2 3 - 3 G 7 8 9

RI(m) o 0.58 0.90 1.12 1.24 1.32 1.41 1.45

Figure 5: Random consistency index (Saaty 1987)

After all relative weights w,, are obtained, the global weights w',, can be calculated by mul-
tiplying the relative weights of the criteria with the relative weights of the sub-criteria and so
on. This step forms the last phase of the AHP procedure which is called synthesis of priorities
(Saaty 1987).

One disadvantage of the AHP is, that it does not take existing interactions among criteria
and sub-criteria into account like the Analytic Network Process (ANP) (Ozceylan et al. 2016a).
However, it is one of the most popular MCDM technique for dealing with complex decision
problems because of its reputation as a robust and flexible MCDM tool among the international

scientific community (Sanchez-Lozano et al. 2013).

3.4 Establishment of a database

In order to establish the database, spatial and non-spatial data is collected. While spatial data
consist of a location or spatial relationship, shape, size and orientation; non-spatial data does
not have a specific location in space but can be linked to one in order to provide further infor-
mation such as region names or population (Surve, Kathane 2014). In a GIS, data is in general
organized by separate map layers which can be displayed in the vector or raster model (Bruno,
Gianniskos 2015; Rikalovic et al. 2014; Church 2002). In the vector representation, geometric
features are displayed as points, lines or polygons and thus ensure a high level of precision
(Aber, Aber 2017; Surve, Kathane 2014; Church 2002). The raster representation is character-
ized by a continuous, regular grid of rectangular cells (Aber, Aber 2017; Surve, Kathane 2014;
Church 2002).
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3.5 Spatial analysis

While manipulation on vector data comprise transforming and combining basic geographic
features, raster data is manipulated by execute mathematical operations and functions through
map algebra (Pontius, Si 2015). According to Rikalovic et al. (2014), most commonly, analyses
of attributive data, overlapping layers, distances or networks are done. In order to perform the
spatial analysis, the industry-standard software ArcGIS 10.4.1 from ESRI is selected (Aber,
Aber 2017).

In ArcGIS, four different toolsets are available: extract, overlay, proximity, and statistics
(Esri 2017). Proximity tools are able to identify features that are closest to one another (Esri
2017). Moreover, they can calculate the distance between or around them (Esri 2017). Although
the math tends to be more complex (Aber, Aber 2017), the analysis is conducted on vector data
because in this way measurements can be made along roads, streams, or other linear networks
(Esri 2017). For these cases, ArcGIS Network Analyst is used to determine the shortest route
to a specific location within a given network of transportation routes (Route tool), the closest
point to a given point or set of points (Closest Facility tool), or build areas with equal distances
from a centre point along the transportation network (Service Area tool) (Esri 2017). In addition
to that, network based, shortest distances between multiple points of origin and points of desti-
nation can be computed using the Origin-Destination cost matrix tool.

For the spatial analysis three tools are applied. The Origin-Destination cost matrix is used
to compute all distances between possible 3PL providers and inbound logistics points such as
production facilities, sea ports or airports, because several origin and destination points are in-
volved. Inbound logistics points are selected as origins, while 3PL locations represent the des-
tinations. In case the shortest distance between two points from different sets of data needs to
be determined, the closest facility tool is used. This applies for the distance from 3PL locations
to major infrastructure and from 3PL locations to outbound logistics points such as downstream
SC-partners. In the former, highway conjunctions are used as facilities as suggested by Verhet-
sel et al. (2015), while in the latter the downstream SC-partners like forwarders or CEP service
providers are chosen. For both runs, 3PL locations are selected as incidents, since the closest
facility is allocated to an incident. In contrast to these network-based calculations, the distance
to customers is measured as Euclidean distances using the point distance tool. This approach is
chosen because in contrast to the other factors that represent regular transports, customer orders
are subject to uncertain order frequencies. Moreover, distribution via forwarder or CEP service

provider happens in a separately optimized network.
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3.6 Suitability evaluation
The suitability of each alternative is calculated based on the same principle Al-Shalabi et al.

(2006) used in his paper:
Suitability score = Z subcriteria value x AHP weight

Although all results are measured in the same unit for each criterion, the single sub-criteria
result cannot be simply ranked by the respective AHP weights because the value ranges differ
strongly among the sub-criteria. Thus, in order to ensure that large values do not dominate small
values, the results are first normalized (Feizizadeh, Kienberger 2017). Furthermore, when com-
bining the different criteria to achieve the suitability score, the objective of each criterion needs
to be considered: while the values for services are to be maximized, costs and distances need to
be minimized. Thus, minimization criteria are converted into maximization criteria in order to
achieve a common interpretation of the values by subtracting its value from 1 and subsequently
normalizing the obtained result. The converted and normalized value is then used to calculate

the final suitability score.

3.7 Sensitivity analysis

Diverse sources of uncertainty such as measurement errors in data acquisition, format con-
versions or insufficient information in the input data can have considerable impacts on the out-
puts (Delgado, Sendra 2004). In a spatial environment, a SA is used to examine the response of
the model output to weight changes in input parameters by revealing particularly sensitive cri-
teria, so called key determining variables, and to determine the spatial impacts on the model
outcomes (Feizizadeh, Kienberger 2017; Chen et al. 2010; Crosetto, Tarantola 2010). Thereby,
it can not only help to minimize uncertainty, but it also enables to improve the stability of its
outputs (Feizizadeh, Kienberger 2017). The procedure encompasses evaluating changes in the
outcome against variations in specific input parameters (Feizizadeh, Kienberger 2017; Chen et
al. 2010; Crosetto, Tarantola 2010). Chen et al. (2010) identify three most commonly used SA
approaches, namely changing criteria values, changing relative importance of criteria and
changing criteria weights.

Delgado and Sendra (2004) reviewed 28 studies of SA application in GIS-based MCDM
models concluding, among others, that conducting a SA is not a common practice and that if
one is carried out, most of the times it is tested whether variations of the factor weights causes
significant changes in the obtained results. Years later, Chen et al. (2010) still mention the same

criticisms while emphasizing the importance of sensitivity analyses in GIS-based MCDM as a
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crucial step for determining the stability of the final outcome of a model, its systematic variation

and for understanding the model behaviour and its limitations.

Following Chen et al. (2010), in the SA only criteria weights are altered to examine four

specific aspects of interest:

1.

2.
3.
4.

‘investing the stability of an evaluation by introducing a known amount of change to
criteria weights;

identifying alternatives that are especially sensitive to weight changes;

quantifying changes in the rankings of criteria and evaluation; and

visualising the spatial change of evaluation results’ (Chen et al. 2010, p. 1585).

In doing so, attention is especially paid to the robustness of evaluation rankings relative to

weight changes.
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4 Case study

In order to test the proposed G1S-based MCDM approach for 3PL selection, a case study
with a Finnish company is conducted. However, due to confidentiality concerns, only the cri-
teria location factors and service portfolio are assessed in the following. Therefore, the aim of
the case study is to determine a ranking of alternatives for the company. Based on this, the
company can choose which 3PL providers to contact for price details. This section is organized
following Figure 2.

The company considers product development, brand marketing and business to business
(B2B) relationships as their core competence. Therefore, their production and the logistical
processes, warehousing and distribution, are outsourced to specialized manufacturers, 3PL and
CEP service providers. The company’s distribution channels are divided into the three main
markets: Europe, Asia and Northern America. Since this case study focuses on the European

market only the European supply chain is outlined in Figure 6.
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Figure 6: Qualitative outline of company's supply chain

Goods that have been produced in one of the four factories in China are shipped from Hong
Kong to the warehousing provider in Finland. For inbound shipments, usually container ships
are used but in exceptional cases more expensive airfreights can occur to ensure delivery capa-
bility to customers by making use of the significantly shorter lead times. From the Finnish
warehousing provider, the goods are distributed by CEP service providers to the company’s

retail partners in Europe.

4.1 Problem, goal and constraint definition
In an interview with the decision maker, the framework of the project including problems,
goals and constraints are identified and discussed. Relevant points are summarized subse-

quently.
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With rising sales, the company recognizes disadvantages of their logistics location in Finland

which are:

High outbound logistics cost resulting from the CEP freight rates

Long lead times for parcel shipments to customers in Central Europe

Long waiting time for inbound shipments from Asia due to in port and transhipment
times in other European harbours prior to unloading in Helsinki

Usage of outdated IT interfaces which leads to unnecessary manual work and lower

service levels

This suggests a relocation of the company’s warehouse location to a Central European coun-

try. After some research, the company decided to choose the Netherlands as their logistics lo-

cation because of its excellent logistics attributes and English skills of 3PL managers and em-

ployees. Thus, the study area is limited to the Netherlands. Another constraint is the available

storage capacity for rent at the 3PL but due to the company size, too little storage space available

is not to be expected. Hence, storage capacity is not considered as a constraint in the case study.

Furthermore, the company selected Rotterdam as their port of unloading, Schiphol as their

freight airport, and UPS and GLS as their main CEP provider.

The objectives of the 3PL selection can be summarized as following:

One 3PL location is to be selected from where all, in Europe geographically dispersed
customers shall be supplied
Total logistics costs shall be minimized while customer service quality is to be maxim-

ized which is determined e.g. by short lead times and a high rate of on-time deliveries

Tasks that are outsourced by the company because they are not considered to be a part of

their core competencies are:

Activities related to the import of goods into the European Union like organizing ship-
ments via ship or plane and truck, customs clearance and fiscal representation

Inbound logistics services at the warehouse which include unloading, checking for dam-
ages, registration of goods and putting them away to assigned storage locations
Outbound logistics services at the warehouse which include order management, picking,
(customized) kitting, packing and labelling

Freight management towards the customer which consists of selecting most favourable
distribution solution depending on size, weight, destination and client wishes as well as

the tack and trace of shipments
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The listed tasks represent the minimum requirements on a suitable 3PL provider. Although
many 3PL offer further supply chain related services, it is important for the company to handle
demand planning and forecasting, inventory management including activities related to ensur-
ing appropriate stock and low back order levels as well as customer service and invoicing in-

ternally. Therefore, these activities are not considered in the 3PL selection.

4.2 Define and weight evaluation criteria and sub-criteria
As described in chapter 3.3, the generation of criteria and sub-criteria weights uses Saaty’s

AHP technique. Figure 7 shows the underlying decision hierarchy used in this case study.

pevel 1 ( SELECT A 3PL PROVIDER >

Level 2
Criteria

Distance to sea port Available service
[Rotterdam) variety
1 I
Distance to airport Quality of services
{schiphol) - Transportation
1 - Warehousing
Level 3: Distance to road - Order processing
Sub-criteria network (junctions) -IT services
1 - Value-added services
Distance to CEP hubs
|GLS, UPS)
1
Distance to customers

— —
-

Level 4:
Alternatives

Figure 7: Decision hierarchy for selecting 3PL provider in the case study

Location ...

Three separate, pairwise comparisons have been done together with the decision maker
of the company to obtain the weights using the verbal judgments of preferences between alter-
natives given in Figure 4. In a next step, the consistency of the matrixes is to be verified in
order to ensure the reliability of the decision maker. Since a comparison of two elements is
always consistent and the critical ratio of the location factor matrix falls between the range of
0.01 < CR < 0.1 given by Saaty (1987), a reasonable level of consistency is present and the
weights can be used in the suitability analysis in 4.4. The outcome of the AHP procedure is

displayed in Figure 8. Furthermore, the three pairwise comparison matrices and consistency
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ratio can be found in appendix B. Next to calculating weights in the AHP procedure, Microsoft

Excel is used to do the non-spatial analysis, for the final evaluation as well as the SA.

Criteria Criteria Sub-criteria Sub-criteria ) pal weight
weight weight
Service port- 209 Available service variety (C11) 25% 20.0%
folio (C1) ” Quality of services (C12) 75% 60.0%
Distance to sea port (C21) 19% 3.8%
Distance to airport (C22) 7% 1.4%
Location 20% Di q ork 179 3 50
factors (C2) 20% istance to road network (C23) Yo 5%
Distance to CEP hubs (C24) 23% 4.6%
Distance to customers (C25) 339, 6.6%

Figure 8: Criteria and sub-criteria weightings using AHP

4.3 Establishment of data base
The company provided data from November 2016 for analysis. November usually represents
a time period with a high demand and thus serves as an appropriate starting point that already

includes expectable market growth.

4.3.1 Spatial Data

The spatial data consists of seven data layers which are summarized in Figure 9. Location
information is downloaded or collected online at given sources as well as provided by the com-
pany like customer data or locations of unloading. As CEP providers, the current standard pro-
viders of the company General Logistics Systems B.V. (GLS) or United Parcel Service of
America Inc. (UPS) are used. After a brief online research, 18 hub locations in the Netherlands
are identified. Suitable 3PL provider are identified using the search engine Google with the
following search criteria: ‘Third-party logistics provider’ or ‘warehousing provider’ or ‘supply
chain solutions’ and ‘Netherlands’. Initially, ten companies with 26 possible location alterna-
tives are selected. In the next step, the 3PL screening, their services are roughly compared, and
the providers that do not offer price advantages at parcel shipments due to their large buying
power are excluded. Finally, six companies with 12 possible location alternatives remain for
the analysis. All available addresses are geocoded by converting them into their latitude and

longitude coordinates using an online tool (available at www.latlong.net).
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Data Metadata Type Source
Netherlands Layer shows the area of the Nether- Vector: wiww.gadm org/download
lands. Polygon
European Layer shows the highways 1n Europe. V;ctor: www.gadm.org/download
Road Network - Line ) =
Layer shows the location of 58 cus- . )
Customer : ) Vector:
i tomers which are considered as most . Company data
Location . Point
unportant.
Layer shows the location of 18 CEP
CEP Hub hub locations in the Netherlands of Vector: www.gls-info nl/dp/All
Locations which 12 are operated by GLS and six  Point www.ups.com/dropoff#
by UPS.
S Layer shows the location of the port of Vector: Googl
ea port unloading, Rotterdam. Point Qogle maps
Aj Layer shows the location of the freight Vector: Googl
iport airport Schiphol. Point oogle maps
www_janssenl877 com/
) www_glgbv_com/
Layer shows the 12 alternative loca- v ) www veklosistics com/
3PL locations  tions which are ranked according to ector: ) g, '
Point www.bas.eu/

thetr suitability.
wiww.nl.dsv.com/

www.b-logicservices.com/

Figure 9: Spatial data

4.3.2 Non-spatial Data

The non-spatial data consists of the service attributes of the six 3PL providers. Available
services are assigned to one of the five headings transportation, warehousing, order processing,
IT services and value-added services given in Aguezzoul's (2007) research. This differs slightly
from chapter 3.2 because the company is not interested in services regarding demand planning
and forecasting, inventory management and customer services like invoicing as specified in
chapter 4.1. Thus, they are not considered in the evaluation. Next, related tasks are assigned to
each heading and the importance of the task is defined on a scale from 1 (less important) to 3
(very important).

In order to complete the list, the 3PL’s homepage is scanned for descriptions of services.
The provided service information is evaluated on a scale from 1 (poor) to 5 (outstanding) as
described in 3.2 in order to differentiate between the single 3PLs. The thereby generated list

can be found in appendix C.
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4.4  Suitability Analysis
The analysis in ArcGIS starts with geocoding the spatial information described in 4.3.1.

Thereby, the study area is visualized in a map which is shown in Figure 10.

A\ 3PLAlternatives
® Hubs

L R > wiete g Rotterdam
o< Schiphol
'
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— Highways
I_I I_I Kilometers
0 20 0 20

Figure 10: Study area

The following suitability analysis consists of three elements: a non-spatial analysis, a spatial
analysis, and the subsequent combination of both to evaluate the suitability of each alternative.
The sequence in which the analyses are done depends on the hierarchy of the criteria and its
weight in the final suitability evaluation. After each analysis has been carried out, a map is
created which visualized the ranking of alternatives by using a colour code that ranges from
dark green (best location) to red (worst location). Thus, following for example Rikalovic et al.
(2014) or Al-Shalabi et al. (2006), both criteria are represented by a map.

4.4.1 Service portfolio
The service portfolio of a 3PL is evaluated in MS Excel based the non-spatial database cre-
ated in 4.3.2. Since some services are more important than others, the availability and quality
scores are multiplied by the importance weight to further differentiate the 3PL’s service port-
folio. For each alternative, the weighted availability (C11) and quality (C12) scores are summed
up, normalized and further weighted according to the formula:
Cl1=025%xC11+0.75*%C12
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The result gives the service portfolio score C1 for each 3PL. Since it is a maximization criterion,
the largest value (0.0895, A6) is ranked on place 1 while the lowest value (0.0700, A11) ob-
tained rank 12. Figure 11 shows the spatial distribution of service portfolio analysis. While four
of the five alternatives that ranked highest, are located in the East to South-east of the Nether-
lands (A6, A1, A7, A5), one can be found in the South-west of the country (A3). The alternative
with the weakest service portfolio, A11, is located in the North-west at the Markermeer.

Figure 11: Service ranking (map)

4.4.2 Location factors

The location factors are evaluated using spatial analysis tools in ArcGIS. The goal of the
spatial analysis is to determine the distances of a 3PL location to the sea port in Rotterdam, the
airport Schiphol, to the highway network and to the CEP hub network as measures of accessi-
bility. In order to do so, the two tools origin-destination cost matrix and closest facility from
the network analyst extension are used as described in 0. Further analysis of the outputs takes
places after they have been exported to MS Excel. The average distances are 144.5 km, 117.2
km, 3.1 km and 25.4 km respectively measured on the actual road network. Next, the distance
to the customers is measured by the Euclidean distance between the 3PL location and the cus-
tomers by using the point distance tool. All distances can be seen in Figure 17.

The value of C2 determines the suitability of each alternative in regard to their location at-

tributes. It is calculated using the following formula:
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C2=019%C21+0.07*C22+ 0.18 * C23 + 0.23 * C24 + 0.33 x C25
Since shorter distances are preferred, C2 is a minimization criterion. Thus, the lowest value
(0.0489, A10) is ranked on place 1 while the larges value (0.1451, A5) obtains rank 12. In
Figure 12, the outcome of the spatial analysis is visualized in a map. The best and second-best
alternatives, A10 and A2, are located close to Amsterdam. Alternatives that are ranked on the
third and fourth place, can be found in Venlo (Al, A7). These four sites offer the best values
for C1. The four worst locations are in the North (A9), South-West (A3, A12) and East (A5).

Figure 12: Location factors (map)

4.4.3 Suitability evaluation

In the suitability evaluation, the results of both previously done analyses are combined using
their weights. As C1 is a maximization and C2 a minimization criterion, C2 is converted in a
maximization criterion to achieve a common interpretation of the values. Therefore, the value
of C2 is subtracted from 1 and then normalized to generate C2’. The suitability of a 3PL can
then be calculated used the formula

Suitability = 0.8 x C1 + 0.2  C2’

The final outcome is shown in Figure 13. Five alternatives are suitable and marked in green
(A6, Al, A7, A3, Al10), the three yellow alternatives (A4, A9, A5) have a fair suitability score
and four are displayed in orange to red (A2, A8, A12, A11), which hints for a low suitability.
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Figure 13: Suitability ranking (map)

4.5 Sensitivity analysis

In order to evaluate the robustness of the outcome a SA is conducted. Thereby, it is examined
how a 5% change in the weighting ratio of location and service factors affects the final ranking
of the alternatives. The output is tested within a range of £ 10% around the weighting in the
suitability evaluation, because the decision maker pointed out in the interview that service fac-
tors are more important than location factors. In appendix E, Figure 19 displays the result of
the SA and spatial changes within scenario 1, 3 and 5 are visualized in Figure 20.

In all five test scenarios, four alternatives (A6, Al, A9, All) keep their ranking which in-
cludes the best and second-best rank. As the influence of location factors rises, one alternative
loses one rank (A12) while four alternatives improve their rating by one rank (A7, A10, A2,
A8). In two cases, the change accounts for two ranks (A3, A4) and only once, an alternative
loses three positions (A5). In general, the smaller the effect of a change in the input weights or
values, the more robust is the output. Thus, A6, Al, A9 and A1l are considered very robust

while A5 is the most sensitive alternative to changes in the final weighting.
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4.6 Results and recommendation for the decision maker

In this section, the findings of the suitability and sensitivity analysis are discussed. Starting
with the individual analyses of potential explanations for the results are presented. Next, con-
clusions based on the conducted SA are drawn and finally a recommendation for the decision
maker is given.

In the non-spatial analysis, the service attributes of the 3PL providers are compared based
on the information given on their homepages. Five out of twelve 3PL alternatives are regarded
as convincing alternatives and most of them are located in the East of the Netherlands with
focus on the area around Venlo.

The spatial analysis of the 3PL locations reveals two areas of interest: around Amsterdam
and Venlo. When looking at the data of the top 4 in Figure 17, the major differences between
the alternatives in these areas and the other alternatives becomes apparent. All four alternatives
have similar values for outbound related activities like distance to the road network and CEP
network. While the alternatives close to Amsterdam (A10, A2) are characterized by short dis-
tances to the unloading points for inbound shipments at the harbour of Rotterdam and the main
benefit of the alternatives close to Venlo (A1, A7) lies in the proximity to the customers.
Since the distance to customers is one of the company’s reasons for the relocation of the ware-
housing activities, it has the largest weight and can outweigh greater distances in the inbound
process. However, this is only possible to a certain degree (see A4, A6 and A9 which offer a
similar structure). The main disadvantages of alternatives A3, A12 and A5 are bad connections
to the road and CEP hub network.

When combining both analyses by using a weight of 80% for the service portfolio and 20%
for the location factors, only the area around Venlo with the alternatives A6, A1 and A7 remain
of interest. Furthermore, the outcome of the SA confirms the robustness of the ranking regard-
ing the top 5 and last 4 alternatives. Noticeable changes are only expected for alternatives A4
and A5. Thus, it is advisable to choose the top three alternatives A6, Al and A7.
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5 Discussion

Rikalovic et al. (2014) find that location decisions greatly impact the key measures of a
company’s supply chain performance. Nevertheless, literature on 3PL selection does not in-
clude location factors to a great extent (see Figure 3).

This paper contributes to the existing literature by proposing a GIS-based MCDM approach
for 3PL selection consisting of six sequentially processed steps in which 3PL provider are eval-
uated based on the three criteria: service portfolio, logistics costs and location factors. Trust-
worthy results are achieved by combining weight determination using AHP with spatial analy-
sis capabilities of GIS and a subsequent SA. Based on the generated ranking of alternatives, the
decision maker can purposively select 3PL providers. A conducted case study proves that the
proposed approach helps to find the best alternative and thus that the approach offers the antic-
ipated performance. Even if data is missing for some the sub-criteria, the proposed approach
can still be successfully applied to reduce the number of alternatives to a manageable amount
that ensures better clarity in further activities.

The main difference to other papers is the fact that 3PL selection is conducted in form of a
spatial MCDA instead of a common MCDA like Jharkharia and Shankar (2007), Jihene (2014)
or Gurcan et al. (2016) did. Hence, location factors are considered as a main criterion itself and
can be differentiated in the three general sub-criteria proximity to inbound logistics points, ma-
jor infrastructure, and outbound logistics points. The major advantage of conducting a spatial
MCDA in GIS is that 3PL provider in unsuitable areas can be identified and excluded from the
analysis right from the start. This is important to ensure a cost-effective flow and storage of
goods within the SC (Zak, Weglifiski 2014).

Furthermore, criteria are set in line with supply chain processes around the 3PL. This way,
the central position of a 3PL in the SC is emphasized and sub-criteria are differentiated between
inbound and outbound related factors. Given this framework, decision makers can add related
sub-criteria and assign weights established using the AHP when necessary. Thus, the approach
can be easily adjusted for the practical needs of a company. Moreover, that way, Al-Shalabi et
al.'s (2006) call for more systematic frameworks for handling MCDM problems while consid-

ering suitability concerns is fulfilled.
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6 Conclusions, limitations and future research

In this paper, the process of developing a GIS-based MCDM approach for 3PL selection is
demonstrated and the final model is presented and successfully applied. Nine sub-criteria within
the three criteria, service portfolio, logistics costs and location factors, are chosen based on a
literature review and considered in the model. The AHP method is used for defining the criteria
weights applied in the suitability analysis. Finally, the robustness of the results is examined in
a SA and recommendations are derived. This six-steps model is tested in a case study on twelve
alternative 3PL locations in the Netherlands. Based on the results, it is concluded that although
the importance of location criteria cannot compete with service criteria, the incorporation of
spatial factors helps to determine areas of interest and thus to reduce the number of alternatives
to a manageable amount. Hence, decision makers benefit from incorporating location factors in
the selection process because unsuitable locations and areas can be excluded at an early stage.
Another advantage of the proposed methodology is the holistic and supply chain oriented view.

The approach is limited by the little number of criteria considered as well as by the available
data in the case study. However, the approach can easily be extended by adding more criteria
and sub-criteria into the analysis as well as corresponding data. In addition to this, further im-
provement can be achieved by using the Analytic Network Process (ANP) for the weight gen-
eration which takes interactions among different criteria into account as indicated by Ozceylan
et al. (2016a). Since the current approach determines the best 3PL based on the given criteria,
ranking can alternatively be based on the ideal solution using TOPSIS. Moreover, one can use
the proposed methodology to develop a spatial decision support system for 3PL selection which
integrated GIS, MCDM and operations research tools on one interface (Pontius, Si 2015).
Thereby, building blocks and other add-ons needed for the implementation of e.g. AHP are
provided at ESRI’s ArcGIS suite of products (Rikalovic et al. 2014).

This paper highlights the lack of inclusion of spatial factors in the 3PL selection problem
while demonstrating the benefits by developing and successfully applying a G1S-based MCDM
approach which not only takes spatial but also structural considerations of the underlying supply

chain into account.
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Appendix
A Literature review methodology

For the search for publications several web-based scientific search engines, electronic libraries,
and databases are used. Relevant literature published within the last two decades is identified
using the Boolean search string given in Figure 14 is examined.

Database Search String Number of pub-

lications
. ("Third-party logistics provider selection” OR "Warehouse site selec-
VU library tion") AND ("GIS-based multi-criteria approach™) 25
Elsevier/ Science Di-  ("Third-party logistics provider selection” OR "Warehouse site selec- 20
rect tion") AND ("GIS-based multi-criteria approach™)
("Third-party logistics provider selection" OR "Warehouse site selec-
Research gate tion") AND ("GIS-based multi-criteria approach™) 22
Web of knowledge/ ("Third-party logistics provider selection” OR "Warehouse site selec- 66
science tion") AND ("GIS-based multi-criteria approach™)
Google scholar ("Third-party logistics provider selection” OR "Warehouse site selec- 79

tion") AND ("GIS-based multi-criteria approach™)
Total 212

Figure 14: Outcome of the automated search

More than relevant 200 articles are discovered. Elimination of duplicated and further screening
yields 75 useful sources. To supplement the automated search, the reference sections of main
sources are skimmed and when necessary a manual research for certain topics like the sensitiv-
ity analysis or AHP is done. Inclusion aspects for the review are research concerning G1S-based
MCDM approaches and 3PL selection. Papers that are not relevant for the paper but still iden-
tified in the automated search are skipped from further consideration, leaving 29 items that are

reviewed thoroughly.

75 sources
Inclusion Full paper
» Search string aspects = Focus on facility analysis
(keywords) - location planning .
«Manual search *Focus on facility with GIS application * bazed on thematic
location planning or supply chain analysis that address
« Elimination of netF,'cvrchdeaign the research question
duplicates

Exclusion and
Meta-search - - o
inclusion criteria

212 sources 29 sources

Figure 15: Literature screening approach (Design following Abidi et al. 2014)



B Analytic Hierarchy process

Criteria Service portfolio Location factors Weights

Service portfolio 1 4 0.8

Location factors 0.25 1 0.2
Service portfolio Avallabl_e service Quality of services Weights

variety

Available service variety 1 0.33 0.25

Quality of services 3 1 0.75
Location factors Harbour | Airport Roads CEP hub | Customer | Weights
Harbour 1 5 1 0.5 0.5 0.1916
Airport 0.2 1 0.5 0.25 0.33 0.0720
Roads 1 2 1 1 0.5 0.1727
CEP hub 2 4 1 1 0.5 0.2316
Customer 2 3 2 2 1 0.3320

average Ay = 5.234; RI = 1.12, CR = 0.05
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C  Non-Spatial Analysis

Consignee manage-

Im-
portance

Service

The company is your single point of

Availability Weighted Quality Weighted

rating

availability

rating

Quality

shipments

collaboration with CEP providers
daily deliveries to Berlin

ment, brokering 2 |contact f[o efficigntly handle all your 1 2 4 8
International shipments

Fiscal representation 2 |yes 1 2 2 4
software chooses most cost-efficient

Organize outbound 3 transport for each country 1 3 4 12

the web;

Receiving 3 X 1 3 2 6

™™ | s b HERERE

Registration of goods 3 X 1 3 2 6
Important information in your sup-

Storage 3 |ply chain is always accessible via 1 3 4 12

Return goods

Order entry/ fulfil-

return handling

IT systems

w

w

use of current technology

[ERN

3 |online order entry 1 3 3 9
ment
Picking 3 linnovative automation systems 1 3 4 12
Customized Kitting 3 X 1 3 2 6
Packing 3 X 1 3 2 6
Marking/ labellin 3 1 3 2 6

Tracking and tracing

Designing and recy-

innovative automation systems for
freight movement overview

Sharing packaging knowledge >

12

in NL

cling of packaging 1  |savings (material costs and environ- 1 1 4 4
mental taxes)

Billing (Payment con- 2 Ix 1 2 2 4

trol)

Certification 2 |DEKRA, AEQ, UL, Lean & green 1 2 4 8
knowledge to use unique opportuni-

Other 2 [ties for tax benefits and tariff duties 1 2 4 8

4

e}



Im- Service Availabil-  Weighted  Quality Weighted
portance ity rating availability rating  Quality

Consignee manage-

shipments

parcels, courier and rush deliv-
ery shipments, pallet /
roupage freight

ment, brokering 2 X 1 2 2 4
Fiscal representation 2 X 1 2 2 4
Selecting the most favourable
distribution solution depending
Organize outbound 3 on size, weight and destination 1 3 4 12

Receiving 3 X 1 3 2 6
Checking for dam-

ages/ quality S X 1 3 2 6
Registration of 3 X 1 3 2 6
goods

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

seamlessly integration of IT

Order entry/ fulfil- Daily order management

3 e 1 3 3 9
ment (agreed format and timing)
Picking 3 X 1 3 2 6
Customized Kitting 3 ::;tt?c?r?/ Configuration/Custom- 1 3 3 9
Packing 3 Packaging/Repackaging 1 3 3 9
Marking/ labelling 3 X 1 3 2 6

Designing and recy-

Exception reporting and Proof
of Deliver

IT systems 3 systems with customers and 1 3 4 12
carriers
Freight execution and monitor-

Tracking and tracing 3 ing (track and trace) 1 3 4 12

cling of packaging 1

Billing (Payment 2 Freight settlement (incl. freight 1 5 3 6
control) invoice audit & client billing)

Certification 2 ISO 9001:2000, AEO 1 2 4 8

Other

Performance reportin

N
[ERN
N
w
»
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Consignee manage-

Im-
portance

Service

operational provider sites have

Availabil-
ity rating

Weighted
availability

Quality Weighted
rating  Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

n 2 dedicated customs teams + Air 1 2 4 8
T, T freight, sea freight, road transport
Fiscal representation 2 X 1 2 2 4
Selecting the most favourable dis-
tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Receiving 3 X 1 3 2 6
Checking _for dam- 3 X 1 3 2 6
ages/ quality

Registration of 3 X 1 3 2 6
goods

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

Order entry/ fulfil- Daily order management (agreed
3 L 1 3 3 9
ment format and timing)
" outbound logistic picking princi-
Py 3 | ples: FEFO, LIFO, FIFO ! 3 3 9
Customized Kitting 3 ;(z;ttit(;:g/ Configuration/Customi- 1 3 3 9
Packing 3 Packaging/Repackaging 1 3 3 9

Marking/ labellin

seamlessly integration of IT sys-

w
X

[EN
w
N
»

Exception reporting and Proof of

IT systems 3 - h 1 3 4 12
tems with customers and carriers
Freight execution and monitoring

Tracking and tracing 3 (track and trace) 1 3 4 12

DeIiveri
Designing and recy- 1
cling of packaging
Billing (Payment 2 Freight settlement (incl. freight 1 2 3 6
control) invoice audit & client billing)
Certification 2 ISO 9001:2000, VCA 1 2 4 8

Other

Performance reportin

=
N
w
[o)]
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Consignee manage-

Im-
portance

Service

Availabil-
ity rating

Weighted Quality Weighted

availability

rating

Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

ment, brokering 2 X 1 2 2 4
F_|scal representa- 2 . 1 2 2 4
tion

Selecting the most favourable dis-

tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Order entry/ fulfil-

Daily order management (agreed

Receiving 3 X 1 3 2 6
Checking _for dam- 3 X 1 3 2 6
| ages/ quality

Registration of 3 X 1 3 2 6
goods

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

ment . format and timing) 1 3 3 9
o outbound logistic picking princi-

Py 8 | ples: FEFO, LIFO, FIFO 1 3 3 9

Customized kitting 3 :i((;tr;ung/ Configuration/Customisa- 1 3 3 9

Packing 3 Packaging/Repackaging 1 3 3 9

Marking/ labellin

seamlessly integration of IT sys-

w
X

-
w
N
[op}

ing

Designing and recy-

Exception reporting and Proof of
Deliver

IT systems 8 tems with customers and carriers 1 3 ‘ 5
Freight execution and monitoring
Tracklng and trac- 3 (track and trace) 1 3 4 12

cling of packaging .

Billing (Payment 2 Freight settlement (incl. freight in- 1 2 3 6
control) voice audit & client billing)

Certification 2 1SO 9001:2000 1 2 4 8

Other 2 Performance reiortini 1 2 3 6
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Consignee manage-

Im-
portance

Service

operational provider sites have

Availabil-
ity rating

Weighted
availability

Quality  Weighted
rating Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

n 2 dedicated customs teams + Air 1 2 4 8
T ST freight, sea freight, road transport
Fiscal representation 2 available 1 2 3 6
Selecting the most favourable dis-
tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Order entry/ fulfil-

Daily order management (agreed

Receiving 3 X 1 3 2 6
Checking for dam- 3 X 1 3 2 6
ages/ quality

Registration of 3 X 1 3 2 6
goods

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

Designing and recy-

Exception reporting and Proof of
Deliver

ment 8 format and timing) ! 3 3 ;

Picking 3 X 1 3 2 6

Customized kitting 3 :i<(;tr':|ng/ Configuration/Customisa- 1 3 3 9

Packing 3 X 1 3 2 6

Markini/ Iabellini 3 Labellini 1 3 3 9
seamlessly integration of IT sys-

PGS . tems with customers and carriers ! 3 4 12
Freight execution and monitoring

Tracking and tracing 3 (track and trace) 1 3 4 12

cling of packaging !

Billing (Payment 2 Freight settlement (incl. freight in- 1 2 3 6
control) voice audit & client billing)

Certification 2 1SO 9001:2000, AEO 1 2 4 8

Other

Performance reportin

N
[N
N
w
»
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Consignee manage-

Im-
portance

Service

operational provider sites have

Availabil-
ity rating

Weighted
availability

Quality Weighted
rating  Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

ment, brokering 2 de(_jicated customs teams + Air 1 2 4 8
' freight, sea freight, road transport
Fiscal representation 2 X 1 2 2 4
Selecting the most favourable dis-
tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Receiving 3 unloading and palletizing 1 3 3 9
Checking _for dam- 3 " 1 3 2 6
| ages/ quality

Registration of registration of serial numbers or

3 . 1 3 3 9

goods items

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

Order entry/ fulfil- Daily order management (agreed
3 - 1 3 3 9
ment format and timing)
L outbound logistic picking princi-
Py 3 | ples: FEFO, LIFO, FIFO 1 3 3 9
Customized Kitting 3 ;(z;ttit(;:g/ Configuration/ Customi- 1 3 3 9
Packing 3 Packaging/Repackaging 1 3 3 9

Marking/ labellin

Labellin

seamlessly integration of IT sys-

w
[EnN
w
w
©

Designing and recy-

Exception reporting and Proof of
Deliver

IT systems 8 tems with customers and carriers ! 3 4 12
Freight execution and monitoring
Tracking and tracing 3 (track and trace) 1 3 4 12

cling of packaging 1

Billing (Payment 2 Freight settlement (incl. freight in- 1 2 3 6
control) voice audit & client billing)

Certification 2 AEO, 1SO 9001-2008, TAPA-A 1 2 4 8

Other 2 Performance reiortini 1 2 3 6
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Consignee manage-

Im-
portance

Service

Availabil-
ity rating

Weighted
availability

Quality Weighted
rating  Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

ment, brokering 2 X 1 2 2 4
Fiscal representation 2 X 1 2 2 4
Selecting the most favourable dis-
tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Receiving 3 X 1 3 2 6
Checking for dam- checking the goods for defects
. 3 1 3 3 9

| ages/ quality and damage

Registration of 3 . 1 3 2 6
goods

Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

seamlessly integration of IT sys-

Order entry/ fulfil- Daily order management (agreed

3 . 1 3 3 9
ment format and timing)
Picking 3 X 1 3 2 6
Customized Kitting 3 ;Ittitcl):g/ Configuration/ Customi- 1 3 3 9
Packing 3 Packaging/Repackaging 1 3 3 9
Marking/ labellin 3 Labellin 1 3 3 9

Designing and recy-

Exception reporting and Proof of
Deliver

IT systems 3 tems with customers and carriers ! 3 4 12
Freight execution and monitoring
Tracking and tracing 3 (track and trace) 1 3 4 12

cling of packaging g

Billing (Payment 2 Freight settlement (incl. freight in- 1 2 3 6
control) voice audit & client billing)

Certification 2 ISO 9001:2000, TAPA-A, AEO 1 2 4 8

Other

Performance reportin

N
[N
N
w
»
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Consignee manage-

Im-
portance

Service

Auvailabil-
ity rating

Weighted Quality Weighted
availability rating  Quality

shipments

parcels, courier and rush delivery
shipments, pallet / groupage
freight

ment, brokering 2 X 1 2 2 4
Fiscal representation 2 X 1 2 2 4
Selecting the most favourable dis-
tribution solution depending on
Organize outbound 3 size, weight and destination 1 3 4 12

Receiving 3 X 1 3 2 6
Checking _for dam- 3 " 1 3 5 6
| ages/ quality

Registration of

goods X 1 3 2 6
Storage 3 X 1 3 2 6
Return goods 3 X 1 3 2 6

Marking/ labellin

seamlessly integration of IT sys-

Order entry/ fulfil- Daily order management (agreed
3 - 1 3 3 9
ment format and timing)
Picking 3 X 1 3 2 6
Customized Kitting 3 X 1 3 2 6
Packing 3 Packaging/Repackaging 1 3 3 9
3 1 3 2 6

Designing and recy-
cling of packaging

Exception reporting and Proof of
D

eliver

PGS . tems with customers and carriers ! 8 4 12
Freight execution and monitoring
Tracking and tracing 3 (track and trace) 1 3 4 12

Billing (Payment
control)

Freight settlement (incl. freight in-
voice audit & client billing)

Certification

N

ISO 9001:2000, TAPA-A, AEO

[ERN

N
I
oo

Other

Performance reportin

[ERN
N
w
»
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Consignee manage-

Im-
portance

Service

Availabil-
ity rating

Weighted

availability

Quality Weighted
rating

Quality

shipments

Direct line hauls to central hubs,
Cooperation with postal authori-
ties

ment, brokering 2
Fiscal representation 2
special Over Night Service.
Highly experienced in parcel han-
Organize outbound 3 dling (national + international) 1 3 4 12

Receiving 3 X 1 3 2 6
Checking _for dam- 3 " 1 3 2 6
| ages/ quality

Registration of

goods 3 X 1 3 2 6
central warehouse, Storage of any

Storage 3 size of products 1 3 4 12
most up to date storage options

Return goods 3 Reverse logistics 1 3 3 9

Designing and recy-

pany about the status of the parcel
by using a track & trace system.

recycling of waste (paper, plastic,

n01;<:ﬁr ey il 3 order fulfilment service 1 3 3 9
Picking 3 Effective picking methods 1 3 3 9
Customized Kitting 3 Kitting 1 3 3 9
Packing 3 (Re)packing of goods 1 3 3 9
Markini/ Iabellini 3 Iabellini 1 3 3 9
IT systems 3 X 1 3 2 6
Informing your client per person-
Tracking and tracing 3 alized email in order of your com- 1 3 4 12

cling of packaging ! card-board) ! ! 4 4
=0l i (Papment 2 Accounting 1 2 4 8
control)

Certification 2 AEO, FENEX, DAS 1 2 4 8

Other

one standard contact person

N
w
»
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Consignee manage-
ment, brokering

Im-
portance

Service

experts will handle your import
and export shipments + customs
procedures for you
comprehensive license for storage
in transit

Bonded and non-bonded ware-
houses

Availabil- Weighted
ity rating  availability

Quality Weighted
rating  Quality

Fiscal representation

Organize outbound
shipments

provide transport services
Collaboration with UPS, TNT,
DHL, DPD, Dachser, parcel and
pallet experts

day & night delivery.

Order entry/ fulfil-

Receiving 3 X 1 3 2 6
Checking _for dam- 3 N 1 3 2 6
| ages/ quality
e AT o) 3 scan and register the goods 1 3 3 9
goods
centralized warehouses, secure

Storage 3 storage 1 3 3 9
Return goods 3 return logistics 1 3 3 9

IT systems

w

special labels.

Systems are seamlessly aligned

3 X 1 3 2 6
ment
Our picking and packing pro-
Picking 3 cesses are completely separate to 1 3 3 9
enhance quality
Customized kitting 3 customization 1 3 3 9
Our picking and packing pro-
Packing 3 cesses are completely separate to 1 3 4 12
enhance quality
Marking/ labelling 3 generate new barcodes and apply 1 3 4 12

[EN
w

SN
[EEN
N

Tracking and tracin

Designing and recy-

w
x

[EN
w
N
[op]

) . 1
cling of packaging
0 g (et 2 track the status of transactions 1 2 4 8
control)
e FENEX, AEO, DNV-GL, IATA,
Certification 2 TAPA 1 2 4 8
Other 2 0 0 0 0
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Consignee manage-

Im-
portance

Service

Availabil-
ity rating

Weighted Quality Weighted
availability

rating

Quality

shipments

provide the most economical ship-
ing option

ment, brokering 2
Fiscal representation 2
negotiating shipping or postal
Organize outbound 3 rates + network of postal services 1 3 4 12

Order entry/ fulfil-

order files/ pick waves can be re-

Receiving 3 X 1 3 2 6
From intake to dispatch, sev-

Checking for dam- eral measurements are taken, ei-

. 3 . 1 3 3 9

ages/ quality ther physical or system-based
to meet the high-quality standards.

Registration of

goods 3 X 1 3 2 6
real-time access to warehousing

SHOREE . and distribution information ! 3 4 12

Return goods 3 Returns management 1 3 3 9

ment 8 ceived throughout the day. 1 3 4 12
warehouse management system

Picking 3 optimizes the orders received for 1 3 4 12
effective order picking

Customized Kitting 3 X 1 3 2 6

Packing 3 (re)packing 1 3 3 9

Marking/ labellin

IT systems

w

x

[EnN

w

w
x

[ERN
w
N
»

N

[op]

Tracking and tracin

Designing and recy-

select the most suitable packaging

w
x

[EnN
w
N
»

cling of packaging 1 material for your products 1 1 4 4
Billing (Payment
2
control)
Certification 2
Other 2
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Consignee manage-

Im-
portance

Service

We arrange all your customs dec-
larations: import, export and

Availabil- Weighted
ity rating  availability

Quality Weighted
rating  Quality

shipments

cel services like DPD, DHL and
UPS.

ment, brokering 2 transit declarations (MRN docu- 1 2 4 8
' ments) and PD and EDGB decla-
rations. Transportation via Partner
Fiscal representation 2
72h delivery in Europe
. full advantage of the favourable
OIS G aane 3 price agreen?ents it has with par- 1 3 4 12

Order entry/ fulfil-

Receiving 3 X 1 3 2 6
Checking for dam- 3 Checking goods 1 3 3 9
ages/ quality

Registration of 3 entry 1 3 3 9
goods

Storage 3 storage 1 3 3 9
Return goods 3 returns handling 1 3 3 9

Marking/ labellin

labelling and stickerin

seamless EDI connection for data

3 X 1 3 2 6
ment
Picking 3 order picking 1 3 3 9
Customized Kitting 3 X 1 3 2 6
Packing 3 packing and repacking 1 3 3 9
8 1 3 3 9

Designing and recy-

activities

IT systems 3 exchange 1 3 4 12
Smart ICT
Tracking and tracing 3 available + other release-related 1 3 3 9

; - 1
cling of packaging
Billing (Payment 2
control)
Certification 2 AEO, 1SO 9001:2008, TAPA 1 2 4 8

Other

Specialising in warehousing and
Southern European transports

N
-
N
w
»

59



D  Outcome of the suitability analysis

Avgilable Quality of W_eigr_lt_ed

service va- . suitability Rank
Name riety SEIVICes score

(C11) (C12) (C1)
Al 2
A3 49 140 0.0854 3
A7 49 139 0.0849 4
A5 49 139 0.0849 4
Al10 45 141 0.0841 6
A9 46 140 0.0840 7
A4 49 136 0.0835 8
A2 49 133 0.0822 9
Al2 45 136 0.0818 10
0.0808

A8 49 130
11

11
au [T 0000 12

Figure 16: Service portfolio evaluation

Distance Distance Distance Distance Total Eu- Weighted
Rotter-  Schiphol to closest toclosest clidean suitability  Rank
dam - -3PL highway hub distance to score
Name 3PL junction customers
(C21) (C22) (C23) (C24) (C25) (C2)

Al0
A2
Al
A7
A4
A8
A6

All
A9
A3

Al2
A5

101,070
179,545
175,849

168,045
140,962

169,885

162,189

154,385
54,130

112,864
114,291
133,320

2,264

1,682 8,880

210,029
99,773

4,821
4,034

13,467

Figure 17: Locations factors evaluation

52,067,645
52,110,906

1
2
3
0.063 4
0.074 5
0.074 6
0.074 7
0.079 8
0.100 9
10
11
12
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Al
Al0
A6
AT
A2
A4
A8
A9
A3
Al2
All
A5

0.085
0.082
0.084
0.081
0.084
0.085
0.082

Weighted

score

0.084
0.085

0.0548
0.084 0.0521
0.084 0.0499
0.082 0.0473

0.081

Figure 18: Final ranking

suitability

Rank

© 00 N O Ol B WN P
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E  Outcome of the sensitivity analysis

Sensitivity analysis scenarios

09/01 085/015 0.8/02 025/075 0.7/03

A6
Al
A7
A3
Al0
A4
A9
A5
A2
A8
Al2
All

Figure 20: Sensitivity analysis (maps)
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