
 

Co-location in logistics : geography, synergy, policy

Citation for published version (APA):
Heuvel, van den, F. P. (2013). Co-location in logistics : geography, synergy, policy. [Phd Thesis 1 (Research
TU/e / Graduation TU/e), Industrial Engineering and Innovation Sciences]. Technische Universiteit Eindhoven.
https://doi.org/10.6100/IR753908

DOI:
10.6100/IR753908

Document status and date:
Published: 01/01/2013

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.6100/IR753908
https://doi.org/10.6100/IR753908
https://research.tue.nl/en/publications/8b60aeca-d26f-406f-baca-e39e08239bbd


Co-location in Logistics

Geography, Synergy, Policy



This thesis is number D-167 of the thesis series of the Beta Research School for Op-
erations Management and Logistics. The Beta Research School is a joint effort of the
departments of Industrial Engineering & Innovation Sciences, and Mathematics and
Computer Science at Eindhoven University of Technology and the Centre for Produc-
tion, Logistics and Operations Management at the University of Twente.

A catalogue record is available from the Eindhoven University of Technology Library.
ISBN: 978-90-386-3375-6

Printed by Proefschriftmaken.nl || Uitgeverij BOXPress.
Cover design by Pieter Claessens.

This research has been funded by the Province of Noord-Brabant.



Co-location in Logistics
Geography, Synergy, Policy

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de
Technische Universiteit Eindhoven, op gezag van de
rector magnificus, prof.dr.ir. C.J. van Duijn, voor een

commissie aangewezen door het College voor
Promoties in het openbaar te verdedigen
op maandag 17 juni 2013 om 16.00 uur

door

Franciscus Petrus van den Heuvel

geboren te Eindhoven



Dit proefschrift is goedgekeurd door de promotoren:

prof.dr. P.W. de Langen
en
prof.dr.ir. J.C. Fransoo

Copromotor:
dr. K.H. van Donselaar



ACKNOWLEDGEMENTS

As an amateur musician, I am used to projects that prepare for one final goal, the
spectacular concert. Although the time frame of the preparation for a concert and
the preparation for a PhD thesis is totally different, there are some overlaps in the
process stages in these projects. In my case, the PhD project started with a general
theme, freight transport and logistics, which is the title of the part-time chair financed
by the Province of Noord-Brabant at the Eindhoven University of Technology (TU/e).
Nothing more was known about the specific content of the research project. Music
projects also start like this. People have ideas about the theme of the concert, but do
not know the exact details yet. After deciding what pieces will be played, an exciting
exploration phase starts, in which everything is new and you are enthusiastic about
learning the new pieces. This also happened at the beginning of my PhD project:
together with my first promotor, professor Peter de Langen, I decided to research
logistics concentration areas and enthusiastically started to explore this, for me, rather
new topic. After the exploration of the music pieces, a rather lengthy phase consisting
of a detailed analysis of the music starts, in which you really try to understand the
music and express it as best as possible. This phase also consists in a PhD project.
Detailed analyses are conducted and theory is studied extensively to try to understand
the outcomes as best as possible. In both types of projects, this phase consists of ups
and downs. Struggling with rehearsing a really difficult part of a piece or with trying
to understand the outcomes of a particular analysis show interesting similarities: you
know that you are working to a greater goal, but at the specific moment it is not always
fun. Both projects result in a great apotheosis, being a wonderful concert or a thesis
containing interesting results.

As you need a great orchestra to perform a wonderful concert, you need a great
research team to conduct wonderful research. I would like to use this opportunity to
thank the researchers I directly worked with during the last four years. I start with
my first promotor, Peter de Langen. Already when I first met Peter in the first months
of 2009, his enthusiasm was contagious and this continued to be the case during
the project. Peter convinced me that becoming a PhD candidate with the research
group Operations, Planning, Accounting, and Control (OPAC) at the TU/e was a great
opportunity to invest in my further development. Four years later, I totally agree with
him. Thank you for convincing me, Peter. In the beginning of the project, Peter and I
visited many organizations working in the Dutch logistics sector, especially in Noord-
Brabant, which gave me the opportunity to think with him about an interesting topic
for my PhD project. I really appreciate it that I got this opportunity to be involved in
the set up of the project like this.



vi ACKNOWLEDGEMENTS

The research team further consisted of my second promotor, professor Jan Fransoo,
and my co-promotor, Karel van Donselaar. As we all have different backgrounds and
interests, our meetings always resulted in interesting directions for further research.
We also laughed a lot during these meetings. With his scientific expertise in the field of
operations management and his close connections with logistics managers and policy
makers, Jan is uniquely able to ensure that the outcomes are interesting for both
science and practice. Thank you Jan, for always asking the right questions at the
right time. I want to thank Karel for the amazing amount of effort he put in my
project. Karel served as my daily supervisor. During some periods, I had the tendency
to almost take this literally and bombard him with questions regarding new outcomes
of particular analyses. Karel never gave the impression that I overloaded him with
questions.

Performing a concert together with musicians with whom you rehearse every week
feels comfortable. Every once and a while, it is good to play music with other people
in other orchestras, as this results in new challenges and it encourages you to develop
yourself even more. During my PhD project, I got the opportunity to spend three
months in Cambridge, Massachusetts, at the Massachusetts Institute of Technology
(MIT). I want to thank professor Yossi Sheffi to invite me to come to Cambridge. I
value your support and contribution to my research very much. Also thank you for
being part of my doctoral committee. I also feel grateful to Liliana Rivera, a PhD
candidate at MIT, with whom I worked with during my stay in Cambridge. The joint
research with Yossi and Liliana resulted in Chapter 4 of this thesis.

Not only in the US, I collaborated with other researchers, but also closer to home.
I want to thank Ad de Jong for suggesting to use partial least squares models and his
help in using these models in the analysis into the relationship between accessibility
and logistics employment in the US, which resulted in Chapter 4 of this thesis. In addi-
tion, I thank Rob Broekmeulen for his contribution to the research into the possibility
to include synergies through co-location of logistics establishments in facility location
models, that led to the content of Chapter 7 of this thesis.

I am also grateful to professor Frank Witlox from the Ghent University and pro-
fessor Tom van Woensel from the TU/e for their willingness to serve in my doctoral
committee and judge the quality of this dissertation. Their comments and suggestions
were very much welcome, as these brought valuable improvements towards the final
version. I would also like to thank professor Koen Frenken from the TU/e, who kindly
accepted the invitation to be part of the defense committee.

I thank Pieter Claessens for designing the cover for my thesis and his efforts in
improving the quality of some of the figures.

Fortunately, my PhD project was not only about working hard, it was also about
fun: in our OPAC group, and when traveling around the world for conferences and a
research visit. I would like to thank my colleagues at the TU/e and MIT for the pleas-
ant times during lunches, dinners, drinks, cookie hours, and coffee breaks. Special
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1
INTRODUCTION

1.1 Motivation

Anecdotal evidence shows that port areas and logistics parks are highly attractive for
logistics activities (logistics service providers as well as shippers). Port areas primarily
attract logistics companies due to the connections to many worldwide locations. The
reasons why logistics parks in, for example, Chicago, Zaragoza, and Venlo, where there
are no ports, attract many logistics companies are far less clear. Possible reasons may
be the accessibility, the availability of labor, and the probability to find a cooperation
partner.

While research into co-location of logistics firms can be highly relevant for lo-
gistics firms as well as for regional policy makers, this topic on the intersection of
regional science and logistics research has hardly been studied. Hesse and Rodrigue
(2004) legitimately remark that research into freight transport and logistics is gen-
erally underrepresented in regional science. In logistics, research on co-location is
mostly limited to spatial clustering of port and maritime industries (e.g., De Langen,
2004; De Langen and Visser, 2005; Brett and Roe, 2010). In addition, a fair amount
of research has been done on intermodal terminals (e.g., Konings, 1996; Bontekoning
et al., 2004; Macharis and Bontekoning, 2004; Bottani and Rizzi, 2007; Woxenius,
2007) and freight villages (e.g., Tsamboulas and Dimitropoulos, 1999; Tsamboulas
and Kapros, 2003), but multimodal transport chains are center-stage in these papers,
not the spatial concentration of logistics establishments around the terminals. This
thesis adds to this literature by analyzing co-location of logistics establishments. An
establishment is one specific company location with a specific address. Firms can have
multiple establishments.

The research theme of spatial concentration has received widespread attention in
the economic and management literature. Many studies research whether concepts
such as local specialization, local diversity, and co-location of vertically related firms
result in positive outcomes for the firms involved (e.g., Henderson, 2003; Kukalis,
2010) and the economy at large (e.g., Almeida, 2007). Porter argues that "the en-
during competitive advantages in a global economy lie increasingly in local things -
knowledge, relationships, motivation - that distant rivals cannot match" (Porter, 1998,
p. 78). He suggests that clusters affect competition by increasing the productivity
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of the co-located companies, increasing the pace of innovation, and stimulating the
formation of new businesses. In addition, policy makers as well as clustered firms ac-
tively invest in cluster competitiveness (Organization for Economic Co-operation and
Development, 2007).

This dissertation specifically focuses on spatial concentration of logistics establish-
ments. This research is relevant for (at least) three different types of organizations.
First, managers of logistics companies may want to take agglomeration economies
resulting from spatial concentration in general (e.g., Marshall, 1956) into account
in their location decisions, as these are also expected to be relevant for the logistics
sector. Research into spatial concentration of logistics establishments is relevant for
shippers as well as logistics service providers, as overlapping transportation networks
based on similar source and sink regions are a prerequisite for possible collaboration
synergies (Leitner et al., 2011).

Second, a better understanding of location decisions of logistics firms is helpful for
(regional) policy makers, that may aim to attract logistics establishments, while reduc-
ing the negative impacts of transportation, as location decisions of logistics firms have
a huge impact on the demand for freight transport and strongly influence the choice
of freight transport modes (Bowen, 2008). While road capacity increasingly becomes
scarcer, freight transport volumes are expected to grow; the European Commission
(2011b), for example, assumes a freight transport growth of around 82% to 2050 in
the EU. Location decisions for (new) logistics firms shape the (additional) demand
for freight transport and deeply influence the feasibility of a shift of freight transport
towards more sustainable modes of transport such as rail and barge (as advocated
by the European Commission, 2011b). Due to the societal benefits resulting from co-
location of logistics firms, regional policy makers have an incentive to encourage the
development of logistics concentration areas. However, Hesse (2004) concluded that
land-use implications of logistics firms are often neglected and rising locational com-
petition contributes to accelerated land consumption and further dispersal of logistics
firms.

Third, investments in logistics real estate are increasingly being made by firms
that do not provide logistics services, but lease logistics warehouse space. These firms
are interested in determining the value of different locations, as their profit primarily
depends on the market value of logistics property.

1.2 Research objectives

The primary goal of this dissertation is to study the effects of co-location of logistics
establishments. This is done in three different parts. First, a geographical analysis is
conducted to research whether and where logistics establishments co-locate. Second,
synergies and drawbacks from co-location of logistics establishments are analyzed.
Finally, we analyze the location decisions of managers of logistics companies as well
as the related land allocation policies of regional policy makers in relation to the effects
of co-location of logistics establishments. The data used in the empirical analyses in
this dissertation are collected in the south of the Netherlands (see Section 1.4 for an
overview of the study area). Results are especially relevant for similar regions around
the world, for which the logistics sector is key for regional development.
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1.2.1 Spatial concentration and location dynamics of logistics es-
tablishments

To be able to analyze the effects of co-location of logistics establishments, areas have to
be identified where logistics establishments are concentrated. Hence, the first research
question analyzed in the thesis is:

Do logistics establishments spatially concentrate and if so, how can logistics con-
centration areas be identified?

The goal of this research question is to analyze spatial concentration of logistics
establishments on a low spatial aggregation level, such that both regional policy mak-
ers and corporate decision makers can use this information to make better informed
decisions, about land use and infrastructure, and new facility locations. Economic geo-
graphy literature presents several measures to map spatial structures of an industry
(see for extensive overviews e.g., Fratesi, 2008; Bickenbach and Bode, 2008). Existing
spatial concentration measures all have their strengths and weaknesses. For analyz-
ing spatial concentration in small geographical areas, none of the existing measures
suffice. Therefore, we developed a method that combines the strengths of several
spatial concentration measures, such that it is able to analyze spatial concentration of
logistics establishments in relatively small geographical areas. The method is used to
analyze logistics concentration areas over time.

The new method has two novel characteristics: (1) It combines absolute and rel-
ative spatial concentration, whereas existing measures only consider relative spatial
concentration; and (2) It allows concentration areas to consist of more than one pre-
defined administrative concentration area. Existing spatial concentration measures
focus on relative spatial concentration, defined as the share of logistics employment
per area compared to the share of logistics employment in the region. This is not
sufficient for an analysis of relatively small areas, as areas with only little employ-
ment, of which a high percentage is logistics employment, are indicated as logistics
concentration areas, whereas these would not be logistics concentration areas from a
practical point of view. The proposed method combines relative spatial concentration
with absolute spatial concentration, defined as the logistics employment per area, to
overcome this shortcoming. Only analyzing absolute spatial concentration also not
suffices as this results in identifying areas with much employment in general (and
hence also much logistics employment) as logistics concentration areas.

As is the case for many other spatial concentration measures, the newly devel-
oped method is based on predefined administrative areas (in our case four-digit postal
code areas), while logistics concentration areas may well be located across these ar-
eas. Therefore, the method contains a step in which predefined administrative areas
are combined, such that also logistics concentration areas that are spread out over
multiple areas are identified.

1.2.2 Effects of spatial concentration of logistics establishments

Given the examples of spatial concentration of logistics establishments in practice, co-
located firms as well as society at large are expected to benefit from this. Research in
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economic geography has explained spatial concentration of economic activities with
several localized synergies, called economies of agglomeration. These economies are
related to proximity and distance: the closer firms are together, geographically and
organizationally, the more there are synergies between these firms (Torre and Rallet,
2005).

Potential synergies through spatial concentration have been widely studied in, for
example, the R&D sector (e.g., Martin and Ottaviano, 1999; Alcácer and Chung, 2007;
Suire and Vicente, 2008). Contrarily, synergies through co-location of logistics estab-
lishments have hardly been studied. Hence, the second research question analyzed in
the thesis is:

What are the effects of spatial concentration of logistics establishments?

One of the earliest authors describing agglomeration economies in general is Mar-
shall (1956), who described three sources of these economies, namely labor market
pooling, inputs sharing, and knowledge spillovers. Although the focus of Marshall
(1956) was on manufacturing firms, these agglomeration economies are also expected
to be relevant for logistics firms. In addition, Sheffi (2012) argues that logistics clus-
ters offer benefits that are specific for the logistics sector and are less relevant in other
sectors. As transport flows of co-located logistics firms share the same source or sink
location (depending on whether they are inbound or outbound flows), the probability
that transport flows can be bundled is relatively high. The same logic holds for the
exchange of warehousing resources: due to a shared location, co-located firms can
relatively easy (temporarily) use each other’s warehouse space. If co-located logistics
firms use the economies of scale that can be created, this results in an increased effi-
ciency. Apart from the fact that this can be highly beneficial for the co-located firms,
spatial concentration of logistics firms also positively influences society at large. It,
for example, increases the possibility to make use of transport modes other than road
transport. Multimodal transporti is more cost and emission efficient than road trans-
port if larger volumes can be bundled. When logistics firms cluster spatially, the freight
volume increases sufficiently, resulting in the opportunity to also offer high frequency
multimodal transport services.

1.2.3 Co-location decisions of corporate managers and policy mak-
ers

As location decisions of logistics companies play a critical role in the strategic design of
supply networks, the facility location problem received much attention in the supply
chain management literature; see e.g., Klose and Drexl (2005) and Melo et al. (2009)
for overviews. Besides the availability of many different optimization models that
primarily focus on cost factors, there is a trend to incorporate qualitative variables
in these location decisions models; see Bhatnagar et al. (2003) and Partovi (2006)

iIn this thesis, multimodal transport is defined as: "the carriage of goods by at least two different modes
of transport" (United Nations Convention on International Multimodal Transport of Goods, 1980). Note
that this does not exclude the definition of intermodal transport: "the movement of goods in one and the
same loading unit or road vehicle, which uses successively two or more modes of transport without handling
the goods themselves in changing modes" (United Nations Economic Commission for Europe, 2001).
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for some examples. However, synergies through co-location have not been taken into
account, while these can be highly relevant in determining the best location to open
a new facility.

In addition, as co-location of logistics establishments may also result in societal
benefits, like for example a reduction of road freight transport due to more bundling
of transport flows by co-located logistics establishments, the consideration of syner-
gies from co-location of logistics establishments may also be relevant for the policy of
regional governments. As these governments mostly own the land, they can influence
the location of a (new) logistics establishment by setting the land price and providing
facilities supportive to the logistics sector.

Hence, both logistics companies and regional policy makers may gain from taking
into account synergies from co-location of logistics establishments into the decision
making processes that determine a location for a (new) logistics establishment. Hence,
the third and final research question analyzed in this thesis is:

How to incorporate the effects of co-location of logistics establishments into the
decisions related to locations of (new) logistics establishments?

Weber (1909) introduced the notion of agglomeration economies into economics.
He focused primarily on the possibilities to save on costs of production: by creating
a minimum-efficient scale, co-located firms together could reduce production costs.
Research presented in this dissertation shows that one of the advantages of a loca-
tion in a logistics concentration area for logistics firms is the opportunity to reduce
transport costs by combining transport flows. This means that incorporating regional
information about the location of other logistics firms into the decision where to locate
a new distribution center can result in a different optimal location. The opportunity to
combine transport flows with those of other logistics firms depends on the options to
collaborate with other firms. Because many other logistics firms are located in logistics
concentration areas, this opportunity is higher in these areas than outside these areas.
However, the options to collaborate with other firms not only depends on the number
of firms in close proximity, but also on the ability to develop trustful relationships with
these firms. This can be modeled by incorporating the probability to combine trans-
port flows, and hence, reduce transport costs, into location decision models, which
may result in different optimal facility locations.

1.3 Definition of logistics establishments

To analyze synergies through co-location of logistics establishments, a proper defi-
nition of logistics establishments is needed. The analysis focuses on establishments
rather than firms, as synergies are location specific. An establishment is one specific
firm location with a specific address. Firms can have multiple establishments.

In this dissertation, logistics is defined based on the standard Dutch industry clas-
sification, the Standaard BedrijfsIndeling (SBI) (Statistics Netherlands, 2012a), which
is related to other industry classifications, such as the North American Industry Classifi-
cation System (NAICS) and the Nomenclature statistique des activités économiques dans
la Communauté Européenne (NACE). Establishments specialized in transport and/or
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storage activities, supporting and auxiliary transport activities, and wholesale trade
establishments are classified as logistics establishments. This latter type of establish-
ments is also included in the definition of logistics establishments, as the logistics
function is one of the main functions of most of these establishments. This definition
is in line with policy studies in the Netherlands (e.g., TNO, 2009) and the US (e.g.,
Southern California Association of Governments, 2004). The logistics function within
many manufacturing and retail establishments is excluded from the analyses, as this
function definitely is not the main function of these establishments. Including these
type of establishments in the definition of logistics establishments would result in an
analysis of manufacturing and retail concentration areas, not logistics concentration
areas. Appendix A gives an overview of the industry codes used to classify establish-
ments as logistics establishments for the empirical analyses conducted in the south of
the Netherlands (see chapters 2, 3, 5, 6, and 8).

1.4 Study area

An analysis of logistics concentration areas is especially relevant for regions where
logistics is central in regional development initiatives and with emerging or estab-
lished intermodal terminals. Examples of such regions can be found all around the
world, such as the middle of the United Kingdom (located between major hubs as
Liverpool, Manchester, and London), the region around Zaragoza, Spain (located be-
tween Barcelona and Madrid; see e.g., Cambra-Fierro and Ruiz-Benitez, 2009), and
the Charleston region (serving many consumer markets in the US; see e.g., Rodrigue
and Guan, 2009).

Another example of such a region is the south of the Netherlands, that together
with Flanders in Belgium, forms the region located between Europe’s two largest sea-
ports (Rotterdam and Antwerp) and large consumer markets in the U.K., Germany,
and France. This location makes that the logistics sector is very important for this
region. The south of the Netherlands consists of three provinces (NUTS 2ii), called
Noord-Brabant, Limburg, and Zeeland (see Figure 1.1). The region has a dense net-
work of intermodal terminals. Most empirical research presented in this dissertation
is conducted in this region. Data availability is an important reason why this region
was chosen to analyze. The provincial governments of Noord-Brabant and Limburg
provided the data needed to identify logistics concentration areas. These data con-
tain rich information about the main activity and the employment of establishments
in these provinces.

To identify logistics concentration areas in the south of the Netherlands, the pro-
vinces are subdivided into four-digit postal code areas. As Dutch postal code areas are
defined based on the distribution of the population, this administrative zoning scheme
minimizes distortions (Briant et al., 2010). These areas on average have a surface
of ten square kilometers. Smaller areas (e.g., five-digit postal code areas) result in
relatively many more areas without logistics employment (76% of all five-digit postal
code areas versus 19% of the four-digit postal code in Noord-Brabant), artificially

iiThe Nomenclature of Territorial Units for Statistics (NUTS) provides a single uniform breakdown of ter-
ritorial units for the production of regional statistics for the European Union. NUTS 2 regions are identified
as basic regions for the application of regional policies (Eurostat, 2011).
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FIGURE 1.1: The location of the study area in between major consumer markets in
northwestern Europe.

increasing spatial concentration (Briant et al., 2010). Larger areas are no option either,
as agglomeration economies are strongest between firms located on a short distance
from each other, because agglomeration economies attenuate rapidly over the first
few kilometers (Rosenthal and Strange, 2003). While an agglomeration economy
like knowledge sharing may be relevant in concentration areas defined on multiple
spatial levels (Bathelt et al., 2004), logistics specific agglomeration economies, like
the opportunity to combine transport flows, are especially relevant in close proximity.

Figure 1.1 also shows the location of two fresh produce logistics parks located
in Venlo (Fresh Park Venlo; FPV), close to the German border in Limburg, and in
between Barendrecht and Ridderkerk (Fresh Port Rijnmond; FPR), two villages close
to Rotterdam. These parks are considered specialized logistics concentration areas,
as all establishments located in these parks perform logistics activities for the same
sector, namely the fresh produce sector. These parks are analyzed in Chapter 6.

1.5 Outline of the thesis

This thesis consists of three parts, coinciding with the three research questions de-
scribed in Section 1.2. Geography is central in Part I. This part consists of three chap-
ters. Chapter 2 presents the AREC area identification method. AREC areas are "Ab-
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solute and Relative Employment Concentration" areas. This method was developed
to identify concentration areas of specific industries on a relatively low spatial aggre-
gation level. We choose to analyze spatial concentration of employment instead of
establishments, as Noord-Brabant contains many (very) small establishments (more
than half of the establishments only has one employee). These probably consist of
many administrative establishments, that actually are part of another firm (on the
same address) and only exist because of administrative reasons. These types of small
establishments are not interesting in an analysis into agglomeration economies. By
analyzing spatial concentration of employment, the effect of this problem is decreased.

As an analysis into concentration areas can be relevant for many industries, Chap-
ter 2 does not solely focus on the logistics sector. The relevance of the method is shown
by an application to five different industries in Noord-Brabant. Data used to identify
AREC areas were gathered from the Province of Noord-Brabant and contain informa-
tion about all establishments in this province. Relevant information is the number
of employees per establishment and the industry code indicating the main activity
performed. The content of Chapter 2 is also presented in Van den Heuvel et al. (in
press).

In Chapter 3, the logistics AREC areas in Noord-Brabant are analyzed over time in
fourteen consecutive years. This analysis shows that the AREC areas are robust and
grow over time. Furthermore, Chapter 3 analyzes location dynamics of logistics estab-
lishments in relation to logistics AREC areas. It turns out that especially larger logistics
firms and logistics firms already located in other logistics concentration areas relocate
relatively often to logistics concentration areas. In addition, we also concludes that
many logistics AREC areas have an intermodal terminal (close by) and that most in-
termodal terminals are located in logistics AREC areas. This chapter also appeared as
Van den Heuvel et al. (2013a).

Chapter 4 expands the analysis of the relationship between accessibility and logis-
tics employment on a county level in the US. Although the AREC area identification
method could be applied to identify logistics concentration areas on a county level in
the US, only logistics employment (i.e. absolute logistics employment concentration)
was used in the analyses in this chapter. Due to the large differences between the 3109
counties in the US, the identification of the logistics concentration areas is relatively
sensitive to the choice of the parameters of the AREC area identification method. As
the goal of the analysis in the US was not to identify the right logistics concentration
areas (see Rivera and Sheffi (2012) for an overview of logistics clusters in the US), but
rather to investigate whether there is a relationship between the amount of logistics
activities per area and the accessibility of the area, logistics employment was used for
this analysis. Data were gathered from public sources in the US, primarily from the US
Census Bureau. Geographical analyses are combined with a specific statistical anal-
ysis: Partial Least Squares path modeling. This technique perfectly suits the goal to
analyze the relationship between logistics employment and accessibility, while other
county variables, like e.g., population, can be controlled for. The content of Chapter
4 is also presented in Van den Heuvel et al. (2013b).

Part II analyzes the synergies through co-location of logistics establishments re-
lated to the second research question. A survey was conducted, using a question-
naire, to test for benefits and drawbacks of being located in a logistics concentra-
tion area. In Chapter 5, 168 logistics establishments located in logistics AREC areas
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in Noord-Brabant or Limburg are compared to 339 logistics establishments in these
provinces not located in logistics AREC areas. This analysis was both conducted in
Noord-Brabant and Limburg, to assure that enough data were available for the statis-
tical analyses performed. These analyses show that co-located logistics establishments
have advantages over non-co-located logistics establishments. The content of Chapter
5 is also presented in Van den Heuvel et al. (2012b).

In Chapter 6, a distinction is made between specialized and diverse logistics con-
centration areas. In this chapter, logistics establishments located in the two Dutch
fresh produce logistics parks, described in Section 1.4, are compared to logistics estab-
lishments located in the logistics AREC areas in the south of the Netherlands without
a specialization. The same questionnaire that was sent to the logistics establishments
in Noord-Brabant and Limburg was also sent to the logistics establishments located
in the two fresh produce logistics parks. The analysis shows that logistics establish-
ments co-located in specialized logistics concentration areas have extra advantages
over logistics companies co-located in diverse logistics concentration areas (the logis-
tics AREC areas). While this chapter only shows that logistics companies specialized
in fresh produce have benefits from their location on fresh produce logistics parks,
logistics companies specialized in for example deep-frozen products, pharmaceutical
products, or flowers are expected to have similar benefits, based on similar product
characteristics (for example, the need for temperature conditioned transport and stor-
age). Chapter 6 also appeared as Van den Heuvel et al. (2012a).

Policy is central in Part III of the dissertation. This part analyzes location decisions
of corporate managers and land allocation policies of regional policy makers related
to the third research question. Chapter 7 presents a facility location model that incor-
porates synergies through co-location of logistics establishments. The proposed model
not only considers the supply chain of the logistics company that wants to locate a new
facility, as most facility location models do, but explicitly models the relatively high
probability of being able to combine transport flows with those of other companies in
logistics concentration areas. As locating in such an area may result in larger distances
to travel (if the logistics concentration area is not located in the center of gravity of
customer demand), a trade-off is made between the extra costs and the gains resulting
from a location in a logistics concentration area. The content of this chapter is also
presented in Van den Heuvel et al. (2013c).

Chapter 8 analyzes the land allocation policies of municipalities by means of a
questionnaire survey. The questionnaire was sent to all municipalities in Noord-Bra-
bant, Limburg, and Zeeland. Again, Zeeland was added such that enough data were
available for the statistical analyses. This survey analyzes the competition as well as
the cooperation opportunities between these municipalities regarding land allocation
to logistics establishments. Outcomes show that cooperation between municipalities
with respect to land allocation can help in stimulating spatial concentration of logistics
establishments.

Finally, Chapter 9 concludes this thesis by answering the research questions, pre-
senting implications of the research for logistics managers and regional policy makers,
and indicating opportunities for further research.
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2
IDENTIFICATION OF AREC AREAS

2.1 Introduction

Regional, national, and supra-national policy makers all embrace the cluster concept
in regional development policies. At the European level, several reports deal with
clusters related to different sectors (e.g., European Commission, 2002, 2008, 2011a).
At a national level, the Dutch government aims to encourage the growth of regional
clusters, and at the level of the Dutch provinces, governments use the concept of
spatial clustering to stimulate regional development. Although governments often
use the concept of clustering, none of them describe what is meant precisely and
probably many of them mean different things (Lundequist and Power, 2002; Martin
and Sunley, 2003; Newlands, 2003). This chapter presents a new method to identify
the areas where a particular industry is spatially concentrated. As the identification
of concentration areas can be interesting for many different industries, this chapter is
not restricted to the logistics sector only.

This chapter describes the AREC area identification method. AREC areas are Abso-
lute and Relative Employment Concentration areas. As suggested by the name, these
are areas with both relative and absolute concentration of a particular industry’s em-
ployment. Existing spatial concentration methods focus on measuring relative spatial
concentration (an above average share of an industry in a region). This is explained by
the goal of these measures to identify differences in concentration between different
industries, different regions, and/or over time. For that purpose, absolute concentra-
tion (large numbers of employment or firms in an industry in a region) is not rele-
vant. Some authors use absolute spatial concentration (e.g., Wennberg and Lindqvist,
2010), and although Jing and Cai (2010) argue that using relative or absolute concen-
tration results in different conclusions, no literature is found in which absolute and
relative spatial concentration are considered simultaneously. The proposed method is
the first one that combines absolute and relative spatial concentration.

The identification of AREC areas is valuable for both regional policy makers, who
can make more informed decisions about land use and infrastructure, and corporate
decision makers, who can make better informed location decisions. Both decision

The content of this chapter has also been presented in Van den Heuvel et al. (in press).
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makers can benefit from more insight in concentration of a specific industry in a spe-
cific area, both for large geographical areas (e.g., to focus on the development of a
small number of clusters) and for small geographical areas (e.g., to decide where to
invest in industrial parks and infrastructure). As this thesis mainly deals with small
geographical areas, the AREC area identification method is especially suited for this
type of areas, but can also be applied to large geographical areas as well. As many
small geographical areas (e.g., postal code areas) contain little employment in gen-
eral, only looking at the relative concentration of the industry’s employment is not
enough. Only using relative concentration results in the selection of areas with a very
low general employment size, when a few firms (or even just one) in a specific indus-
try are located there. As an extreme example: a shepherd with cattle in the desert
does not provide a basis for promoting a dairy cluster there, nor is relevant for cattle
farmers in search for an investment location, even though the relative concentration
of the dairy industry in the desert is extremely high. Absolute concentration of an
area’s employment in an industry is not enough either. In this approach, areas with a
high overall employment level (for example urban areas) are selected as concentration
areas, even when the specific industry is not overrepresented. Hence, concentration
areas of a particular industry are best identified based on both absolute and relative
concentration. As the identification of AREC areas is valuable for both policy makers
and corporate decision makers, important characteristics of the proposed method are
that it is relatively easy to apply and can be interpreted intuitively.

Most of the existing spatial concentration measures are defined based on rather
large geographical areas, such as economic areas or states in the US and provinces
in Europe, while spatial concentration is also observable at lower geographical scales
(Van Soest et al., 2006; Arauzo-Carod and Viladecans-Marsal, 2009). For instance,
input sharing in the chemicals industry often leads to co-location of chemical firms
at the same site and in logistics, co-location of firms in multi-company distribution
centers leads to reduced transport costs (Taniguchi et al., 1999). Despite these exam-
ples of co-location in small geographic areas, limited attention has been given to the
issue of identifying small scale areas with concentrations of specific industries. This
chapter addresses this issue. The method is applied to identify spatial concentration
in 502 areas in one Dutch province. Hence, the spatial aggregation level is low; the
identified concentration areas have a surface of 10 to 30 km2.

Clusters, in general, have been researched extensively. Porter (1998, p. 78) defines
clusters as "geographic concentrations of interconnected companies and institutions in
a particular field". Although this definition is intuitively clear, several components of
it can be interpreted differently in different contexts. First, the concept of geographic
concentration is researched extensively and has many different interpretations. Sec-
ond, the interconnection between firms can be interpreted in many different ways
(buyer-supplier relationships, but also competition for the same type of regional la-
bor, and so on). Third, the way Porter’s ’particular field’ is defined is often unclear.
AREC areas differ from clusters as the definition of AREC areas only includes the first
aspect of the cluster definition: geographical concentration. The AREC area identifi-
cation method only identifies those areas in a particular region in which a particular
sector (or set of related sectors) is spatially concentrated. The issue of interconnected-
ness is not addressed by the proposed method. Benneworth et al. (2003) legitimately
remark that the presence of one cluster element, like for example spatial concentra-



2.2 LITERATURE ON THE MEASUREMENT OF SPATIAL CONCENTRATION 15

tion, does not mean that other cluster elements, like for example cooperation, are also
present. Therefore, other chapters of this thesis deal with the question what the ef-
fects are of spatial concentration of logistics establishments in these AREC areas. Also
the term ’hotspot’ is not used, even though this term is often used for areas with large
concentrations of activities in specific industries. However, the term is also often used
with a different meaning, namely the concentration of innovative activity (Pouder and
St. John, 1996).

The AREC area identification method contains two steps. The AREC areas are
actually identified in Step 2 of the method. Before this can be done, it has to be
checked whether the industry that is being analyzed is spatially concentrated. If this is
not the case, that is, the industry’s employment is evenly spread out over the different
areas, there is no interest to identify AREC areas; either one big AREC area, consisting
of all administrative areas in the region, is identified, or the identified AREC areas
are rather arbitrary. If areas contain the same amount of activities in the industry,
either all or none are identified as AREC areas. If there are only small differences in
the industry’s activities per area, part of these areas will be identified as AREC areas,
but these will not show large differences with the areas not identified as AREC areas.
Hence, Step 1 measures the spatial concentration of the industry in the region. If the
industry is not spatially concentrated, the method is terminated after Step 1. If the
industry is spatially concentrated, Step 2 identifies the AREC areas.

The rest of this chapter is structured as follows. Section 2.2 gives a short overview
of the literature on spatial concentration measures. Section 2.3 presents the newly
developed method to identify AREC areas. In Section 2.4, the method is applied to
five industries in Noord-Brabant, to show the general applicability and the additional
value of the newly developed method. Section 2.5 concludes this chapter.

2.2 Literature on the measurement of spatial concen-
tration

Many spatial concentration measures have been developed. Extensive overviews of
different measures are given by Bickenbach and Bode (2008) and Fratesi (2008). All
measures deal with relative concentration, as absolute concentration simply involves
an employment count and cannot be compared in a meaningful way across areas (that
differ in size). This section gives a short overview of the most important measures,
presented in Table 2.1.

For the brief overview in this chapter, it is useful to make a distinction between two
categories of measures. The first category consists of measures for which the total re-
gion under study is divided into K areas and the spatial concentration is analyzed
per predefined area. The measures in this category ignore the spatial relationship,
that is, the distance and shared borders, between the different areas. For this rea-
son, these measures are called a-spatial measures (although these still are spatial con-
centration measures; Arbia, 2001b) or disproportionality measures (Bickenbach and
Bode, 2008). In the second category of measures, called spatial correlation (Arbia,
2001b) or spatial association (Anselin, 1996) measures, the region is not divided into
predefined areas or the spatial relationship between the predefined areas is explicitly
analyzed. Well-known and commonly used a-spatial measures are the locational Gini
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coefficient (Krugman, 1991), the EG-index (Ellison and Glaeser, 1997), the MS-index
(Maurel and Sedillot, 1999), and the D-index (Mori et al., 2005). The most commonly
used spatial measures were developed by Moran (1950) and Duranton and Overman
(2005).

All a-spatial measures share two well-known problems (Bickenbach and Bode,
2008): the modifiable areal unit problem (MAUP) and the checkerboard problem.
Both result from the division of the total region into predefined areas. The MAUP
arises from dividing heterogeneous continuous space into areas (Arbia, 2001a): a
group of firms that are located close together can be grouped into one area or spread
over several areas, depending on the defined borders. This influences the degree of
spatial concentration of these firms. The checkerboard problem concerns neglecting
relevant information on the locations of or distances between regions (Arbia, 2001b):
the a-spatial measures do not make a distinction between two areas with relatively
much employment that are geographically close together or far apart.

Several spatial correlation (or spatial association) measures have been developed
to cope with these problems. These measures can be broadly subdivided into distance-
based measures and neighborhood measures (Anselin, 1996). The distance-based
measures are the only ones that do not subdivide the region into predefined areas.
The intuitive idea behind the distance-based approaches is that when an industry is
concentrated in one or more parts of the region, firms are located at a shorter dis-
tance from each other then when they are randomly located over space. Distance-
based measures were developed by, among others, Duranton and Overman (2005)
and Marcon and Puech (2010). These distance-based measures have a theoretical
and a practical limitation (Fratesi, 2008). The theoretical limitation lies in the fact
that they assume that all establishments are of equal size. This is often not the case.
Especially for the logistics sector, we are not interested in the spatial concentration
of the very small establishments and therefore, we analyze spatial employment con-
centration (see Chapter 1). The practical limitation is that these measures need many
detailed data that in many practical situations are often not available. Since these
measures are based on the distances between the industry’s firms, geographical coordi-
nates of all firms in the dataset are needed. For a rather small region as Noord-Brabant,
this means that 129,555 data points are needed. We want to develop a method that is
valuable for regional policy makers and corporate decision makers, who often do not
have these data. Finally, as with all spatial concentration measures presented in this
section, the distance-based measures are primarily developed to determine whether
an industry is spatially concentrated in a particular region. As distance-based mea-
sures do not use predefined administrative areas, the measures cannot be used to
identify concentration areas later on. Due to these limitations, the proposed method
does not make use of distance-based approaches.

Instead, one of the a-spatial measures is used in combination with one of the most
important neighborhood measures, Moran’s I (Moran, 1950), which measures spatial
autocorrelation between predefined areas. Spatial autocorrelation can be defined as
the coincidence between value similarity and locational similarity (Anselin, 2001).
Moran’s I measures spatial clustering of similar values. According to Arbia (2001b)
and Sohn (2004), it has to be considered jointly with one of the a-spatial measures,
since they are complementary to one another. The two types of measures characterize
agglomeration in different ways. A-spatial measures focus on the relative distribu-
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tion pattern among observations while Moran’s I is about the spatial pattern of this
distribution (Sohn, 2004).

One of the a-spatial measures is used to measure relative spatial concentration in
the first step of the method. The second step of the method uses parts of the theory of
the (local) Moran’s I (Cliff and Ord, 1973) to minimize the effect of subdividing the re-
gion into predefined areas. Although the proposed method does not completely solve
the MAUP nor the checkerboard problem, for the purposes of this chapter (to develop
a method that is relatively easy to apply and understand), it is the best alternative.

The remainder of this section describes the important characteristics of the a-
spatial measures and evaluates their relevance for the AREC area identification method.
One of the oldest contributions to the literature of measuring spatial concentration is
by Krugman (1991), who developed the locational Gini coefficient. This index makes
use of the location quotient (LQ), being a measure to analyze relative spatial con-
centration, defined as an area’s share of industry’s employment divided by that area’s
share of total employment. The LQ is an often used measure of relative spatial con-
centration per area. The locational Gini coefficient is widely used due to its ease of
computation and its limited data requirements (Bertinelli and Decrop, 2005). How-
ever, the locational Gini coefficient does not control for industrial concentration (that
is, concentration of employment in a small number of large firms).

Alternative measures to analyze relative spatial concentration are, among others,
γEG (Ellison and Glaeser, 1997), γMS (Maurel and Sedillot, 1999), and the D-index
(Mori et al., 2005). The γEG and the γMS have the same properties: the indices are
scaled, such that they control for industrial concentration. Moreover, the indices are
designed to enable the comparison of the concentration of different industries, dif-
ferent regions, and/or over time. The major drawback of these indices is that the
outcomes are hard to interpret; for both indices, boundaries of 0.02 and 0.05 are
used to define regions of no concentration (γ < 0.02), intermediate concentration
(0.02 ≤ γ ≤ 0.05), and high concentration (γ > 0.05). However, these boundaries
are arbitrary (Duranton and Overman, 2005).

The D-index (Mori et al., 2005) is designed to be statistically testable, since none of
the above described measures are. However, this index can only be used for an analysis
of spatial concentration of establishments, because it is based on the independence of
the single units, which means that the D-index is not suitable for the measurement of
employment concentration (Fratesi, 2008).

2.3 The AREC area identification method

This section describes the AREC area identification method. Step 1 analyzes whether
an industry’s employment is spatially concentrated in the first place. If this is not
the case, identifying AREC areas does not make sense. Step 1 only analyzes relative
spatial concentration and does not analyze absolute spatial concentration. Although
a check for absolute concentration would be similar, it is not valuable, as no absolute
concentration would mean that employment is equally spread over the region. No
region exists where this is the case. Step 2 of the method uses three consecutive steps
to identify AREC areas. This section explains the method, visualized in Figure 2.1.
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FIGURE 2.1: The AREC area identification method

2.3.1 Step 1: The degree of spatial concentration

Step 1 of the method is based on the locational Gini coefficient (Krugman, 1991), be-
cause this index has the lowest data requirements. This index only needs shares of
regional employment, while the γ indices by Ellison and Glaeser (1997) and Maurel
and Sedillot (1999) also rely on shares of industry employment per establishment.
These data are not publicly available (at least not in the Netherlands nor the US). In
addition, the locational Gini coefficient uses the LQ per area, which can directly be
used in step 2 of the method as a measure for relative spatial concentration of the in-
dustry in a specific area. When one of the γ indices would be used, it is much harder
to translate this aggregate measure to a local measure per area, due to the compensa-
tion for industrial concentration on the aggregate level. The other measures described
above are not used, as these only have higher data requirements (distance-based mea-
sures) and are not applicable for employment concentration (distance-based measures
and D-index).

The commonly mentioned drawback of the locational Gini coefficient is that it
does not compensate for industrial concentration. However, for step 1, this is not a
problem, because the sole purpose of the analysis is to get an idea about whether
or not there is some degree of spatial concentration, since in the absence of spatial
concentration, identifying AREC areas is meaningless.

The measure evaluates spatial concentration of industry i ∈ {1, . . . , I}, with I all
relevant industries in the total region that can be subdivided into K different areas
k ∈ {1, . . . , K}. Define si,k as an area k’s share of industry i’s employment, sk as an
area k’s share of total employment, LQ i,k as the location quotient, being an area k’s
share of industry i’s employment relative to that area’s share of total employment, and
LQ i as the average LQ of industry i over all areas k ∈ {1, . . . , K}. Then, the locational
Gini coefficient is defined as follows (Kim et al., 2000; Guillain and Le Gallo, 2010):
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Gi =

∑K
k=1

∑K
j=1 |LQ i,k − LQ i, j |

4 · K · (K − 1) · LQ i

, (2.1)

where

LQ i,k =
si,k

sk
and LQ i =

∑K
k=1 LQ i,k

K
. (2.2)

If an industry i is spatially concentrated in a specific area k, LQ i,k > 1 for that industry
in that area. The locational Gini coefficient is equal to zero when no relative spatial
concentration is measured. In that case, LQ i,k − LQ i, j = 0 for all j, k ∈ {1, . . . , K},
meaning that LQ i,k = 1 for all k. Then, si,k = sk for all k, meaning that the spatial
distribution of the industry’s employment is equal to the spatial distribution of em-
ployment in general. The maximum value of the locational Gini coefficient is equal to
0.5, when the industry’s employment is completely concentrated in one area. In that
case, there is only one area k for which LQ i,k = C > 0 and LQ i, j = 0 for all other areas
j ∈ {1, . . . , K} \ {k}: Gmax = [2 · (K − 1) · C]/[4 · K · (K − 1) · C/K] = 0.5.

The locational Gini coefficient shows whether an industry’s employment is spatially
concentrated. For industries where this is not the case, there is no value to identify
AREC areas, since employment is evenly spread over the region.

2.3.2 Step 2: The identification of AREC areas

After it is concluded that employment in an industry is spatially concentrated (step 1
of the method), step 2 identifies where this concentration takes place. The method is
novel in two ways. First, AREC areas will be identified based on absolute and relative
concentration simultaneously. Second, not only spatial concentration per area will be
used to identify AREC areas, but also spatial concentration in neighboring areas will
be included. As Hallencreutz and Lundequist (2003) legitimately conclude, clusters
(or spatial concentration areas) seldom confirm to boundaries of administrative ar-
eas. Hence, the method should also consider neighboring administrative areas that
together can be identified as AREC areas. For this, neighbors have to be defined for
all areas in the region. This can be done based on a shared border between particular
predefined areas or on the distance between the center-points of these areas. This
neighborhood structure is formalized in a spatial weight matrix W , with elements
w jk > 0 if areas j and k are neighbors and w jk = 0 if these areas are not neighbors
or if j = k. This matrix has to be determined before the method described below is
applied. To identify AREC areas consisting of predefined areas that are adjacent to
each other, we propose to use a spatial weight matrix based on shared borders be-
tween predefined areas. Such a K × K matrix consists of zeros and ones, where a one
indicates that the row-area and the column-area are adjacent to each other.

A stepwise method is developed to determine where a particular industry concen-
trates. Step 2 of the method itself consists of three steps:

2.1 Remove areas that do not have the potential to become (part of) an AREC area,
since either the relative or the absolute concentration is too low.

(a) Define for both the absolute employment values and the LQ values a cut-off
value emin,1 and LQmin,1 respectively.
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(b) Code all areas k ∈ {1, . . . , K} based on their absolute employment level ei,k
in industry i and their LQ i,k compared to these cut-off values: bi,k = 1 if
ei,k ≥ emin,1 ∧ LQ i,k ≥ LQmin,1 and bi,k = 0 otherwise. Remove all areas k
with bi,k = 0.

2.2 In the set of remaining areas, combine areas that are neighbors.

(a) Determine Bi, j,k joins between two neighboring areas j and k, with both
bi, j = 1 and bi,k = 1: Bi, j,k = w jk bi, j bi,k, with w jk = 1 if areas j and k are
neighbors and w jk = 0 otherwise. Furthermore, w jk = 0 if j = k.

(b) For all j and k for which Bi, j,k = 1, define a new area m ∈ {K + 1, . . . , M},
with employment being the sum of the employment values of the different
predefined areas: ei,m = ei, j + ei,k. Area m can exist of more than two prede-
fined areas: for example if Bi, j,k = 1 ∧ Bi, j,l = 1, then ei,m = ei, j + ei,k + ei,l ,
etc. In addition, calculate LQ i,m. The total number of newly created areas is
equal to (M − K).

2.3 Identify AREC areas based on absolute and relative employment levels.

(a) Define for both the absolute employment values and the LQ values a second
cut-off value: emin,2 ≥ emin,1 and LQmin,2 ≥ LQmin,1.

(b) Determine βi,c for all areas c ∈ {1, . . . , M}: βi,c = 1 if ei,c ≥ emin,2 ∧ LQ i,c ≥
LQmin,2, and βi,c = 0 otherwise. All areas c with βi,c = 1 are identified as
AREC areas of industry i. If both βi,k = 1 and βi,m = 1, with ei,m = ei,k + ei, j
for any j ∈ {1, . . . , M}, only the larger area m is defined as an AREC area.

The method combines neighboring areas with relatively high absolute and rela-
tive employment concentration for industry i. For this, the local Moran’s I (Anselin,
1995; Guillain and Le Gallo, 2010) could have been used, if only either absolute em-
ployment concentration or relative employment concentration was analyzed, since
this index can only be calculated on one variable (Cliff and Ord, 1973) and no clear
procedure exists to combine these (absolute and relative) values into one variable.
Nevertheless, a binary variable bi,k can be created, which indicates whether a particu-
lar area has the potential to become (part of) an AREC area. In Step 2.2, area k’s value
of this binary variable is compared to the value of one of its neighbors, area j, defined
based on the spatial weight matrix W . When the variable is equal to one for both of
these two neighboring areas, it indicates that the potential AREC area may be larger
than one administrative area. Hence, a new area m is created, containing both the
administrative areas j and k. With combining two or more of the administrative areas,
the method compensates for the MAUP and checkerboard problem. In Step 2.3, all
areas, now consisting of one or more administrative areas, are evaluated against two
new cut-off values. These values can be equal to the values defined in Step 2.1. How-
ever, the cut-off values defined in Step 2.1 only determine which administrative areas
are immediately removed from the analysis, because these have really low (absolute
or relative) employment concentration in industry i. It is possible that two adminis-
trative areas that by itself are no AREC areas can be a combined AREC area. Thus,
when combined areas are created in Step 2.2, only the areas that would not even have
potential to become (part of) an AREC area have to be removed. In Step 2.3, where
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AREC areas are identified, higher cut-off values are more useful, since then only the
areas with very high (absolute and relative) employment concentration in industry i
are of interest. Hence, it is advised to use higher cut-off values in Step 2.3 than in
Step 2.1 of the method.

An important part of this method is the determination of the cut-off values emin,1,
emin,2, LQmin,1, and LQmin,2. For the cut-off values used in Step 2.1, it is proposed to
use conservative values, as the method is not iterative, meaning that removed areas
will not be analyzed. For the LQs, areas with an LQ larger than or equal to 1 are
selected, since these areas are commonly stated to have, at least a bit, relative spatial
concentration of that industry i (e.g., Guillain and Le Gallo, 2010). For the absolute
value, the commonly used cut-off value is the average employment over all areas, also
used in the (local) Moran’s I. Since this average is highly influenced by the number of
areas in which the industry’s firms are located, this average has to be calculated only
based on the areas in which there actually is employment in the industry, which makes
the method less dependent on the size of the industry and the number of areas defined.
Instead of these cut-off values, O’Donoghue and Gleave (2004) propose to convert LQ
values to standardized LQ values and use statistical significance to determine which
LQ values are extremely high. We use cut-off values, since these can be set by the
users of the method directly. The goal of the method is to identify the areas in which
a particular industry is spatially concentrated, with cut-off values depending on the
goal of the user of the method, and not to analyze whether and where this spatial
concentration is significant.

The cut-off values used in Step 2.3, can be chosen differently for different purposes.
Consider again the two situations described in the introduction of this chapter. In the
example of the policy maker, a low number of AREC areas may be preferred and
hence, the cut-off values are chosen relatively high. In the other example, in which
AREC areas are identified to assist a location decision for an individual company, more
AREC areas may be desirable, since a manager may want to have a complete overview
of relevant locations, and the cut-off values can be somewhat lower. Furthermore, it is
argued that both absolute and relative spatial employment concentration are needed
to define these areas, but not whether these are equally important. This may also
differ per decision maker; for some reason, some may want to post stricter cut-off
values on the absolute employment concentration than on the relative employment
concentration or vice versa. In the next section, rather high cut-off values are chosen
(in line with the policy perspective) for both the absolute and relative concentration to
identify AREC areas in one Dutch province. A sensitivity analysis shows the influence
of the choice for the cut-off values.

A limitation of the method still is the subdivision of the region in administrative
areas beforehand. While in Step 2.2, predefined areas are combined if they are ad-
jacent and both contain relatively much industry employment, it might be the case
that potential AREC areas are missed, because these are split up in more than one
administrative areas. The best way to deal with this weakness is to choose the way
to subdivide the region into areas smartly. For the Netherlands, we propose to use
four-digit postal code areas. Industrial areas mostly fall in only one four-digit postal
code area.
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2.4 Application of the AREC area identification method

This section applies the AREC area identification method to five different industries
in Noord-Brabant.

2.4.1 Material used

The method is applied to five industries with a different extent of spatial concentration
and of a different size. Similar to the definition of the logistics sector (see Chapter 1
and Appendix A), the selection of these industries is based on SBI codes (Statistics
Netherlands, 2012a). The industries used in this study are manufacture of chemicals
and chemical products (chemical production; SBI = C20), research and development
(R&D; SBI = M72), logistics (see Chapter 1 for the definition of the logistics sector
in this thesis), retail trade (SBI = G47), and construction (SBI = H). In line with the
findings of Guillain and Le Gallo (2010), two of these industries tend to concentrate
spatially in Noord-Brabant (chemical production and R&D) and two others tend to
distribute equally over space (construction and retail trade). Logistics is a relatively
large industry in Noord-Brabant (like construction and retail trade), but still has a
relatively high spatial concentration.

For the analysis, the database containing all business establishments in Noord-
Brabant in 2009 is used. After the data was cleaned by excluding establishments
without any employment, establishments without a physical address (only P.O. box),
and establishments of firms that already stopped the activities at that location, this
database contains 160,647 establishments in total (98% of all establishments in the
original database). Furthermore, governmental organizations and establishments re-
lated to education, health services, culture, and recreation activities were deleted from
the database. The remaining database covers 129,555 establishments with a total em-
ployment of 856,668, which gives an average number of employees per establishments
of 6.61, with a standard deviation of 41.64 and a median of 1. A median employment
equal to 1 means that more than half of the establishments only has one employee.
These probably include many administrative firms, that actually are part of another
firm on the same address. This confirms that an analysis into employment is more
meaningful than an analysis into establishments. The remaining database is used to
determine the LQ per area for the five above mentioned industries.

The total region is subdivided in 502 four-digit postal code areas. Table 2.2 presents
descriptive statistics of the spread of employment over the 502 different postal code
areas. Since some of the listed industries are only present in part of all four-digit
postal-code areas (e.g., the chemical production industry only has establishments in
102 of the 502 four-digit postal code areas), averages without the areas with no in-
dustry employment are also calculated (see the fifth column of Table 2.2). These are
used in the analysis later on.

2.4.2 Step 1: The degree of spatial concentration

Table 2.3 presents the locational Gini coefficients. The chemical and R&D industries
are highly spatially concentrated, the retail trade and construction industries are less
concentrated, and logistics is somewhere in between. To confirm that these values
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TABLE 2.2: Descriptive statistics of the number of employees per four-digit postal code
area in Noord-Brabant

Standard Mean
Sum Mean deviation if not 0 Median Maximum

Total 856,668 1,706.51 2,241.62 1,713.34 888.5 17,353
Chemical 8,833 17.60 112.71 86.60 0 1,821
production
R&D 7,096 14.14 192.29 36.96 0 4,258
Logistics 90,388 180.06 398.70 221.54 30.5 2,975
Retail trade 118,513 236.08 375.19 244.36 110 3,436
Construction 85,646 170.61 212.46 173.37 91 2,032

TABLE 2.3: Locational Gini coefficients based on the employment in Noord-Brabant

Gini (based on LQ values)
Chemical production 0.4750
R&D 0.4620
Logistics 0.2984
Retail trade 0.2224
Construction 0.1910

TABLE 2.4: Locational Gini coefficients based on employment in and around Paris
(Guillain and Le Gallo, 2010)

Gini (based on LQ values)
Chemical production 0.4752
R&D 0.4922
Wholesale trade 0.3898
Transportation and communication 0.3797
Consumer services 0.3220
Construction 0.2972

TABLE 2.5: Cut-off values used for the application of the AREC area identification
method

emin,1 LQmin,1 emin,2 LQmin,2

Chemical 86.60 1 193.70 2
R&D 36.96 1 36.96 1.90
Logistics 221.54 1 630.90 2
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are not unique for the study region, we compared the locational Gini coefficient for
these industries in Noord-Brabant with those found by Guillain and Le Gallo (2010)
in communes in and around Paris. Although the region around Paris may not be
directly comparable to Noord-Brabant, this is the only study we can find that presents
locational Gini coefficients for specific industries on a low spatial aggregation level.
French communes have an average surface of 15 km2, while the four-digit postal code
areas in Noord-Brabant have an average surface of 10 km2. Furthermore, both study
regions contain urban areas as well as rural areas. Although it is not trivial that the
the outcomes are comparable, Table 2.4 shows they are.

2.4.3 Step 2: The identification of AREC areas

Based on the locational Gini coefficients found for the five different industries, only
AREC areas for the chemical, R&D, and logistics industry will be identified. An anal-
ysis into the AREC areas for the retail industry and the construction industry is not
relevant, since there hardly is any spatial concentration in these two industries. As de-
scribed in Section 2.1, identifying AREC areas is not valuable if an industry is hardly
spatially concentrated. For the construction industry in Noord-Brabant, for example,
one of the AREC areas consists of 34 out of the 502 four-digit postal code areas, which
cannot be called a concentration area anymore on this low spatial aggregation level
(in comparison, the 19 AREC areas identified for logistics only contain 42 postal code
areas).

In line with Section 2.3, in Step 2.1 of the method, the average employment per
area is used as a cut-off value for the absolute employment level and 1 as a cut-off
value for the LQ. The cut-off values used in Step 2.3 depend on the purpose of the
analysis. Here, the policy perspective is chosen and hence, rather high cut-off values
are used in Step 2.3 of the method. For the absolute employment level, the maximum
of the 90th percentile and the bound defined in Step 2.1 is used as a cut-off value,
meaning that only the top 10 percent areas can qualify as AREC areas. For the LQ, the
minimum of the 90th percentile and 2 is determinedi; the LQ cut-off value is equal to
the maximum of this value and the cut-off value defined in step 2.1 of the method.
As previously argued, all statistics used as bounds are calculated based on areas in
which the employment of the industry is larger than zero. Table 2.5 presents the cut-
off values used for the industries under study. As spatial weight matrix W , a matrix
based on the borders shared by the areas is used: for every row-area j, it is determined
whether it shares a border with a column-area k; if this is the case w jk = 1, and w jk = 0
otherwise.

The method is shown graphically for the chemical industry in Figure 2.2. The
figure presents all four-digit postal code areas based on their absolute employment
in chemical production (X-axis) and their LQ based on the employment in chemical
production (Y-axis). All open diamonds represent one of the 502 postal code areas.
In Step 2.1, all areas to the left or below the line based on the first cut-off values are
removed from the analysis; the areas to the right and above this line are considered
in Step 2.2. The combined areas created in Step 2.2 are characterized by squares in

iAn LQ equal to 2 means that the share of industry employment is twice as large as the share of total
employment in that particular area; all areas that are that specialized in a particular industry should be
taken into account in the analysis.
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FIGURE 2.2: Graphical representation of the AREC area identification method applied
on the chemical production industry

Provincie Noord-Brabant

AREC areas

Chemical production
No AREC area
Part of combined AREC area
AREC area: e ≥ 194 and LQ ≥ 2 0 105 km

FIGURE 2.3: Geographical representation of the AREC areas for chemical production
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the figure. Finally, the AREC areas defined in Step 2.3 are pictured as filled diamonds,
based on the second cut-off values.

Figure 2.3 presents the AREC areas of the chemical production industry geograph-
ically. In this figure, postal code areas are colored red if these are AREC areas by
themselves (ei,k ≥ emin,2 ∧ LQ i,k ≥ LQmin,2 for k ∈ {1, . . . , 502}) and are colored or-
ange if these are part of a combined AREC area. The ten AREC areas consist of 12
of the 502 four-digit postal code areas (three percent) and together account for 74
percent of all employment in chemical production in Noord-Brabant.

The same analysis is conducted for the logistics sector and the R&D industry (geo-
graphical representations for these industries can be found in Figures 2.6(c) and 2.7(c)
respectively). The 19 AREC areas for logistics account for 53 percent of all logistics
employment in the province; the ten AREC areas for R&D account for 83 percent of
all R&D employment. These numbers correspond with the locational Gini coefficients,
which indicated that both the chemical production industry and the R&D industry are
more spatially concentrated than the logistics sector.

2.4.4 Sensitivity analysis

One of the important characteristics of the method is that the number of AREC areas
identified can be adjusted to the goal of the analysis by setting the cut-off values.
The analysis above used rather high cut-off values, in line with the policy perspective.
This section analyzes the sensitivity of the method on these cut-off values. Only the
sensitivity to the second cut-off values is analyzed. The first cut-off values were set
to commonly used values: for the absolute employment concentration, the average
employment per area with employment in the particular industry was used, and for
the relative employment concentration, an LQ of 1 was used. We believe that areas
with concentration values below these cut-off values should be excluded from the
analysis.

For the second cut-off value, we used the 90th percentile of both values. That
is, if the 90th percentile of the absolute employment per area is above the average
employment per area (with employment in the particular industry), the second cut-
off value on absolute employment is equal to that 90th percentile; if not, than the
second cut-off value is equal to the first one. If the 90th percentile of the LQ per area
is above 1 and below 2, the second cut-off value is equal to that 90th percentile; if it is
smaller than 1, the second cut-off value is equal to the first cut-off value, if it is larger
than 2, the second cut-off value is equal to 2. We changed the percentiles to analyze
the sensitivity on the second cut-off values. Table 2.6 shows the cut-off values used.

As described above, the cut-off values are only based on the areas with employment
in the particular industry. This means that these are based on 102, 192, and 408
areas for the chemical production, R&D, and logistics sector, respectively. The cut-off
percentiles used for the sensitivity analysis range from the 60th to the 95th percentile.
For the three sectors analyzed, the 60th percentile of absolute employment per area
is smaller than or equal to the average employment per area and the 60th percentile
of the LQ is smaller than or equal to 1. This means that for all percentiles lower than
the 60th, the second cut-off value would be equal to the first cut-off value. Therefore,
the minimum percentile considered is the 60th. Comparing Table 2.6 with Table 2.5
shows that for the chemical production industry, the 80th percentile of the absolute
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TABLE 2.6: Cut-off values used in the sensitivity analysis

Chemical
Cut-off production R&D Logistics
percentile emin,2 LQmin,2 emin,2 LQmin,2 emin,2 LQmin,2

0.60 86.60 1 36.96 1 221.54 1
0.65 86.60 1.16 36.96 1 221.54 1
0.70 86.60 1.43 36.96 1 221.54 1.08
0.75 86.60 1.65 36.96 1 221.54 1.26
0.80 86.60 2 36.96 1 237.00 1.49
0.85 117.45 2 36.96 1.19 346.95 1.69
0.90 193.70 2 36.96 1.90 630.90 2
0.95 278.60 2 57.35 2 1337.65 2

employment is smaller or equal to the average, as the second cut-off value based on
this percentile is equal to the first cut-off value presented in Table 2.5. The 80th
percentile of the LQ is higher or equal to 2, as for percentiles larger or equal to the
80th, the second cut-off value is equal to 2 (Table 2.6). For the R&D sector, even
the 90th percentile of absolute employment is still smaller or equal to the average.
The 80th percentile of the LQ is smaller or equal to 1 and the 95th is larger than
2. Finally, for logistics, the 75th percentile of the absolute employment is smaller or
equal than the average, the 65th percentile of the LQ is smaller or equal to 1, and
the 90th percentile of the LQ is larger or equal to 2. The spatial distributions of the
different industries explain the behavior of these cut-off values. Figure 2.4 presents
the distribution of the areas based on the LQ. This figure shows that the R&D sector
has a relatively small number of areas with an LQ above 1 compared to the chemical
production industry and the logistics sector. The chemical industry has a relatively
large number of areas with an LQ above 2 compared to the other two industries.

FIGURE 2.4: Distribution of the areas with employment in the particular industry based
on the LQ
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Figure 2.5 shows the sensitivity of the AREC area identification method to the
second cut-off values as presented in Table 2.6. Figure 2.5(a) presents the number of
AREC areas identified based on the cut-off values used (left axis) and the percentage of
all postal code areas these AREC areas consist of (right axis). Note that the graph of the
R&D (logistics) sector is constant up to the 80th (65th) percentile. This is explained by
the constant cut-off values, shown in Table 2.6. These cut-off values also explain the
sensitivity of the outcomes on the percentiles used. The chemical production AREC
areas are most sensitive to these cut-offs. The number of AREC areas decreases from
17 to 6 (-65%) and the percentage of postal code areas identified as AREC areas from
4.0% to 1.6% (-60%). The number of logistics AREC areas decreases from 32 to 17 (-
47%) and the percentage of postal code areas identified as AREC areas from 13.7% to
8.6% (-38%). Finally, the number of R&D AREC areas decreases from 12 to 8 (-33%)
and the percentage of postal code areas identified as AREC areas from 2.4% to 1.8%
(-33%). Figure 2.5(b) presents the percentage of establishments and the percentage
of employment in the identified AREC areas. This figure shows that these percentage
are rather unsensitive for the cut-off values for percentiles smaller of equal to the 80th
percentile.

2.4.5 Comparison with other methods

This section compares the identified AREC areas with the areas that would have been
identified as concentration areas when only absolute or relative spatial concentration
was used as a criterion. Table 2.7 demonstrates that identifying AREC areas with
the method described in Section 2.3 results in different areas than using either one
of these concentration variables alone. The table present the number of postal code
areas that are selected based on the AREC area identification method and the areas
that would have been selected if only absolute concentration (Table 2.7(a)) or relative
concentration (Table 2.7(b)) would have been used. For example, from Table 2.7(a)
it becomes clear that if only absolute concentration was used as a criterion to iden-
tify concentration areas for logistics, 41 four-digit postal code areas would have been
identified as concentration areas. Only 29 of these postal code areas are also identi-
fied as AREC areas using the newly developed method. Hence, only using absolute
concentration for logistics would have resulted in identifying 12 postal code areas as
concentration areas, while in these areas the relative concentration of logistics em-
ployment is relatively low (half of these postal code areas have an LQ lower than 1.5,
with a minimum of 0.75). Note that it does not make sense to combine neighboring
areas if only one variable is used. Especially in the case of only using an absolute cut-
off value, this would mean that all areas are combined into one area, since combining
areas always results in more absolute employment. In the case of only using a relative
cut-off value, combining neighboring areas could in principle be done. However, also
in this case combining neighboring areas does not give additional value. If only the
LQ is used as cut-off value, one area with only some employment and (almost) all of
this employment in industry i ("the shepherd in the desert"), can be combined with
almost all neighboring areas, since its LQ is so large that it will compensate for almost
all low LQ values.

Table 2.7 shows the benefits of the AREC area identification method. First, the
comparison made for the chemical sector shows that identifying concentration areas
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(a) Number of AREC areas and number of postal code areas in AREC areas

(b) Number of establishments and employment in AREC areas

FIGURE 2.5: Sensitivity of the AREC area identification method on the second cut-off
values
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TABLE 2.7: Number of postal code areas identified as AREC areas and the number of
postal code areas with only high absolute or relative employment concentration

(a) Compared to absolute employment concentration

ei,k ≥ emin,2 ei,k < emin,2 Total
Chemical production
AREC 11 1 12
non-AREC 0 490 490
Total 11 491 502

R&D
AREC 10 0 10
non-AREC 6 486 492
Total 16 486 502

Logistics
AREC 29 14 43
non-AREC 12 447 459
Total 41 461 502

(b) Compared to relative employment concentration

LQi,k ≥LQmin,2 LQi,k <LQmin,2 Total
Chemical production
AREC 12 0 12
non-AREC 11 479 490
Total 23 479 502

R&D
AREC 10 0 10
non-AREC 10 482 492
Total 20 482 502

Logistics
AREC 29 14 43
non-AREC 18 441 459
Total 47 455 502

based on relative concentration only is not enough: Table 2.7(b) shows that there are
11 postal code areas that have an LQ larger than the second cut-off value which are
not labeled as AREC areas. These areas have low absolute employment levels, both in
the chemical industry and in general. In one of these areas, employment in chemical
production is equal to 1 and the total employment is 21. With these employment lev-
els, the LQ is equal to 4.62. This is a typical example of a "shepherd in the desert": the
LQ is very high, but this is only determined by the low total employment. Such an area
is by far an interesting area for policy or corporate decision makers and hence, there
is no reason to identify such an area as a concentration area for chemical production.

Second, the tables show that absolute employment concentration alone is also not
enough. This is best shown by using the R&D industry as an example. Table 2.2
showed for this industry a maximum number of employees per postal code area of
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4258, with an average of only 37. Actually, there is only one postal code area with
large industry employment, while the 15 remaining areas with ei,k ≥ emin,2 (which is
above the 90th percentile of the absolute employment level) score relatively close to
the average. To identify more than one concentration areas for R&D, the LQ becomes
important. Table 2.7(a) shows that there are six postal code areas with ei,k ≥ emin,2
that are not identified as AREC areas, because the LQ of R&D in these areas is too low.
Policy and corporate decision makers would not identify these areas as important for
R&D.

Third, the tables show the value of combining neighboring areas. This can best be
seen in the logistics sector. For this sector, Table 2.7(a) shows that there are 14 postal
code areas that are identified as AREC areas while ei,k < emin,2 for these areas, because
these are combined with postal code areas. Similarly, Table 2.7(b) shows that there are
14 (other) postal code areas that are identified as AREC areas while LQ i,k < LQmin,2
for these areas. This shows the value of combining the areas: if this was not done,
these areas would not have been identified as concentration areas, while this only is
due to the rather arbitrary division of the total region into administrative areas.

The logistics sector shows especially large differences between the AREC areas and
the areas identified based on only one concentration variable. Figure 2.6 (on pages 34
and 35) shows these areas geographically. Figure 2.6(a) presents the areas based on
absolute employment concentration only, Figure 2.6(b) presents the areas based on
relative employment concentration only, and Figure 2.6(c) presents the AREC areas for
logistics. Many postal code areas with an LQ above 2 are not identified as AREC areas
for logistics (because they essentially are "shepherds in the desert"); for example, the
eastern part of the province contains seven such areas and no AREC area. In addition,
these maps show another advantage of the AREC area identification method over the
use of only one concentration variable. Figure 2.6(a) presents 29 concentration areas
(possibly consisting of multiple postal code areas), Figure 2.6(b) even presents 34
concentration areas, while 2.6(c) only presents 19 AREC areas. Hence, using the
AREC area identification method, decision makers only have to choose between a
smaller number of areas. Furthermore, based on the AREC area identification method,
larger combined areas are identified, while the concentration areas identified based
on either absolute concentration or relative concentration are very fragmented. The
other industries analyzed show similar patterns, as shown in Figures 2.7 and 2.8 (on
pages 35 to 37).

2.5 Conclusions

A method is developed to identify Absolute and Relative Employment Concentration
(AREC) areas. The identification of these areas is relevant for various purposes: 1)
for evaluating whether the agglomeration economies described by Marshall (1956),
Krugman (1991), and Porter (2000) are also relevant on a low geographical aggrega-
tion level, 2) for analyzing relationships between the location of these AREC areas and
variables such as infrastructure availability, distances to specialized higher education
institutions, land value, and housing prices, and 3) for analyzing spatial employment
development over time. Since the method is very easy to understand and apply, it is a
valuable tool for policy makers as well as corporate decision makers. Policy makers,
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for example, can use this method to identify the important areas to invest in and sub-
stantiate the choice for these areas rather easily, by means of the rather simple graphs
constructed based on the method.

Compared to already existing spatial concentration measures, this method has two
novel characteristics. First, existing measures only consider relative spatial employ-
ment concentration, while the newly developed method combines this with absolute
spatial employment concentration. A comparison of AREC areas and areas with ei-
ther absolute or relative employment concentration shows that combining absolute
and relative employment levels simultaneously filters out areas that are less relevant
both from a policy and a location decision perspective. This is especially relevant for a
low geographical aggregation level. Second, AREC areas can consist of more adminis-
trative areas, which reduces the well-known problems of subdividing the total region
into administrative areas. In this way, most of the commonly known problems related
to a-spatial measures are dealt with. The advantages of the developed method were
demonstrated by applying the method to five different industries in Noord-Brabant.

As four-digit postal code areas in Noord-Brabant are relatively equal in size, static
cut-off values suffice to identify logistics AREC areas in this province. State-dependent
cut-off values may be needed in other regions, if size differences between predefined
administrative areas are relatively large. This mainly has to do with the use of the
location quotient, which is relatively sensitive to size differences. An application of
the AREC area identification method on a county level in the US may, for example,
require cut-off values that depend on the size of the counties, due to the large size
differences between the US counties (see Chapter 4).

Although the method allows for identifying AREC areas that consist of one or more
administrative areas, a limitation of the method still is that it divides the total region
into several administrative areas. Given that the method is especially developed for
use on a low geographical scale, this is not much of a problem. The only alternative
is to switch to distance-based measures, requiring much more data, which in practice
are not always available.

Since the AREC area identification method is relatively easy to apply and considers
all intuitively important aspects of spatial concentration, it can serve as an important
input for policy decisions. In the remainder of this thesis, the AREC area identification
method is used to identify logistics concentration areas in the south of the Netherlands.
This allows for analyses into the effects of co-location of logistics activities. Chapter 3
starts with an analysis of logistics AREC areas over time. It compares the employment
development in these areas with the employment development in other areas in the
region to see whether spatial concentration is important for firm and industry growth.
In addition, location dynamics of logistics establishments are analyzed in relation to
these logistics concentration areas over time. This shows the attractiveness of logistics
AREC areas for logistics establishments.
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Provincie Noord-Brabant

Absolute employment concentration

Logistics
e < 631
e ≥ 631 0 105 km

(a) Absolute logistics employment concentration

Provincie Noord-Brabant

Relative employment concentration

Logistics
LQ < 2
LQ ≥ 2 0 105 km

(b) Relative logistics employment concentration

FIGURE 2.6: Comparison of AREC areas and concentration areas based on only abso-
lute or relative employment concentration for logistics
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Provincie Noord-Brabant

AREC areas

Logistics
No AREC area
Part of combined AREC area
AREC area: e ≥ 631 and LQ ≥ 2 0 105 km

(c) AREC areas for logistics

FIGURE 2.6: Comparison of AREC areas and concentration areas based on only abso-
lute or relative employment concentration for logistics (continued)

Provincie Noord-Brabant

Absolute employment concentration

R&D
e < 37
e ≥ 37 0 105 km

(a) Absolute R&D employment concentration

FIGURE 2.7: Comparison of AREC areas and concentration areas based on only abso-
lute or relative employment concentration for R&D
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Provincie Noord-Brabant

Relative employment concentration

R&D
LQ < 1.899
LQ ≥ 1.899 0 105 km

(b) Relative R&D employment concentration

Provincie Noord-Brabant

AREC areas

R&D
No AREC area
AREC area: e ≥ 37 and LQ ≥ 1.899 0 105 km

(c) AREC areas for R&D

FIGURE 2.7: Comparison of AREC areas and concentration areas based on only abso-
lute or relative employment concentration for R&D (continued)
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Provincie Noord-Brabant

Absolute employment concentration

Chemical production
e < 194
e ≥ 194 0 105 km

(a) Absolute chemical production employment concentration

Provincie Noord-Brabant

Relative employment concentration

Chemical production
LQ < 2
LQ ≥ 2 0 105 km

(b) Relative chemical production employment concentration

FIGURE 2.8: Comparison of AREC areas (see Figure 2.3) and concentration areas based
on only absolute or relative employment concentration for chemical production
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3
LOCATION DYNAMICS IN LOGISTICS

3.1 Introduction and literature overview

This chapter extends the geographical analysis of the logistics sector by addressing
spatial concentration of logistics establishments in Noord-Brabant over time. As this
spatial concentration is found to intensify through the years 1996 to 2009, location
decisions of logistics firms in relation to the logistics concentration areas are analyzed.
This allows us to determine whether this intensification can be explained by firms
locating in these areas more often than in other areas. In addition, these location
decisions are also analyzed in relation to the proximity to intermodal terminals.

The most elaborate work on locations in logistics is by Bowen (2008), who re-
searched the relationship between the location of warehouses and accessibility to sev-
eral kinds of transportation networks in the US. Bowen (2008) found that highway
accessibility matters more than rail and sea accessibility. He concludes that the sig-
nificant speed advantage road transport has over rail and maritime transport is im-
portant. Bowen (2008) also found positive correlations between the growth in ware-
houses from 1998 to 2005 and road accessibility in 2005, and between the growth in
large warehouses over time and rail accessibility. In addition, O’Connor (2010) found
a disproportionate large share of activity in regions with multiple air- and seaports
worldwide, and an increase in that share over time. Similar studies have not been
done outside the US (see Jing and Cai (2010) for a more descriptive paper on the spa-
tial structure of logistics in China). As in Europe, and especially in the Netherlands
(see CBS, 2007), barge transport is more important for freight transport than in the
US, this chapter also analyzes the role of intermodal terminals in location decisions.

The evolutionary economic geography (EEG) perspective (e.g., Boschma and Fren-
ken, 2007; Essletzbichler and Rigby, 2007; Frenken and Boschma, 2007) is also rel-
evant in this perspective. EEG explains the spatial evolution of firms, industries, and
clusters through processes of entry, growth, decline, and exit. The following empirical
analysis is in line with this approach. Studies in EEG demonstrate the path dependent
nature of clustering (Boschma and Frenken, 2011). Such path dependence may also
be relevant in logistics. Investments in intermodal terminals may be relevant in ex-

The content of this chapter has also been presented in Van den Heuvel et al. (2013a).
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plaining the formation of spatial clusters of logistics activities. While the development
of an intermodal terminal is triggered by demand for multimodal transport, once the
terminal is developed, it may attract other logistics firms to the region.

While EEG identifies various ’sources’ of proximity, such as cognitive and institu-
tional proximity (Boschma, 2005), this study focuses on geographical proximity. This
chapter empirically analyzes the (re)location of logistics firms in relation to concen-
tration areas for logistics. The purpose of this chapter is threefold: first, to analyze
whether co-location patterns of logistics activities are stable over time; second, to
assess the relation between the (re)location of logistics firms and logistics concen-
tration areas and/or intermodal terminals; and third, to determine whether logistics
employment grows faster around intermodal terminals than in other areas. If the lo-
gistics concentration areas and intermodal terminals attract an increasing amount of
logistics firms and employment, this heavily influences policy decisions with regard to
infrastructure developments.

The chapter is organized as follows. Section 3.2 continues with the empirical anal-
ysis of location dynamics of the logistics sector. Section 3.3 discusses the outcomes
and presents opportunities for further research.

3.2 Analysis of location dynamics in logistics

Logistics establishments were selected from the Noord-Brabant establishment data-
bases from 1996 to 2009 based on industry codes and based on employment size, as
described in detail in Chapter 1 and Appendix A. On average 3125 logistics establish-
ments were located in Noord-Brabant, with a standard deviation of 94, a minimum of
2984 in 1996, and a maximum of 3270 in 2000. The average logistics employment
was equal to 83912 (10.5% of total employment in the province), with a standard
deviation of 7349, a minimum of 68654 in 1996, and a maximum of 94207 in 2008.
The database contains 2344 logistics establishments that made a location decision (i.e.
newly located in or relocated within the province).

3.2.1 Spatial concentration of logistics over time

The locational Gini coefficient (Krugman, 1991) indicates whether the logistics sector
spatially concentrates over time. Chapter 2 gave a formal description of the locational
Gini coefficient and showed that the locational Gini coefficient for logistics employ-
ment in Noord-Brabant was 0.2984 in 2009. For the years 1996 to 2009, the loca-
tional Gini coefficient for logistics employment in Noord-Brabant is on average equal
to 0.2988. This is relatively high in comparison with other industries (see Chapter
2 and Guillain and Le Gallo, 2010). The standard deviation is 0.0074 (coefficient of
variation is 0.0247), which shows that the spatial concentration is relatively stable
over time.

Next, it is analyzed where logistics employment is concentrated over time. The
AREC area identification method described in Chapter 2 was applied to identify logis-
tics concentration areas in Noord-Brabant from 1996 to 2009. Figure 3.1 shows the
AREC areas for logistics in 1996 and in 2009. Note that Figure 3.1(b) presents slightly
different logistics AREC areas than Figure 2.6(c). This is explained by the difference
in cut-off values used in the AREC area identification method. In Chapter 2, cut-off
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values were determined based on the 90th percentiles of the absolute employment
and location quotients in 2009. The cut-off values used in this chapter were deter-
mined based on these percentiles in 1996, which are somewhat lower than the ones
based on 2009. These are kept constant over time, to assure a constant definition of
AREC areas over time.

Table 3.1 gives an overview of the number of AREC areas, the number of postal
code areas being identified as AREC areas, the number of logistics establishments in
AREC areas, and the logistics employment in AREC areas in 1996 and 2009. Both the
number of AREC areas and the number of postal code areas identified as AREC areas
grew over time. Hence, it is not surprising that the percentage of logistics establish-
ments located in AREC areas, 27% and 34% in 1996 and 2009 respectively, and the
percentage of logistics employment in AREC areas, 47% and 55% in 1996 and 2009
respectively, grew over time as well. Therefore, Table 3.1 compares the growth per

TABLE 3.1: Development of logistics AREC areas over time

1996 2009
AREC areas
AREC areas in both years 17 17
Only AREC areas in 1996 0
Only AREC areas in 2009 2
Total 17 19 (+12%)

PC areas in AREC areas
PC areas AREC area in both years 26 26
PC areas only AREC area in 1996 11
PC areas only AREC area in 2009 22
Total 37 48 (+30%)

Total in Noord-Brabant 502 502 (0%)

Logistics establishments
PC areas AREC area in both years 629 726 (+15%)
PC areas only AREC area in 1996 171 154 (-10%)
PC areas only AREC area in 2009 185 309 (+67%)
AREC areas in both years 985 1189 (+21%)
New AREC areas in 2009 31 31 (0%)
Total 1016 1220 (+20%)

Total in Noord-Brabant 2934 3162 (+8%)

Logistics employment
PC areas AREC area in both years 26681 34092 (+28%)
PC areas only AREC area in 1996 5423 4233 (-22%)
PC areas only AREC area in 2009 4450 12394 (+179%)
AREC areas in both years 36554 50719 (+39%)
New AREC areas in 2009 1944 3152 (+62%)
Total 38498 53871 (+40%)

Total in Noord-Brabant 68654 90388 (+32%)
Note: PC area = postal code area
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subgroup of AREC areas with the growth in the province at large. The growth of the
number of logistics establishments and the logistics employment in AREC areas over
time is primarily caused by postal code areas that become AREC areas between 1996
and 2009; the growth of the number of logistics establishments in these areas is 67%
and of logistics employment 179%. As only two new AREC areas were formed over
time (both consisting of one postal code area), postal code areas around existing AREC
areas grew in logistics activities, which resulted in a growth of these AREC areas.

3.2.2 Location patterns related to logistics concentration areas

One explanation for the growth of logistics AREC areas is that logistics establishments
decide to (re)locate relatively often in these areas. This section analyzes whether logis-
tics establishments (re)locate more in or close to AREC areas compared to elsewhere
in the province. For this analysis, the postal addresses of logistics establishments of
year t are compared to year t−1, with t ∈ {1997, . . . , 2009}. From the database of lo-
gistics establishments of year t the addresses are selected that are not in the database
of year t − 1. Logistics establishments in year t and t − 1 were matched based on the
identification number they have in the establishment databases. This unique number
is only issued once and stays with the establishment if it moves to another address
or changes names (LISA, 2013). Only establishments that were identified as logistics
establishments in both years are included in the analysis. This resulted in two relevant
sets of logistics establishments:

I. New establishments in Noord-Brabant: These are the logistics establishments in
year t that were not present in the database of year t − 1. In total, 1465 new
logistics establishments chose to locate in Noord-Brabant.

II. Logistics establishments that relocated within Noord-Brabant: These are logistics
establishments with different addresses within the province in year t and year
t−1. Excluding the relocation of establishments within the same four-digit postal
code area, these are 842 relocations of logistics establishments.

The analysis of new establishments is based on data from year t, since these are the
only data available. The analysis of relocated establishments is based on data from
year t − 1, since the location decision was most likely made in year t − 1.

New logistics establishments

This section analyzes whether new logistics establishments (category I) relatively of-
ten chose to locate in AREC areas. The percentage of logistics establishments that
on average locate in AREC areas is used as a reference throughout the chapter. In
total 1,465 new logistics establishments located in the province over the years 1997
to 2009; 401 (=27.37%) of these establishments chose a location in an AREC area
(as identified in year t −1), while 1,064 chose another location. Based on a binomial
distribution test, this percentage is significantly lower (p = 0.003) than the average
percentage logistics establishments located in AREC areas (30.72% on average be-
tween 1996 and 2008).i

iFor this and all other statistical tests in this chapter, normal approximations to the binomially distributed
variables were used. This is valid as long as np > 5 and n(1− p)> 5 (Montgomery and Runger, 2003).
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A possible explanation can be the lack of space available in AREC areas. If this
would be the reason why new logistics establishments did not chose relatively often for
a location in a concentration area, while they still would like to gain from co-location,
new establishments would go to areas close to AREC areas. AREC areas as identified in
2009 were used to analyze this. Again, the percentage of new logistics establishments
that chose for a location in the 2009 AREC areas (29.83%) is significantly lower (p =
0.001) than the reference percentage of logistics establishments located in AREC areas
in 2009 (33.71%).

Table 3.2 gives an overview of the effect of the size of new logistics establishments
on the decision to locate in AREC areas. There is a difference between large establish-
ments and small ones; the larger the establishments are, the more they choose AREC
areas. For establishments with more than five employees, the percentage that chose
AREC areas as defined in year t − 1 is significantly higher than 30.72% (p ≤ 0.000)
and the percentage that chose AREC areas as defined in 2009 is significantly higher
than 33.71% (p = 0.001).

Small new establishments in this dataset probably are new firms, while larger new
establishments may be relocations from outside the province. An analysis of the relo-
cations within the province gives more insight into this size difference.

Relocated logistics establishments

This section focuses on the location decisions of the logistics establishments that re-
located from one location in the province to another (category II). Table 3.3 presents
the percentages of logistics establishments relocated to AREC areas, both as identified
in the year before the establishments relocated and in 2009. Both the percentages of
logistics establishments that relocated into AREC areas are significantly higher than
the reference percentages. This indicates that establishments chose to relocate to and
close to logistics concentration areas. In addition, the percentage that chose AREC
areas is generally higher if establishments are larger.

TABLE 3.2: Locations of new logistics establishments, classified based on establishment
size

Employees per No. of Went to Went to
establishment establ. AREC areas t− 1 AREC areas 2009

> 1 1,465 (all) 27.37% †† 29.83% ‡‡

> 5 811 36.74% ∗∗ 39.21% ??

> 10 600 40.17% ∗∗ 43.67% ??

> 50 91 62.64% ∗∗ 71.43% ??

> 100 34 67.65% ∗∗ 73.53% ??

> 250 8 37.50% � 75.00% �

∗∗ Significantly higher than 30.72% with α= 0.05
†† Significantly lower than 30.72% with α= 0.05
?? Significantly higher than 33.71% with α= 0.05
‡‡ Significantly lower than 33.71% with α= 0.05
� Could not be statistically tested; too small sample size; n should be larger than

5
0.3072

≈ 17 and larger than 5
0.3371

≈ 16 for a test based on AREC areas as defined
in t − 1 and 2009, respectively (Montgomery and Runger, 2003).
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TABLE 3.3: Locations of relocated logistics establishments, classified based on estab-
lishment size

Employees per No. of Relocated to Relocated to
establishment establ. AREC areas t− 1 AREC areas 2009

> 1 842 (all) 33.37% ∗ 38.12% ??

> 5 610 39.18% ∗∗ 44.10% ??

> 10 459 42.70% ∗∗ 45.97% ??

> 50 59 57.63% ∗∗ 61.02% ??

> 100 19 52.63% ∗∗ 57.89% ??

> 250 5 60.00% � 60.00% �

∗ Significantly higher than 30.72% with α= 0.1
∗∗ Significantly higher than 30.72% with α= 0.05
?? Significantly higher than 33.71% with α= 0.05
� Could not be statistically tested; too small sample size.

TABLE 3.4: Locations of relocated logistics establishments (moving into AREC areas
t − 1), classified based on establishment size and former location

Employees Coming from Not coming from
per AREC areas t− 1 AREC areas t− 1

establish- No. of Relocated to No. of Relocated to
ment establ. AREC areas t− 1 establ. AREC areas t− 1

> 1 221 (all) 46.15% ∗∗ 621 (all) 28.82%
> 5 179 49.72% ∗∗ 431 34.80% ∗∗

> 10 143 51.05% ∗∗ 316 38.92% ∗∗

> 50 29 58.62% ∗∗ 30 56.67% ∗∗

> 100 11 63.64% � 8 37.50% �

> 250 3 100.00% � 2 0.00% �

∗∗ Significantly higher than 30.72% with α= 0.05
� Could not be statistically tested; too small sample size.

TABLE 3.5: Locations of relocated logistics establishments (moving into AREC areas
2009), classified based on establishment size and former location

Employees Coming from Not coming from
per AREC areas t− 1 AREC areas t− 1

establish- No. of Relocated to No. of Relocated to
ment establ. AREC areas 2009 establ. AREC areas 2009
> 1 221 (all) 52.04% ?? 621 (all) 33.17%
> 5 179 54.19% ?? 431 39.91% ??

> 10 143 53.85% ?? 316 42.41% ??

> 50 29 62.07% ?? 30 60.00% ??

> 100 11 63.64% � 8 50.00% �

> 250 3 100.00% � 2 0.00% �

?? Significantly higher than 33.71% with α= 0.05
� Could not be statistically tested; too small sample size.
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Tables 3.4 and 3.5 present all relocations classified into establishments coming
from AREC areas and establishments coming from other areas. The percentage relo-
cations from an AREC area to an AREC area is relatively high. A plausible explanation
would be that establishments coming from AREC areas already experienced the ad-
vantages of being located in this kind of area and want to have a similar location in
the future.

Another relevant distinction is the one between establishments of transport firms
and of wholesale trade firms (the two largest types of logistics establishments in the
database). As Appendix A describes, the logistics sector only includes wholesale trade
establishments with ten or more employees. Hence, for an analysis of location choice
differences between different kinds of establishments, all wholesale trade establish-
ments with more than ten employees are compared to transport establishments with
more than ten employees. The two subsets of transport and wholesale trade establish-
ments with more than ten employees are similar in the average and variation of the
number of employees per establishment. An analysis based on AREC areas defined in
year t−1 does not result in a difference in location decisions of these two types of lo-
gistics establishments. For AREC areas as defined in 2009, this is different. Transport
establishments located relatively often in areas that later became AREC areas: 46.53%
of the 101 new and 47.32% of the 112 relocated transport establishments chose AREC
areas, compared to 37.91% of the 422 new and 43.99% of the 316 relocated wholesale
trade establishments. A possible explanation could be that transport establishments
do not have to be in AREC areas to have benefits of co-location. Establishments that
only perform transport activities are not restricted to logistics concentration area as
they have to drive anyway, but still gain from being close to a logistics concentration
area, for example by the possibility to find complementary shipments to the ones they
already have. Nearby existing concentration areas possible disadvantages of logistics
co-location, like local congestion and higher land prices, might be avoided.

3.2.3 Location patterns related to intermodal container terminals

As many of the logistics concentration areas have an intermodal container terminal
(close by) (see Figure 3.1), this section focuses on the areas in the province in which
intermodal terminals are located. Appendix B gives an overview of the eleven areas
with one or more intermodal container terminals during the period of analysis (1996
to 2009). The expectation is that the logistics employment growth around intermodal
terminals is higher than in the province in total.

In multimodal freight transport, the break-even distance is defined as the distance
at which the costs of multimodal transport equal the costs of truck-only transport
(Rutten, 1995). In a study of previous research on break-even distances, Kim and
Van Wee (2011) report drayage distances (i.e., pre- and post-haulage by trucks) from
25 to 200 kilometers. As the average surface of a four-digit postal code area in Noord-
Brabant is equal to 10 km2 and that of a municipality in Noord-Brabant is equal to
74 km2, intermodal terminals are expected to also have effect on a municipality level.
Hence, analyses in this section are conducted on four-digit postal code areas as well
as municipalities.

Let x i(t) be the logistics employment in area i in year t. Furthermore, mi(t) is
used to indicate whether an area i has an intermodal terminal in year t or not: mi(t)
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is equal to 1 (0) if there is an (no) intermodal terminal in area i in year t. Next, M(t)
and N(t) are respectively defined as the sets of areas with and without an intermodal
terminal: M(t) = {i|mi(t) = 1} and N(t) = {i|mi(t) = 0}. The average annual
growth in logistics employment in the period 1996 to 2009 in areas with (without)
an intermodal terminal is denoted as Gm (Gn). The annual growth in areas with and
without intermodal terminals are calculated using the following formulas:

Gm =

∑2009
t=1997

1
|M(t−1)|

∑

j∈M(t−1)(x j(t)− x j(t − 1))
∑2009

t=1997
1

|M(t−1)|

∑

j∈M(t−1) x j(t − 1)
(3.1)

Gn =

∑2009
t=1997

1
|N(t−1)|

∑

j∈N(t−1)(x j(t)− x j(t − 1))
∑2009

t=1997
1

|N(t−1)|

∑

j∈N(t−1) x j(t − 1)
(3.2)

Gm (Gn) can be interpreted as the average logistics employment growth in all areas
with (without) an intermodal terminal. It corrects for the fact that the number of
areas with (without) an intermodal terminal changes over time, by dividing the sum
of the logistics employment per year and the sum of the logistics employment growth
per year by the number of areas with (without) an intermodal terminal. Table 3.6
presents the values for logistics employment in Noord-Brabant, both on the level of
four-digit postal code areas and on the level of municipalities. Both on the postal code
level and on the municipality level, logistics employment grew more in areas with an
intermodal terminal than in areas without one.

One of the reasons for the concentration of logistics employment in areas with in-
termodal terminals could be that the number of new establishments that choose these
areas is relatively large. Hence, based on a distinction between postal code areas
(municipalities) with and without an intermodal terminal, the movements of logistics
establishments are analyzed. Table 3.7 (Table 3.8) gives an overview of the new estab-
lishments in Noord-Brabant and the establishments relocated within Noord-Brabant
which chose a postal code area (municipality) with an intermodal terminal. Again
only the establishments that relocated beyond their own postal code area (municipal-
ity) are considered. Now the percentages are compared to the percentage of logistics
establishments in postal code areas (municipalities) with an intermodal container ter-
minal, being equal to 8.10% (31.55%) on average for 1996 to 2008.

On a postal code area level, both new and relocated logistics establishments with
more than five employees chose relatively more often areas with an intermodal termi-
nal than areas without one. On the level of municipalities, this holds for new logistics
establishments, but not for logistics establishments that relocated within the province.
Hence, intermodal terminals attract logistics establishments. Although it is hard to
generalize a universal impact of intermodal terminals on their environment, as differ-
ent terminals have different linkages with the companies located close by (McCalla
et al., 2001), this is an important insight for companies and governments that invest
in such terminals. Furthermore, it is a relevant empirical finding in the emerging body
of empirical studies within evolutionary economic geography.
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TABLE 3.6: Average annual logistics employment growth in 1996 to 2009 in areas with
and without intermodal terminals

Postal code areas Municipalities
Areas with an intermodal terminal (Gm) 2.36% 2.81%
Areas without an intermodal terminal (Gn) 2.05% 2.08%

TABLE 3.7: New logistics establishments and relocated logistics establishments related
to postal code areas with an intermodal terminal

Employees New establishments Relocated establishments
per No. of Relocated to PC No. of Relocated to PC

establ. establ. area with terminal establ. area with terminal
> 1 1465 (all) 7.71% 842 (all) 8.67%
> 5 811 10.85% ∗∗ 610 10.82% ∗∗

> 10 600 12.33% ∗∗ 459 11.55% ∗∗

> 50 91 17.58% ∗∗ 59 13.56% �

> 100 34 17.65% � 19 10.53% �

> 250 8 12.50% � 5 20.00% �

∗∗ Significantly higher than 8.10% with α= 0.05)
� Could not be statistically tested; too small sample size; n should be larger than 5

0.0810
≈ 62

(Montgomery and Runger, 2003)

TABLE 3.8: New logistics establishments and relocated logistics establishments related
to municipalities with an intermodal terminal

Employees New establishments Relocated establishments
per No. of Relocated to munici- No. of Relocated to munici-

establ. establ. pality with terminal establ. pality with terminal
> 1 1465 (all) 30.99% 345 (all) 28.12% †

> 5 811 36.87% ∗∗ 256 31.64%
> 10 600 38.17% ∗∗ 206 31.55%
> 50 91 48.35% ∗∗ 38 28.95%
> 100 34 55.88% ∗∗ 10 20.00% �

> 250 8 52.50% � 1 0.00% �

† Significantly lower than 31.55% with α= 0.1
∗∗ Significantly higher than 31.55% with α= 0.05
� Could not be statistically tested; too small sample size; n should be larger than 5

0.3155
≈ 16

(Montgomery and Runger, 2003)
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3.3 Conclusions

To better understand spatial concentration of logistics establishments, this chapter an-
alyzed location decisions in relation to spatial clustering. For this analysis, longitudi-
nal empirical data on logistics establishments in a Dutch province were analyzed. Six
general conclusions on spatial concentration and location decisions of logistic firms in
relation to spatial concentration as well as the proximity to intermodal terminals are
drawn.

First, logistics employment spatially concentrates in particular areas, coinciding
with Bowen (2008) and Jing and Cai (2010). The locational Gini coefficient (Krug-
man, 1991) shows that logistics employment is indeed spatially concentrated, and the
method developed in Chapter 2 was used to identify in which four-digit postal code
areas logistics employment is spatially concentrated. The Absolute and Relative Em-
ployment Concentration areas (AREC areas) in Noord-Brabant contained on average
about 31% of the logistics employment, while these areas only represent 8% of the
total number of four-digit postal code areas. On average over time, the AREC areas
were robust and grew, both in the number of postal code areas per AREC area and in
the percentage of logistics employment located in AREC areas. In line with evolution-
ary economic geography, it is concluded that once logistics concentration areas have
been formed, these attract other logistics companies and hence, grow.

Second, large logistics establishments locate relatively often in AREC areas. This is
in line with earlier research of Holmes and Stevens (2002) that concluded that the size
of establishments in concentration areas is generally larger than the size of establish-
ments outside these areas. As small establishments may also potentially benefit from
co-location (e.g., Raz and Gloor, 2007), agglomeration diseconomies, especially rela-
tively high land/lease prices, may explain the differences in location choices between
small and large firms. Another explanation may be that the group of small establish-
ments might contain relatively many establishments that only perform administrative
or organizational activities (e.g., forwarders) that do not experience synergies through
co-location to the same extent as all logistics establishments do. Based on the data
available, it is impossible to exclude these establishments from the analysis. This issue
should be addressed in future research.

Third, logistics establishments that relocated within the province locate relatively
often in AREC areas; new logistics establishments do not. Relocation is an important
driver of the growth of the AREC areas over time. While knowledge intensive spa-
tial clusters may grow through new firm formation (e.g., Pouder and St. John, 1996;
Boschma and Frenken, 2007), logistics concentration areas primarily attract already
existing firms. In this respect, other dimensions of proximity may be relevant. Relo-
cated establishments may already have developed social and institutional proximity
to others, which increases the benefits of spatial proximity.

Fourth, logistics establishments that came from an AREC area choose more of-
ten for new locations in AREC areas than logistics establishments that came from
non-AREC areas. Hence, experience matters for the location decisions of logistics es-
tablishments. A plausible explanation would be that firms coming from AREC areas
already experienced the advantages of being located in this kind of areas and choose
to have a similar location in the future.

Fifth, transportation establishments locate relatively often in areas that become
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AREC area in the future. This finding suggests that some types of firms are especially
important in the emergence of spatial clusters. This issue deserves more attention
within evolutionary economic geography.

Finally, data on employment growth show that intermodal container terminals at-
tract logistics employment. Logistics employment grows faster in areas with an in-
termodal container terminal than in areas without one. One of the explanations for
the higher growth of logistics employment around these terminals is that logistics es-
tablishments relatively often move to these areas. This insight is relevant for private
investors in intermodal terminals, as it has an impact on the business case, and for
public agencies that invest in such terminals, as it increases the positive societal impact
of such terminals.

This chapter gave an overview of the extent of spatial concentration of logistics
activities and location dynamics related to logistics concentration areas. These ar-
eas grow and especially larger logistics establishments and logistics establishments
already located in the province or in other concentration areas relocate relatively of-
ten to concentration areas. The questions why location decisions are made this way
and why they lead to growing logistics concentration areas are not answered in this
chapter. Plausible explanations for the location dynamics have been suggested, mostly
based on general insights about agglomeration economics. Whether these agglomer-
ation economies are relevant in the context of the logistics sector is researched in
Chapters 5 and 6, by comparing characteristics of logistics establishments located in
the logistics concentration areas with those of logistics establishments not in these
areas.

The next chapter continues with extending the analysis into the geographical re-
lationship between accessibility and logistics employment. This chapter concluded
that intermodal container terminals in the Netherlands attract logistics employment.
Whether there in general is a relationship between freight accessibility and logistics
employment is analyzed in Chapter 4.
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4
RELATION BETWEEN FREIGHT

ACCESSIBILITY AND LOGISTICS

EMPLOYMENT

4.1 Introduction

One of the key factors to a region’s economic performance is a reliable and efficient
transportation infrastructure. "A well-developed transportation system provides ade-
quate access to the region, which in turn is a necessary condition for the efficient oper-
ation of the manufacturing, retail, labor, and housing markets" (Ozbay et al., 2006, p.
3). The accessibility of a location is, naturally, an important factor for the location de-
cision of logistics companies. Better accessibility results in lower transportation costs
and a shorter time to the market (Limão and Venables, 2001), which have a direct
impact on the cost and service level that logistics operations enjoy. Hence, it is not
surprising that we found that logistics establishments in the south of the Netherlands
relocate relatively often in areas with intermodal terminals in Chapter 3. Similarly,
Taniguchi et al. (1999) found that improvements to the road network significantly af-
fect the location of agglomerations of logistics firms, and Rivera and Sheffi (2012) con-
cluded that logistics clusters in the US are primarily developed close to major airports
and seaports and in central areas such as Chicago, Kansas City, and Dallas. Whether
there is a general relation between freight accessibility and logistics employment is
analyzed in this chapter.

While other empirical chapters in this thesis focus on the logistics sector in the
south of the Netherlands, this chapter analyses data from the US. The major reason
for this is the data availability; the US Census freely provides data about the location
of logistics establishments on a county level in the US and also data needed to analyze
accessibility can mostly be found online (this latter is not the case for the Netherlands).

Several studies on the relation between accessibility and employment have found

The content of this chapter has also been presented in Van den Heuvel et al. (2013b). Besides Peter
de Langen, Jan Fransoo, and Karel van Donselaar, this paper was co-authored by Liliana Rivera and Yossi
Sheffi from the Massachusetts Institute of Technology and Ad de Jong from the Eindhoven University of
Technology.
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that accessibility is an important factor for urbanization (population and employment
growth; e.g. Jiwattanakulpaisarn et al., 2010; Song et al., 2012). However, the specific
relationship between freight accessibility and logistics employment has hardly been
studied. This chapter addresses this gap in the literature.

An analysis of the impact of accessibility on logistics employment requires a freight
accessibility measure. Although freight accessibility is important for location decisions
of companies (Porter and Rivkin, 2012), limited efforts have been put in developing
freight accessibility measures, in contrast with passenger accessibility measures. This
may be explained by the fact that especially passenger cars dominate road usage. Pas-
senger cars account for 91.8% of the vehicle-miles on US roads, while trucks only
account for 7.4% of the vehicle-miles traveled (the rest are mainly buses and motor-
cycles that represent 0.6%; US Department of Transportation, 2004).

The remainder of this chapter is structured as follows. Section 4.2 presents an
overview of the relevant literature on the relation between accessibility and employ-
ment, while Section 4.3 reviews the academic literature on accessibility measures.
Section 4.4 presents an accessibility measure especially developed for freight trans-
port. Using data at the county level in the US, Section 4.5 presents the analysis into
the relation between freight accessibility and logistics employment per county, based
on a Partial Least Squares model. Finally, Section 4.6 concludes the chapter.

4.2 Relation between accessibility and employment

"The more accessible an area is to the various activities in a community, the greater its
growth potential" (Hansen, 1959, p. 1). Several studies found a relation between ac-
cessibility and growth. Thompson and Taniguchi (2001) argue that the construction
of transportation infrastructure (increasing accessibility) leads to employment growth
and lower consumer prices of commodities. Weisbrod et al. (1993) found that the im-
pact of airport-induced job growth on land use in the vicinity of airports is substantial.
Areas within four miles of airports added jobs two to five times faster than the overall
suburban ring in which the airport is located. Most of the employment was concen-
trated around the airport or along a major access corridor within fifteen minutes of
the airport. Jiwattanakulpaisarn et al. (2010) found that increased accessibility is a
determinant of state employment growth in the service sector. Song et al. (2012)
concluded that accessibility is closely linked to industrial agglomerations in the Seoul
metropolitan area. In addition, several authors have analyzed the effect of accessibil-
ity on labor supply (e.g., Hansen, 1959; Banister and Berechman, 2000; Berechman
and Paaswell, 2001; Ozbay et al., 2006; Du and Mulley, 2007). A common approach is
to assume that individuals allocate their total daily hours between work and non-work
activities. Hence, reduced travel time will result in more time available for both work
and leisure time activities. Given assumptions on work/leisure time substitution as
well as on the income effect from reduced travel times and costs, improved accessibil-
ity has a positive effect on the amount of labor that individuals are willing to supply
(Ozbay et al., 2006).

This study expands Bowen’s (2008) study, in which he correlated the number and
growth of warehouse establishments per US county to accessibility. Based on an anal-
ysis in 143 counties part of 50 randomly selected metropolitan statistical areas, Bowen
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(2008) found a high correlation between the number of warehouse establishments in
a county and the county’s air and highway accessibility, in 1998 and 2005. He also
found a high correlation between these accessibility measures and the growth in the
number of warehouse establishments in the period 1998-2005.

Hesse (2008) argues that because of the need for inexpensive space and extraor-
dinary transportation accessibility by logistics operations, logistics investments may
work as precursors in economic development of areas. This argument is also advanced
by Sheffi (2012), who demonstrates that logistics clusters attract manufacturing sub-
clusters.

However, none of the aforementioned works specifically analyzes the relationship
between freight accessibility and logistics employment. In the logistics industry high
accessibility is a desirable condition for a firm’s location, because it represents lower
transportation costs and shorter time to markets (Limão and Venables, 2001). Hence,
areas with better accessibility are expected to attract logistics firms, increasing the
associated logistics employment. In this chapter, we investigate the hypothesis that
areas with higher accessibility have higher levels of logistics employment.

4.3 Accessibility measures

Several authors developed accessibility measures (Ingram, 1971; Morris et al., 1978;
Handy and Niemeier, 1997; Thomas et al., 2003; El-Geneidy and Levinson, 2006;
Bowen, 2008). Most are specifically developed for passenger transport. Only a few
authors explicitly analyzed freight accessibility. Thomas et al. (2003) analyze freight
accessibility in Belgium based on three different transportation modes: road, rail,
and waterways. These authors use gravity-based measures weighting the nodes of
the transportation system by population and economic activity. They conclude that
there is a positive relation between the transportation infrastructure and population;
economic activities are less associated with the transportation system than with the
population.

To analyze the relationship between accessibility and the number of warehouse
establishments, Bowen (2008) defines four different accessibility measures, based on
different modes of transportation. Air (maritime) accessibility is measured by an or-
dinal value based on the distance to the nearest airport (container port) and the air-
cargo tonnage (number of containers) handled at that airport (port). Road and rail
accessibility are measured with density-based measures, as they measure accessibil-
ity by the density of (rail)roads per region. Road accessibility is defined as the total
centerline length of the interstate and other elements of the national highway system
within a county divided by the county’s area. Similarly, rail accessibility is defined as
the length of all Class I railroads within a county divided by the county’s area.

This chapter extends and improves this analysis. Like Bowen, we define accessi-
bility measures based on four different modes of transportation. Bowen’s measures
are relatively easy to calculate. The major criticism on the density-based measures is
that they calculate accessibility values per county independent of the accessibility of
adjacent counties. In our view, (freight) accessibility is also determined by (rail)roads
in adjacent counties. We will use gravity-based accessibility measures (e.g., Handy
and Niemeier, 1997; Thomas et al., 2003; El-Geneidy and Levinson, 2006) that do
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consider adjacent countries. These measures are based on the following definition
of accessibility (Hansen, 1959, p. 73) "accessibility at point 1 to a particular type of
activity at area 2 ... is directly proportional to the size of the activity at area 2 ... and
inversely proportional to some function of the distance separating point 1 from area
2. The total accessibility [to the type of activity of interest] at point 1 is the summa-
tion of the accessibility to each of the individual areas around point 1". Gravity-based
measures weight opportunities, usually the quantity of an activity in a certain area,
by impedance, generally a function of distance, travel time, or travel costs.

Accessibility measures based on gravity models are a generalization of cumula-
tive opportunity and random utility measures, two other commonly used accessibility
measures (Handy and Niemeier, 1997; Páez et al., 2012). Cumulative opportunity
measures count the number of opportunities that can be reached within a predeter-
mined travel time or distance. Gravity-based measures can be formulated as cumu-
lative opportunity measures with the impedance function equal to one if within the
predetermined distance/time and zero otherwise (Koenig, 1980; Handy and Niemeier,
1997). The major disadvantage of the cumulative opportunity measures is the arbi-
trary cut-off value used for the predetermined travel time or distance. For example,
if the airports within 70 kilometers are counted, an airport at 68 kilometers is taken
into account, while an airport at 72 kilometers is not. This disadvantage can be over-
come by making use of fuzzy decision making, which is based on boundaries that
are not sharply defined (e.g., Bellman and Zadeh, 1970). As this method also results
in fuzzy outcomes, we prefer to use gravity-based accessibility measures, which use
travel times to weight the opportunities in other areas, instead of using crisp cut-off
values.

Random utility measures use preferences of individual travelers to estimate the
utility of certain choices (for example, mode choice in travel to work). A metric that
takes into account the contribution of all such utilities for a set of individuals in a
location is used as an accessibility measure. A common example is the multinomial
logit model which uses a maximum likelihood estimator to calculate the parameter
of the utility of each alternative, given data about the attributes of that and com-
peting alternatives. The denominator of the multinomial logit model can be used
as an accessibility measure, since it is a scalar summary of the expected utility of a
set of travel alternatives (Ben-Akiva and Lerman, 1985). These measures were orig-
inally developed to model individuals’ travel choices and reflect the individual’s at-
tributes. Utility-based measures use observable temporal and spatial transportation
components of specific choices in person-specific choice sets (Handy and Niemeier,
1997). In the case of freight transport, these person (in this case company) specific
choices can be approximated by a function of activity and distance. The result is a
gravity-based metric with an exponential functional form.

Finally, due to the increased computational power of geographical information sys-
tems (GIS), space-time accessibility measures have been proposed that explicitly ac-
knowledge an individual’s travel behavior (Miller, 1999; Neutens et al., 2010). These
measures are specifically focussed on the individual’s activity participation, while the
accessibility measures described above assume that all alternatives are available for
all individuals. We will not make use of this type of accessibility measures, because of
two reasons. First, our analysis is place-based, meaning that we want to measure the
accessibility of a certain location, not of specific individuals. The goal of this chapter
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is to compare this accessibility to the amount of logistics employment per location.
Second, we want to measure accessibility such that it is relevant for logistics firms,
not individual people.

4.4 Freight accessibility measures

This section describes the accessibility measures in detail. For comparison, Appendix
4A presents the measures used by Bowen (2008). The modes of transport that are
included are road, air, maritime, and rail transport.

4.4.1 Gravity-based accessibility measures

As described in Section 4.3, gravity-based measures use the distance or travel time
to other areas and the activity in these other areas to measure accessibility. A stan-
dardized measure allows for a comparison of accessibility per area based on different
transport modes and different accessibility measures. We use the following standard-
ized measure Ag,i for all US counties i ∈ {1, . . . I}:

Ag,i =
ag,i

ag
, ag,i =

∑

j∈I w j · f (t i, j), ag =
1
I

∑

i∈I ag,i , (4.1)

with: Ag,i = Standardized accessibility (gravity-based) of county i, ag,i = Accessibility
(gravity-based) of county i, ag =Average accessibility (gravity-based) over all counties
i ∈ {1, . . . I}, w j = Weight representing the importance of location j, t i, j = Measure
of separation between counties i and j (generally being distance or time), f (t i, j) =
Impedance function, I = Number of US counties (= 3109).

Gravity-based measures explicitly take into account that accessibility not only is the
ease with which other areas can be reached, but also the importance of these areas.
This is determined by the weight w j . With various ways of measuring the importance
of locations and of determining the separation (impedance) between counties, several
gravity-based measures for freight accessibility can be defined.

4.4.2 Road accessibility

For the road accessibility measure, t i, j is defined as the travel time in minutes between
the center points of counties i and j.i The following impedance function is used:

f (t i, j) =







1 if i = j,
b · e−c t i, j if i 6= j and t i, j ≤ tmax ,
0 otherwise.

(4.2)

iTravel times were determined using the US detailed streets map from Tele Atlas North America 2007,
available from ESRI (www.esri.com, accessed March 2013). These travel times are based on the aver-
age speed for the street segment categorized by its Feature Class Code (www.census.com, accessed March
2013). Congestion effects are not explicitly accounted for. Because the use of average speeds might lead to
an overestimation of accessibility (especially during rush hours), this issue should be addressed in future
research.

www.esri.com
www.census.com
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with tmax = 720 (see below), b = 1.0000 and c = 0.0166.
The impedance function is based on data describing the primary range of opera-

tions of US trucks (US Census, 2002). These data present the number of truck trips in
the US for five different range classes and are used to determine what weight should be
given to activities within a certain travel time. Figure 4.1 presents the data, together
with the negative exponential function used in this chapter to continuously approxi-
mate these data.ii Because f (t i, j) approaches zero as t i, j increases, a maximum tmax
is used, obviating the need for a complete matrix of travel times between all 3109 US
counties.

The importance of county j determines how much weight it gets in determining
the accessibility of county i. To measure road accessibility per county, importance is
measured in two different ways:

• Ag(road:distribution) uses retail sales (US Census, 2007a) in county j, as many
logistics companies focus on distribution to retail outlets.

• Ag(road:manufacturing) uses the value of shipments of all manufacturing es-
tablishments (US Census, 2007a) in county j. This represents locations were
raw material and parts are transported to. For these data, the US Census does
not disclose about 15 percent of the county values, omitting the counties where
manufacturing employment is less than 500 people.

4.4.3 Air, maritime, and rail accessibility

Similar to road accessibility, air, maritime, and rail accessibility of US counties can be
measured using the travel times between counties by air, sea, and rail, respectively.
However, while road travel times can be calculated relatively easily, this is not the
case for travel times using other transport modes. These times depend on the services
provided on these networks. The road network can be accessed by everybody with
a motor vehicle on every moment of the day. The air, maritime, and rail transport
networks can only be accessed at specific locations at specific moments in time, de-
termined by the services provided by the operators on these networks. Consequently,
air, maritime, and rail accessibility are measured based on the travel times by road
needed to access these networks, that is, t i, j is the travel time by road from the center
point of county i to the center point of county j, that has an airport, seaport, or rail
terminal.

Air accessibility is defined as Ag(air). The size of the (air)port, measured by the
cargo handled, is used as a proxy for the connectivity or importance of the (air)port.
Hence, the weight w j is defined based on the total landed weight of the top 25 US
freight airports, which is the certificated maximum gross landed weight of the aircraft
as specified by the aircraft manufacturers in county j (US Department of Transporta-
tion, 2010). These airports account for about 75% of the landed weight of all US
freight airports. Analyses were also conducted on the top 30 and top 35 US freight
airports, accounting for 79% and 81%, respectively, of the landed weight of all 124 US

iiA negative exponential function fits these data best. Parameters were determined by fitting the best
function on the data, with CurveExpert Professional 1.3 (www.curveexpert.net, accessed December 2012).
This software uses the Levenberg-Marquardt method to solve nonlinear regressions, which combines the
steepest-descent method and a Taylor series based method (Levenberg, 1944; Marquardt, 1963).

www.curveexpert.net
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FIGURE 4.1: Impedance function used, based on primary range of operations of US
trucks (US Census, 2002) and an average speed of 55 miles per hour

freight airports. Results were similar to the ones presented for the top 25 US freight
airports.

Maritime accessibility is defined as Ag(maritime). The total loaded container traffic
(in TEU) of the top 25 US seaports (US Army Corps of Engineers, 2010) in county j
is used to approach the importance of the seaport in that county (w j). These top 25
ports account for about 98% of the loaded container traffic of all US seaports.

While many operators provide air and maritime transportation services, the freight
rail network in the US is mainly operated by seven Class I freight railroad companies.iii

Data about the cargo handled at the terminals are not available. Hence, rail acces-
sibility, Ag(rail), uses the number of intermodal rail terminals from different Class I
freight railroads (US Department of Transportation, 2011b) in county j as a proxy for
the size of activity or importance of the rail hubs in the county (w j). The importance
of the area is higher the higher the number of railroad companies that have an inter-
modal terminal located in the area, as shippers can reach more locations by rail and
have more bargaining power.

iiiRailroad class is determined based on revenue, with "Class I" implying the largest revenue (at least $400
million annually in 2010). The five US Class I freight railroads include the Burlington Northern and Sante
Fe (BNSF), CSX Transportation (CSX), Kansas City Southern (KCS), Norfolk Southern (NS), and Union
Pacific (UP). The two large Class I Canadian Railroads, Canadian National (CN) and Canadian Pacific (CP),
operate both in the US and Canada.
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4.5 Relation between accessibility and logistics employ-
ment in the US

This section applies the accessibility measures described above on a county level in
the US and relates this to the logistics employment per county.

4.5.1 Material used

Logistics employment is defined as the paid employees of the establishments perform-
ing activities in the following sectors: freight transport, cargo handling, storage and
warehousing, and other supporting transport activities. Appendix 4B presents a list of
NAICS codes used to identify logistics establishments. We use logistics employment
instead of logistics establishments, as this better approximates the size of the logistics
sector per region and hence, the need for good accessibility.

Data are gathered from the 2007 County Business Patterns (US Census, 2007a,b).
All data used are from 2007, as these are the most recent US Census Economic Survey
data available. Since data are gathered on a six-digit NAICS code level, not all em-
ployment data are disclosed by the US Census. In the data, 29% of the counties do not
have logistics employment, even though there are logistics establishments. Hence, in
counties where data are not disclosed, logistics employment was estimated based on
the number of establishments within a particular employment class and the average
size of a logistics establishment in that class. Based on these estimates, the average
logistics employment per county equals 1029 people (with a median of 153) and the
average number of logistic establishments per county is 58 (with a median of 21).
Figure 4.2 depicts the logistics employment per county.

Logistics employment
0 - 149 (50% of the counties)
150 - 243 (10% of the counties)
244 - 413 (10% of the counties)
414 - 883 (10% of the counties)
884 - 2099 (10% of the counties
2100 - 120712 (10% of the counties) 0 1000500 km

FIGURE 4.2: Top 50% counties based on logistics employment
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Previous studies have shown that there is a significant relation between the ac-
cessibility and population of a region (Thomas et al., 2003; Zhenbo et al., 2011; Chi,
2012; Fan et al., 2012). In addition, population is strongly related to employment
(De Graaff et al., 2012a). This also applies to the distribution sector (De Graaff et al.,
2012b). Populated centers offer availability of labor and proximity to consumers for
logistics companies. Hence, we include this variable in the analysis. The population of
adjacent counties is considered as well, as Jiwattanakulpaisarn et al. (2010) showed
that employment gains from improvements in interstate highways may negatively af-
fect employment in other states due to negative spillovers, thus shifting service jobs
away from other states. This effect may also be relevant on a county-level.

The 3109 counties in the US are rather diverse. The average population per county
is 96,372 people, while the median is 25,605. Based on these differences between
the US counties, the analyses are performed separately on counties in metropolitan
statistical areas (1,088 counties) and counties not in these areas (2,021 counties).
Metropolitan statistical areas are geographic entities defined by the Office of Man-
agement and Budget (OMB) for use by Federal statistical agencies. A metropolitan
area contains a core urban area of 50,000 or more people. Each metropolitan area
consists of one or more counties and includes the core urban area, as well as any ad-
jacent counties that have a high degree of social and economic integration with the
urban core (measured by commuting to work; US Census, 2012b). Table 4.1 presents
descriptive statistics of the two sets of counties.

Table 4.2 shows the correlations between the accessibility measures described in
Section 4.3 and the logistics employment per US county. All accessibility measures
have a significant correlation with logistics employment. In addition, population
has a very high correlation with logistics employment, especially in the metropoli-
tan area counties, and also a significant correlation with all accessibility measures.
While Bowen (2008) only uses correlations to conclude that there is a relation be-
tween the number of warehouse establishments and accessibility per county, Table
4.2 shows that in most cases the correlation between accessibility and population is
higher than the correlation between accessibility and logistics employment. Hence, to

TABLE 4.1: Descriptive statistics of US counties

(a) Logistics employment

Standard
Sum Mean Median deviation

Total 3,199,866 1,029 149 3,951
Metropolitan 2,725,681 2,505 755 6,398
Non-metropolitan 474,185 235 89 437

(b) Population

Standard
Sum Mean Median deviation

Total 299,620,766 96,372 25,605 309,917
Metropolitan 250,519,926 230,257 96,508 495,954
Non-metropolitan 49,100,840 24,295 16,598 23,835
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test whether the relationship between logistics employment and freight accessibility
is not spurious, other techniques have to be used that are able to control for the effect
of population.

4.5.2 Methodology

In order to test whether accessibility is a good predictor of logistics employment per
county while population is controlled for, a variance based structural equation mod-
eling approach known as Partial Least Squares (PLS) path modeling is used. PLS can
be considered as a multivariate extension of ordinary least squares (OLS) regression.
In fact, the iterative algorithm performed in PLS generally consists of a series of OLS
analyses (Chin, 1998). In contrast, covariance based structural equation modeling
(CBSEM, as exemplified by software such as LISREL, AMOS, and EQS) uses maxi-
mum likelihood estimation, aiming to maximize the likelihood that the model equals
the original correlation matrix. "PLS is based on least squares estimation with the pri-
mary objective being to maximize the explanation of variance in a structural equation
model’s dependent constructs. ... In contrast, the primary measures used in CBSEM
are overall goodness-of-fit measures that assess how well the hypothesized model fits
the observed data. The model estimation is theory-oriented and emphasizes the confir-
matory, rather than exploratory, analysis" (Henseler et al., 2009, p. 311). Hence, PLS
is better suited if the primary research objective is the maximization of explained vari-
ance in the endogenous constructs (i.e., prediction) or identification of relationships
between them (e.g., in early stages of research development) instead of achieving
model fit. CBSEM should be the method of choice when the focus lies on confirming
theoretically assumed relationships (Reinartz et al., 2009). CBSEM requires a rela-
tively high level of a priori theoretical specification, while PLS offers a more flexible
interplay between theory and data (Fornell et al., 1990). As our goal is to determine
whether there is a relationship between freight accessibility and logistics employment,
while population is controlled for, we will use a PLS model. Our model explains the
variance in logistics employment per county by the differences in accessibility and
population.

PLS does not make assumptions about the underlying distributions (Fornell and
Bookstein, 1982; Chin, 1998; Hair et al., 2011), while CBSEM approaches assume
multivariate normality and independence between observations. Hence, PLS is a less
demanding method when it comes to the measurement level of the variables, sample
sizes, and distributional assumptions (Chin, 1998).

CBSEM generally lacks the ability to estimate research models with formative con-
structs, whereas the presence of formative constructs does not preclude the use of
CBSEM (Peng and Lai, 2012). Applying CBSEM to research models with formative
constructs often results in unidentified models (Jarvis et al., 2003). This is because
using formative indicators in CBSEM implies zero covariance among indicators. Iden-
tification is not a problem for PLS models, as the algorithms performed in PLS analyses
consist of a series of OLS analyses (Chin, 1998). Hence, PLS can best be used when for-
mative indicators are present in the research model (Diamantopoulos and Winklhofer,
2001). Formative measurement models can best be used when the items describe and
define the construct, while reflective measurement models can best be used when the
opposite is the case (Petter et al., 2007). To measure freight accessibility per US county,
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we use formative measures that take into account all modes of transport, consistent
with the decision rules by Jarvis et al. (2003). We distinguish between intercontinental
freight accessibility and continental freight accessibility. While (rail)roads are mainly
used to travel within the US (or to adjacent countries, like Canada), (air)ports are
also used to travel overseas. Hence, intercontinental and continental accessibility are
modeled separately with two constructs. The use of a formative measurement model
has methodological implications. The concepts of internal consistency, reliability, and
convergent validity are not meaningful if formative indicators are involved (Hair et al.,
2011); formative indicators are primarily based on a theoretical rationale.

Compared to ordinary least squares regression, PLS has two advantages relevant
for our analysis. The most important one is that a single OLS model is not very ap-
propriate to estimate a causal chain of relationships; OLS only analyzes relationships
between (multiple) independent variables and one dependent variable. In contrast,
PLS models can capture logical flow among the variables of our model. Therefore, in-
dependent and dependent variables are usually referred to as exogenous and endoge-
nous variables, respectively, in PLS models (Chin, 1998). In our analyses, not only the
relationship between freight accessibility and logistics employment is relevant, but
so is the relation between population and freight accessibility. Another advantage of
PLS models is that different variables can be combined to constitute one (multi-item)
construct. Accessibility measured by different modes of transport can be combined to
form two freight accessibility constructs, while ordinary least squares regression does
not allow for this.

Figure 4.3 presents the model that is used to test for a relationship between freight
accessibility and logistics employment. The model contains five different constructs.
Logistics employment, population, and population of adjacent counties are measured
with one-item measures. Freight accessibility is split up into two constructs, namely
intercontinental and continental freight accessibility. Continental freight accessibil-
ity is defined by Ag(road:manufacturing) and Ag(rail), as these modes of transporta-
tion are primarily used to travel within the continent. Ag(maritime) and Ag(air)
define intercontinental freight accessibility. Intercontinental freight accessibility has

FIGURE 4.3: Measurement and structural model with gravity-based accessibility mea-
sures
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a relation with logistics employment via continental freight accessibility, as the de-
velopment of (rail)roads is also influenced by the locations of (air)ports. Further-
more, Ag(road:distribution) was left out of the model, due to multicollinearity with
Ag(road:manufacturing). Replacing Ag(road:manufacturing) by Ag(road:distribution)
in the model does not significantly alter the results.

4.5.3 Results

Figures 4.4 and 4.5 show the models for the set of metropolitan area counties and non-
metropolitan area counties, respectively. These figures show standardized coefficients
based on a path weighting scheme. In addition, t-statistics are shown resulting from
bootstrapping to assess the significance of the coefficients. All parameters within the
models were estimated using smartPLS (Ringle et al., 2005).

Consistent with Hair et al. (2011), the number of bootstrap samples was chosen
equal to 5000 and the number of cases equal to the number of observations: 1088
in the set of metropolitan area counties and 2021 in the set of non-metropolitan area
counties. To indicate that the item weights and standardized coefficients are signifi-
cantly different from 0, t-statistics should be higher than 1.96, based on a two-sided
test and a significance level of 0.05.

As can be seen in Figure 4.4, in the structural model for metropolitan counties,
the relationship between continental freight accessibility and logistics employment is
not significant. The relationship between intercontinental freight accessibility and
continental freight accessibility is significant. A separate model, including the di-
rect relation between intercontinental freight accessibility and logistics employment
was also analyzed, but the extra relation turned out not to be significant. Hence, in
metropolitan area counties freight accessibility cannot be used to explain the level of
logistics employment. Figure 4.5 demonstrates that non-metropolitan area counties
are different. Here, the coefficient correlating continental freight accessibility and
logistics employment is significant. Again, there is a significant relation between in-
ternational and continental freight accessibility. Hence, in non-metropolitan areas,
freight accessibility can be used to explain differences in county logistics employ-
ment. Metropolitan counties on average have a much better accessibility than non-
metropolitan counties; the average accessibility of metropolitan counties is 2.6 (based
on Ag(road:manufacturing)) to 6.4 (based on Ag(maritime)) times as large as the av-
erage accessibility of non-metropolitan counties. Hence, the metropolitan counties
attract more logistics firms; the average logistics employment in metropolitan coun-
ties is ten times as large as in non-metropolitan counties (Table 4.1). However, within
the set of metropolitan counties, a highly accessible county is not more attractive for
logistics firms than an average accessible county, with equal population size. Appar-
ently, there is a certain threshold on accessibility: below the threshold, counties with
a better accessibility attract more logistics employment (after controlling for popula-
tion differences), and above the threshold, better accessibility does not influence the
attractiveness anymore.

Another relationship which did not prove significant in the metropolitan coun-
ties model is the one between population and continental freight accessibility. How-
ever, there is a relationship between population and continental freight accessibility
via intercontinental freight accessibility. This relationship is significant. In the non-
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metropolitan county model all coefficients are significant. Hence, these PLS models
show that controlling for population per county is important when the relationship
between accessibility and logistics employment is analyzed. In both metropolitan and
non-metropolitan counties, differences in county population explain differences in
freight accessibility as well as the logistics employment. Adjacent county population
only has an effect on continental freight accessibility. We also tested for an effect
on logistics employment, but since this was not significant, it was excluded from the
models for the sake of simplicity.

No significant relationship was found between accessibility and logistics employ-
ment in the metropolitan area counties, while the correlation between the separate
accessibility measures and logistics employment was relatively high. However, this
relation turned out to be spurious, because it can be explained by the relationship
between population and both constructs. In the non-metropolitan area counties there
is a positive relationship between accessibility and logistics employment.

The explanatory power, measured with the adjusted R-square of logistics employ-
ment, of the model for metropolitan area counties (Figure 4.4) is much higher than
the explanatory power of the model for non-metropolitan area counties (Figure 4.5).
This is primarily determined by the relation between population and logistics employ-
ment, as the standardized coefficient of this relationship is much larger in the former
model than in the latter one. Hence, the relationship between freight accessibility and
logistics employment is much weaker than the relationship between population and
logistics employment.

The results based on gravity-based measures were compared to the results with the
density-based measures defined by Bowen (2008). Details are presented in Appendix
4A. The analysis shows that unlike the gravity-based measures, using the density-
based measures results in no relation between freight accessibility and logistics em-
ployment, both in metropolitan and in non-metropolitan areas, while bivariate corre-
lations between these variables are all highly significant. Hence, bivariate correlations
serve as a good starting point for most analyses, but have to be interpreted carefully.
High bivariate correlations between more than two variables can result in conclusions
based on spurious relationships. Our analysis suggests that the high bivariate corre-
lation between freight accessibility and warehouse establishments found by Bowen
(2008) is at least partially spurious.

4.6 Conclusions

In this chapter we analyzed the relationship between freight accessibility and logis-
tics employment. A freight accessibility measure was developed that is particularly
relevant for logistics companies. Traditionally, accessibility is measured from a pas-
senger perspective. This is probably because most of the traffic is passenger related
(US Department of Transportation, 2004). However, anecdotal evidence suggests that
logistics companies are attracted to highly accessible locations (Sheffi, 2012). To be
able to measure this relationship, a freight accessibility measure was developed. This
measure is based on a gravity model and considers four different modes of transporta-
tion: road, air, maritime, and rail. A correlation analysis on a county level in the US
suggests that there is a relationship between freight accessibility and logistics em-
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ployment. However, county population also has a high correlation with both freight
accessibility and logistics employment. To test whether the bivariate relationship be-
tween freight accessibility and logistics employment is not spurious, a Partial Least
Squares (PLS) model was used. A difference was made between metropolitan and
non-metropolitan counties. Results show that population is the most important vari-
able in explaining differences in logistics employment levels, both in metropolitan and
non-metropolitan counties. In metropolitan counties, this results in a non-significant
relationship between freight accessibility and logistics employment. A possible expla-
nation may be that counties in metropolitan areas all are relatively accessible, so that
firms no longer consider accessibility as a differentiator. In non-metropolitan counties,
there was a significant relationship between freight accessibility and logistics employ-
ment, after controlling for population.

This chapter makes three contributions to the existing literature. First, an acces-
sibility measure was developed that is especially relevant from a freight transport
perspective, while existing measures primarily focus on accessibility from a passenger
transport perspective. Second, the chapter showed that for analyzing relationships
between freight accessibility and logistics employment it is important to control for
the effect of population differences. As both accessibility and logistics employment
have a relationship with population, a bivariate analysis results in a conclusion based
on a spurious relationship. In the US, it is shown that this is indeed the case for
metropolitan counties. Third, results from the PLS model relating freight accessibility
to logistics employment, controlling for the effect of the county population, show that
highly accessible non-metropolitan counties attract more logistics employment than
other non-metropolitan counties.

This chapter concludes the first part of the thesis on the geography of logistics
activities. It showed that one of the benefits of being co-located is the accessibility (at
least in non-metropolitan areas). The next part of the thesis researches the synergies
through co-location of logistics establishments in more depth.

Appendix

4A Density-based (rail)road accessibility

Bowen (2008) defined density-based accessibility measures to measure (rail)road ac-
cessibility. These measures divide the kilometers of (rail)road per county by the
county’s area (ri/si). Standardizing this measure results in the following measure
Ad,i:

Ad,i =
ad,i

ad
, ad,i =

ri

si/smed
, ad =

1
I

∑

i∈I ad,i , (4.3)

with: Ad,i = Standardized accessibility (density-based) of county i, ad,i = Accessi-
bility (density-based) of county i, ad = Average accessibility (density-based) over all
counties i ∈ {1, . . . I}, ri = Length of all relevant (rail)roads in county i (in kilome-
ters), si = Area of county i (in square kilometers), smed = Median of all si (in square
kilometers).
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To measure road and rail accessibility in this appendix, ri is equal to the sum of the
length of the major roads part of the US principal arterial network (US Department
of Transportation, 2011a), and major railroads, owned by the Class I freight railroad
companies in the US, respectively.

Table 4A.1 presents the correlations between logistics employment, population,
and the density-based accessibility measures. Generally, the correlation of the gravity-
based measures (see Table 4.2) and logistics employment is higher than the correlation
of the density-based measures (see Table 4A.1) and logistics employment. For exam-
ple, for road transport in non-metropolitan areas, the correlation between the gravity-
based measure Ag(road:manufacturing) and logistics employment is 0.337, while the
correlation between the density-based measure Ad(road) and logistics employment is
only 0.191.

The PLS analysis was also conducted with the density-based measures. Figures
4A.1 and 4A.2 present the PLS models for metropolitan and non-metropolitan area
counties, respectively. In these models, Ag(road:manufacturing) and Ag(rail) are re-
placed by Ad(road) and Ad(rail). Ag(air) and Ag(maritime) are still included in the
models, as Bowen (2008) used simplified gravity-based measures and no density-
based measures for these transport modes. In general, the PLS models with the
density-based accessibility measures show many similarities with the PLS models with
the gravity-based measures. The most important difference is that with density-based
measures, not only there is no relation between freight accessibility and logistics em-
ployment in metropolitan areas, there also is no relation between these constructs
in non-metropolitan areas. Hence, although the positive correlation between the
density-based accessibility measures and logistics employment suggest that there is
a relationship between these variables per county, this turns out to be spurious, as it
can be fully explained by the relations between these variables and the county popu-
lation.

TABLE 4A.1: Pearson correlation coefficients. Correlation coefficients for metropolitan
area counties (N = 1088) are shown above the diagonal and correlation coefficients
for non-metropolitan area counties are shown below the diagonal (N = 2021).

(1) (2) (3) (4) (5)
(1) Logistics employment 0.904∗ 0.392∗ 0.294∗ 0.241∗

(2) Population 0.565∗ 0.491∗ 0.356∗ 0.188∗

(3) Population in adjacent counties 0.161∗ 0.388∗ 0.313∗ 0.119∗

(4) Ad(road) 0.191∗ 0.271∗ 0.059∗ 0.577∗

(5) Ad(rail) 0.126∗ 0.120∗ -0.008 0.588∗
∗ Significant with α= 0.05.
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4B Industry codes of the logistics sector in the US

The North American Industry Classification System (NAICS) is the standard used by
Federal statistical agencies in the US to classify business establishments for the pur-
pose of collecting, analyzing, and publishing statistical data (US Census, 2012a). Ta-
ble 4B.1 presents the NAICS codes used to identify the logistics sector in the US. This
classification slightly differs from the one used in the rest of the thesis, as shown in
Appendix A. The major difference is the exclusion of wholesale trade in the analyses in
this chapter. However, as the classification presented in Table 4B.1 is in line with pre-
vious research by Rivera and Sheffi (2012) on logistics clusters in the US, we decided
to use this classification for the study in the US.

TABLE 4B.1: NAICS codes used to define the logistics sector

% of logistics
NAICS NAICS description employment
481112 Scheduled freight air transportation 0.34%
481212 Nonscheduled chartered freight air transportation 0.20%
481219 Other nonscheduled air transportation 0.18%
483111 Deep sea freight transportation 0.36%
483113 Coastal and great lakes freight transportation 0.68%
483211 Inland water freight transportation 0.55%
484110 General freight trucking, local 6.58%
484121 General freight trucking, long distance, truckload 15.54%
484122 General freight trucking, long distance, less than truckload 8.51%
484220 Specialized freight (except used goods) trucking, local 6.42%
484230 Specialized freight (except used goods) trucking, long-

distance
5.15%

488119 Other airport operations 2.19%
488190 Other support activities for air transportation 2.80%
488210 Support activities for rail transportation 0.94%
488310 Port and harbor operations 0.20%
488320 Marine cargo handling 1.85%
488330 Navigational services to shipping 0.40%
488390 Other support activities for water transportation 0.34%
488410 Motor vehicle towing 1.66%
488490 Other support activities for road transportation 0.73%
488510 Freight transportation arrangement 6.60%
488991 Packing and crating 0.68%
488999 All other support activities for transportation 0.30%
492110 Couriers and express delivery services 16.17%
492210 Local messengers and local delivery 1.28%
493110 General warehousing and storage 15.8%
493190 Other warehousing and storage 3.55%
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5
SYNERGIES THROUGH CO-LOCATION OF

LOGISTICS ESTABLISHMENTS

5.1 Introduction

Previous chapters confirm that logistics establishments have the tendency to co-locate.
The effects of co-location of logistics establishments have so far hardly been studied.
This part of the thesis empirically researches the synergies through co-location of lo-
gistics activities.

In an extensive study of logistics clusters around the world, including Zaragoza,
Chicago, Panama, and Singapore, Sheffi (2012) argues that these clusters offer several
advantages to the co-located firms. A location is a logistics cluster grants a logistics
company good access to logistics personnel, other important global locations, and
shared resources. Sheffi’s research is mainly qualitative, based on expert interviews.
This chapter adds to this emerging research stream by empirically analyzing agglom-
eration economies relevant for logistics.

Research in economic geography has explained spatial concentration of economic
activities with several localized synergies, called economies of agglomeration. Given
the examples of spatial concentration of logistics activities in practice, classical ag-
glomeration economies are expected to be relevant for logistics establishments. Fur-
thermore, spatial concentration of logistics establishments is also expected to bring
specific benefits that are less relevant in other sectors, such as sharing of transporta-
tion and warehousing resources, resulting in an increased efficiency (Sheffi, 2012).
By empirically analyzing synergies through co-location, this chapter answers the ques-
tion what benefits logistics establishments have from spatial concentration. A survey
of logistics establishments in the south of the Netherlands is used to test a series of
hypotheses regarding synergies through spatial concentration of logistics activities.
The survey also addresses whether logistics companies take synergies into account in
their location decisions.

The remainder of this chapter is structured as follows. Section 5.2 discusses in
more detail the synergies relevant for logistics establishments and develops a series

The content of this chapter has also been presented in Van den Heuvel et al. (2012b).
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of hypotheses. Section 5.3 presents the survey method to analyze these hypotheses.
The results are presented in Section 5.4. (Re)location choices of logistics companies
are discussed in Section 5.5. Finally, Section 5.6 discusses managerial and theoretical
implications of the findings and concludes this chapter.

5.2 Theoretical framework

This section describes agglomeration economies that may be relevant for logistics
firms. First, the relevance of classical agglomeration economies in the logistics sec-
tor is discussed (Section 5.2.1), then specific logistics agglomeration economies are
described (Section 5.2.2), and finally, agglomeration diseconomies relevant for the
logistics sector are discussed (Section 5.2.3).

5.2.1 Classical agglomeration economies

Marshall (1956) described three major types of agglomeration economies, namely
labor market pooling, knowledge spillovers, and input sharing. These all can be rel-
evant for the logistics sector. First, it is expected that co-located establishments have
better access to personnel than non-co-located establishments. High demand for lo-
gistics personnel, due to the spatial concentration of logistics establishments, attracts
logistics personnel to the region, which results in a high availability of personnel, pos-
itively influencing firm performance (Eriksson and Lindgren, 2009). A difference is
made between operational personnel, administrative personnel, and truck drivers.

H1. Co-located logistics establishments experience a higher availability of (a) oper-
ational personnel, (b) administrative personnel, and (c) truck drivers than non-
co-located logistics establishments do.

Second, the degree of knowledge sharing has a significant influence on firm per-
formance (Zacharia et al., 2009; Grawe et al., 2011). Knowledge spillovers often re-
sult from co-location of similar firms (Marshall, 1956), because, everything else being
equal, the costs of exchanging information increases with the distance between the
firms (Malmberg and Maskell, 1997). This is more and more important for logistics
companies, as logistics operations become increasingly knowledge-intensive. Dahl
and Pedersen (2004) show empirically that informal social contacts offer important
sources of valuable knowledge, exchanged through socially complex routines and pro-
cesses, which generally implies tacit knowledge transfers. Tacit knowledge is difficult
to codify, imitate, and transfer, so companies that can do so likely enjoy a competitive
advantage (Dyer and Singh, 1998). We distinguish between knowledge sharing by
managers and that by other personnel, though both may lead to synergies.

H2. (a) Managers of co-located logistics establishments more often share information
(informally) than do managers of non-co-located logistics establishments.

(b) Non-management personnel of co-located logistics establishments more of-
ten shares information (informally) than does non-management personnel
of non-co-located logistics establishments.
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Third, Marshall (1956) reasoned that if similar firms co-locate, suppliers of these
firms also tend to locate in the same region. As repair and maintenance facilities are
major suppliers of logistics firms, it is expected that logistics establishments located
in logistics concentration areas have better access to this kind of facilities than other
logistics establishments.

H3. Co-located logistics establishments experience a higher availability of repair and
maintenance facilities close by than non-co-located logistics establishments do.

Another classical agglomeration economy relevant for logistics companies is the
economy of transport density (Mori and Nishikimi, 2002), resulting from well devel-
oped infrastructure around (logistics) concentration areas. The location of logistics
concentration areas is significantly affected by improvements to the road network
(Taniguchi et al., 1999). Better accessibility of the area for freight transport results
in lower transport costs and a shorter time to market (Limão and Venables, 2001).
A positive relationship between freight accessibility and logistics employment in non-
metropolitan area counties in the US (see Chapter 4) indicates that this indeed may
be another synergy from co-location.

H4. Co-located logistics establishments are more accessible by road than non-co-lo-
cated logistics establishments.

5.2.2 Agglomeration economies specific for logistics

Logistics establishments may have specific benefits from co-location (Sheffi, 2012).
First, co-located logistics establishments can combine transport flows, which often
results in lower transport costs (Jara-Díaz and Basso, 2003), by decreasing empty
mileage (Cruijssen et al., 2007b, 2010) and the average distance between customers
(Van Donselaar et al., 1998; Wouters et al., 1999). Besides this opportunity to re-
duce costs, the combination of transport flows may also result in an increase in the
frequency of delivery to customers (Cruijssen et al., 2007b; Hageback and Segerst-
edt, 2004) and in more flexibility in handling urgent orders. For logistics companies
sharing of transport capacity can directly result in cost or service advantages. This es-
pecially is the case if customer order sizes are relatively small (Cruijssen et al., 2007a).
If logistics companies outsource their transport, these agglomeration economies may
result in lower prices (Özener and Ergun, 2008) and/or more flexibility.

H5. Co-located logistics establishments (a) send cargo in shipments by other logistics
firms and (b) accept cargo from other logistics firms in their shipments more often
than non-co-located logistics establishments do.

H6. Co-located logistics establishments (a) pay a lower price for transportation ser-
vices and (b) experience greater flexibility from their carrier(s) than do non-co-
located logistics establishments.

We differentiate between sending cargo along with other firms’ shipments and
taking on cargo from other firms, because the latter form only entails establishments
that perform transport activities; the former also includes shippers that do not perform
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transport activities themselves. Thus, the first part of H5 relates to a broader range of
logistics establishments than the second part.

Second, co-location in logistics may lead to sufficient scale for multimodal trans-
port services. Multimodal transport can hardly compete with road transport unless
relatively large volumes can be bundled. When logistics establishments co-locate,
freight volumes increase, enabling the development of multimodal transport services.
Besides that this may reduce transportation costs, it also reduces CO2 emissions and
road congestion, availing for society at large (European Commission, 2011b). Many
logistics concentration areas in Noord-Brabant and Limburg have an intermodal ter-
minal and if not, most at least are close to one (see Figure 3.1(b) on page 43 for
Noord-Brabant).

H7. Co-located logistics establishments more often use multimodal transport to and/or
from seaports instead of road transport than non-co-located logistics establish-
ments do.

Third, similar to the exchange of transport capacity, inter-firm storage capacity
sharing also increases the productivity of logistics firms (Cruijssen et al., 2007b, 2010).
In addition, the market liquidity of warehousing facilities increases with more such
facilities. Because co-located logistics establishments are close to other firms with
warehousing facilities, expansion by (temporarily) taking over (part of) an adjacent
warehouse is relatively easy. Hence, co-located logistics firms may easily buy or rent
similar property from logistics firms nearby and expand their operations.

H8. Co-located logistics establishments (a) use more storage capacity of other logistics
firms and (b) allow other logistics firms to use more of their storage capacity than
non-co-located logistics establishments do.

H9. Co-located logistics establishments have better expansion opportunities than non-
co-located logistics establishments.

Fourth, and especially relevant for co-located wholesale trade firms, is the oppor-
tunity for last-minute trade among each other. This increases flexibility in serving
customers with volatile demand.

H10. Co-located logistics establishments more often (a) purchase and (b) sell prod-
ucts last-minute to fulfill last-minute order changes by customers than do non-
co-located logistics establishments.

5.2.3 Agglomeration diseconomies

Besides benefits from co-location, logistics firms may also experience disadvantages
from being close to many other similar firms. Fujita and Krugman (2004) mention
two relevant agglomeration diseconomies: first, road congestion in and around con-
centration areas, due to larger transport volumes in these areas, and second, relatively
high land and logistics property prices in logistics concentration areas, due to the high
demand for both.

H11. Co-located logistics establishments experience more road congestion in the di-
rect surroundings than do non-co-located logistics establishments.
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H12. Co-located logistics establishments pay a higher (a) land price or (b) rent than
non-co-located establishments do.

A third agglomeration diseconomy related to logistics concentration areas may be
the increase in salaries of logistics workers as concentration may lead to competition
for labor and labor scarcity. This is the exact opposite of H1, that assumed a better
availability of labor in logistics concentration areas. Therefore, we will not test for
labor scarcity separately, but relate this to H1.

Figure 5.1 summarizes the hypotheses that will be tested in this chapter.

FIGURE 5.1: Conceptual model and hypotheses
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5.3 Research methodology and data collection

5.3.1 Measurement item development

The above described hypotheses were tested with a survey, using a web-based ques-
tionnaire that was sent to managers of logistics establishments. Table 5.1 gives an
overview of the items used per hypothesis. Respondents were mostly asked to indi-
cate the level of agreement per item based on a 7-point Likert scale. Creating different
scales per item would result in unnecessary complexity of the questionnaire, which in-
creases the respondent’s burden to fill out the questionnaire (Manfreda and Vehovar,
2008). Respondents were explicitly asked to only relate the questions to their own
establishment (instead of the complete firm, if the firm contains multiple establish-
ments). The questionnaire was in Dutch.

TABLE 5.1: Questionnaire items per hypothesis

St.
Hypotheses and statements N Mean dev.
Availability of labor
H1a PER1 A vacancy for an operational employee can be ful-

filled quickly (average of the following two items)
499 4.29 1.41

PER1a A vacancy for a temporary operational employee
(for example order picker or lift truck driver) can
be fulfilled quickly

499 4.38 1.59

PER1b A vacancy for a full-time operational employee
can be fulfilled quickly

502 4.21 1.52

H1b PER2 A vacancy for an administrative employee can
be fulfilled quickly (average of the following two
items)

498 4.34 1.40

PER2a A vacancy for a temporary administrative em-
ployee can be fulfilled quickly

498 4.36 1.54

PER2b A vacancy for a full-time administrative employee
can be fulfilled quickly

500 4.31 1.48

H1c PER3 A vacancy for a truck driver can be fulfilled quickly
(average of the following two items)

281 4.01 1.51

PER3a A vacancy for a temporary truck driver can be ful-
filled quickly

282 4.01 1.68

PER3b A vacancy for a full-time truck driver can be ful-
filled quickly

283 4.01 1.61

Information sharing
H2a KNO1 The management of our firm often (informally)

shares information / has contact with managers
of competitive colleague firms

465 3.95 1.76

H2b KNO2 Other employees of our firm often (informally)
share information / have contact with employees
of competitive colleague firms

464 3.67 1.68
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TABLE 5.1: Questionnaire items per hypothesis (continued)

St.
Hypotheses and statements N Mean dev.
Availability of facilities
H3 FAC1 The facility level of repair and maintenance firms

within 2 kilometers of our firm is good
495 4.85 1.76

Accessibility by road
H4 ACC1 The road accessibility of our location is good 496 5.72 1.47
Exchange of transport capacity
H5a TRA1 Our firm often sends along less-tan-truck-load

freight with competitive colleague firms
454 2.43 1.99

H5b TRA1 Our firm often takes along less-than-truck-load
freight of competitive colleague firms

305 2.39 1.91

Carrier(s)
H6a CAR1 The transport price of our carrier(s) is much lower

than the average price in the south of the Nether-
lands

326 3.91 1.55

H6b CAR2 The carrier we use most is flexible (average of the
following four items)

332 5.35 1.17

CAR2a The carrier we use most is flexible in response to
requests

333 5.54 1.34

CAR2b The carrier we use most can readily adjust its op-
erations to meet unforeseen circumstances

332 5.21 1.37

CAR2c The carrier we use most handles change well 333 5.24 1.4
CAR2d The carrier we use most can provide emergency

services
333 5.41 1.58

Use of multimodal transport
H7 TRM1 Transport volume from and/or to seaports in 2010 421 9.19 20.07
Interchange of storage capacity
H8a STO1 Our firm makes much use of storage capacity of

competitive colleague firms (among other things
as temporary rent)

331 2.00 1.77

H8b STO2 Competitive colleague firms make much use of our
storage capacity (among other things as tempo-
rary rent)

330 1.92 1.57

Expansion opportunities
H9 EXP1 The possibilities to expand at our current location

are good
497 3.70 2.08

Last-minute purchases
H10a PUR1 Our firm often purchases products last-minute

from competitive colleague firms to fulfil last-
minute order changes of customers

205 2.03 1.55

H10b PUR2 Our firms often sells product last-minute to com-
petitive colleague firms, such that they can fulfil
last-minute order changes of their customers

203 2.13 1.57

Local road congestion
H11 COG1 During rush hour the roads within a distance of

10 kilometers from our firm are very busy
496 4.37 1.85
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TABLE 5.1: Questionnaire items per hypothesis (continued)

St.
Hypotheses and statements N Mean dev.
Land price / rent
H12a LOC1 The current value of our land is high, compared to

the average price in the south of the Netherlands
219 4.08 1.18

H12b LOC2 The rent we have to pay at our location is high,
compared to the average rent in the south of the
Netherlands

125 3.58 1.48

Note: Respondents were asked to indicate the level of agreement with the statement measured using a
7-point Likert scale, where 1 = completely disagree and 7 = completely agree. Only for H7 respondents
were asked to indicate the share of multimodal transport as percentage of the transport volume from
and/or to seaports.

The C-OAR-SE procedure (Rossiter, 2002) was used to develop the questionnaire.
Per hypothesis one construct was defined, which was measured using one or more
items in the questionnaire. Most constructs were measured with formative items.
Formative items can best be used when the items describe and define the construct
rather than vice versa (Jarvis et al., 2003; Petter et al., 2007). Methodologically, this
implies that the concepts of internal consistency, reliability, and convergent validity
are not meaningful (Rossiter, 2002; Jarvis et al., 2003; Hair et al., 2011); formative
items are only based on theoretical rationale. This also means that if a construct can
be fully covered by one item, no more items are needed (Mentzer and Flint, 1997). For
example, the price of the mostly used carrier (related to H6a) can be measured with
only one item (CAR1). However, the availability of personnel (related to H1a) e.g.,
has to be measured by two items (PER1a and PER1b), since this construct consists of
two parts: temporary and full-time personnel.

The only construct measured with reflective items is flexibility of the logistics ser-
vice provider (related H6b), to ensure that this construct is measured by variables that
are interpreted similarly by different persons. The four-item measure developed by
Stank and Daugherty (1997) is used (CAR2a-CAR2d). Based on a Cronbach’s alpha of
0.841, these four items indeed measure one construct. In addition, to test for conver-
gent and discriminant validity, a principal component analysis was conducted on the
five items related to the logistics service provider (CAR1, CAR2a-CAR2d). Based on
the latent root criterion of retaining factors with eigenvalues greater than 1.0 (Hair
et al., 2006), two factors are retained. The four items used to measure the flexibility
of the logistics service provider (CAR2a-CAR2d) have high loadings (> 0.6) on one
factor and low ones (< 0.3) on the other, while the item used to measure the price
of the logistics service provider (CAR1) loads low on the first factor (0.16) and high
on the second one (0.94). This confirms that two different constructs are measured
with these five items and that the items used to measure flexibility indeed relate to
one construct.

The questionnaire was tested with five logistics managers using the method devel-
oped by Jansen and Hak (2005). This method, called the Three-Step Test-Interview,
is an instrument for pretesting a self-completion questionnaire by observing actual in-
stances of interaction between the instrument and respondents. Because this process
mainly consists of cognitive processing, an important element of this method is the
think aloud element used as a technique for making the respondent’s thought process
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observable. This method is particularly good at identifying a mismatch between the
theory underlying the questions and features of a respondent’s actual behavior. Based
on these test interviews, some questions were changed, to make their interpretation
easier.

5.3.2 Methodology

In Chapter 2, a method was developed to identify (logistics) concentration areas. By
comparing the answers of respondents of co-located establishments (in logistics con-
centration areas) with answers of respondents of non-co-located establishments (not
in logistics concentration areas), conclusions are drawn about the (dis)advantages of
co-location of logistics establishments. One-way independent sample t-tests were used
to test whether respondents of co-located logistics establishments (dis)agree more
with the statements than non-co-located logistics establishments. Note that the hy-
potheses presented in Section 5.2 are formulated as alternative hypotheses; these all
assert a relationship between co-location and a particular agglomeration economy.
The null hypothesis is that co-location does not result in that agglomeration econ-
omy. To reject the null hypothesis, and hence, support the alternative hypothesis, the
average level of agreement of respondents from co-located establishments should be
significantly higher than the average level of agreement of respondents from non-co-
located logistics establishments. To conclude that there is a significant difference, a
significance level α of 0.05 is used. We chose to use one-way tests, because for all hy-
potheses, confirmation requires that the respondents from the logistics establishments
in logistics concentration areas agree significantly more with the statements than re-
spondents not from these areas. Two-way tests would be more appropriate if the goal
was to only test for differences between the two groups of respondents (Montgomery
and Runger, 2003).

Although parametric tests (like t-tests) are often used to analyze Likert item scales
(Pinto et al. (1993) and Dillon and Tinsley (1998) are examples from Management
Science), there is a debate about the appropriateness of using parametric methods
to analyze ordinal Likert-item scales. The discussion about the appropriateness of
means and standard deviations (used by parametric tests to analyze statistical signifi-
cance) for ordinal scales dates back to Stevens (1946, 1955), who stated that although,
strictly speaking, these ordinary statistics should not be used with these scales, as these
statistics imply a knowledge of something more than the relative rank-order of data,
there can be invoked a kind of pragmatic reason that in numerous instances it leads
to fruitful results. "Strictly speaking, the arithmetic mean is not a proper statistic for
an ordinal scale, although it is often used in averaging such ordinal values" (Stevens,
1955, p. 114). Besides the use of means and standard deviations, t-tests assume nor-
mality of the distribution of means (not of the data). "The Central Limit Theorem
shows that for sample sizes greater than ten per group, the means are approximately
normally distributed regardless of the original distribution" (Norman, 2010, p. 628).
Hence, for sample sizes above ten, normality of the data is not required and deviation
from the normality assumption will not yield to incorrect conclusions. Montgomery
and Runger (2003) and Hair et al. (2006) propose to use samples of 30 or more re-
spondents, for normal approximations to be generally satisfactory. In addition, other
authors showed that (parametric) t-tests are rather robust against a violation of nor-
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mality of the data in many practical cases (Stonehouse and Forrester, 1998; Rasch and
Guiard, 2004).

Generally, Mann-Whitney-Wilcoxon tests are referred to as the non-parametric
analogue of the parametric independent samples t-tests (e.g., Cooper and Schindler,
2003). However, this is not completely true, as these tests are not only sensitive to
differences in means, but also to other population differences, like the distributions
(Stonehouse and Forrester, 1998). As the goal of the analyses in this chapter is to ana-
lyze whether logistics establishments in logistics concentration areas agree more with
the statements presented in Table 5.1 than logistics establishments not in these areas
do, the primary interest is to compare means. Hence, based on the above arguments
regarding the practical use of t-tests for Likert-item data, t-tests will be used in this
chapter. In general, (parametric) t-tests have similar power as (nonparametric) Mann-
Whitney-Wilcoxon tests have (De Winter and Dodou, 2010). As most responses are
not normally distributed, tests conducted on samples with less than 30 respondents
are interpreted carefully. Appendix 5A provides the sample sizes per questionnaire
item.

5.3.3 Alternative explanations

All hypotheses relate to differences between establishments located in concentration
areas (the co-located establishments) and establishments not located in concentration
areas (the non-co-located establishments). To avoid conclusions based on spurious re-
lationships, alternative explanations need to be ruled out. Differences in the type and
size of logistics establishments are plausible alternative explanations. For H7 about
multimodal transport specifically, the fact that many logistics concentration areas have
an intermodal terminal may influence the results.

Differences in the mix of logistics establishments in concentration areas and out-
side these areas may influence the results, as synergies from co-location may be dif-
ferent for different types of logistics establishments. The mix of different types of
logistics establishments located in and not located in logistics concentration areas is
very similar, with the exception of one type of logistics establishment, being Transport
with own equipment (see Table 5.2). For this category of logistics establishments,
the percentage located in logistics concentration areas (19%) was significantly lower
than the percentage of all logistics establishments located in logistics concentration
areas (33%; p = 0.021). Deleting those establishments does not significantly alter
the results. Section 5.4.1 provides more statistics on the mix of logistics establish-
ments in logistics concentration areas. In addition, Section 5.4.2 shows the results
for all respondents, and the two largest subgroups of respondents (of wholesale trade
establishments and of logistics service providers).

Differences in establishment size can have two effects. First, large establishments
may have certain benefits over small establishments, leading to higher scores for cer-
tain questions. For H1a-H1c, H3, H6a-H6b, and H7, large establishments may score
higher than small establishments. Large establishments may find it easier to attract
personnel and attract suppliers to their vicinity (Malmberg et al., 2000; Parr, 2002).
As large establishments have more bargaining power over their carriers, they may also
score higher on H6a-H6b. For H7 it is expected that large establishments use more
multimodal transport, because they generate larger transport volumes than small lo-
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gistics establishments do. In addition, land prices and rents per square meter are
expected to be relatively low for larger establishments (H12a-H12b).

Second, there may be a relation between the size of the establishments and the
need or willingness to cooperate. On the one hand, it may be expected that small
establishments cooperate more with other establishments, because they lack the scale
needed to efficiently execute certain activities. On the other hand, small establish-
ments may find it hard to find a partner to cooperate with, as they want to avoid
entering an asymmetric partnership that depends on the large partner’s integrity and
willingness to find win-win solutions (Blomqvist et al., 2005). Hence, for hypothe-
ses related to cooperation between establishments, small establishments may score
higher than large ones or vice versa. This holds for H2a-H2b (knowledge sharing),
H5a-H5b (exchange of transport capacity), H8a-H8b (interchange of storage capac-
ity), and H10a-H10b (last-minute purchases). For H4, H9, and H11, that deal with
the quality of infrastructure, establishment size is not expected to have an effect.

To cope with the size difference between co-located and non-co-located establish-
ments, three consecutive analyses are conducted, which test for differences between:

1. Co-located and non-co-located establishments,
2. Small and large establishments,
3. (a) Small co-located and small non-co-located establishments,

(b) Large co-located and large non-co-located establishments.
If differences between co-located and non-co-located establishments are significant,
we test for differences between small and large establishments. If these are also sig-
nificant, we can only conclude that co-location leads to a particular agglomeration
economy if both in the group of small establishments, there is a significant difference
between co-located and non-co-located establishments, and in the group of large es-
tablishment, there is a significant difference between co-located and non-co-located
establishments. Establishments are categorized as small and large based on the me-
dian of the number of employees per establishment.

5.3.4 Data collection

Logistics establishments were selected from the 2009 establishment databases of Noord-
Brabant and Limburg based on the industry codes, as described in Chapter 1 and
Appendix A. In comparison to the datasets used in Chapters 2 and 3, the province
Limburg was added, to assure that enough data were available for statistical analyses.

In total, 2634 of the 3991 establishments in the population were contacted by
phone to ask whether the (logistics) manager was willing to cooperate in this re-
search. Based on these telephone calls, 1463 correct email addresses were gathered,
and finally 507 respondents (35% of the people that received an email and 13% of
the complete population) fully filled out the questionnaire. The distribution of the res-
pondents over the different types of logistics establishments (such as wholesale trade,
transport, and storage) is similar to that distribution for the whole population.

To check for non-response bias, respondents were divided into three different cat-
egories: respondents that received one telephone call and one email (48%), respon-
dents that replied after a reminder telephone call (14%), and respondents that were
reminded by both a telephone call and an extra email (38%). Based on an ANOVA
test, no significant differences between the three different categories of respondents
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were found for all the below described variables (with α = 0.05). As late respon-
dents can be used as a proxy for non-respondents (Armstrong and Overton, 1977),
non-response bias was not considered to be a problem in this study.

5.4 Analysis and results

5.4.1 Descriptive statistics

The average size (in number of full-time employees) of the respondents’ establish-
ments is 47, with a standard deviation on 118 and a median of 20. Table 5.2 gives
an overview of the characteristics of the respondents. The median of the number of
full-time employees of the respondents’ establishments (20) is used to make a distinc-
tion between small and large establishments. Wholesale trade (35%) and transport as
logistics service providers (26%) are the most important activities of the respondents’
establishments. On average 33% of the respondents are located in logistics concentra-
tion areas. This is 31% for all logistics establishments in Noord-Brabant and Limburg.
Sample sizes per questionnaire item are presented in Appendix 5A.

Figure 5.2 compares the size of the respondents’ establishments with the location
of these establishments. Based on a binomial distribution test, small establishments
are significantly less often (p = 0.003) and large establishments are significantly more
often located in logistics concentration areas (p ≤ 0.000) than logistics establish-
ments in general are. This means that for the hypotheses for which large establish-
ment are expected to have benefits over small establishments (see Section 5.3.3), it
has to be checked whether the differences between co-located and non-co-located es-
tablishments are spurious and actually caused by differences between small and large
establishments. This holds for H1a-H1c, H2a-H2b, H3, H5a-H5b, H6a-H6b, H7, H8a-
H8b, and H10a-H10b.

Respondents were also classified in two groups based on the percentage of less-
than-truckload (LTL) shipments per delivery address generated by the respondents’
establishments. Figure 5.3 gives an overview of the location of establishments for
which LTL shipments are 25 percent or less of their transport volume and of estab-
lishments for which LTL shipments are more than 25 percent of their transport vol-
ume. This percentage was the smallest percentage for which the created subgroups
are large enough to use normal approximations. Establishments with relatively few
LTL shipments locate significantly less often in logistics concentration areas than lo-
gistics establishments in general (p = 0.048). No significant relationship was found
between establishments with relatively many LTL shipments and the location in logis-
tics concentration areas (p = 0.078).

5.4.2 Comparison of co-located and non-co-located logistics es-
tablishments

Table 5.3 shows the average levels of agreement for respondents of co-located logistics
establishments and non-co-located logistics establishments. The table also shows the
average levels of agreement for respondents of large and small establishments for the
hypotheses for which this difference is considered relevant. Results are presented for
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TABLE 5.2: Location and size of the different types of logistics establishments

Most In concentration area Employees (FTE)
important Total Yes No ≤ 20 > 20
activity† N % N % N % N % N %
(1) 178 35% 60 36% 118 35% 89 35% 85 39%
(2) 29 6% 12 7% 17 5% 13 5% 12 6%
(3) 48 9% 9 5% 39 12% 21 8% 20 9%
(4) 132 26% 41 24% 91 27% 74 29% 46 21%
(5) 12 2% 4 2% 8 2% 4 2% 7 3%
(6) 20 4% 9 5% 11 3% 11 4% 9 4%
(7) 59 12% 19 11% 40 12% 27 11% 27 12%
(8) 29 6% 14 8% 15 4% 14 6% 11 5%
Total 507 100% 168 100% 339 100% 253 100% 217 100%
† Activities: (1) Wholesale trade, (2) Storage, (3) Transport with own equipment (shipper), (4)
Transport as logistics service provider, (5) Value added logistics (VAL) services, (6) Organization of
the shipment of freight, without storage and transport, (7) Other services, (8) Unknown.

FIGURE 5.2: Size of logistics establishments in and not in concentration areas

FIGURE 5.3: Less-than-truckload shipments of logistics establishments in and not in
concentration areas
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all logistics establishments (Table 5.3(a)), and the two largest subgroups of respon-
dents, from wholesale trade establishments (Table 5.3(b)), and from logistics service
providers (Table 5.3(c)). Figure 5.5 (on page 96) summarizes the results.

Co-located logistics establishments were expected to experience a higher avail-
ability of operational personnel (H1a), administrative personnel (H1b), and/or truck
drivers (H1c), than non-co-located logistics establishments do. Table 5.3 shows that
vacancies for operational personnel and truck drivers can be filled significantly more
easily in logistics concentration areas than outside these areas. For administrative
personnel, there is no significant difference.

Table 5.3 also shows that vacancies for operational personnel can be filled signif-
icantly more easily by large establishments than by small establishments. Hence, it
was tested whether small (large) co-located logistics establishments can more easily
fill these vacancies than small (large) non-co-located logistics establishments. Both
differences are not significant. Hence, it cannot be concluded that vacancies for oper-
ational personnel can be filled more easily by co-located logistics establishments than
by non-co-located logistics establishments. Vacancies for truck drivers are not more
easily filled by large establishments than by small establishments. Therefore, we find
support for H1c but not for H1a and H1b. Note that, although we did not find that
labor availability in general is better in logistics concentration areas than in other ar-
eas, we also did not find support for the proposition that labor is scarce in logistics
concentration areas, which could be one of the agglomeration diseconomies.

Regarding knowledge exchange, managers (H2a) and non-management person-
nel (H2b) employed by co-located logistics establishments were predicted to share in-
formation more than employees of non-co-located logistics establishments. Only for
LSP establishments, significant differences were found between levels of agreement of
respondents of co-located establishments and respondents from non-co-located estab-
lishments with the statement that the management of the establishment often shares
information with other logistics firms. This may be spurious, as differences between
different sized establishments are also significant. Finally, small co-located LSP es-
tablishments agree significantly more with this statement than small non-co-located
LSP establishments do (p = 0.028); large co-located LSP establishments do not agree
more with this statement than large non-co-located LSP establishments do. However,
the former result has to be interpreted carefully, as the group of small co-located LSP
establishments only consists of ten respondents. Therefore, we cannot confirm H2a
and H2b.

Respondents from co-located logistics establishments agreed more than those from
non-co-located logistics establishments that the availability of repair and maintenance
facilities is good (H3). This holds for the complete sample and for the sample of LSPs.
In addition, large LSP establishments experience a higher availability of these facilities
than small LSP establishments do; no significant differences between large and small
establishments were found in the complete sample. Separate tests in the groups of
small LSP establishments and large LSP establishments do not show significant differ-
ences between co-located and non-co-located LSP establishments. The findings thus
support H3 based on the complete sample, but not based on the specific sample of
LSPs.

Co-located logistics establishments were expected to be more accessible by road
than non-co-located logistics establishments. Since respondents from co-located es-
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TABLE 5.3: Differences in mean scores for co-located and non-co-located establish-
ments and for large and small establishments

(a) All logistics establishments

Mean Mean
Co- Non-co- Mean Mean

located located p-value Large Small p-value
H1a-H1c: Availability of labor
PER1 4.47 4.20 0.003∗ 4.53 4.16 0.003∗

PER2 4.45 4.28 0.099 4.61 4.14 0.000∗

PER3 4.34 3.84 0.004∗ 4.15 3.91 0.101
H2a-H2b: Information sharing
KNO1 4.11 3.87 0.082 4.25 3.71 0.001∗

KNO2 3.75 3.63 0.228 3.97 3.47 0.001∗

H3: Availability of facilities
FAC1 5.13 4.70 0.004∗ 4.92 4.89 0.432
H4: Accessibility by road
ACC1 6.02 5.56 0.000∗

H5a-H5b: Exchange of transport capacity
TRA1 2.88 2.21 0.001∗ 2.52 2.30 0.132
TRA2 2.81 2.17 0.005∗ 2.38 2.41 0.442
H6a-H6b: Carrier(s)
CAR1 4.03 3.83 0.130 3.93 3.93 0.496
CAR2 5.42 5.31 0.217 5.32 5.40 0.293
H7: Use of multimodal transport
TRM1 12.17 7.82 0.033∗ 10.05 8.62 0.239
H8a-H8b: Interchange of storage capacity
STO1 2.30 1.82 0.011∗ 2.25 1.75 0.006∗

STO2 2.01 1.87 0.216 1.91 1.91 0.496
H9: Expansion opportunities
EXP1 3.93 3.59 0.043∗

H10a-H10b: Last-minute purchases
PUR1 2.42 1.85 0.012∗ 1.91 2.15 0.139
PUR2 2.30 2.05 0.143 2.08 2.20 0.301
H11: Local road congestion
COG1 4.31 4.40 0.301
H12a-H12b: Land price / rent
LOC1 4.17 4.03 0.211
LOC2 3.66 3.52 0.211
∗ Significant with α= 0.05

tablishments agreed more with this statement than respondents from non-co-located
establishments, H4 is supported.

The average levels of agreement of managers of co-located logistics establishments
with the statements that they often send cargo in shipments by other logistics firms
(H5a) and accept cargo from other firms in their shipments (H5b) also are signifi-
cantly higher than the average levels of agreement of managers of non-co-located es-
tablishments. No significant differences were found between large and small logistics
establishments. Only in the group of LSPs, the effect of co-location may be spurious, as
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TABLE 5.3: Differences in mean scores for co-located and non-co-located establish-
ments and for large and small establishments (continued)

(b) Wholesale trade establishments

Mean Mean
Co- Non-co- Mean Mean

located located p-value Large Small p-value
H1a-H1c: Availability of labor
PER1 4.56 4.39 0.224 4.53 4.34 0.197
PER2 4.38 4.35 0.162 4.47 4.26 0.162
PER3 4.28 4.13 0.354� 4.11 4.26 0.354
H2a-H2b: Information sharing
KNO1 4.05 4.08 0.466 4.27 3.83 0.055
KNO2 3.54 3.65 0.339 3.95 3.25 0.004∗

H3: Availability of facilities
FAC1 4.98 4.99 0.486 4.93 5.08 0.254
H4: Accessibility by road
ACC1 6.00 5.65 0.033∗

H5a-H5b: Exchange of transport capacity
TRA1 1.49 4.62 0.253 1.63 1.52 0.273
TRA2 1.59 1.48 0.351� 1.57 1.43 0.306
H6a-H6b: Carrier(s)
CAR1 4.04 4.03 0.491 3.99 4.08 0.358
CAR2 5.37 5.35 0.471 5.31 5.40 0.323
H7: Use of multimodal transport
TRM1 6.65 7.42 0.400 6.37 7.94 0.293
H8a-H8b: Interchange of storage capacity
STO1 2.05 1.68 0.088∗ 1.98 1.66 0.098
STO2 1.37 1.52 0.187 1.41 1.54 0.210
H9: Expansion opportunities
EXP1 3.69 3.73 0.447
H10a-H10b: Last-minute purchases
PUR1 2.42 1.83 0.016∗ 1.93 2.13 0.207
PUR2 2.29 2.05 0.176 2.09 2.17 0.361
H11: Local road congestion
COG1 4.45 4.33 0.327
H12a-H12b: Land price / rent
LOC1 4.30 3.96 0.111�

LOC2 3.17 3.44 0.282�
∗ Significant with α= 0.05
� Sample size of at least one of the groups is smaller than 30

the average level of agreement of large LSP establishments is significantly higher than
the average level of agreement of small establishments for statement TRA1. Analyses
into the differences between small (large) co-located and small (large) non-co-located
LSP establishments show that there is a (no) positive effect of co-location for small
(large) LSP establishments (averages are 3.94 and 2.65 for small co-located and small
non-co-located LSP establishments, respectively, with p = 0.020; averages are 4.52
and 3.74 for large co-located and large non-co-located LSP establishments, respec-
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TABLE 5.3: Differences in mean scores for co-located and non-co-located establish-
ments and for large and small establishments (continued)

(c) Logistics service provider establishments

Mean Mean
Co- Non-co- Mean Mean

located located p-value Large Small p-value
H1a-H1c: Availability of labor
PER1 4.57 3.83 0.030∗ 4.52 3.91 0.006∗

PER2 4.68 4.06 0.005∗ 4.68 4.06 0.004∗

PER3 4.43 3.44 0.001∗ 4.06 3.61 0.070
H2a-H2b: Information sharing
KNO1 4.41 3.62 0.017∗ 4.57 3.49 0.001∗

KNO2 3.97 3.67 0.150 4.31 3.61 0.011∗

H3: Availability of facilities
FAC1 5.15 4.38 0.026∗ 5.07 4.40 0.047∗

H4: Accessibility by road
ACC1 6.03 5.24 0.004∗

H5a-H5b: Exchange of transport capacity
TRA1 4.27 3.07 0.003∗ 4.13 2.93 0.003∗

TRA2 3.85 2.74 0.003∗ 3.50 2.90 0.072
H6a-H6b: Carrier(s)
CAR1 3.63 3.64 0.492� 3.85 3.56 0.301�

CAR2 5.17 5.16 0.489� 4.81 5.65 0.014∗�

H7: Use of multimodal transport
TRM1 16.56 9.91 0.121 12.13 11.82 0.474
H8a-H8b: Interchange of storage capacity
STO1 2.20 2.10 0.425� 2.37 1.71 0.120�

STO2 3.40 2.05 0.011∗� 3.12 2.41 0.147�

H9: Expansion opportunities
EXP1 3.31 3.19 0.382
H10a-H10b: Last-minute purchases
Not relevant for LSPs
H11: Local road congestion
COG1 4.23 4.51 0.234
H12a-H12b: Land price / rent
LOC1 4.32 3.81 0.073�

LOC2 4.00 3.29 0.162�
∗ Significant with α= 0.05
� Sample size of at least one of the groups is smaller than 30

tively, with p = 0.125; sample sizes are small though). Both hypotheses thus receive
support (except for the relatively small group of LSP establishments with more than
20 employees).

For H5a and H5b, the subdivision of establishments based on the number of LTL
shipments is relevant. Establishments with relatively many LTL shipments and lo-
cated in logistics concentration areas more often send cargo in shipments by other
firms (H5a) as well as accept cargo from other firms in their shipments (H5b), than
those not located in logistics concentration areas (p ≤ 0.000 and p = 0.005, respec-
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tively). For the group of establishments with relatively few LTL shipments, no signif-
icant differences were found. This means that establishments with relatively many
LTL shipments have more advantage of being close to other logistics establishments
as these establishments more often exchange transport capacity than establishments
with relatively few LTL shipments do.

For the hypotheses related to transport carriers’ services, we found no significant
differences. Co-located logistics establishments neither pay a lower price for the ser-
vices of their most frequently used transport carrier (H6a), nor experience greater
carrier flexibility than other non-co-located logistics establishments (H6b). As it may
make a difference for both hypotheses if the carrier itself is also located in the con-
centration area, it was also tested whether there was a difference between co-located
and non-co-located establishments whose carrier is located within a distance of two
kilometers (59 establishments of which 22 are located in concentration areas). How-
ever, also here no significant differences were found (p = 0.251 and p = 0.067 for
H6a and H6b, respectively). Hence, H6a and H6b cannot be confirmed.

The average percentage of the transport volume from and/or to seaports that is
shipped by multimodal transport is significantly higher for co-located logistics estab-
lishments than for non-co-located logistics establishments. There are no significant
differences between large and small establishments. Hence, H7 is supported. Figure
5.4 shows that this is primarily determined by the fact that many intermodal termi-
nals are located in concentration areas. The percentage of the transport volume to
and/or from seaports that is shipped by multimodal transport is significantly higher
(p = 0.014) for establishments in areas with intermodal terminals (14.46%) than that
same percentage for establishments in areas without an intermodal terminal (7.89%).
Whether logistics concentration areas attract intermodal terminals or whether inter-
modal terminals attract logistics activities, is outside the scope of this study.

Respondents from co-located logistics establishments agreed more than those from
non-co-located logistics establishments that they often use the storage capacity of
other logistics firms (H8a). The check between small and large logistics establishments
indicates that this effect may be spurious, as respondents from large logistics establish-
ments also agreed more than those from small logistics establishments. Analyses into

FIGURE 5.4: Percentage of transport volume from and/or to seaports being multimodal
transport
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the differences between small (large) co-located and small (large) non-co-located lo-
gistics establishments show that there is no (an) effect of co-location for small (large)
logistics establishments (averages are 2.07 and 1.62 for small co-located and small
non-co-located logistics establishments, respectively, with p = 0.088; averages are
2.52 and 2.01 for large co-located and large non-co-located logistics establishments,
respectively, with p = 0.045). The respondents revealed no significant differences in
their responses to the statement about whether other use their storage capacity often
(H8b). H8a thus only receives support for large logistics establishments and H8b does
not receive any support.

The average level of agreement among respondents representing the co-located
logistics establishments was significantly higher than the average level of agreement
of those representing non-co-located establishments when they considered the possi-
bilities to expand at their location. Therefore, H9 is confirmed.

Regarding last-minute trade, both establishments for which wholesale trade is their
most important activity as well as establishments for which wholesale trade is one of
their activities (the category of all logistics establishments in Table 5.3(a)) in logistics
concentration areas buy significantly more often last-minute products than similar
establishments in other areas do. For the last-minute sales no difference was found.
Hence, H10a is supported, while H10b is not supported. While it may have been
expected beforehand that if one of these hypotheses is supported, the other one also is,
the difference may be explained by companies not knowing whether they sell products
to customers such that last-minute demand can be fulfilled. The statement specifically
referred to last-minute order changes of the customers of the other logistics firms were
respondents sell products to, which probably are unknown for the respondents.

Finally, Table 5.3 shows no significant differences between co-located and non-co-
located logistics establishments regarding congestion (H11), land prices (H12a), and
rent (H12b). Therefore, these hypotheses cannot be confirmed.

5.5 Facility (re)location choices

The analysis so far showed that logistics establishments have advantages of being
co-located. However, Chapter 2 showed that still many logistics establishments are
not located in logistics concentration areas, compared to industries such as chemical
production and R&D. Bhatnagar and Sohal (2005) found that while most companies
focus on cost related variables when making location choices, qualitative factors, in-
cluding proximity to suppliers, influence supply chain performance. Oum and Park
(2004) conclude that factors as market size, growth potential, transport facilities, and
skilled labor are important locational determinants for multinational companies’ dis-
tribution centers. Hertz (2003) found that while a wider perspective than focusing on
a single supply chain is required, cases suggest that myopia (being too focused on a
single supply chain) negatively impacts supply chain performance. In similar fashion,
non-co-located logistics establishments may not realize or recognize synergies through
co-location and hence, do not take these into account in their location decision. To
test this, respondents were asked whether they relocated in the last five years or are
planning to relocate in the coming five years. 101 respondents responded positively
to this question. These respondents were asked to indicate their level of agreement
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FIGURE 5.5: Graphic summary of the research findings

with statements on location choices (on a 7-point Likert scale).
Table 5.4 shows that the price of the land and the proximity to the current loca-

tion are important factors in location decisions. Proximity to the market is somewhat
less important. Interestingly, the proximity to other logistics firms (ReLoc4) is not
important for most respondents. Even though co-location results in synergies, most
logistics firms do not consider this in their location decisions. Table 5.5 and Figure
5.6 show that this is primarily the case for establishments not located in logistics con-
centration areas. Apparently, the managers of these establishments are not aware of
the advantages of being co-located and hence, do not recognize the additional value
of considering to locate close to other logistics establishments.

Regression analyses were conducted to analyze whether the companies that ex-
perience synergies through co-location also consider the proximity to other logistics
firms as more important in their location decision. Appendix 5B shows that only three

TABLE 5.4: Questionnaire items related to relocations

To decide to locate on a new location,
it is very important that ... Med. Mean St. dev.

ReLoc1 ... the price of the land/premise is good 6 5.72 1.27
ReLoc2 ... this location is close to my market 4 3.87 2.05
ReLoc3 ... this location is close to my current location (e.g.,

such that my personnel can stay)
6 5.44 1.67

ReLoc4 ... there are other logistics firms located close to
this location

3 2.92 1.75
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TABLE 5.5: Differences for relocation statements for establishments in and not in con-
centration areas

Number Mean p-value
In Not in In Not in (one-sided)

ReLoc1 36 65 5.94 5.60 0.098
ReLoc2 36 65 4.19 3.69 0.121
ReLoc3 35 65 5.49 5.42 0.421
ReLoc4 36 65 3.69 2.49 0.001∗
∗ Significant with α= 0.05

FIGURE 5.6: Box-and-Whisker diagram of the level of agreement with statement Re-
Loc4 in and not in logistics concentration areas

variables were significant in explaining part of the variation in ReLoc4. These were
variables related to the exchange of transport capacity (TRA1), the use of multimodal
transport (TRM1), and the interchange of storage capacity (STO1). These three vari-
ables mostly require cooperation between co-located logistics establishments. Logis-
tics companies generally do recognize that cooperation leads to higher performance
(Stank et al., 2001). This research shows that co-location leads to synergies, some of
them through cooperation of co-located establishments. The data also suggest that
most logistics firms, especially those that are not located in logistics concentration
areas, do not recognize that the location decision enables or constrains cooperation.
This issue deserves further research.

The underrepresentation of the proximity to other logistics firms in the location de-
cision may be explained by the concepts of conditional relevance and conceptual inter-
action. The importance of "decision variables may change in relevancy due to the pres-
ence or absence of other factors (i.e. conditional relevance) and their (un)importance
may alter given the fact that certain factors have or have not been assigned particular
values (i.e. conceptual interaction)" (Witlox et al., 2009, p. 875). For agglomeration
economies, this e.g., could mean that if a location is close to a major city, there is
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no reason to check for proximity to other logistics firms, to assure good availability
of labor. However, for another location far from cities, it is relevant. The conceptual
interaction of agglomeration economies relevant for logistics firms with other location
decision variables is an interesting issue for further research.

5.6 Conclusions

The research empirically shows that co-located logistics establishments may have ad-
vantages over non-co-located logistics establishments. The most important advan-
tages are better availability of repair and maintenance facilities, better road accessibil-
ity, opportunities to exchange transport capacity with other logistics firms, and better
expansion opportunities. These advantages are relevant for logistics companies, but
also for society at large as exchange of transport capacity decreases CO2 emissions
and road congestion. Conceptual and managerial implications are discussed in more
detail below.

5.6.1 Conceptual implications

This research shows that co-location of logistics establishments results in classical ag-
glomeration economies as well as benefits specifically relevant in logistics. Of the three
well known agglomeration economies described by Marshall (1956), input sharing is
most important for logistics companies as the availability of repair and maintenance
facilities was found to be better in logistics concentration areas than in other areas.
Labor market pooling turned out to be only relevant in the market of truck drivers
and not in the market of administrative and operational workers. No support was
found for the proposition that co-located logistics establishments more often share
knowledge with other logistics establishments.

As expected, economies of transport density (Mori and Nishikimi, 2002) are rel-
evant for logistics companies. Co-located logistics establishments experience better
road accessibility than non-co-located logistics establishments. Whether it is the case
that logistics companies are attracted by locations with good road accessibility or that
policy makers take into account logistics concentration areas in infrastructure invest-
ment decisions is beyond the scope of this study, but deserves additional research.

In addition, traditionally mentioned disadvantages of spatial concentration (Fujita
and Krugman, 2004) were not found. Road congestion and land prices were not dif-
ferent between logistics concentration areas and other areas. Apparently, economies
of transport density compensate for the road congestion problem. This outcome may
also be related to the small scale of the logistics concentration areas analyzed, as for
some large logistics clusters in the US, road congestion clearly is a problem (Sheffi,
2012). Regarding land, logistics activities compete with other potential land uses and
hence, land in logistics concentration areas is not necessarily more expensive than
land in other parts of the region.

An especially interesting outcome of this chapter is that spatial concentration of
logistics activities also results in logistics specific advantages for the co-located es-
tablishments. Co-location of logistics establishments results in more efficient use of
transport capacity, as these establishments more often share resources with other es-
tablishments than non-co-located logistics establishments do. In addition, co-located
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logistics establishments relatively often use multimodal transport and have relatively
good expansion opportunities.

5.6.2 Managerial implications

Due to the synergies through co-location, logistics firms are advised to locate more
often in logistics concentration areas. Co-location of logistics establishments results
in more efficient use of transport and storage capacity as co-located establishments
more often share resources with other companies than non-co-located logistics estab-
lishments do. In response to the follow-up question why they send shipments with
other logistics firms close by, almost 40% of the respondents indicated that this re-
duces logistics costs and another 31% indicated that this increases customer service.
Hence, exchange of transport capacity can result in major benefits for logistics com-
panies, especially those with many less-than-truckload shipments. Furthermore, it
also results in environmental advantages, as a better use of transport capacity results
in less freight traffic, which decreases road congestion and CO2 emissions. This is a
relevant insight for both managers from logistics companies and policy makers.

In addition, if an intermodal terminal is located close to a logistics concentration
area, these concentration areas result in more use of multimodal transport, due to
large transport volumes, needed for multimodal transport to be cost-efficient. While
single establishments may not have the transport volume to make use of multimodal
transport, co-located establishments have. This brings cost efficiency and greener
supply chains.

This chapter also shows relatively large differences in the awareness of the impor-
tance of co-location synergies for (re)location decisions between firms in and outside
logistics concentration areas. Some firms may be myopic and do not have a wider
perspective than simply focusing on their own supply chain. Chapter 7 shows that
considering the locations of other logistics firms (being part of other supply chains)
may result in a different location decision than when these locations are not consid-
ered.

Appendix

5A Sample sizes

Table 5A.1 presents the sample sizes for the analyses conducted for co-located and
non-co-located establishments. Respondents were asked to answer those questions
that are relevant for the logistics activities of their establishments. Therefore, the
number of respondents per question differs. Table 5A.2 presents the sample sizes for
the analyses conducted for small and large establishments. Establishments with more
than 20 employees (median of the employment per establishment) are defined as large
establishments and establishments with 20 employees or less as small establishments.
Note that the sum of small and large establishments is smaller or equal to the sum
of co-located and non-co-located establishments. This is because establishment sizes
were obtained via the questionnaire and not all respondents filled out this question.
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TABLE 5A.1: Number of establishments in and not in logistics concentration areas

Wholesale
All trade LSP

In Not in In Not in In Not in
H1a PER1 167 332 60 118 41 86
H1b PER2 168 330 60 116 41 86
H1c PER3 97 185 27 40 37 83
H2a KNO1 157 308 56 103 37 85
H2b KNO2 157 307 55 103 37 85
H3 FAC1 164 331 58 116 39 89
H4 ACC1 163 333 58 116 39 91
H5a TRA1 150 304 59 115 41 89
H5b TRA2 106 199 29 44 41 89
H6a CAR1 123 203 54 97 24 22
H6b CAR2 125 207 54 99 25 22
H7 TRM1 132 289 52 114 32 79
H8a STO1 125 206 59 115 25 21
H8b STO2 125 205 59 115 25 20
H9 EXP1 164 333 58 116 39 91
H10a PUR1 66 139 59 115
H10b PUR2 66 137 59 113
H11 COG1 164 332 58 116 39 90
H12a LOC1 70 149 27 47 19 48
H12b LOC2 50 75 12 32 11 14

TABLE 5A.2: Number of large and small establishments

Wholesale
All trade LSP

Large Small Large Small Large Small
H1a PER1 214 250 85 89 44 72
H1b PER2 214 249 84 88 44 72
H1c PER3 117 144 31 33 42 69
H2a KNO1 200 232 77 78 42 70
H2b KNO2 201 230 77 78 42 70
H3 FAC1 213 248 84 87 44 72
H4 ACC1 214 248 84 87 45 73
H5a TRA1 198 227 83 87 46 73
H5b TRA2 128 154 35 35 46 73
H6a CAR1 166 148 73 75 26 18
H6b CAR2 168 151 74 76 27 18
H7 TRM1 182 219 76 86 40 62
H8a STO1 166 151 83 87 27 17
H8b STO2 165 151 83 87 26 17
H9 EXP1 214 249 84 87 45 73
H10a PUR1 99 100 83 87
H10b PUR2 97 100 81 87
H11 COG1 214 248 84 87 45 72
H12a LOC1 93 113 38 34 21 41
H12b LOC2 48 72 16 28 13 11
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5B Regression analyses re-locations

In this appendix, a regression analysis is conducted to explain the variance in Re-
Loc4 by the synergy effects found in Section 5.5. Not all synergy effects found can
be combined in one model. As the synergies relate to different activities performed
by logistics establishments (transport, storage, and/or wholesale trade), for only nine
respondents data were available to include all variables (ReLoc4, PER3, FAC1, ACC1,
TRA1, TRA2, TRM1, STO1, and PUR1) in one model. Hence, five different regression
analyses were performed, all with subsamples of the 101 respondents that indicated to
be relocated recently or to expect to relocate in the near future. Figure 5B.1 presents
these samples. First, an analysis is conducted on the 100 respondents that responded
to the general questions that are unrelated to the activities performed: availability of
facilities (H3), road accessibility (H4), and expansion opportunities (H9). Second, 82
respondents were selected that need transport capacity, who responded to the ques-
tions related to the use of transport capacity of others (H5a) and multimodal transport
(H7a). Third, out of these 82 respondents 60 were selected that also need storage ca-
pacity, such that they also indicated whether they use storage capacity of others (H8a).
Fourth, out of these 60 respondents 37 were selected that are wholesalers, for which
H10a about last-minute purchases is relevant. Finally, the fifth regression is conducted
on a subsample of 44 respondents that themselves perform transport activities, such
that H1c (availability of truck drivers) and H5b (use of transport capacity by others)
are relevant. This selection of subsamples assures that sample sizes are still reason-
able (30 or more), such that normal approximations are satisfactory (Montgomery
and Runger, 2003; Hair et al., 2006). Table 5B.1 shows outcomes of the regression
analyses.

FIGURE 5B.1: Samples of respondents used for the regression analyses on ReLoc4
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TABLE 5B.1: Multiple regression analyses conducted on ReLoc4

(a) Regression 1: N=100, R square = 0.010, adjusted R square = -0.021

Unstandardized Standardized
coefficients coefficients T-statistic p-value

(Constant) 2.830 3.776 0.000∗

FAC1 0.001 0.001 0.010 0.992
ACC1 0.070 0.057 0.467 0.641
EXP1 -0.085 -0.092 -0.876 0.383

(b) Regression 2: N=82, R square = 0.084, adjusted R square =-0.023

Unstandardized Standardized
coefficients coefficients T-statistic p-value

(Constant) 2.227 2.603 0.011∗

FAC1 0.018 0.018 0.132 0.895
ACC1 0.064 0.053 0.386 0.700
TRA1 0.150 0.175 1.571 0.120
TRM1 0.022 0.207 1.865 0.066
EXP1 -0.043 -0.044 -0.388 0.699

(c) Regression 3: N=60, R square = 0.258, adjusted R square = 0.174

Unstandardized Standardized
coefficients coefficients T-statistic p-value

(Constant) 0.657 0.589 0.558
FAC1 0.178 0.169 1.107 0.273
ACC1 0.062 0.046 0.306 0.761
TRA1 0.280 0.279 2.268 0.027∗

TRM1 0.008 0.071 0.567 0.573
STO1 0.377 0.362 2.856 0.006∗

EXP1 -0.055 -0.056 -0.452 0.653

(d) Regression 4: N=36, R square = 0.243, adjusted R square = 0.053

Unstandardized Standardized
coefficients coefficients T-statistic p-value

(Constant) 2.346 1.331 0.194
FAC1 0.020 0.019 0.084 0.934
ACC1 0.119 0.099 0.467 0.644
TRA1 0.157 0.113 0.572 0.571
TRM1 -0.013 -0.140 -0.736 0.468
STO1 0.381 0.358 2.000 0.055
EXP1 -0.290 -0.310 -1.729 0.095
PUR1 -0.088 -0.071 -0.402 0.691
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TABLE 5B.1: Multiple regression analyses conducted on ReLoc4 (continued)

(e) Regression 5: N=44, R square = 0.315, adjusted R square = 0.182

Unstandardized Standardized
coefficients coefficients T-statistic p-value

(Constant) 2.221 1.629 0.112
PER3 0.016 0.014 0.093 0.926
FAC1 -0.110 -0.097 -0.536 0.596
ACC1 0.062 0.043 0.245 0.808
TRA1 -0.119 -0.143 -0.575 0.569
TRA2 0.309 0.359 1.488 0.146
TRM1 0.071 0.588 3.535 0.001∗

EXP1 0.072 0.067 0.462 0.647
∗ Significant with α= 0.05
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6
SPECIALIZED VERSUS DIVERSE

LOGISTICS CONCENTRATION AREAS

6.1 Introduction

When logistics firms concentrate spatially, they do so in both specialized and diverse
logistics concentration areas. In this chapter, we analyze the benefits of locating in
a specialized logistics concentration area, relative to a diverse logistics concentration
area. Sheffi (2012, p. 104) provides the example of "cold chains," that is, companies
working with products that need temperature-conditioned transportation and storage
services. To extend this work, this chapter focuses on a similar type of specializa-
tion and analyzes the spatial concentration of logistics firms in fresh produce logistics
parks. We define specialized logistics concentration areas as areas in which logistics
firms concentrate - for this study, with a specialization in handling fresh produce -
whereas diverse logistics concentration areas are those that concentrate more broadly
in logistics, without any specialization based on sector, product type, and/or services.

This chapter builds on Chapter 5, in which agglomeration economies were em-
pirically researched in the logistics sector. In this chapter, we extend the analysis of
synergies through co-location of logistics activities to specialized logistics parks to in-
vestigate the effects of specialization in a logistics concentration area. Do logistics
establishments located in a logistics concentration area gain benefits when the area
specializes in fresh produce? Whereas Chapter 5 compared logistics establishments
located in logistics concentration areas with logistics establishments in other areas,
this chapter compares logistics establishments located in logistics concentration areas
that specialize in fresh produce against logistics establishments in logistics concentra-
tion areas without any such specialization. The specific fresh produce logistics parks
analyzed are located in Venlo and Barendrecht/Ridderkerk, see Chapter 1.

In Europe, about 27% of all ton kilometers of freight transport relates to agri-
cultural products (Eurostat, 2010). In particular, the horticulture sector is critical to
the Dutch economy. The two most important horticultural areas in the Netherlands
both feature large logistics parks, in which the co-located firms specialize in perform-

The content of this chapter has also been presented in Van den Heuvel et al. (2012a).
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ing transport, storage, and trade activities for fruits and vegetables. These two fresh
produce logistics parks are the only examples of truly specialized logistics parks in
the Netherlands. Initiatives exist to set up similar types of parks in other European
locations (Groot et al., 2011), but for now, these parks are unique.

Important value drivers in fresh produce supply chains include perishability, value
density, and demand uncertainty (Kittipanya-ngam et al., 2011). Due to its relative
speed and flexibility, the truck transport mode dominates this sector, because prod-
uct quality and freshness are key (Van Klink and Visser, 2004). Furthermore, trade
in fresh produce is substantial, including futures markets for many vegetables. Spa-
tial concentration therefore should be especially relevant in the fresh produce supply
chain, because it creates opportunities to share truck capacity and transaction costs of
trade are low.

For this chapter, we extended the survey described Chapter 5 to managers of lo-
gistics establishments in the two fresh produce logistics parks in the Netherlands. By
comparing the responses of managers whose establishments were located in these
specialized logistics concentration areas against the responses of managers located in
diverse logistics concentration areas, that is, the logistics AREC areas as defined in
Chapter 2, we determine that specialization is beneficial for co-located logistics estab-
lishments.

The remainder of this chapter is structured as follows: Section 6.2 describes fresh
produce logistics parks, and Section 6.3 gives a brief overview of relevant literature,
leading into a series of hypotheses related to the expected advantages of co-location in
logistics parks specialized in fresh produce over co-location on diverse logistics parks.
After we present the survey method to analyze these hypotheses in Section 6.4, we
detail the survey results in Section 6.5. The discussion of the results in Section 6.6
leads into our conclusions in Section 6.7.

6.2 Fresh produce logistics parks in the Netherlands

Freshport Rijnmond and Fresh Park Venlo are the two largest fresh produce logistics
parks in the Netherlands. The companies within these parks perform the following
activities: trade of fresh products, logistics services (e.g., transportation, storage), or
value-added services (e.g., slicing, packaging). As Figure 1.1 on page 7 shows, both
parks have central positions with respect to suppliers of fresh produce (growers of
fruits and vegetables), the ports of Rotterdam and Antwerp, and major markets in the
Netherlands, Belgium, Germany, France, and the United Kingdom.

Freshport Rijnmond is located between two satellite villages of Rotterdam: Baren-
drecht and Ridderkerk. About 75 companies locate in this 140-hectare park, employ-
ing more than 5000 people (Hillenraad Consultancy, 2011). From its location in the
middle of the most important horticultural area in the Netherlands, Freshport Rijn-
mond has good road connections to the ports of Rotterdam and Antwerp. Both an
intermodal rail and an intermodal barge container terminal are located within ten
kilometers of the park.

Fresh Park Venlo, established close to the German border in the 1960s, is located in
the middle of the second most important horticultural area in the Netherlands (Fresh
Park Venlo, 2012). Since 2008, a park management organization has owned the land,



6.3 THEORETICAL FRAMEWORK 107

infrastructure, and most buildings in the park. About 100 companies specializing in
fresh produce locate in the 130-hectare logistics park, employing approximately 1500
people, with the addition of another 1500 workers during harvest season. Besides
good connections to the road network at an intersection of two major highways, an
intermodal rail and an intermodal barge container terminal are located within two
kilometers of the park.

6.3 Theoretical framework

The research question pertains to whether logistics companies located in a logistics
concentration area that specializes in fresh produce enjoy benefits beyond those at-
tained by logistics companies located in diverse logistics concentration areas. Prior
literature pertaining to classical agglomeration economies and collaborations among
logistics companies does not deal specifically with the spatial dimension of collabo-
ration, but it is highly relevant, because both classical agglomeration economies and
co-location synergies for logistics can require cooperation. These literature overviews
inform the hypotheses development as well.

6.3.1 Classical agglomeration economies

Marshall (1956) describes three types of agglomeration economies: labor market
pooling, input sharing, and knowledge spillovers. Chapter 5 showed that the avail-
ability of truck drivers (labor market pooling) and the availability of repair and main-
tenance facilities (input sharing) improve in logistics concentration areas compared
with outside these areas. In Chapter 5, we could not confirm the hypothesis that co-
located logistics firms exchange information more often than do non-co-located. This
may be explained by their diversity; firms located in specialized logistics concentra-
tion areas may share knowledge more, because according to research into knowledge-
based clusters, agglomeration benefits depend on the characteristics of the co-located
firms. For example, Beaudrey and Breschi (2003) find that clusters of firms from the
same industry may not benefit firms’ innovative activities, but the clustering of highly
innovative firms from a single industry does.

6.3.2 Collaboration between logistics companies

Fierce competition in global markets, the introduction of products with shorter life-
cycles, and increased logistics demands by customers force logistics firms to invest in
stronger, mutually beneficial relationships. Suppliers, consumers, and even competi-
tors can be collaboration partners. Such collaboration in turn provides opportunities
to reduce costs and increase profitability or improve service quality (Cruijssen et al.,
2007b). Logistics collaborations generally involve two main types (e.g., Simatupang
and Shridharan, 2002): vertical collaboration, which applies to different echelons
in the supply chain, and horizontal collaboration, which occurs at the same echelon
(Krajewska et al., 2008). Many studies explore (vertical) supply chain collaborations
(see for an overview, Thomas and Griffin, 1996), noting benefits such as supply chain
coordination across different firms and facilities that are not necessarily located close
together.



108 SPECIALIZED VERSUS DIVERSE LOGISTICS CONCENTRATION AREAS

Horizontal collaboration instead occurs when two or more unrelated or compet-
ing organizations cooperate to share information or resources. It can benefit several
aspects of supply chain management, such as forecasting, procurement, transporta-
tion, and inventory management. For both collaborative forecasting and collaborative
procurement, the location of the collaborating companies is irrelevant; in contrast, it
is important for collaborative transportation and inventory management. Horizontal
collaboration in freight transport occurs when two (or more) shippers combine their
shipments. By bundling their shipment requests, the shippers can negotiate better
shipment rates with a common carrier, because it can perform fewer repositionings
of its trucks (Agarwal et al., 2009; Ergun et al., 2007a,b). Alternatively, logistics ser-
vice providers (LSP) might combine parts of their networks (Schmoltzi and Wallen-
burg, 2011), which should increase the company’s productivity in core activities by de-
creasing empty mileage and the average distance between customers (Cruijssen et al.,
2007a; Krajewska et al., 2008; Van Donselaar et al., 1998). In this case, overlapping
transportation networks, based on similar source and sink regions, are a prerequisite
(Leitner et al., 2011). The co-location of logistics companies thus creates opportunities
to collaborate horizontally in transportation.

Jordan and Graves (1995) show that capacity pooling can serve more demand with
less production capacity, because it creates sufficient flexibility to cope with fluctua-
tions in demand. This concept also applies to pooling warehouse capacity. By jointly
managing inventories in (partly) shared warehouses, the excess capacity of one firm
can be functionally employed by the other.

Despite these potential benefits, few logistics companies collaborate horizontally
(Vanovermeire et al., 2012). In studying 154 LSPs in Belgium, Cruijssen et al. (2007b)
sought to investigate impediments to horizontal collaboration and found that the most
important impediments relate to the distributions of costs and benefits across coop-
erating partners and the difficulty of finding reliable partners. Companies located in
logistics concentration areas can more easily build relationships based on trust and
collaboration (Sheffi, 2012), because of their physical proximity and formal and in-
formal (tacit) knowledge exchanges. A location in a logistics concentration area thus
increases the potential for building collaborative relationships.

6.3.3 Hypotheses

Agglomeration economies related to co-location of logistics establishments are tested
with a survey of managers of logistics establishments located in one of the fresh pro-
duce logistics parks and in logistics AREC areas in the south of the Netherlands.

To test whether classical agglomeration economies are relevant to specialized logis-
tics concentration areas, in terms of labor market pooling or input sharing (Marshall,
1956), we would need to compare specialized logistics concentration areas against
diverse logistics concentration areas. However, with only two specialized logistics
concentration areas, we have too few observations to test for these agglomeration
economies within these areas. Therefore, we only considered classical agglomeration
economies in relation to knowledge spillovers, which can be tested on the establish-
ment level. Employees of logistics establishments in specialized logistics concentration
areas likely exchange more information than employees of logistics establishments in
diverse logistics concentration areas, because their activities are more similar, so the
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companies gain more from exchanging information.

H1. (a) Managers of logistics establishments located in fresh produce logistics parks
more often share information (informally) than do managers of logistics es-
tablishments located in diverse logistics concentration areas.

(b) Non-management personnel of logistics establishments located in fresh pro-
duce logistics parks more often share information (informally) than does
non-management personnel of logistics establishments located in diverse lo-
gistics concentration areas.

Agglomeration economies specific to the logistics sector likely reflect the types
of collaboration described previously. That is, co-located logistics establishments ex-
change more transport capacity (see Chapter 5 and Sheffi, 2012). The establishments
in fresh produce logistics parks all transport similar kinds of products, most of which
need temperature-conditioned settings, so products can be combined in one truck,
giving the establishments obvious opportunities for combining transport flows, un-
like logistics establishments in other logistics concentration areas. Most literature on
collaborative transportation assumes structurally combined networks, though in prac-
tice, shipments get combined only occasionally (see Vanovermeire et al., 2012, for an
overview of freight transportation collaboration projects in the Netherlands and Bel-
gium) and not necessarily based on formal collaboration agreements. The following
hypotheses thus relate to the exchange of transport capacity only.

H2. Logistics establishments located in fresh produce logistics parks (a) send cargo in
shipments by other logistics firms and (b) accept cargo from other logistics firms
in their shipments more often than logistics establishments located in diverse
logistics concentration areas do.

Co-located shippers that collaboratively outsource their products to a carrier may
pay lower prices for their shipments. Co-located shippers even may have advantages
over non-co-located shippers without specific collaboration, because carriers may be
more flexible in accepting orders from co-located customers. The spatial concentration
of logistics establishments specializing in fresh produce creates more opportunities
to combine transport flows, so these logistics establishments likely pay lower prices
and experience more flexibility from their carriers than do logistics establishments in
diverse logistics concentration areas.

H3. Logistics establishments located in fresh produce logistics parks (a) pay a lower
price for transportation services and (b) experience greater flexibility from their
carrier(s) than do logistics establishments located in diverse logistics concentra-
tion areas.

Similar to transport capacity, co-located logistics establishments may more easily
share storage capacity. Again, the product type determines the degree to which such
sharing is possible; it is easier if the product type is similar, especially for companies
in fresh produce logistics parks, which need temperature-conditioned warehousing.

H4. Logistics establishments located in fresh produce logistics parks (a) use more
storage capacity of other logistics firms and (b) allow other logistics firms to use



110 SPECIALIZED VERSUS DIVERSE LOGISTICS CONCENTRATION AREAS

more of their storage capacity than logistics establishments located in diverse
logistics concentration areas do.

The market liquidity of warehousing facilities also increases with more such facili-
ties. Because logistics establishments in diverse logistics concentration areas co-locate
with totally different logistics establishments, expansion by taking over an adjacent
warehouse may not always be possible. Logistics establishments co-located in fresh
produce logistics parks instead have a homogeneous set of temperature-conditioned
warehousing facilities, so they enjoy better expansion opportunities than establish-
ments in diverse logistics concentration areas.

H5. Logistics establishments located in fresh produce logistics parks have better ex-
pansion opportunities than logistics establishments located in diverse logistics
concentration areas.

Finally, though collaborative procurement is not location specific, establishments
in fresh produce logistics parks may enjoy procurement-related benefits. The opportu-
nities for last-minute trade among such establishments increases their flexibility and
ability to serve customers with volatile demand.

H6. Logistics establishments located in fresh produce logistics parks more often (a)
purchase and (b) sell products last-minute to fulfill last-minute order changes by
customers than do logistics establishments located in diverse logistics concentra-
tion areas.

Figure 6.1 summarizes these relationships.

6.4 Research methodology and data collection

To test these hypotheses, we conducted statistical analyses of data gathered from a
web-based questionnaire, sent to managers of logistics establishments. Their res-
ponses provided the source for comparing logistics establishments located in fresh
produce logistics parks against those located in diverse logistics concentration areas.
In total, 120 logistics establishments appear in the two fresh produce logistics parks.
We were able to obtain the e-mail addresses of 109 (logistics) managers of these es-
tablishments, and 43 (39%) of these managers completed the questionnaire.

For the logistics establishments located in diverse logistics concentration areas, a
selection was made of the logistics establishments co-located in logistics AREC areas
in Noord-Brabant and Limburg. Agglomeration economies may differ for logistics
establishments that perform different activities, so we selected 84 establishments to
create a distribution on the basis of the most important activity performed by these
establishments that was similar to the parallel distribution for establishments from
the fresh produce logistics parks (see Table 6.1). This group was the largest number
of establishments that could be selected to achieve similar distributions. The average
size (number of full-time employees) of respondents’ establishments was 65, with a
standard deviation of 124 and a median of 33 (Table 6.2). We found no significant
difference in the average number of employees in the two groups of establishments
(p = 0.532).
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FIGURE 6.1: Conceptual model and hypotheses

TABLE 6.1: Distribution of logistics establishments, based on most important activity

In concentration area
Most important Total Specialized Diverse
activity N % N % N %
Wholesale trade 78 61% 26 60% 52 62%
Storage 3 2% 1 2% 2 2%
Transport as logistics service provider 27 21% 9 21% 18 21%
Value added logistics (VAL) services 3 2% 1 2% 2 2%
Other services 15 12% 5 12% 10 12%
Missing 1 1% 1 2% 0 0%
Total 127 100% 43 100% 84 100%
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TABLE 6.2: Descriptive statistics of employment in respondents’ logistics establish-
ments

Employment per Fresh produce Diverse logistics
establishment Total logistics parks concentration areas
Mean 65.45 75.79 60.70
Median 32 30 35
Standard deviation 125.39 190.21 77.18
Minimum 4 4 5
Maximum 1150 1150 550

Note that establishments with an industry code related to transport, storage, or
wholesale trade activities were classified as logistics establishments (see Appendix A).
Because the industry code only indicates whether an establishment’s main activity
is freight transport, for example, not freight transport of fresh produce, we cannot
specify logistics establishments that specialize in fresh produce in the diverse logistics
concentration areas.

The respondents in this survey received the same questionnaire as the respondents
of the survey described in Chapter 5. Table 6.3 gives an overview of the items used
per hypothesis presented in Section 6.3.3.

Based on the same arguments as provided in Chapter 5, we used one-way inde-
pendent sample t-tests to determine if respondents from establishments in the fresh
produce logistics parks agreed significantly more with the hypotheses than respon-
dents from establishments in diverse logistics concentration areas.

We tested for non-response bias by dividing each group of respondents into three
categories: respondents that completed the questionnaire after receiving the initial e-
mail; respondents that replied after one reminder telephone call; and respondents that
replied after either two calls (fresh produce logistics park) or one call and an extra e-
mail (diverse logistics concentration areas). An analysis of variance (ANOVA) showed
no significant differences across the three categories in either group of respondents
for the key statements (α= 0.05). Because late respondents provide a proxy for non-
respondents (Armstrong and Overton, 1977), non-response bias was not a notably
problem for this study.i

6.5 Analysis and results

Table 6.4 provides, for both groups of respondents, the average levels of agreement
and the number of respondents who answered each question. Table 6.4 also con-
tains the p-values resulting from the (parametric) t-tests. Figure 6.2 (on page 115)
summarizes the results.

Regarding knowledge exchange, we predicted that managers (H1a) and non-ma-
nagement personnel (H1b) employed by logistics establishments located in fresh pro-

iFor the statement related to H4b (see Table 6.3), the ANOVA test showed a single significant difference
across the three categories of respondents in diverse logistics concentration areas: The second group of
respondents agreed significantly more with this statement than the other two groups. However, without a
response trend over time, this finding did not suggest non-response bias was a problem.
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TABLE 6.3: Questionnaire items per hypothesis

Hypotheses and statements
H1a. The management of our firm often (informally) shares information / has contact with

managers of competitive colleague firms
H1b. Other employees of our firm often (informally) share information / have contact with

employees of competitive colleague firms
H2a. Our firm often sends along less-tan-truck-load freight with competitive colleague firms
H2b. Our firm often takes along less-than-truck-load freight of competitive colleague firms
H3a. The transport price of our carrier(s) is much lower than the average price in the south

of the Netherlands
H3b. Average score for flexibility of the carrier used most (average of the following four

items developed by Stank and Daugherty (1997); Cronbach’s alpha is 0.836)
- The carrier we use most is flexible in response to requests
- The carrier we use most can readily adjust its operations to meet unforeseen circum-
stances
- The carrier we use most handles change well
- The carrier we use most can provide emergency services

H4a. Our firm makes much use of storage capacity of competitive colleague firms (among
other things as temporary rent)

H4b. Competitive colleague firms make much use of our storage capacity (among other
things as temporay rent)

H5. The possibilities to expand at our current location are good
H6a. Our firm often purchases products last-minute from competitive colleague firms to

fulfil last-minute order changes of customers
H6b. Our firms often sells product last-minute to competitive colleague firms, such that they

can fulfil last-minute order changes of their customers
Note: Respondents were asked to indicate the level of agreement with the statements on a 7-point Likert
scale, where 1 = completely disagree and 7 = completely agree.

TABLE 6.4: Differences in mean scores for logistics establishments in fresh produce
logistics parks (FPLP) and diverse logistics concentration areas (DLCA)

No. of res. Mean scores
FPLP DLCA FPLP DLCA p-value

H1a 39 80 3.72 4.10 0.115
H1b 38 80 4.47 3.56 0.001∗

H2a 40 76 3.35 2.14 0.002∗

H2b 23 48 4.13 2.15 0.000�∗

H3a 34 65 3.68 3.95 0.204
H3b 34 66 5.42 5.24 0.238
H4a 35 70 2.34 2.20 0.358
H4b 35 70 2.89 1.89 0.004∗

H5 43 81 3.84 3.67 0.335
H6a 30 53 4.37 2.36 0.000∗

H6b 30 53 4.43 2.25 0.000∗
∗ Significant with α= 0.05
� Sample size of one group is smaller than 30
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duce logistics parks would share information more than persons employed by logis-
tics establishments in diverse logistics concentration areas. Although the respondents
whose firms located in fresh produce logistics parks agreed significantly more with
the statement that non-management employees often exchange information with em-
ployees of competitive establishments, they indicated no differences in information
exchange at the manager level (see Table 6.4). Therefore, we find support for H1b
but not for H1a. We furthered this analysis by asking respondents whether personnel
(management and non-management) shared information with other logistics estab-
lishments primarily when those others were located within two kilometers of their
firm. Respondents from the fresh produce logistics parks agreed significantly more
with this statement (4.33) than did respondents from other logistics concentration
areas (2.53, p = 0.000). That is, logistics establishments located in fresh produce
logistics parks share more knowledge, even if only because similar establishments are
located nearby.

Respondents of establishments located in the fresh produce logistics parks also
agreed significantly more that their establishment often sends cargo in shipments by
other logistics firms (H2a) and accepts cargo from other logistics firms in their ship-
ments (H2b). Both hypotheses thus receive support.

For the hypotheses related to transport carriers’ services though, we found no sig-
nificant differences. Logistics establishments located in fresh produce logistics parks
neither pay a lower price for the services of their most frequently used transport carrier
(H3a), nor experience greater carrier flexibility than other co-located logistics estab-
lishments (H3b). Because it might make a difference if the carrier itself is also located
in the same concentration area, we tested for differences among establishments lo-
cated in specialized or diverse concentration areas whose main carrier also is located
within two kilometers of them (26 establishments, 12 of which appeared in one of
the fresh produce logistics parks). With these small sample sizes, no significant differ-
ences emerged (p = 0.252 and p = 0.792 for H3a and H3b, respectively). Therefore,
we cannot confirm H3a and H3b.

Respondents from establishments located in fresh produce logistics parks agreed
more than those from establishments located in diverse concentration areas that other
logistics firms often use their storage capacities (H4b). They revealed no significant
differences in their responses to the statement about whether they often used the
storage capacity of other establishments (H4a). Our findings thus support H4b but
not H4a.

The average level of agreement among respondents representing the fresh produce
logistics parks and those representing diverse logistics concentration areas did not
differ significantly when they considered the possibilities to expand at their location.
Therefore, we cannot confirm H5.

Regarding last-minute trade, we found relatively large differences between logis-
tics establishment located in fresh produce logistics parks and those located elsewhere;
for both statements, the average levels of agreement of respondents from the fresh
produce logistics parks was significantly higher than the average level of agreement
of respondents from other logistics concentration areas. Hence, we found support for
H6a and H6b.
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FIGURE 6.2: Graphic summary of the research findings

6.6 Discussion and implications

Agglomeration economies in the logistics sector increase when these areas specialize;
co-located companies in fresh produce logistics parks experience more benefits than
co-located companies in diverse logistics concentration areas. This study is the first
to analyze the effects empirically for logistics companies located in specialized versus
diverse logistics concentration areas, and it thus makes contributions to both literature
and practice.

6.6.1 Conceptual implications

Knowledge sharing (Marshall, 1956) is perhaps the most researched classical agglom-
eration economy. Yet we did not find knowledge sharing synergies for co-located
logistics establishments in general (see Chapter 5). This study clarifies that non-
management personnel of logistics establishments in fresh produce logistics parks
often exchange information with personnel from other companies; management per-
sonnel does not engage in similar behavior. This result appears to relate mainly to tacit
knowledge exchanges, resulting from chance meetings of employees of establishments
in a logistics concentration area (Sheffi, 2012). In the fresh produce logistics sector,
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exchanged tacit knowledge may relate to market knowledge, such as if a transport
planner happened to know about the daily shipments of a neighboring firm to a spe-
cific region. If this planner needs to choose a logistics service provider to transport a
shipment to that region, (s)he likely will pick the one used by the neighboring firm,
because it may result in lower transport costs.

In addition, we show that logistics-specific agglomeration economies are higher
when the logistics concentration area specializes. Co-location of logistics activities re-
lated to fresh produce results in opportunities to share transport and storage resources,
and it also supports last-minute trade.

A scientific implication of the relevance of agglomeration economies for logistics
companies, both in general and in specialized concentration areas, is the need to re-
consider the basic assumption of most location decision models in supply chain lit-
erature (see for an overview e.g., Melo et al., 2009). Most of these models consider
only a firm’s own supply chain, with the assumption that minimizing the sum of the
(weighted) distances between its own location and customers’ and suppliers’ loca-
tions is equivalent to minimizing transport costs. Yet these models ignore regional
aspects and assume the region is a green field. The research presented in this part of
the dissertation suggests this assumption may be invalid. Locating in a logistics con-
centration area, close to other logistics companies (with similar specializations, e.g.,
fresh produce), creates opportunities to lower transport costs, by combining trans-
port flows. The transport costs are lower for these companies than for companies not
located in such areas. The opportunity to reduce transport costs in a logistics con-
centration area depends on the collaboration opportunities. As these are not known
beforehand, this has to be modeled with probabilities. Adding this consideration to
a facility location model could redefine the optimal location for a firm, placing it in
a logistics concentration area, even one that is somewhat more distant from the cus-
tomers and suppliers. Chapter 7 presents a model that explicitly considers synergies
achieved through co-location of logistics firms in a shipper’s location decision.

6.6.2 Managerial implications

Logistics companies should take agglomeration economies into account in their loca-
tion decisions, because they provide opportunities to share knowledge, share trans-
port and storage resources, and react more flexibly to last-minute customer demand
changes. In particular, co-located logistics companies often share resources with other
companies; those co-located in specialized logistics parks share even more. Accord-
ingly, it is not only geographical proximity that has a positive influence on the effi-
ciency and flexibility of these firms but also their specialization in fresh produce. These
companies all need temperature-conditioned transport, so the exchange of transport
capacity is easier within these parks than elsewhere. The better use of transport ca-
pacity also results in less freight traffic, which decreases road congestion and CO2
emissions. This insight should be of interest to policy makers.

Logistics companies co-located in fresh produce logistics parks more often lend or
rent out storage capacity than other firms. Contrarily, they do not use other logis-
tics firms’ storage capacity more often than other firms. Exchanging storage capacity
necessarily involves two parties, so we expected that if one of our hypotheses was sig-
nificant, the other should be as well. This finding implies that the explanation must
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come from outside the logistics parks. For example, companies in the fresh produce
sector, which (temporarily) need temperature-conditioned storage space, may start
looking for available space in these fresh produce logistics parks, knowing that the
probability of finding space is higher in these parks.

The co-location of logistics companies (especially wholesale trade companies) spe-
cializing in fresh produce also prompts relatively more last-minute trading, which in-
creases the flexibility with which they can react to last-minute changes in customer
demand. In turn, they likely achieve better customer service levels. This flexibility
is particularly important for companies that operate in highly competitive, homoge-
neous markets, such as that for fresh produce.

Finally, the spatial concentration of logistics companies can result in some agglom-
eration diseconomies (Fujita and Krugman, 2004). Local road congestion and higher
land prices or rent might stem from such co-location. The respondents from the fresh
produce logistics parks indicated a relatively higher level of congestion in their direct
surroundings and relatively high land prices. However, our sample size in this case
was equal to just two regions, so we cannot conduct statistical tests or draw hard
conclusions. Instead, we call for further research to analyze the potential drawbacks
of co-location by logistics establishments, although the survey presented in Chapter 5
did not find these drawbacks.

6.7 Conclusions

This research has shown empirically that logistics companies co-located in fresh pro-
duce logistics parks enjoy extra advantages compared with logistics companies co-
located in other, diverse logistics concentration areas. The most important are the
opportunities to (1) share knowledge, and hence be more innovative; (2) share trans-
port and storage resources, and thus be more efficient; and (3) trade products last
minute, to increase flexibility in response to customer demand. In addition to ac-
counting for synergies achieved through co-location, managers of logistics compa-
nies therefore should consider the opportunities obtained by co-locating specifically
in specialized logistics parks. Logistics companies specializing in fresh produce ac-
crue benefits from locating in such parks. With their similar demands (e.g., need for
temperature-conditioned transport and storage), logistics companies specializing in
other products, such as deep-frozen foods, pharmaceuticals, or flowers, likely would
gain similar benefits. Nevertheless, logistics firms may also have benefits from co-
location with totally different firms. Sheffi (2012) provides an example for a fashion
retailer and a fish processing company co-located in the logistics clusters in Zaragoza,
Spain, that decrease shipping costs by combining their cargo in one plane from South-
Africa. Hence, further research should confirm if our findings also hold in the case of
logistics parks with other specializations.

Beyond the advantages for logistics companies, exchanges of transport capacity by
establishments co-located in specialized logistics concentration areas result in societal
benefits, such as reduced CO2 emissions and road congestion. This argument could
support regional policy makers’ efforts to stimulate the development of specialized
logistics concentration areas.

As is the case for any business survey conducted with questionnaires, these conclu-
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sions reflect the perceptions of the managers of the selected logistics companies. The
questionnaire did not reveal the research theme to the respondents, and the question-
naire statements referred to actual actions, not options for actions. The survey thus
provides valuable information.

This part of the thesis clearly showed that co-location of logistics establishments is
beneficial for both logistics firms as well as the society at large. Hence, both decision
makers from logistics firms, responsible for decisions regarding locations of new estab-
lishments, and from regional governments, responsible for the policy where to locate
logistics firms, should take these effects into account in their location policies. The
next part of the thesis researches both these policies. The location decision regarding
a new logistics establishment is analyzed from a modeling perspective in Chapter 7
and the policy regarding land allocation to logistics firms is analyzed with another
survey in Chapter 8.
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7
FACILITY LOCATION IN A LOGISTICS

CONCENTRATION AREA

7.1 Introduction

Previous chapters have shown that co-location is beneficial for logistics establish-
ments. Logistics companies in logistics concentration areas are more accessible, have
better access to repair and maintenance facilities, enjoy improved expansion oppor-
tunities, and are more likely to combine transport and storage capacity compared to
logistics companies not located in these areas. In addition, companies located in logis-
tics clusters build relationships with other firms more easily, based on their developed
trust and collaboration (Sheffi, 2012), which are increasingly important in rapidly
changing environments.

Considering these advantages, should all logistics companies simply locate in lo-
gistics concentration areas? To address this question, we focus on a shipper that has to
choose a location for a new (regional) distribution center. Traditionally, this decision
would reflect the location of customers that need to be supplied from that distribution
center. If instead the location decision depends mainly on the desire to locate in a lo-
gistics concentration area, the firm might accrue additional transport costs, especially
if the logistics concentration area is distant from the center of gravity of customer
demand.

Accordingly, individual firms need to know how to determine whether they should
locate in logistics concentration areas. Although the facility location problem has
received substantial attention in supply chain management literature (e.g., Drezner
and Hamacher, 2004; Klose and Drexl, 2005; Daskin, 2008; Melo et al., 2009; Baron
et al., 2011), no existing models explicitly consider synergies through co-location, even
though such synergies can be highly valuable for supply chain management (Bozart
et al., 2007). Locating in a logistics concentration area offers the option of sharing
transport resources with other logistics companies located in the same area, that is,
of combining transport flows. Although other synergies due to co-location of logistics

The content of this chapter has also been presented in Van den Heuvel et al. (2013c). Besides Peter de
Langen, Jan Fransoo, and Karel van Donselaar, this paper was co-authored by Rob Broekmeulen from the
Eindhoven University of Technology.
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establishments may be hard to quantify, the opportunity to combine transport flows
can be modeled explicitly, because it directly influences transportation costs. However,
making transportation costs dependent on the location of the new facility alone does
not suffice, as at the location decision time, it is not known yet whether transport
flows can or cannot be combined with other firm’s transport flows. Therefore, the
proposed model contains probabilities to combine transport flows, which depend on
the location of the facility.

Accordingly, unlike most facility location models that determine the optimal lo-
cation on the basis of customer demand, such that they consider only the company’s
supply chain and transport flows, our model acknowledges that the possibility of com-
bining transport flows with those of companies operating in other supply chains di-
rectly influences transport costs. We thus present a new way to model transportation
costs in facility location models to determine the optimal location of a (new) distribu-
tion center. With a location in a logistics concentration area, a company increases the
probability of combining transport flows with other logistics firms, and thus lowering
costs, due to its proximity to many other logistics firms. In turn, it may be optimal
to locate in a logistics concentration area, even if that area is not located in close
proximity of the center of gravity of customer demand.

Our proposed model explicitly investigates the trade-off between the benefits of
combining transport flows in a logistics concentration area against the costs of travel-
ing greater distances to reach customers. With this model, a shipper confronted with
a location decision can determine with what distance between the center of gravity
of customer demand and the logistics concentration area it is optimal to locate in
the logistics concentration area. To model the shipper’s transportation costs, we use a
continuous approximation of the freight rates of logistics service providers. By collabo-
rating with other shippers in the logistics concentration area, our focal shipper obtains
lower freight rates, because the high network density of the transport network of the
collaborating shippers decreases the transport costs for the logistics service provider.
In identifying the maximal distance between the center of gravity of customer demand
and the logistics concentration area, we demonstrate that the optimal location for a
distribution center depends on the characteristics of the shipments that the company
makes and its opportunities to combine transport flows. Note that our focus is on the
reduction of transportation costs resulting from a location in a logistics concentration
area, whereas a company can also decide to increase the flexibility to the customer,
by decreasing shipment sizes.

We acknowledge various facility location models, which Daskin (2008) classifies
as analytic, continuous, network, and discrete facility location models. Analytic fa-
cility location models typically assume that demand is uniformly distributed over a
service area and facilities can be located anywhere within the area. Continuous facil-
ity location models anticipate that demand arises only at discrete locations. Network
models predict demand and facility locations on the basis of a network of nodes and
links. Finally, in discrete facility location models, facilities get restricted to a finite set
of candidate locations. We adopt an analytic model, which uses a minimal number
of parameters and therefore best enables us to identify the effects of opportunities to
combine transport flows in logistics concentration areas in facility location models.
Furthermore, because the other types of facility location models account for different
transport volumes per customer, they define the optimal location according to the dis-
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tribution of demand over the customers and the location of the logistics concentration
area relative to the largest customers, which is not relevant for our study.

The remainder of this chapter is structured as follows: Section 7.2 describes the
benefits of horizontal collaboration by shippers and the increased probability of find-
ing collaboration partners in logistics concentration areas. We present the model in
Section 7.3. Section 7.4 numerically specifies the influence of the different parame-
ters on the location decision. Finally, we present model extensions in Section 7.5 and
conclude in Section 7.6.

7.2 Horizontal collaboration and logistics concentra-
tion areas

Chapter 6 indicated that horizontal collaboration occurs when two or more unrelated
or competing organizations cooperate to share information or resources. In this chap-
ter, we focus on horizontal collaboration of shippers. By bundling their shipment
requests, the shippers can negotiate better shipment rates with a common logistics
service provider (LSP), on the basis of quantity discounts (Munson and Rosenblatt,
1998). Such a collaboration increases the LSP’s productivity (see Chapter 6). Over-
lapping transportation networks based on similar source and sink regions are prereq-
uisites for collaboration synergies (Leitner et al., 2011). Because co-located companies
share at least their source or sink location, they gain opportunities to collaborate on
transportation. Chapters 5 and 6 showed that logistics establishments located in logis-
tics concentration areas combine their transport flows more often than those located
outside these areas. The probability that transport flows can be combined is thus
higher if the facility is located in a logistics concentration area rather than elsewhere
in the region.

Geographical proximity largely defines collaboration opportunities. When there
is a high density of logistics firms in a logistics concentration area, many transport
flows go in and out of the area, which increases the probability that transport flows
can be combined. In addition, Cruijssen et al. (2007b) identify, as a critical imped-
iment to horizontal collaboration in transport and logistics, the difficulty of finding
a trusted party. Geographical proximity helps to overcome this impediment: all else
being equal, the costs of exchanging information increase with greater distance be-
tween firms (Malmberg and Maskell, 1997). This effect is caused not by communica-
tion costs (Laserre, 2008) but by the need to create trust and understanding between
cooperative firms, which is more likely when the firms share a common language, val-
ues, and culture. Trust and commitment in turn can promote long-term relationships
(Wallenburg et al., 2011).

Although literature on collaborative transportation often assumes structural net-
work combinations, in practice most shipments are combined only occasionally (e.g.,
Vanovermeire et al., 2012). That is, in practice, it remains difficult to find trustworthy
partners. Companies located in logistics concentration areas can more easily build
relationships based on trust and collaboration (Sheffi, 2012), because of their formal
and informal (tacit) knowledge exchanges. In contrast, companies outside these ar-
eas likely struggle to build similar relationships, largely because they are external to
these areas. This implies that being able to combine transport flows depends on the
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relationships that will be build over time with other logistics firms in the logistics con-
centration area. Hence, it cannot simply be checked whether there are collaboration
opportunities in a logistics concentration area before a location decision is made, such
that we have to model these with a certain probability.

In summary, logistics concentration areas should have a positive influence on the
probability on combining transport flows. The ease of building relationships in a lo-
gistics concentration area, and the difficulty doing so outside these areas, also should
lead to a rapidly decreasing influence of such an area on the probability of combining
transport flows with greater distance from logistics concentration areas.

7.3 Model

With our proposed model, we seek to determine the optimal location of a shipper’s
(new) distribution center, after it has outsourced transportation responsibilities to an
LSP. We do not explicitly model the route planning problem, which relates primarily
to tactical or operational planning levels, whereas the facility location decision is a
strategic one (Eilon, 1977). Because transportation has been outsourced to an LSP,
we can implicitly model the load factor of the trucks in the transportation costs. In
this section, we assume that customer demand per period is smaller than or equal to
a truck’s capacity, so we only analyze less-than-truckload (LTL) shipments. Section
7.5.1 assesses the case in which customer demand is larger than one truckload (TL).
In addition, whereas we assume here that there only is one logistics concentration
area in the region, we relax this assumption in Section 7.5.2.

The model determines the long-run optimal location of a (new) distribution center
by minimizing the total expected transport costs per period from this distribution cen-
ter to all customers in the region. We assume that customers are uniformly distributed
over the region and that the shipment size per customer per period is the same for all
customers and all periods. Furthermore, we assume that every customer is delivered
once per period (i.e., the length of the period is chosen in such a way that every cus-
tomer is delivered once per period). The model investigates the trade-off between a
location in the logistics concentration area and the location in the center of gravity
of customer demand. By locating in the logistics concentration area, transport costs
are decreased due to the opportunity of combining transport flows with those of other
logistics firms, but are increased due to the extra distance that has to be driven to the
customers. The model compares the total transport costs related to both locations.

Define v as the shipment size in weight units per customer per period, and α= v
W

as the shipment size per customer per period as a fraction of the weight of a full truck-
load W . We use weight units herein, but the analyses are similar with volume units.
Although interesting to analyze, opportunities that arise due to the combination of
small and heavy products with voluminous and light products is out of the scope of
this study. The number of trips per customer per period Nc is equal to one. The re-
gion has size S (in squared distance units), and Na represents the spatial density of
customers (in customers per squared distance unit). The location of the distribution
center is denoted by the coordinates (x , y), the location of the logistics concentra-
tion area by coordinates (xc , yc), and the center of gravity of customer demand by
coordinates (x g , yg).
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The remainder of this section is structured as follows: Section 7.3.1 describes the
way of modeling the probability of combining transport flows dependent on the lo-
cation of the distribution center. We present the general model that includes this
probability in Section 7.3.2. This model does not include a specification of the per
distance unit transport costs. Section 7.3.3 elaborates on how to model these costs,
such that these can be included in the model in Section 7.3.4.

7.3.1 Probability of combining transport flows

The probability of combining transport flows with those of other logistics firms de-
pends on the facility location. We argued in Section 7.2 that the probability of com-
bining transport flows in the logistics concentration area is higher than the probability
of combining transport flows at other locations. Define Pc as the probability that trans-
port flows can be combined in the logistics concentration area, and define Pn < Pc as
the probability that transport flows can be combined at a location far from the logistics
concentration area, that is, a location where the concentration of logistics firms does
not have any influence on the probability of combining transport flows. At locations
relatively close to the logistics concentration area, this influence probably is not zero,
while it does decrease rapidly with greater distance from the logistics concentration
area (see Section 7.2). The distance between the logistics concentration area and lo-
cation (x , y) is defined as dc(x , y). Then, the probability that transport flows can be
combined at location (x , y), denoted as P(x , y), can be modeled as follows:

P(x , y) = Pn + (Pc − Pn) · k−dc(x ,y), (7.1)

where the first term in this expression is equal to the probability that transport flows
can be combined at a location far away from the logistics concentration area (without
any influence). The second term represents the influence of the logistics concentration
area on the probability of being able to combine transport flows at location (x , y). If
the facility locates in the logistics concentration area, (x , y) = (xc , yc) and dc(x , y) =
0, the probability of being able to combine transport flows P(xc , yc) is equal to Pc . If
the facility locates far from the logistics concentration area, this probability is equal to
Pn. The shape parameter k > 0 determines the influence of the logistics concentration
area on the probability of combining transport flows, depending on the distance from
the logistics concentration area, as we show in Figure 7.1.

7.3.2 General model

We define E[d(x , y)] as the expected distance between a random customer in the
distribution region and the location of the distribution center, with coordinates (x , y).
If the transport costs ct(α) are defined per distance unit, the total transport costs per
period for all customers in the region T C(x , y) are defined as:

T C(x , y) = ct(α) ·E[d(x , y)] · S · Na · Nc . (7.2)

As Nc = 1, we will not consider this variable in the remainder of the chapter. As-
suming that ct(α) is independent of the facility location (x , y), the optimal location
of the distribution center is in the center of gravity of customer demand. However,
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FIGURE 7.1: Influence of shape parameter k on P(x , y); k1< k2< k3< k4< k5

if transport flows can be combined, transport costs decrease, such that ct(α) depends
on the opportunity to combine transport flows with other logistics companies:

ct(α) =

�

ct(α) if flows cannot be combined with other logistics companies,
ct(α) if flows can be combined with other logistics companies,

(7.3)
where ct(α)> ct(α).

Define∆ct(α) = ct(α)− ct(α) as the difference between the transport costs in case
transport flows can be combined and the transport costs in case transport flows cannot
be combined. Including the probability of being able to combine transport flows on a
certain location, we can derive the following total transport cost function:

T C(x , y) = (1− P(x , y)) · ct(α) ·E[d(x , y)] · S · Na
+P(x , y) · ct(α) ·E[d(x , y)] · S · Na

= E[d(x , y)] · S · Na · (ct(α)− P(x , y)∆ct(α)).
(7.4)

Choose the shape parameter k that determines the influence of the logistics con-
centration area on the probability of being able to combine transport flows at location
(x , y) sufficiently high, that is, high enough to ensure that the optimal facility location
is either in the center of gravity of customer demand or in the logistics concentration
areas. Based on the discussion in Section 7.2, shippers should only gain from a loca-
tion in the logistics concentration area, and hence, locations in between the logistics
concentration area and the center of gravity of customer demand should be ruled out.
The trade-off is between the logistics concentration area and the center of gravity of
customer demand. Define dcg = dc(x g , yg) as the distance between the center of grav-
ity of customer demand and the logistics concentration area, E[dc] = E[d(xc , yc)]
as the expected distance between a random customer in the region and the logis-
tics concentration area, E[dg] = E[d(x g , yg)] as the expected distance between a
random customer in the region and the center of gravity of customer demand, and
E[∆d] = (E[dc] − E[dg])/E[dg] as the relative difference in the expected transport
distance to a random customer from a location in the logistics concentration area and
from the location in the center of gravity of customer demand.
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THEOREM 7.1. The logistics concentration area is the optimal location if and only if:

E[∆d]<
(Pc − Pn) · (1− k−dcg ) ·∆ct(α)

ct(α)− Pc ·∆ct(α)
. (7.5)

PROOF. From Equation 7.4, it follows that the total transport costs in the logistics
concentration area (xc , yc) and in the center of gravity of customer demand (x g , yg),
respectively, are equal to:

T C(xc , yc) = S · Na ·E[dc] · (ct(α)− P(xc , yc) ·∆ct(α)), and
T C(x g , yg) = S · Na ·E[dg] · (ct(α)− P(x g , yg) ·∆ct(α)).

(7.6)

Define ∆T Ccg = [T C(xc , yc)− T C(x g , yg)]/T C(x g , yg) as the relative total transport
cost difference between these two locations. Then:

∆T Ccg =
E[∆d] · [ct(α)− P(xc , yc) ·∆ct(α)]− [P(xc , yc)− P(x g , yg)] ·∆ct(α)

ct(α)− P(x g , yg) ·∆ct(α)
.

(7.7)
The location decision maker is indifferent between the two options only if the total
transport costs for both locations are equal, such that∆T Ccg = 0, which occurs if and
only if

E[∆d] =
[P(xc , yc)− P(x g , yg)] ·∆ct(α)

ct(α)− P(xc , yc) ·∆ct(α)
. (7.8)

From Equations 7.1 and 7.8, it follows that the facility will only be located in the
logistics concentration area (i.e., ∆T Ccg < 0) if and only if Equation 7.5 holds.

7.3.3 Specification of the transport costs per distance unit

With the assumption that the shipper has outsourced its transportation to an LSP, the
transport costs ct(α) depend on the freight rates of the LSP. In practice, LTL rates are
usually stated per weight unit for a given origin and destination. However, noting the
difficulty that arises when working with actual freight rates without predetermined
locations, routes, modes, or lot sizes, several researchers proposed the use of contin-
uous functions to properly estimate actual freight rates (e.g., Swenseth and Godfrey,
1996, 2002; Tyworth and Zeng, 1998; Tyworth and Ruiz-Torres, 2000; Mendoza and
Ventura, 2009). We define ft(v) as the freight rate per weight unit per distance unit,
depending on the shipment weight v. Then, transport costs per distance unit can be
expressed as:

ct(α) = v · ft(v). (7.9)

Define ft(W ) as the TL rate per weight unit per distance unit and θ = W · ft(W )
as the transport costs of a TL per distance unit. Table 7.1 presents the two most often
used approximations for LTL shipments, based on a power and an adjusted inverse
function, and a combination of these functions. The proportional freight rate function
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TABLE 7.1: Freight rate functions and the corresponding per distance unit transport
costs function

Freight rate function Transport cost function

Power ft(v) = ft(W ) ·
�

v
W

�−r
ct(α) = θ ·α1−r

Adjusted inverse ft(v) = ft(W ) ·
�

1+ β · W−v
v

�

ct(α) = θ · [β + (1− β) ·α]

Combination ft(v) = ct(α) = θ · [β + (1− β) ·α1−r]

ft(W ) ·
h

W
v
· β + (1− β) ·

�

v
W

�−ri

has a worse fit with actual LTL freight rates than the power (Mendoza and Ventura,
2009) and adjusted inverse freight rate functions (Swenseth and Godfrey, 2002), so
we excluded it from our analysis.

The shape parameter 0 ≤ r ≤ 1 of the power freight rate function depends on
specific routes. This shape parameter expresses the efficiency of the vehicle routing.
For r = 1, the transport costs are independent of the weight of the shipment and
equal to the costs of delivering a TL, and when r = 0, the transport costs are linear to
the shipment weight. Note that we assume that if r < 1, the transport costs for LTL
shipments are strictly less than the transport costs for a TL shipment, which may not
be true in practice. Section 7.5.3 relaxes this assumption.

Arcelus and Rowcroft (1991) find r values on the order of 0.62, based on actual
freight rates for small orders on routes in Canada. Fitting the same function, Tyworth
and Zeng (1998) find a good fit with r = 0.33 for representative freight rate data
published by a major trucking company. The power function used by Cheung et al.
(2001) indicates the best fit for a value r = 0.5, based on a case study of DHL in Hong
Kong. Van der Vlist and Broekmeulen (2006) use an approximation of the value of r
of 0.435, based on a generalization of the functions used by LSPs in the Netherlands.
Mendoza and Ventura (2009) fit the power freight rate function to freight rate tables
for three different routes in the US and find values of r between 0.28 and 0.48.

Swenseth and Godfrey (2002) indicate that a continuous approximation with rates
that decrease inversely with the order size is most effective for LTL shipments, accord-
ing to their prior analysis of actual freight rates on 40 alternative US routes (Swenseth
and Godfrey, 1996). This function is called the adjusted inverse function (see Table
7.1), where 0≤ β ≤ 1 is a shape parameter determining the rate at which the freight
rate increases per decrease of demand per customer. Thus β expresses the fixed drop
costs per stop. For β = 1, the transport costs are independent of the weight of the
shipment and equal to the costs of delivering a full truck, whereas with β = 0, the
transport costs are linear to the shipment weight. From a regression analysis of a ran-
dom sample of data collected for major US shipping routes, Swenseth and Godfrey
(2002) identify a value of β of 0.11246. Chen and Sarker (2010) use a value of 0.2.

As a generalization, we use a per unit transport cost function that combines the
two preceding cost functions (see Table 7.1). If β = 0, this function reduces to the
power function, and if r = 0, it reduces to the adjusted inverse function. We provide
examples of the per distance unit transport cost function in Figure 7.2. Because θ =
W · ft(W ) is a constant determined from the freight rate table of the LSP, in Figure 7.2
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FIGURE 7.2: Transport costs per distance unit as function of the shape parameters β
and r

we depict the transport costs relative to the transport costs of a TL (ct/θ).

7.3.4 Model with specific per unit distance transport costs func-
tion

The opportunity to combine transport flows influences the shape parameters of the
per unit transport cost function. If transport flows can be combined, freight rates de-
crease, such that r and/or β decrease, resulting in lower per customer transport costs.
The overall effect of the combination of transport flows on the freight rates, depends
on the characteristics of the flows. If the combination of flows results in a denser trans-
portation network (that is, demand points are closer together), the shape parameter
r decreases, because this parameter depends on the efficiency of the vehicle routing.
The parameter β , representing the fixed drop costs per shipment, can decline only if
the two sets of demand points of the collaborating shippers include the same demand
points, that is, if the two shippers have (at least some of) the same customers. Seeking
a collaboration partner with the same customers greatly restricts opportunities to col-
laborate, so we assume in this section that only r reduces as a result of a collaboration
with another shipper. Section 7.5.3 includes the case in which β also is reduced.

Let δr be the relative reduction of r when transport flows can be combined. Then:

ct(α) = θ · [β + (1− β) ·α1−r].
ct(α) = θ · [β + (1− β) ·α1−(1−δr )·r].
∆ct(α) = ct(α)− ct(α)

= θ · (1− β) ·α1−r · (1−αδr r).

(7.10)

Including the per unit transport costs functions ct(α) and∆ct(α) in the total transport
costs function, by combining Equations 7.4 and 7.10, results in the following total
transport costs:

T C(x , y) = E[d(x , y)] ·S ·Na ·θ · (β+(1−β) ·α1−r ·[1− P(x , y) · (1−αδr r)]). (7.11)
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THEOREM 7.2. Let 0 < α ≤ 1, 0 < β ≤ 1, and 0 < r ≤ 1. If we model per distance unit
transport costs as a combination of the power and adjusted inverse freight rate functions,
the logistics concentration area is the optimal location if and only if:

E[∆d]<
(Pc − Pn) · (1− k−dcg ) · (1− β) ·α1−r · (1−αδr r)

β + (1− β) ·α1−r · [1− Pc · (1−αδr r)]
. (7.12)

PROOF. The combination of the power and adjusted inverse freight rate functions
results in the following expressions for the total transport cost (difference):

T C(xc , yc) = E[dc] · S · Na · θ · (β + (1− β) ·α1−r · [1− P(xc , yc) · (1−αδr r)]).
T C(x g , yg) = E[dm] · S · Na · θ · (β + (1− β) ·α1−r · [1− P(x g , yg) · (1−αδr r)]).

∆T Ccg =
E[dc] · (β + (1− β) ·α1−r · [1− P(xc , yc) · (1−αδr r)])

E[dg] · (β + (1− β) ·α1−r · [1− P(x g , yg) · (1−αδr r)])
− 1.

(7.13)
Accordingly, ∆T Ccg = 0 if and only if

E[∆d] =
[P(xc , yc)− P(x g , yg)] · (1− β) ·α1−r · (1−αδr r)

β + (1− β) ·α1−r · [1− P(xc , yc) · (1−αδr r)]
. (7.14)

From Equations 7.1 and 7.14, it follows that the facility will only be located in the
logistics concentration area (i.e., ∆T Ccg < 0) if and only if Equation 7.12 holds.

With Theorem 7.2, each shipper can determine whether it is beneficial to locate in
a logistics concentration area, depending on the values of the following firm-specific
variables:
• Distance between the logistics concentration area and the center of gravity of

customer demand.
• Shipment size.
• Vehicle routing efficiency (with and without cooperation).
• Probability of combining transport flows with the transport flows of other logis-

tics firms in the logistics concentration area (and relative to this probability for
a location outside the logistics concentration area).
• Drop costs.

7.4 The influence of different parameters

Some gains can be obtained from a location in a logistics concentration area, with
different values for the different variables. We assume that the logistics concentration
area is located within the distribution region. Similar analyses can be conducted out-
side the distribution region, but they would be less relevant, in that, for example, in
just one province of the Netherlands, 19 logistics concentration areas can be identified
(see Chapter 3).

The analysis shows the results for a square-shaped distribution region. Eilon et al.
(1971) present expressions for E[d(x , y)] depending on the shape and size of the
region; the effect of the shape of the region on the expected distance to a random
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customer is small. Because the expression for E[d(x , y)] in a region with a circu-
lar shape would require a hypergeometric function, we prefer using a square region.
Similar expressions work for a rectangular region, but require an extra parameter.
The difference between E[d(x , y)] in a circle and a square of the same size is ap-
proximately 2%. The difference between E[d(x , y)] in a rectangle and a square of
the same size increases with the ratio of the length of the sides of the region; when
this ratio is equal to 1.7, the error is approximately 5%. Hence, although the results
presented in this section are based on a square-shaped distribution region, they also
give an indication of the results that would have been obtained for differently shaped
regions. Finally, E[∆d] is independent of the size of the region S (see Appendix 7A).

Table 7.2 shows a full factorial design of all relevant parameters. In a full fac-
torial design, all levels of each independent variable combine with all levels of the
other independent variables to produce all possible combinations (for an example,
see Hunter and Naylor, 1970). In our case, the table shows the influence of the in-
dependent variables dcg/

p
S, α, r, δr , Pc − Pn, and β on the relative cost difference

between a location in the logistics concentration area and the center of gravity of cus-
tomer demand ∆T Ccg . If this difference is negative, the distribution center should
locate in the logistics concentration area. To model the rapidly decreasing probability
with greater distance from the logistics concentration area, we set k to 10100 for the
numerical analysis that we present in this section.

The outcomes of a full factorial design depend on the values chosen for the in-
dependent variables. The values for the independent variables in Table 7.2 coincide
with those found in prior literature or are reasonable in practice. We express the dis-
tance between the logistics concentration area and the center of gravity of customer
demand relative to the size of the region S. In a square region,

p
S is equal to the

length of a side of the region. The included values for dcg/
p

S reached up to 0.2
times

p
S: the larger this distance, the less attractive the logistics concentration area

is. The shipment size, relative to the size of a truck (α), varied between 0.05 and
0.45. Values of α > 0.5 decrease possibilities for combining transport flows, because
trucks are already more than halfway filled with one shipment. For values of α be-
low 0.05 (i.e., less than a pallet), the shipments are likely offered to couriers, whose
standard tariffs are independent of the total transport demand. The variables r and
δr relate to the per distance unit transport costs, which depend on the freight rates of
the LSP. From prior literature (see Section 7.3.3), we chose values for r between 0.3
and 0.7. Values of δr were between 10 and 30%. For Pc − Pn, which represents the
difference between the probabilities of being able to combine transport flows for firms
located in and far from the logistics concentration area, we used values between 0.3
and 0.8. With a constant difference between these probabilities, changing the value of
Pn (and Pc accordingly) does not result in a major difference in ∆T Ccg (increasing Pn
from 0 to 0.2 decreases the average ∆T Ccg from -2.26% to -2.48%). The difference
between these probabilities thus gets included in the analysis. Table 7.2 shows the
results for Pn = 0.2. Finally, values for β , representing the drop costs per shipment,
varied between 0 and 0.2, in line with prior literature (see Section 7.3.3).

With these selected values for the different variables, we find on average that it
is beneficial to locate in the logistics concentration area, because the average relative
difference between the total transportation costs in the logistics concentration area
and the center of gravity of customer demand is -2.48% (see Table 7.2). At their
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TABLE 7.2: Full factorial design

∆TCcg = [TC(xc,yc)−TC(xg,yg)]/TC(xg,yg)
Variables Values Mean Min. 1st quart. Med. 3rd quart. Max.

All -2.48% -40.86% -5.33% -1.84% 1.40% 8.62%
dcg/
p

S 0.05 -5.96% -40.86% -7.86% -4.55% -2.53% 0.08%
0.1 -4.35% -39.85% -6.28% -2.91% -0.86% 1.79%
0.15 -1.67% -38.16% -3.65% -0.19% 1.92% 4.65%
0.2 2.07% -35.81% 0.01% 3.60% 5.79% 8.62%

α 0.05 -6.55% -40.86% -10.66% -5.32% -1.28% 8.23%
0.15 -3.74% -27.72% -7.05% -3.21% 0.13% 8.23%
0.25 -1.95% -20.83% -4.87% -1.82% 1.35% 8.36%
0.35 -0.61% -16.00% -3.33% -0.82% 2.42% 8.49%
0.45 0.47% -12.24% -2.13% 0.06% 3.28% 8.62%

r 0.3 0.49% -19.38% -2.04% 0.16% 3.40% 8.62%
0.4 -0.94% -25.28% -3.55% -0.96% 2.28% 8.43%
0.5 -2.43% -30.82% -5.28% -2.08% 1.12% 8.22%
0.6 -3.97% -36.01% -7.14% -3.23% 0.09% 8.02%
0.7 -5.53% -40.86% -9.06% -4.43% -0.86% 7.80%

δr 0.1 0.76% -15.24% -1.79% 0.37% 3.57% 8.62%
0.15 -0.92% -22.38% -3.53% -0.94% 2.30% 8.36%
0.2 -2.54% -29.01% -5.38% -2.13% 1.07% 8.09%
0.25 -4.09% -35.17% -7.15% -3.33% 0.01% 7.83%
0.3 -5.59% -40.86% -8.99% -4.48% -1.06% 7.57%

Pc − Pn 0.3 0.60% -14.96% -1.93% 0.24% 3.45% 8.62%
0.4 -0.63% -20.14% -3.23% -0.70% 2.55% 8.44%
0.5 -1.86% -25.32% -4.62% -1.63% 1.61% 8.26%
0.6 -3.09% -30.50% -6.01% -2.53% 0.73% 8.08%
0.7 -4.33% -35.68% -7.55% -3.49% -0.07% 7.90%
0.8 -5.56% -40.86% -9.04% -4.40% -0.86% 7.72%

β 0 -4.36% -40.86% -7.66% -3.21% 0.25% 8.38%
0.05 -3.23% -35.69% -6.27% -2.40% 0.83% 8.45%
0.1 -2.32% -31.27% -5.18% -1.81% 1.40% 8.51%
0.15 -1.57% -27.46% -4.29% -1.29% 1.95% 8.57%
0.2 -0.91% -24.13% -3.57% -0.86% 2.40% 8.62%

most favorable values, the variables suggest that a gain of 40.86% can be obtained
from locating in the logistics concentration area. Starting with the third row of Table
7.2, we provide ∆T Ccg statistics for each value of each variable, compared with all
other variables; for example, the third row shows for dcg/

p
S = 0.05 that the average

relative gain of locating in the logistics concentration area, rather than a location in
the center of gravity of customer demand, is 5.96%. This is the average based on all
values of the other five variables (i.e., over 54 · 6= 3750 values).

These values also show that dcg/
p

S has the largest influence on ∆T Ccg : An in-
crease from 0.05 to 0.2 results in an 8.1 percentage points increase in average∆T Ccg .
On average, it is beneficial to locate in the logistics concentration area if this distance
is 0.15 times the length of the sides of the distribution region, as we show graphically
in Figure 7.3. In practice, the logistics concentration area can be located up to about
30 kilometers from Utrecht (a central city in the Netherlands) and still be the optimal
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FIGURE 7.3: Location in a logistics concentration area within 0.15
p

S units from the
center of gravity of customer demand, which is beneficial on average in the cases
analyzed with the full factorial design

location for a distribution center that serves customers in the Netherlands, when we
approximate the Netherlands as a square with 200-km sides. Similarly, if we approx-
imate France as a square with 740-km sides, the logistics concentration area can be
located up to 111 kilometers from Orleans (a central city in France) and still be the
optimal location for a distribution center that serves customers in France.

Also α has a relatively large influence on ∆T Ccg , such that an increase of α from
the minimum to the maximum value increases the average ∆T Ccg by 6.6 percentage
points. Table 7.2 shows that the potential to gain from a location in a logistics con-
centration area is highest with smaller shipment sizes (within the considered range of
shipment sizes).

The variables that relate to the per distance unit transport costs based on the freight
rates of the LSP, r and δr , have similar influences on the average ∆T Ccg , namely, dif-
ferences of 5.7 and 6.0 percentage points, respectively, from their minimum to their
maximum values. In practice, the values of r and δr are determined by the character-
istics of the shipments of the LSP, of the shipper, and of the collaboration partner(s) of
the shipper; for example, δr is larger when the cost reduction per shipment that the
LSP can obtain by combining shipments of the collaborating shippers is larger. In gen-
eral, adding the shipments of the collaborating shippers lowers the costs for the LSP
and thereby lowers freight rates in two ways: First, the number of shipments of the
collaborating shippers is relatively large compared with the number of shipments by
the LSP’s other customers, such that adding these shipments results in a much higher
network density (economies of density). Second, the shipments of the collaborating
shippers complement the shipments of the LSP, such as by adding return trips to the
trips the LSP already had planned (economies of scope).

The difference between the probabilities of combining transport flows (Pc−Pn) and
the drop costs β results in a decrease of the average∆T Ccg by 4.8 and 3.2 percentage
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points, respectively, if changed from the minimum to the maximum allowed value.
That is, these variables have the least influence on∆T Ccg of all the variables we have
considered.

For additional insights, Table 7.3 lists statistics similar to those in Table 7.2, but
with specific values for the two most important variables, dcg/

p
S and α. For relatively

high values of these variables, it is not beneficial to locate in the logistics concentration
area. Instead, locating in the logistics concentration area is beneficial on average only
if the distance between the logistics concentration area and the center of gravity of
customer demand is less than 0.2 times the length of the sides of the region and the
shipment size is 5% of a full truck, or else if the distance is less than 0.15 times the
length of the sides of the region, even for shipments whose sizes are less than 25% of
a full truck. With dcg/

p
S = 0.15, in 25% of the cases, it even remains beneficial to

locate in the logistics concentration area for α≤ 0.35.
Finally, in Figure 7.4 we depict the relationship between dcg/

p
S and ∆T Ccg for

different values of α, r, and δr , with the other variables fixed at their median (from
Table 7.2). For the median values of r and δr , Figure 7.4(b) shows that the combi-
nation of dcg/

p
S and α determines whether it is beneficial to locate in the logistics

concentration area and the size of the benefits. A comparison of Figures 7.4(a) to
7.4(c) shows that the product of δr and r exerts a major influence on the benefits
obtained from a location in the logistics concentration area: If this product is small
(Figure 7.4(c)), there is (almost) no benefit of locating in the logistics concentration
area, but if this product is relatively large (Figure 7.4(a)), large gains result from lo-
cating in the logistics concentration area. Recall that Table 7.2 showed that δr and r

TABLE 7.3: Full factorial design for specific values of dcg/
p

S and α

∆TCcg = [TC(xc,yc)−TC(xg,yg)]/TC(xg,yg)

dcg/
√

S α Mean Min. 1st quartile Med. 3rd quartile Max.
0.05 0.05 -9.89% -40.86% -13.25% -8.13% -4.71% -0.28%
0.05 0.15 -7.18% -27.72% -9.66% -6.06% -3.61% -0.29%
0.05 0.25 -5.45% -20.83% -7.37% -4.64% -2.75% -0.17%
0.05 0.35 -4.16% -16.00% -5.61% -3.54% -2.08% -0.04%
0.05 0.45 -3.12% -12.24% -4.27% -2.65% -1.48% 0.08%
0.1 0.05 -8.35% -39.85% -11.76% -6.56% -3.07% 1.43%
0.1 0.15 -5.58% -26.48% -8.11% -4.44% -1.96% 1.42%
0.1 0.25 -3.83% -19.47% -5.78% -3.00% -1.08% 1.54%
0.1 0.35 -2.52% -14.56% -3.99% -1.88% -0.40% 1.67%
0.1 0.45 -1.46% -10.74% -2.63% -0.98% 0.20% 1.79%
0.15 0.05 -5.78% -38.16% -9.29% -3.94% -0.36% 4.27%
0.15 0.15 -2.94% -24.42% -5.53% -1.77% 0.79% 4.26%
0.15 0.25 -1.14% -17.21% -3.14% -0.28% 1.69% 4.39%
0.15 0.35 0.21% -12.16% -1.30% 0.87% 2.39% 4.52%
0.15 0.45 1.30% -8.24% 0.10% 1.80% 3.01% 4.65%
0.2 0.05 -2.20% -35.81% -5.84% -0.29% 3.43% 8.23%
0.2 0.15 0.75% -21.55% -1.94% 1.97% 4.62% 8.23%
0.2 0.25 2.62% -14.07% 0.54% 3.50% 5.56% 8.36%
0.2 0.35 4.02% -8.83% 2.45% 4.70% 6.28% 8.49%
0.2 0.45 5.15% -4.75% 3.90% 5.67% 6.93% 8.62%
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(a) r = 0.7, δr = 0.3, δr r = 0.21

(b) r = 0.5, δr = 0.2, δr r = 0.10

(c) r = 0.3, δr = 0.1, δr r = 0.03

FIGURE 7.4: ∆T Ccg as a function of dcg/
p

S and different values of α (Pn = 0.2, Pc =
0.8,β = 0.1)
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have an comparable individual influences on the total cost difference.
In conclusion, a location in the logistics concentration area is beneficial on average

if the distance between the logistics concentration area and the center of gravity of
customer demand is less than 0.2 times the length of the sides of the region and the
shipment size is 5% of a full truck, or if this distance is less than 0.15 times the length
of the sides of the region, even for shipment sizes of less than 25% of a full truck.
However, the benefits of co-location depend on six different variables, so each specific
situation must determine whether a location in the logistics concentration area will be
beneficial for each specific shipper. We recommend that shippers use Equation 7.5 to
determine the benefits they are likely to gain from locating in a logistics concentration
area in each situation they encounter in practice.

7.5 Model extensions

This section relaxes some of the assumptions in Section 7.3 and presents some exten-
sions to the model.

7.5.1 Demand per customer greater than one truck

We previously assumed that the demand per customer per period is smaller than the
capacity of a truck, such that all customers could be served solely with round trips.
In practice, demand per customer may exceed the capacity of a truck, in which case
customer demand can be divided into Nw = b

v
W
c ∈ N full truck loads and some fraction

of partial truckloads 0 ≤ αw =
v

W
− Nw < 1. The transport costs per distance unit ct

change with the costs of the full truck loads:

ct(Nw ,αw) = θNw + ct(αw),
ct(Nw ,αw) = θNw + ct(αw), and
∆ct(Nw ,αw) = ∆ct(αw).

(7.15)

The logistics firm is indifferent between a location in the logistics concentration area
and in the center of gravity of customer demand if and only if:

E[∆d] =
(Pc − Pn) · (1− k−dcg ) ·∆ct(αw)
θNw + ct(αw)− Pc ·∆ct(αw)

, (7.16)

and with the combined per distance unit transport cost function:

E[∆d] =
(Pc − Pn) · (1− k−dcg ) · (1− β) ·α1−r

w · (1−αδr r)

Nw + β + (1− β) ·α1−r
w · (1− Pc · (1−αδr r))

. (7.17)

The number of full trucks to be delivered per customer Nw strongly influences
whether a location in the logistics concentration area is beneficial or not. A location
outside the center of gravity of customer demand results in many extra units of trans-
port distance if many trucks are needed per customer.
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7.5.2 More than one logistics concentration area

The model in Section 7.3 assumed only one logistics concentration area in the region.
In practice, there probably are more than one (in Chapter 3, we identified 19 logistics
concentration areas in Noord-Brabant). These different logistics concentration areas
also should have different characteristics. In Chapter 6 we distinguished between
specialized and diverse logistics concentration areas and conclude that logistics firms
located in specialized logistics concentration areas for fresh produce exchange more
transport capacity than logistics firms in diverse logistics concentration areas. Accord-
ingly, for logistics firms that specialize in the storage and transport of fresh produce,
the probability of combining transport flows with other logistics firms is higher in a
specialized logistics concentration area rather than in a diverse logistics concentra-
tion area. Furthermore, the potential for cooperation with other firms may be higher,
because these firms likely have a similar distribution of customers over the region.

Assume that the region described in Section 7.3 contains two logistics concentra-
tion areas, c1 and c2. Furthermore, assume Pc1

> Pc2
> Pn and ∆ct,c1

> ∆ct,c2
. The

probability of combining transport flows and/or the related gains could be greater in
one logistics concentration area than in the other for several reasons, such as a rele-
vant specialization. In turn, we can identify three possibly optimal facility locations
in this region, depending on the distances between these logistics concentration areas
and the center of gravity of customer demand. If c1 is closer to the center of gravity
of customer demand than c2 is, then c2 no longer is an interesting location, because
E[d(xc1

, yc1
)] < E[d(xc2

, yc2
)]. However, if c2 is closer to this center of gravity than

c1, we confront the same trade-off between the extra benefits and the extra units of
transport distance resulting from a location in c1. To be indifferent between the two lo-
gistics concentration areas, transport costs must be equal, T C(xc1

, yc1
) = T C(xc2

, yc2
),

which occurs if and only if:

E[d(xc1
, yc1
)]

E[d(xc2
, yc2
)]
=

ct(α)− Pc2
·∆ct,c2

ct(α)− Pc1
·∆ct,c1

, (7.18)

and according to the combined per distance unit transportation cost function (δr,c1
>

δr,c2
):

E[d(xc1
, yc1
)]

E[d(xc2
, yc2
)]
=
β + (1− β) ·α1−r · (1− Pc2

· (1−αδr,c2
r))

β + (1− β) ·α1−r · (1− Pc1
· (1−αδr,c1

r))
. (7.19)

By comparing the two logistics concentration areas, we can determine which is
more cost-efficient. The logistics concentration area with lower costs then can be com-
pared against the center of gravity of customer demand, using the model in Section
7.3. An analysis with more than two logistics concentration areas can be conducted
similarly.

7.5.3 Other per distance unit transport cost function

We previously modeled the per distance unit transport costs using a combination of
the power and adjusted inverse freight rate function, with the costs normalized on
the full truckload freight rate. Gains in horizontal collaboration only resulted in an
increase of the routing efficiency. These assumptions are relaxed in this section.
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Full truck rates for LTL shipments

We previously assumed that transporting shipments smaller than a TL shipment (α <
1) always costs less than a full truckload θ . However, in practice, freight rate tables
may include a category from about 70% of a truck until a TL with a constant freight
rate (e.g., Mendoza and Ventura, 2009). If so, then the per distance unit cost function
should be normalized not on a full truck (as in Section 7.3) but on about 70% of a
full truck. If we define z as the shipment size relative to the truck size from which
a full truckload rate is paid, we obtain the following per distance unit transport cost
(difference) functions (for α < z):

ct(α) = θ · [β + (1− β) · z r−1 ·α1−r],
ct(α) = θ · [β + (1− β) · z(1−δr )r−1 ·α1−(1−δr )r],
∆ct(α) = θ · (1− β) · z r−1 ·α1−r · (1− z−δr r ·αδr r).

(7.20)

Figure 7.5 shows the meaning of z graphically. With analyses similar to those we
conducted in Section 7.4, we considered z values ranging from 0.7 to 1 (in increments
of 0.1). Because decreasing z increases the per distance unit cost function (see Figure
7.5), we also decreased r to compensate, such that the r values ranged from 0.2 to 0.6.
With decreasing z from 1 to 0.7, the average total transportation cost difference∆T Ccg
values were equal to -1.00%, -0.71%, -0.38%, and 0.01%, respectively. That is, a lower
z implied a less attractive location in a logistics concentration area. Table 7.4 presents
the full factorial design with z equal to 0.7. Comparing Tables 7.2 and 7.4 reveals that
though the benefits of locating in a logistics concentration area generally decreased,
in slightly less than 50% of the cases (based on the median shown in the second row
of Table 7.4), the location in a logistics concentration area still was optimal.

Partner has same customers

Section 7.3 assumed that cooperation would decrease r in the per distance unit trans-
port cost function. However, if the cooperation partner has at least some of the same
customers, the drop costs β also decrease, resulting in different (per distance unit)

FIGURE 7.5: Transport costs per distance unit as function of z and r
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TABLE 7.4: Full factorial design with z = 0.7

∆TCcg = [TC(xc,yc)−TC(xg,yg)]/TC(xg,yg)
Variables Values Mean Min. 1st quart. Med. 3rd quart. Max.

All 0.01% -32.34% -2.45% 0.05% 3.45% 8.95%
dcg/
p

S 0.05 -3.56% -32.34% -4.72% -2.38% -1.05% 0.38%
0.1 -1.91% -31.18% -3.09% -0.71% 0.64% 2.1%
0.15 0.84% -29.25% -0.37% 2.07% 3.46% 4.96%
0.2 4.67% -26.56% 3.41% 5.95% 7.40% 8.95%

α 0.05 -3.49% -32.34% -6.92% -2.69% 0.73% 8.61%
0.15 -1.09% -19.90% -3.90% -1.04% 2.19% 8.63%
0.25 0.46% -13.51% -2.16% 0.07% 3.34% 8.74%
0.35 1.62% -9.09% -1.02% 1.08% 4.16% 8.85%
0.45 2.55% -5.67% -0.22% 1.74% 4.73% 8.95%

r 0.2 2.29% -11.56% -0.38% 1.60% 4.61% 8.95%
0.3 1.19% -17.19% -1.31% 0.81% 4% 8.84%
0.4 0.05% -22.52% -2.5% -0.09% 3.24% 8.73%
0.5 -1.13% -27.57% -3.86% -0.88% 2.41% 8.62%
0.6 -2.34% -32.34% -5.28% -1.70% 1.54% 8.5%

δr 0.1 2.09% -11.56% -0.5% 1.48% 4.53% 8.95%
0.15 1.02% -17.19% -1.45% 0.71% 3.92% 8.84%
0.2 -0.02% -22.52% -2.52% -0.08% 3.26% 8.74%
0.25 -1.03% -27.57% -3.67% -0.76% 2.56% 8.63%
0.3 -2.01% -32.34% -4.76% -1.40% 1.82% 8.53%

Pc − Pn 0.3 1.96% -11.77% -0.61% 1.41% 4.47% 8.95%
0.4 1.18% -15.88% -1.33% 0.84% 4.03% 8.88%
0.5 0.40% -20.00% -2.11% 0.22% 3.56% 8.81%
0.6 -0.38% -24.11% -2.96% -0.34% 3.06% 8.74%
0.7 -1.16% -28.22% -3.82% -0.80% 2.50% 8.67%
0.8 -1.94% -32.34% -4.72% -1.29% 1.95% 8.60%

β 0 -1.22% -32.34% -3.89% -0.66% 2.63% 8.87%
0.05 -0.47% -27.71% -3.05% -0.27% 3.11% 8.89%
0.1 0.12% -23.89% -2.37% 0.07% 3.46% 8.91%
0.15 0.60% -20.68% -1.89% 0.43% 3.76% 8.93%
0.2 1.02% -17.94% -1.45% 0.74% 3.94% 8.95%

transport costs (difference) functions. In practice, this is especially relevant for sup-
ply to retail, as many suppliers only supply a relatively small number of retailers, such
that they all probably have some of the same customers.

We define δβ as the relative decrease of β that results from an overlap of customers
of the shipper and its collaboration partner(s). Then, the cost functions change to:

ct(α) = θ · [(1−δβ) · β + (1− (1−δβ) · β) ·α1−(1−δr )r)],
∆ct(α) = θ · [(1− β) ·α1−r · (1−αδr r) +δβ · β · (1−α1−(1−δr )r)]
T C(x , y) = E[d(x , y)] · S · Na · θ · (β + (1− β) ·α1−r · [1− P(x , y) · (1−αδr r)],

−P(x , y) ·δβ · β · (1−α1−(1−δr )r)).
(7.21)
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Without replicating the full factorial design, it is clear that if both r and β can be
reduced by choosing a location in a logistics concentration area, logistics concentration
areas only become more attractive.

7.5.4 Continuous facility location model

Analytic facility location models assume that customers are distributed continuously
across the service region, whereas continuous location models assume that demands
arise only at discrete locations (though the facility can be located anywhere in the
region; for precise definitions of facility location models, see Daskin, 2008). If, instead
of relying on the assumptions of an analytic facility location model, we assume that
demands arise at discrete locations (from customers who we still assume are similar),
the total transport costs can be expressed as follows, where di(x , y) is the distance
between customer i and the facility at location (x , y), and n = Na · S is the total
number of customers:

T C(x , y) =
∑n

i=1(1− P(x , y)) · ct(α) · di(x , y) + P(x , y) · ct(α) · di(x , y)
= [ct(α)− P(x , y) ·∆ct(α)]

∑n
i=1 di(x , y).

(7.22)
The location decision maker is indifferent between a location in the center of gravity
of customer demand (x g , yg) and the logistics concentration area (xc , yc) if and only
if (similar to Equation 7.8):

∑n
i=1 di(xc , yc)− di(x g , yg)

∑n
i=1 di(x g , yg)

=
∆ct(α) · (Pc − Pn) · (1− k−dcg )

ct(α)− Pc ·∆ct(α)
. (7.23)

Because we model every customer separately, we now can consider different levels
of demand per customer. Furthermore, the model in Section 7.3 assumed that for
every customer, the probability of a combined delivery was the same, depending on
the location of the distribution center. This assumption may be reasonable if customers
are uniformly distributed over the region. However, if demands arise at discrete points
in the region, for some customers, delivery might be combined with deliveries from
other logistics firms; for other firms, delivery simply cannot be combined, depending
primarily on the location of the customer. That is, if the customer is located close to
other firms, shipments to that customer likely can be combined with shipments from
other firms. If the customer instead has an isolated location, there is no gain from
combining its demand with another firm’s transport flows. Therefore, the probability
that transport flows can be combined depends on the location of not only the facility
but also the customer i. Finally, the per distance unit transport cost function may
depend on the customer (location). Then, total transport costs can be expressed as
follows:

T C(x , y) =
n
∑

i=1

[ct,i(αi)− Pi(x , y) ·∆ct,i(αi)] · di(x , y). (7.24)

Although this model can be analyzed in general, it primarily is valuable for specific
situations in practice, because the outcomes depend on specific customer characteris-
tics.
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7.6 Conclusions

We have developed a model to determines the optimal location of a distribution cen-
ter by explicitly taking into account the opportunity to combine transport flows in
logistics concentration areas. Traditional facility location models only model trans-
port costs from the perspective of the shipper’s supply chain, whereas our proposed
model includes a transport cost function that depends on the opportunities to com-
bine transport flows with other shippers. These opportunities are location dependent
and are higher when there are more other shippers in close proximity to the shipper’s
location. A location in a logistics concentration area thus provides an excellent oppor-
tunity to decrease transport costs by combining transport flows with other shippers’
transport flows. At the same time, logistics concentration areas may not appear co-
located with the center of gravity of customer demand, such that the distances that
need to be traveled tend to increase. The trade-off between reduced transport costs
and the extra distance traveled determines whether it is optimal to locate in a logistics
concentration area. This trade-off primarily depends on the distance between the lo-
gistics concentration area and customer demand, together with the average shipment
size. In addition, the combination of the current routing efficiency and the improve-
ment that can be obtained from collaboration offers another important variable for
determining whether the logistics concentration area is the optimal location for a dis-
tribution center.

A shipper can use the model we have developed to determine whether a location
in a logistics concentration is optimal, based on the transportation costs resulting from
the location decision. Numerical experiments based on a square-shaped distribution
region show that on average it is beneficial to locate in the logistics concentration
area, if that area is within a distance of 0.15 times the length of the sides of the region
from the center of gravity of customer demand. In addition, for relevant shipment
sizes (i.e., between 5% and 50% of the capacity of a full truck), smaller shipments
increase the probable gains from locating in a logistics concentration area. Recent
developments such as just-in-time manufacturing and e-commerce, have radically al-
tered supply chains (Johnson and Whang, 2002), resulting in smaller shipment sizes
in general (Hesse, 2002; Banister and Stead, 2004; Janssen and Verbraeck, 2005),
which increases the attractiveness of logistics concentration areas. This development
also may explain the increased attention to logistics clusters (Sheffi, 2012) and why
logistics concentration areas grow over time (see Chapter 3). Because the exact cost
advantage of locating in a logistics concentration area also depends on transportation
efficiency, the difference in the probability of combining transport flows in a logistics
concentration area versus elsewhere, and the drop costs, individual shippers should
use our model to determine whether a location in a logistics concentration area really
is beneficial for their specific situations.

This chapter presents a novel model that explicitly considers synergies achieved
through the co-location of logistics firms in a shipper’s location decision. Using an an-
alytic facility location model, we assumed uniformly distributed demand points over
the region and equal deterministic demand from each customer. Extending this ap-
proach to discrete location decision models and/or stochastic models offers an inter-
esting route for further research and could result in additional insights for firms that
must determine the optimal location for a new distribution center.
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Appendix

7A Expected distance between the facility and a ran-
dom customer

The expected distance between the center of gravity of customer demand (x g , yg) and
a random customer in a region with the shape of a square (Eilon et al., 1971) is equal
to:
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1
2

p
S, 1

2

p
S)]

= 1
6S



4 ·
�

1
2
S
�

3
2 + 4 ·

�

1
2

p
S
�3

ln





1
2

p
S +

Ç

1
2
S

− 1
2

p
S +

Ç

1
2
S









=

p
S

12

�

2
p

2+ ln
�

3+ 2
p

2
��

.

(7.25)

The expected distance between the logistics concentration area (xc , yc) and a ran-
dom customer can be expressed relative to the center of gravity of customer demand,
with − 1
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where

C = 1
2
−∆x D = 1

2
−∆y E = 1

2
+∆x F = 1

2
+∆y

Dividing Equation 7.25 by Equation 7.26 leaves an expression independent of S.

7B List of variables

α = Shipment size as a fraction of a full truckload (per customer per period),
αw = Fraction of a full truckload remaining after the full truckloads are

subtracted from the shipment size (per period),
β = Shape parameter of the adjusted inverse freight rate function,
ct(α) = Transport costs depending on the shipment size α (Euro per distance

unit),
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ct(α) = Transport costs depending on the shipment size α if flows can
be combined with other logistics companies (Euro per distance
unit),

ct(α) = Transport costs depending on the shipment size α if flows cannot
be combined with other logistics companies (Euro per distance
unit),

dc(x , y) = Distance between the logistics concentration area and the
distribution center at location (x , y) (distance units),

dcg = Distance between the logistics concentration area and the center
of gravity of customer demand (distance units),

∆ct(α) = Difference between the per distance unit transport costs in case
flows can be combined and the transport costs in case flows cannot
be combined (Euro per distance unit),

∆T Ccg = Relative total transport cost difference between the location in the
logistics concentration area and the center of gravity of customer
demand,

δβ = Relative reduction of β if flows can be combined,
δr = Relative reduction of r if flows can be combined,
E[d(x , y)] = Expected distance between the distribution center at location (x , y)

and a random customer in the distribution region
(distance units/trip),

E[dc] = E[d(xc , yc)]
= Expected distance between the distribution center in the logistics

concentration area and a random customer in the distribution
region (distance units/customer),

E[dg] = E[d(x g , yg)]
= Expected distance between the distribution center in the center

of gravity of customer demand and a random customer in the
region (distance units/customer),

E[∆d] = Relative expected extra transport distance to a random customer in
the region resulting from a location in the logistics concentration
area compared to the location in the center of gravity of customer
demand,

ft(v) = Freight rate depending on the shipment size v (Euro per weight
unit per distance unit),

k = Shape parameter of the probability function,
Na = Spatial customer density (number of customers per squared

distance unit),
Nc = Number of trips per customer per period (number per customer per

period),
Nw = Number of full truckloads per shipment (per period),
P(x , y) = Probability that transport flows can be combined at location (x , y),
Pc = Probability that transport flows can be combined in the logistics

concentration area,
Pn = Probability that transport flows can be combined at a location far

from the logistics concentration area,
r = Shape parameter of the power freight rate function,
S = Size of the distribution region (squared distance units),
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T C(x , y) = Total transport costs resulting from a location in (x , y) (Euro per
period),

θ = Transport costs of a TL shipment (Euro per distance unit),
v = Shipment size (weight units per customer per period),
W = Weight of a TL shipment (weight units),
z = Shipment size as a fraction of a full truck from which a full truckload

is paid.



8
LAND ALLOCATION TO LOGISTICS FIRMS

8.1 Introduction

Previous chapters have shown that co-located logistics firms are better accessible, have
better expansion opportunities, and more often combine transport capacity than non-
co-located logistics firms. These synergies are beneficial for the logistics firms them-
selves, but also for society at large. More bundling of transport flows directly results
in less trucks on the road, which reduces congestion and CO2 emissions.

Based on these synergies through co-location of logistics establishments, it is not
surprising that logistics firms increasingly decide to locate in logistics concentration
areas. However, Chapter 3 also showed that about 60 percent of the logistics estab-
lishments in the south of the Netherlands is still located outside logistics concentration
areas.

Apart from the demand side, analyzed in Chapter 7, the supply of ’land for logistics’
(Hesse, 2004) influences locations of these firms as well. In most countries, spatial
plans and land use choices are made by local and/or regional governments. Hence,
these partly determine the location of logistics firms, at least within their region. Hen-
sher and Brewer (2001) legitimately remark that the development of a regional freight
strategy is the responsibility of both the private and the governmental sector. Site se-
lection and land allocation are important components of an effective strategy, that
can decrease traffic congestion and freight costs, and increases robustness on the long
term. Understanding land allocation decisions related to logistics firms is especially
relevant as the demand for "logistics floor space" is expected to grow substantially in
advanced economies. In the UK, logistics floor space has grown substantially in the
last decade, in contrast with "industrial floor space", which has been constant and is
expected to decline (McKinnon, 2009).

Governments have the role to facilitate the development and upgrading of clusters
(Porter, 2000). As the synergies through co-location of logistics activities not only ben-
efit the firms themselves, but also society at large, regional governments have a stake
in encouraging the development of logistics concentration areas. Zhu et al. (2002)
show the positive effects of the concentration of logistics activities in so called distri-
parks on the development of Singapore as a global logistics cluster. While the effect of
governmental decisions related to (changes in) transportation infrastructure on land
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use change are commonly researched (e.g., Sutton, 1999; Halden, 2002; Geurs and
Ritsema van Eck, 2003; Funderburg et al., 2010), there is not much research on the re-
lationship between land allocation and logistics concentration areas. Tsamboulas and
Kapros (2003) developed a method to assess the financial viability of a new freight
village financed by public and private investments. Their method is valuable in cases
where public and private partners decide to develop a logistics park. It can be used
to determine what the best location is and what investments are needed. An example
of such a joint initiative is Oakland Global, a project to transform the former Oakland
army base into an intermodal trade and logistics center (Oakland Global, 2013). How-
ever, such joint development efforts are rather scarce. More often, local governments
play a central role in allocating and developing "land for logistics". For instance, in
the Netherlands, municipalities are responsible for the land use decisions and develop
economic zones. This chapter studies the way municipal governments in the south of
the Netherlands develop land and sell it to private companies.

This chapter presents the outcomes of an exploratory study into the processes re-
lated to land allocation to logistics firms by Dutch municipalities. More specifically, it
analyzes whether regional policy makers acknowledge synergies through co-location
of logistics establishments, take these into account in their land allocation decisions,
and are open for collaboration with other municipalities to be able to instigate the
development of logistics concentration areas.

The chapter is organized as follows. Section 8.2 starts with formulating research
propositions, which are tested with the survey described in Section 8.3. Section 8.4
describes the results of the research and Section 8.5 concludes the chapter.

8.2 Research propositions

Although land allocation decisions deeply influence location patterns of logistics com-
panies, and thereby the efficiency of freight transport, according to our knowledge,
these decisions have hardly been studied. Co-location synergies have not been iden-
tified as a key issue in land allocation decisions and never been empirically analyzed.
This chapter explores this topic by measuring the level of agreement of regional policy
makers with several propositions. In addition, by posing these propositions to both
politicians and public administration employees, it is researched whether respondents
with different roles within the municipalities think differently about these proposi-
tions. Dutch municipal politicians are elected every four years (similar to secretaries
on the national level). Together with the mayor, they form the executive board of a
municipality. Public administration employees are not elected and form the staff of a
municipality. Due to the difference in the appointments of these municipal employees,
politicians and public administration employees may differ in their opinions regarding
appropriate ways of land allocation (to logistics firms).

8.2.1 Current way of land allocation

In the area of land use planning, transport, and environment policy, there is widespread
acceptance that integrating decisions across these sectors is crucial for sustainable de-
velopment (Geerlings and Stead, 2003). For passenger transport, it is generally rec-
ognized that the location of employment near public transport nodes can significantly
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influence the use of transport modes other than road, and hence location policies are
aimed at a good match between the accessibility profiles of business sites and the mo-
bility profiles of firms located at these sites (Van Wee and Van der Hoorn, 1996). This
reasoning can be extended to freight transport. The probability that a firm will use
multimodal transport decreases with the distance to the nearest intermodal terminal,
as drayage costs make up a significant part of the multimodal transport chain (Kim
and Van Wee, 2011). Hence, an active land allocation policy related to land for lo-
gistics can increase the use of multimodal transport. According to McKinnon (2009),
demand for logistics-related land is likely to be increasingly linked to rail networks
and (inland) ports in the future.

The current land allocation policies are researched by means of the propositions
presented in Table 8.1. Based on these propositions, it can be indicated whether mu-
nicipalities have clear visions regarding land allocation, perform active acquisition,
try to attract firms from specific industries to match the current distribution of activ-
ities, and whether land for logistics (in general and specifically around intermodal
terminals) is only sold to logistics firms.

8.2.2 Effects of spatial concentration of logistics firms

Previous chapters have shown that spatial concentration of logistics establishments in
logistics concentration areas results in benefits for the firms as well as society at large.
One of the interesting findings of Chapters 5 and 6 with respect to society is that
logistics establishments located in a (specialized) logistics concentration area bundle
transport flows relatively often. This influences the efficiency of freight transport and
the amount of transport flows in the region, and thus is a valid reason for policy makers
to stimulate spatial concentration of logistics establishments. Wagner (2010) also
indicates that strategic locations of logistics areas can reduce traffic and traffic impacts.
Sheffi (2012) emphasizes the effects of logistics clusters on the local logistics labor
market and the knowledge exchange in the region. Table 8.2 presents propositions
related to the effects of spatial concentration of logistics firms. These were used to test

TABLE 8.1: Propositions related to the current way of land allocation

Code Statement
CUR1 Our municipality has a clear vision regarding the desired allocation of the available

land in business parks.
CUR2 Our municipality provides land to any type of firm as long as sufficient land is

available and the activities match with the general limitations (e.g., nuisance cat-
egories).

CUR3 Our municipality is committed to attract firms from specific sectors.
CUR4 Our municipality does not perform active acquisition: we inform target firms that

we have land available and then wait for further interest of firms.
CUR5 When land is available on one of our business parks, we deliberately look for a

company from a specific (appropriate) industry.
CUR6 Our municipality is facing competition from other municipalities in the south of

the Netherlands in terms of attracting firms.
CUR7 When acquiring logistics companies we deliberately look for a company that wants

to make use of intermodal terminals in the area.
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TABLE 8.2: Propositions related to spatial concentration of logistics firms

Code Statement
Spatial concentration of logistics firms leads to ...

CON1 ... more cooperation between these firms.
CON2 ... more knowledge sharing between these firms.
CON3 ... cost efficiencies for these firms.
CON4 ... more bundling of transport flows.
CON5 ... more exchange of storage capacity between these firms.
CON6 ... less trucks on the roads in the south of the Netherlands.
CON7 ... more trucks on the roads in and around the municipalities with the logistics

parks.
CON8 ... more use of multimodal transport (via water and/or rail).
CON9 ... a higher attractiveness of the south of the Netherlands for logistics firms.
CON10 ... a higher attractiveness of the municipalities with industrial areas specialized in

logistics as a location for logistics firms.
CON11 ... a higher attractiveness to work in the logistics sector in the south of the Nether-

lands.
CON12 ... a higher attractiveness to work in the logistics sector in the municipalities with

industrial areas specialized in logistics.
CON13 ... more cooperation between logistics education institutions and the logistics sec-

tor.
CON14 ... more cooperation between universities and the logistics sector.
CON15 ... a higher land price for land in logistics parks.

whether municipal policy makers and public administration workers recognize these
effects.

8.2.3 Benefits from and impediments to cooperation between mu-
nicipalities

Sheffi (2012) remarks that many new logistics clusters are not successful, while most
thriving clusters only get larger. This implies that municipalities may better focus
on existing logistics concentration area rather than trying to develop new logistics
concentration areas. This especially applies to the south of the Netherlands, where
19 logistics concentration areas have been identified in Noord-Brabant in Chapter 3.
Many of these areas cross municipal borders. Therefore, cooperation between mu-
nicipalities may often be needed to be able to jointly develop logistics concentration
areas. Geerlings and Stead (2003, p. 188) define this as "inter-territorial integration:
policy integration between neighboring authorities or authorities with some shared
interest in infrastructure and/or resources". Such cooperation aimed at jointly or-
ganizing the acquisition of logistics firms and the allocation of land for logistics can
result in many benefits, both for municipalities themselves as well as for logistics firms.
Propositions regarding these benefits are presented in Table 8.3. This table presents,
amongst others, propositions related to costs, land price, service, road traffic, inter-
modal infrastructure, and spatial concentration.

Although cooperation between municipalities is expected to be beneficial, it also is
an uncertain undertaking for which it is difficult to plan the required activities or deter-
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TABLE 8.3: Propositions related to benefits from cooperation

Code Statement
Cooperation with respect to logistics land allocation leads to ...

ADV1 ... better spatial planning of logistics firms.
ADV2 ... lower operating costs related to land allocation.
ADV3 ... lower costs related to acquisition of logistics firms.
ADV4 ... a higher land price for land on logistics parks.
ADV5 ... more active acquisition of matching firms.
ADV6 ... better service to interested firms.
ADV7 ... more demand for land for logistics firms.
ADV8 ... more spatial concentration of logistics firms.
ADV9 ... fewer demands on the (scarce) capacity of the road infrastructure in the south

of the Netherlands.
ADV10 ... a sustainability advantage, as the amount of road transport in the south of the

Netherlands decreases.
ADV11 ... a higher productivity of the logistics firms in the south of the Netherlands.
ADV12 ... better use of the (scarce) intermodal infrastructure.
ADV13 ... an increased competitiveness of the south of the Netherlands as a location for

logistics firms.

mine the expected output beforehand. Similar impediments to cooperation found in
industry may also relate to cooperation between municipalities. Gibson et al. (2002)
and Cruijssen et al. (2007b), for example, argue that it is hard to find a fair distribution
of expected and unexpected costs and benefits, in a setting of logistics firms. Table
8.4 presents propositions relating to impediments to cooperation between municipal-
ities with respect to logistics land allocation. The first three impediments relate to the
distribution of benefits and workload beforehand. Other impediments can be the dif-
ficulty to organize cooperation, the reluctance to share all relevant information or to
lose control over the owned land, and the current highly fragmented spatial structure
of logistics firms.

While all municipalities could benefit from cooperation with respect to logistics
land allocation, some may benefit more than others. One reason may be the differ-
ence in bargaining power between the cooperating municipalities. Relative bargaining
power depends on three factors: the initial strengths and weaknesses of the partners,
how those strengths and weaknesses change over time, and the potential for compet-
itive conflict (Bleeke and Ernst, 1995). For cooperation between municipalities with
respect to logistics land allocation, this bargaining power may be determined by the
size of the municipality, the amount of logistics firms located in the municipality and
the presence of an intermodal terminals in the municipality. Table 8.5 presents three
propositions related to this.

8.2.4 Organization of cooperation between municipalities

In addition to specific benefits from and impediments to cooperation between munic-
ipalities, Table 8.6 presents five propositions regarding requirements for cooperation
to be successful. These relate to the allocation of benefits and workload beforehand,
the willingness of municipalities to exclusively trade land via the cooperation agree-
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TABLE 8.4: Propositions related to impediments to cooperation with respect to logistics
land allocation

Code Statement
IMP1 It is very hard to determine the benefits of cooperation beforehand.
IMP2 A fair allocation of the benefits resulting from cooperation cannot be ensured.
IMP3 A fair allocation of the workload related to cooperation cannot be ensured.
IMP4 It is very hard to find an effective form of cooperation.
IMP5 It is very hard to find reliable partners to cooperate with.
IMP6 It is very hard to convince municipalities that all relevant information has to be

shared.
IMP7 With jointly organized logistics land allocation municipalities lose the control of

their industrial areas.
IMP8 Cooperation with respect to logistics land allocation with other municipalities is

severely hampered by high transaction costs.
IMP9 Cooperation with respect to logistics land allocation with other municipalities is

severely hampered by large differences of valuation of land in industrial areas in
the south of the Netherlands.

IMP10 Most municipalities in the south of the Netherlands mainly focus on developments
within their own municipal boundaries.

IMP11 It is (nearly) impossible to change the existing fragmented spatial structure of
logistics firms.

TABLE 8.5: Propositions related to relative advantages for certain municipalities

Code Statement
RAD1 Relatively large municipalities benefit more from cooperation with respect to lo-

gistics land allocation than do small municipalities.
RAD2 Municipalities with relatively many logistics firms benefit more from cooperation

with respect to logistics land allocation than do municipalities with few logistics
firms.

RAD3 Municipalities with an intermodal terminal benefit more from cooperation with
respect to logistics land allocation than do municipalities without an intermodal
terminal.

TABLE 8.6: Propositions related to the success of cooperation with respect to logistics
land allocation

Code Statement
Cooperation with respect to logistics land allocation only succeeds if ...

SUC1 ... a fair allocation of the benefits can be made in advance.
SUC2 ... a fair allocation of the workload can be made in advance.
SUC3 ... municipalities are willing to agree to not contact firms without making use of

the joint organization.
SUC4 ... all the municipalities within the province join.
SUC5 ... the province takes the lead.
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ment, and the role of the province. This latter aspect is specifically researched with the
propositions presented in Table 8.7. Results based on these propositions give an idea
about how cooperation between municipalities with respect to logistics land allocation
can best be organized.

Cooperation between municipalities can be organized in different ways. Although
it can start very simple, a more structural form of cooperation is probably more suc-
cessful on the long term. Figure 8.1 presents three different forms of cooperation:

1. Cooperating municipalities collectively establish an organization responsible for
the marketing and sales of land for logistics: the Logistics Acquisition Organiza-
tion (LAO). Representatives of participating municipalities form the board of the
LAO. While the municipalities remain owner of the land, the LAO gets a mandate
to negotiate with interested logistics firms based of the valuation of the land in
advance. The primary task of the LAO is to acquire logistics firms for the avail-
able land. Municipalities do not perform any acquisition and have to redirect
interested companies to the LAO. Land allocation of land not for logistics firms
(defined in detail in advance) is not included in the LAO.

2. Cooperating municipalities jointly purchase acquisition of logistics companies
with an External Acquisition Company (EAC). The EAC has a similar function
as the LAO above. However, municipalities outsource the acquisition of logistics
firms to a private company. Municipalities directly receive the revenue from
issued land and the EAC gets a percentage fee (and a partly fixed fee if required).

3. Cooperating municipalities combine all land for logistics firms in an Indepen-
dent Commercial Company (ICC). The valuation of the land is outsourced to
another, specialized company. The ICC becomes the owner of the land for logis-
tics firms and municipalities have shares in the ICC based on the valuation of the
land in their municipality. Interested firms can choose from all land available
from the ICC. The price of this land is determined by the valuation in advance;
municipalities cannot influence this land price. Municipalities are shareholders
and receive dividends. A supervisory board controls the ICC.

The parallel between this classification of different forms of cooperations and those
of, for example, Lambert et al. (1999), designed for vertical supply chain relationships,
and Cruijssen et al. (2007c), focussing on horizontal cooperation between logistics ser-
vice providers, is the increase in the level of cooperation. A major difference of the

TABLE 8.7: Propositions related to the role of the province

Code Statement
The province can stimulate cooperation between municipalities with respect to
logistics land allocation by ...

PRO1 ... bringing together the relevant public administration employees of the various
municipalities.

PRO2 ... taking the lead in organizing such an cooperation.
PRO3 ... finding a reliable party to organize cooperation.
PRO4 ... co-financing the joint organization.
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FIGURE 8.1: Classification of the forms of cooperation between municipalities

proposed classification with other’s is the focus on cooperation between municipali-
ties, which results in differentiating factors (presented on the axes in Figure 8.1) that
are only relevant in a public context. Furthermore, the proposed classification has a
narrow focus on the acquisition of logistics land only, while the maximum degree of
cooperation in the other classifications mentioned is a strategic alliance with multiple
goals.

The three different forms of cooperation presented in Figure 8.1 differ in the level
of outsourcing of activities. In the first form, in which municipalities cooperatively
establish a LAO, municipalities do not outsource any of the activities related to land
allocation to logistics firms. The LAO consists of representatives of the cooperating
municipalities. Although municipalities agree to cooperate, this form allows the mu-
nicipalities to keep control over their own land. In the second form the marketing
and sales of land to logistics companies is outsourced to an EAC. Specialists are hired,
who specifically focus on the acquisition of logistics firms (while acquisition is just
one of the tasks of municipal employees in the LAO). Municipalities remain owners
of the land and also directly receive the revenue if land is sold. In the third form of
cooperation, the complete process of land allocation to logistics firms is outsourced to
a private company, called ICC. This ICC becomes owner of the land and is responsible
for the acquisition of logistics firms of this land. Profits made by the ICC are shared
based on the amount of land made available by the different municipalities. As mu-
nicipalities do not have any influence on the price of the land, there is no competition
anymore. Note that the empty quadrant in Figure 8.1 would contain a form of cooper-
ation that is not feasible in practice. It would contain a form of cooperation in which
the municipalities are no longer owners of the land, but do still perform marketing
and sales activities for that land.
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8.3 Research methodology and data collection

This section describes the way the propositions formulated above were tested.

8.3.1 Methodology

An online questionnaire with the propositions described in Section 8.2 was sent to
all municipalities in the south of the Netherlands. Respondents were mostly asked to
indicate the degree of agreement per proposition based on a 7-point Likert scale: (1)
strongly disagree, (4) neutral, and (7) strongly agree. One-way one-sample t-tests
are used to test whether the observed average levels of agreement are significantly
higher than 4. In Chapter 5, we provided arguments why (parametric) t-tests are
appropriate for analyzing means of different groups of respondents based on Likert-
item data. These also hold for the comparison of observed averages with expected
averages in this chapter. The Chi-square test should be the non-parametric analogue
for the t-test in this case (Cooper and Schindler, 2003). However, it is not, because
this test only compares distributions, not expected values. To conclude that outcomes
are significant, a significance level α of 0.05 is used.

Additional analyses are conducted into differences between different groups of
respondents. First, a distinction is made between politicians and public administra-
tion employees. Second, differences are analyzed between respondents from munic-
ipalities with relatively many industrial areas (areas allocated to industry in zoning
schemes; the range of industries includes logistics) and municipalities with relatively
few industrial areas, based on the median of the hectares of industrial areas in the
municipalities in the south of the Netherlands (IBIS, 2012). Third, the average level
of agreement of respondents from municipalities with an intermodal container termi-
nal is compared to the average level of agreement of respondents from municipalities
without one; see Appendix B for an overview of the municipalities with an intermodal
container terminal in the south of the Netherlands. These differences are analyzed
with two-sided independent samples t-tests.

For the different forms of cooperation (see Section 8.2.4), respondents were asked
to indicate the most and the least appropriate form. For these forms of cooperation,
descriptive statistics are provided regarding the number of respondents favoring each
form. Furthermore, respondents are also categorized based on the preferred form of
cooperation, as a preference for a certain type of cooperation may also influence the
opinion regarding benefits from and impediments to cooperation.

The method developed by Jansen and Hak (2005) was applied to two representa-
tives of the municipalities and one representative of the province to cross-check and
fine-tune the questionnaire. The questionnaire was in Dutch.

8.3.2 Data collection

In all 113 municipalities in Noord-Brabant, Limburg, and Zeeland (see Figure 1.1 on
page 7 for the geographical location of these provinces) both the politician and a pub-
lic administration employee responsible for spatial planning received an email with
the request to fill out the online questionnaire. Email addresses were gathered from
public sources, the three provinces, and via personal telephone calls. 118 respon-
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dents fully filled out the questionnaire, corresponding with a response rate of 52%.
These respondents represent 89 (79%) of all 113 municipalities. Four of the respon-
dents indicated that their municipality does not have any industrial area and hence,
the questionnaire was not relevant for them. Hence, the analyses are based on 114
respondents.

To check for non-response bias, respondents were divided into two different cat-
egories: respondents that only received one email with the request to fill out the
questionnaire (41%) and respondents that replied after one or more reminder tele-
phone call(s) and/or one or more reminder email(s) (59%). To tests whether the
exclusion of non-respondents leads to different conclusions than would have been
drawn when everybody would have responded, late respondents are used as a proxy
for non-respondents (Armstrong and Overton, 1977). Since there are no significant
differences between early and late respondents, non-response bias is not an issue in
this study.i

8.4 Analyses and results

8.4.1 Descriptive statistics

Table 8.8 presents descriptive statistics regarding the amount of hectares of industrial
areas in the municipalities in the south of the Netherlands (IBIS, 2012). On average,
municipalities have 201.52 hectares of industrial areas, roughly corresponding with
an area of 1.4 km x 1.4 km. Respondents’ municipalities have slightly more hectares of
industrial areas: 230.14 hectares. The variation of the amount of hectares of industrial
areas per municipality is rather high. The minimum is zero hectares and the maximum
1391.61 hectares (3.7 km x 3.7 km).

Based on the median of the amount of hectares of industrial areas (115.42), a dif-
ference was made between respondents from small and large municipalities. Table
8.9 shows the statistics for these categories of respondents. The first category con-
sists of 52 respondents representing 41 different municipalities. These municipalities
are responsible for 9.1% of the 22,571 hectares of industrial areas in the provinces
of Noord-Brabant, Limburg, and Zeeland. The second category consists of 66 respon-
dents from 48 different municipalities. These municipalities are responsible for 75.8%
of the hectares of industrial areas in the provinces. The municipalities from which no
response was gathered represent 15.1% of the hectares of industrial areas.

Respondents were also asked whether their municipality is positive about the loca-
tion of logistics firms. 93 (82%) respondents answered positive and 20 (18%) respon-
dents answered negatively. Hence, municipalities in general are rather positive about
logistics firms in their municipalities. Figure 8.2 shows the reasons why respondents
are positive or negative regarding logistics firms in their municipalities. Strengthen-

iOnly Proposition CUR3 showed a significant difference between the first and second group of respon-
dents based on two-way independent samples t-tests (with α= 0.05). Late respondents agreed more with
Proposition CUR3 than early respondents did (3.78 versus 4.68; t = 2.45, p = 0.016). Section 8.4 shows
that the average agreement of all respondents with this proposition is above 4. Hence, assuming that the
trend based on early and late respondents can be extrapolated to non-respondents (Armstrong and Overton,
1977), the conclusion would be the same, meaning that non-response bias is not an issue for Proposition
CUR3.
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TABLE 8.8: Descriptive statistics on the industrial areas in the municipalities in the
south of the Netherlands

Hectares of industrial areas
All municipalities Respondents’ municipalities

Average 201.52 230.14
Median 115.42 125.22
Standard deviation 269.68 307.43
Minimum 0 0
Maximum 1391.61 1391.61

TABLE 8.9: Descriptive statistics on the industrial areas in the municipalities of the
respondents

Hectares of industrial areas
Small municipalities Large municipalities

Average 51.90 370.58
Median 47.14 189.02
Standard deviation 34.35 351.79
Minimum 0 118.28
Maximum 112.55 1391.61

(a) Reasons to welcome logistics firms (b) Reasons not to welcome logistics firms

FIGURE 8.2: Reasons (not) to welcome logistics firms in the municipality
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ing the current activities and employment are the most important reasons to welcome
logistics firms. Some respondents that indicated another reason explain that they re-
quire a minimum employment per square meter. As long as (logistics) firms can meet
this requirement, they are welcome to locate in their municipality. Respondents that
do not welcome logistics firms reason that these firms need relatively large land areas
and cause pressure on scarce road infrastructure.

8.4.2 Results

Current way of land allocation

Table 8.10 shows that the average level of agreement of the respondents for the first
three propositions regarding the current way of land allocation is significantly higher
than 4; for Propositions CUR5 and CUR7, it is significantly lower than 4. Hence, the
respondents’ municipalities in general do have a clear vision regarding the desired
allocation of land in industrial areas (CUR1) and are committed to attract firms from
specific industries (CUR3). However, from Propositions CUR2 and CUR5 it is con-
cluded that when land is available, municipalities do not specifically look for firms
from specific industries and all firms can get the available land, as long as general
limitations are met. In addition, municipalities do not specifically look for firms that
make use of an intermodal terminal close by (CUR7).

Based on these propositions, municipalities apparently do have a vision about at-
tracting firms from specific sectors, but do not always act based on this vision. Mu-
nicipalities would like to focus on attracting firms from specific industries, but do not
actively look for these firms if land is available. This indicates that there are some
opportunities for improvement.

In addition to the outcomes presented in Table 8.10, differences between different
groups of respondents were analyzed. Appendix 8A shows that politicians and public
administration employees generally have the same opinion regarding the propositions
related to the current situation. For the statements that do show a significant differ-
ence, either both groups of respondents agree with the statement or both groups of
respondents disagree with the statement.

A distinction was also made between respondents from small and large municipal-
ities. These two groups show some significant differences regarding the propositions
about the current way of land allocation, as shown in Table 8.11. Large municipalities
agree and small municipalities disagree with the propositions that their municipality

TABLE 8.10: Evaluations of propositions on the current situations

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
CUR1 114 5.67 1.25 14.21∗ 7% 8% 85%
CUR2 113 4.62 1.83 3.59∗ 27% 19% 55%
CUR3 112 4.30 1.75 1.83∗ 30% 20% 50%
CUR4 114 4.20 1.89 1.14 39% 18% 43%
CUR5 114 3.14 1.48 -6.20∗ 60% 24% 17%
CUR6 114 4.18 1.76 1.12 32% 23% 45%
CUR7 114 2.82 1.81 -6.98∗ 67% 17% 17%
∗ Significant with α= 0.05
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TABLE 8.11: Evaluations of differences between small and large municipalities for the
propositions on the current situations

No. of resp. Mean
Code Small Large Small Large T
CUR1 48 66 5.60 5.71 0.45
CUR2 48 65 4.46 4.74 0.78
CUR3 48 64 3.56 4.86 4.14∗

CUR4 48 66 4.67 3.86 -2.28∗

CUR5 48 66 2.73 3.44 2.59∗

CUR6 48 66 3.65 4.58 2.87∗

CUR7 48 66 2.15 3.30 3.65∗
∗ Significant with α= 0.05

is committed to attract firms from specific industries (CUR3) and that their munici-
pality is facing competition from other municipalities (CUR6). Small municipalities,
on the other hand, agree with the proposition that they do not perform active acquisi-
tion (CUR4), while large municipalities disagree with this proposition, and hence, do
perform active acquisition. This means that especially the municipalities with many
hectares of industrial areas try to fill their land from a viewpoint of spatial concen-
tration, but face relatively much competition for attracting firms from other (large)
municipalities. Apparently, large municipalities compete to attract the same type of
firms. This indicates that cooperation amongst municipalities may be helpful. Small
municipalities probably compete less as they do not perform active acquisition.

Differentiating between municipalities with an intermodal container terminal and
without one is especially relevant for the proposition regarding the acquisition of firms
that want to use a terminal (CUR7). 21 of the 114 respondents work for a municipality
that has an intermodal container terminal. The average level of agreement of respon-
dents from municipalities with an intermodal container terminal (4.67) is significantly
higher than the average level of agreement of respondents from municipalities with-
out an intermodal container terminal (2.40; t = −4.79, p ≤ 0.000). Subdividing the
respondents from municipalities without a terminal into respondents from municipal-
ities that are adjacent to a municipality with a terminal and ones that are not, shows
no significant difference between the levels of agreement of these two groups (2.14
and 2.63, based on 44 and 49 respondents, respectively). Hence, only municipalities
with an intermodal container terminal actively promote the use of multimodal trans-
port. This is surprising, as Kim and Van Wee (2011) report drayage distances (i.e., pre-
and post-haulage by trucks) from 25 to 200 kilometers in a study of previous research
on break-even distances at which the costs of multimodal transport equal the costs of
truck-only transport, while the average surface of municipalities in the south of the
Netherlands only is 78 km2. This means that political boundaries determine land al-
location policies that deeply influence the use of intermodal terminals, often partly
publicly funded by national governments. Hence, lots can be gained by cooperation
between municipalities to improve the spatial planning of logistics establishments and
increase the use of intermodal container terminals.
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Effects of spatial concentration of logistics firms

Table 8.12 presents the respondents’ degree of agreement with the propositions about
the effects of spatial concentration of logistics firms. For almost all these propositions,
the average level of agreement is significantly higher than 4. Only for the proposition
that spatial concentration leads to higher land prices, the average level of agreement
is significantly lower than 4. By ranking the propositions based on the average level of
agreement, we can conclude that respondents especially recognize the disadvantage of
having a logistics concentration area in their municipality, being the increase in truck
traffic in their municipality (CON7). The second most recognized effect of spatial
concentration of logistics firms is the increase in transport flow bundling (CON4).
Hence, the respondents recognize that spatial concentration has a positive effect on
the reduction of transport in general (also CON6), but locally it results in more traffic,
as transport flows have to be bundled in their source and sink regions. Hence, spatial
concentration is acknowledged to have positive effects for the region at large, but can
have a negative effect for the municipalities that contain the logistics concentration
areas. Again, cooperation seems to be the best way to attain the general (regional)
goal to spatially concentrate logistics firms in logistics concentration areas, while local
negative effects can be overcome by compensating the municipalities with the logistics
concentration areas with e.g., extra investments in local infrastructure.

Appendix 8A shows that there are a few significant differences between agreement
levels of politicians and public administration employees on these propositions, that
do not result in a difference in agreement and disagreement between these two groups
of respondents. Also no differences in agreement and disagreement were found be-
tween large and small municipalities and municipalities with and without an inter-
modal container terminal. It is interesting, though, to note that the average level of
agreement of respondents from municipalities with an intermodal container termi-
nal (5.76) with the proposition that spatial concentration of logistics firms leads to

TABLE 8.12: Evaluations of propositions on spatial concentration of logistics firms

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
CON7 113 5.29 1.21 11.37∗ 7% 19% 74%
CON4 113 5.25 1.16 11.42∗ 5% 18% 77%
CON9 113 5.22 1.22 10.68∗ 6% 17% 77%
CON10 113 5.19 1.26 10.08∗ 6% 19% 74%
CON12 112 5.16 1.07 11.48∗ 4% 21% 75%
CON13 111 5.13 1.18 10.09∗ 6% 23% 71%
CON11 113 5.11 1.12 10.49∗ 6% 23% 71%
CON5 113 5.01 1.15 9.30∗ 9% 19% 73%
CON3 113 4.90 1.25 7.70∗ 8% 25% 67%
CON8 111 4.90 1.43 6.62∗ 14% 22% 65%
CON1 111 4.87 1.29 7.15∗ 14% 21% 66%
CON2 113 4.72 1.33 5.72∗ 14% 27% 59%
CON14 113 4.68 1.15 6.29∗ 12% 35% 54%
CON6 113 4.29 1.47 2.11∗ 27% 27% 46%
CON15 113 3.63 1.23 -3.20∗ 36% 42% 21%
∗ Significant with α= 0.05
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more use of multimodal transport (CON8) is significantly higher than that of respon-
dents from municipalities without an intermodal container terminal (4.70; t = −3.18,
p = 0.002).

Benefits from and impediments to cooperation between municipalities

Based on previous analyses, cooperation between municipalities seems to be an appro-
priate way to deal with current issues in land allocation procedures and local draw-
backs of spatial concentration of logistics firms. This section indicates whether re-
spondents agree on this and how important impediments to cooperation are for the
respondents. Table 8.13 starts with the benefits that may result from cooperation
between municipalities with respect to logistics land allocation. Respondents agree
with almost all these propositions. The most important benefits of cooperation are a
better spatial structure (ADV1) and more spatial concentration of logistics activities
(ADV8). The respondents’ average level of agreement is only significantly lower than
4 for the proposition that cooperation leads to higher land prices (ADV4). The aver-
age level of agreement for the proposition that it leads to a sustainability advantage,
due to less road transport (ADV10) is not significantly higher nor significantly lower
than 4. Both may be explained by the high degree of agreement with the proposition
that cooperation leads to more spatial concentration of logistics firms (ADV8). The
previous section showed that respondents disagreed with the proposition that spatial
concentration of logistics firms leads to higher land prices (CON15), which aligns with
the disagreement with Proposition ADV4. Table 8.12 also showed that respondents
agreed with the proposition that spatial concentration of logistics firms leads to less
truck traffic in the south of the Netherlands (CON6), related to the findings presented
in Chapter 5 that co-located logistics firms combine more transport flows and make
more use of multimodal transport than non-co-located logistics firms do. Proposition
ADV10 slightly differs from Proposition CON6, as it includes a statement about sus-
tainability. Apparently, respondents acknowledge that cooperation leads to less truck

TABLE 8.13: Evaluations of propositions on benefits from cooperation between mu-
nicipalities

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
ADV1 113 5.50 0.91 17.52∗ 1% 12% 87%
ADV8 113 5.38 0.92 15.96∗ 1% 18% 81%
ADV6 113 5.33 1.00 14.06∗ 3% 14% 83%
ADV13 113 5.29 1.14 12.06∗ 4% 18% 78%
ADV5 113 5.01 1.11 9.70∗ 7% 25% 68%
ADV12 113 4.97 1.05 9.88∗ 4% 30% 65%
ADV11 113 4.81 1.08 7.95∗ 4% 39% 57%
ADV7 113 4.67 1.23 5.82∗ 13% 29% 58%
ADV3 113 4.59 1.13 5.57∗ 12% 38% 50%
ADV9 113 4.39 1.32 3.14∗ 23% 32% 45%
ADV2 112 4.21 1.27 1.71∗ 22% 42% 36%
ADV10 112 4.08 1.38 0.62 29% 35% 36%
ADV4 113 3.78 1.16 -2.04∗ 33% 48% 19%
∗ Significant with α= 0.05
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traffic, but as this is not the only influence on the sustainability of the environment,
this does not lead to a sustainability advantage.

No significant different levels of agreement between different groups of respon-
dents (politicians versus public administration employees; large versus small munici-
palities; with and without an intermodal container terminal) were found that resulted
in a difference in agreement and disagreement between the compared groups. Ap-
pendix 8A shows this for politicians versus public administration employees.

According to the respondents, the major impediment to cooperation between mu-
nicipalities is the focus of municipalities on their own developments (IMP10 in Table
8.14). The other impediments where respondents on average agreed with mostly re-
late to the distribution of costs and benefits (IMP1, IMP2, and IMP3). These may be
the reasons why municipalities primarily focus on their own developments; the costs
of and benefits from cooperation for their own municipality are not clear. While many
respondents agree that it leads to regional benefits (see above), local advantages are
hard to determine. Clarifying this is important for changing the focus from local to re-
gional. Finally, respondents also think it is difficult to find a good form of cooperation
(IMP4). This will be further analyzed in the next section.

Respondents do not think that the costs of cooperation itself (IMP8) nor the exist-
ing fragmented spatial structure (IMP11) form barriers for cooperation. Furthermore,
finding reliable partners (IMP5) and convincing municipalities to share information
(IMP6) are no issues.

Politicians and public administration employees indicate the same impediments to
be and not to be a problem for cooperation (see Appendix 8A). Interestingly, large
municipalities (based on the hectares of industrial areas) do not agree with the im-
pediment that benefits are hard to determine beforehand (IMP1; 4.55 versus 3.79 for
large and small municipalities, respectively; t = 2.94, p = 0.004).

Table 8.15 shows the evaluations of the propositions related to certain municipal-
ities having more benefits from cooperation on logistics land allocation than others.
Statistical tests to check whether respondents agree with the propositions that larger
municipalities, municipalities with relatively much logistics firms, and municipalities

TABLE 8.14: Evaluations of propositions on impediments to cooperation between mu-
nicipalities

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
IMP10 112 5.00 1.44 7.35∗ 17% 12% 71%
IMP2 112 4.63 1.16 5.69∗ 13% 33% 54%
IMP3 112 4.46 1.16 4.23∗ 19% 34% 47%
IMP4 112 4.27 1.34 2.11∗ 30% 27% 43%
IMP1 112 4.23 1.41 1.75∗ 31% 23% 46%
IMP7 112 4.10 1.51 0.69 34% 27% 39%
IMP9 112 4.01 1.25 0.08 32% 38% 30%
IMP6 112 3.77 1.44 -1.71∗ 41% 30% 29%
IMP5 112 3.63 1.15 -3.46∗ 45% 38% 17%
IMP11 112 3.56 1.23 -3.77∗ 47% 33% 20%
IMP8 112 3.47 1.09 -5.11∗ 38% 52% 11%
∗ Significant with α= 0.05
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TABLE 8.15: Evaluations of propositions on relative advantages for certain municipal-
ities

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
RAD1 112 4.56 1.64 3.64∗ 27% 18% 55%
RAD2 112 5.13 1.33 9.01∗ 11% 18% 71%
RAD3 112 5.29 1.28 10.60∗ 5% 21% 73%
∗ Significant with α= 0.05

with an intermodal container terminal gain more from cooperation shows significant
results. This holds for all municipalities; no differences were found for the smaller
versus larger ones or the ones with and without an intermodal container terminal.
This may also explain why large municipalities do not recognize the problem to de-
termine benefits beforehand. In practice, this means that these municipalities should
take the lead in developing cooperative agreements between municipalities, as these
also gain the most.

In conclusion, the respondents are rather positive about cooperation between mu-
nicipalities with respect to logistics land allocation. They recognize that cooperation
can lead to many benefits and only see a few hurdles to take. These especially relate
to the way cooperation is organized. Some suggestions for this are analyzed in the
next section.

Organization of cooperation between municipalities

Table 8.16 again shows that fair distributions of costs and benefits beforehand are im-
portant for the success of cooperation (SUC1 and SUC2). Furthermore, municipalities
should exclusively trade land via the joint organization (SUC3). Cooperation between
municipalities does not need to be province wide (SUC4) and the province does not
have to take the initiative (SUC5 and PRO2). However, the province can, according to
the respondents, be stimulating in several ways (PRO1, PRO3, and PRO4). Politicians
and public administration employees generally have the same opinion about these
propositions (see Appendix 8A).

TABLE 8.16: Evaluations of propositions on the organization of cooperation between
municipalities

Code No. of resp. Mean St. dev. T Disagree Neutral Agree
SUC1 108 5.13 1.18 9.91∗ 8% 18% 74%
SUC2 108 4.96 1.08 9.30∗ 8% 23% 69%
SUC3 107 4.76 1.50 5.21∗ 18% 21% 61%
SUC4 108 3.65 1.66 -2.20∗ 49% 21% 30%
SUC5 108 3.31 1.51 -4.72∗ 54% 28% 19%
PRO1 114 4.68 1.52 4.79∗ 20% 17% 63%
PRO2 114 3.89 1.67 -0.67 37% 22% 41%
PRO3 114 4.37 1.46 2.70∗ 21% 25% 54%
PRO4 114 5.18 1.35 9.38∗ 8% 12% 80%
∗ Significant with α= 0.05



162 LAND ALLOCATION TO LOGISTICS FIRMS

Figure 8.3 shows that the first form of cooperation is indicated as the most appro-
priate one by half of the respondents. The third form of cooperation is indicated as
the least appropriate one by 65% of the respondents. The open questions following
these forms of cooperation indicate that respondents generally like the first form of
cooperation most as this form allows municipalities to keep control over their own
land; with the least of the processes being outsourced. The respondents that, on the
other hand, choose for the third form of cooperation mostly indicate that although
this form of cooperation needs most work beforehand, it is the most promising one in
terms of outcomes (most synergies and most decisive).

Some respondents indicated that they already cooperate with other municipali-
ties with respect to the development of industrial areas. Five municipalities located
in Limburg (of which four participated in the survey) established a regional develop-
ment organization (Ontwikkelingsmaatschappij Midden-Limburg, 2013). One of the
activities of this organization is the development of new and the restructuring of ex-
isting industrial areas in the involved municipalities. The cooperating municipalities
are shareholders of this organization. Respondents from the municipalities involved
in this regional development organization are strongly positive about it. This explains
why they all indicated a form of cooperation with outsourcing (2 or 3) as most appro-
priate and indicates that experience matters. Respondents from four other municipal-
ities referred to a specific industrial park in the south eastern part of Noord-Brabant
(Kempisch Bedrijvenpark, 2013). The four involved municipalities jointly develop this
park. The land allocation on this park is done by a project organization. The board
of this project organization consists of politicians from the cooperating municipalities.
The respondents from these municipalities all indicated form 3 as least appropriate.
One of them comments that this is a step too far. In general, most respondents that in-
dicated form 3 as least appropriate remark that municipalities are no longer in control
with this form of cooperation. This indicates that cooperation between municipalities
may be best organized step by step, such that municipalities can experience that out-

(a) Most appropriate (b) Least appropriate

FIGURE 8.3: Most and least appropriate forms of cooperation (N=108)
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sourcing is beneficial, although municipal control may be decreased.
Figure 8.4 shows that politicians and public administration employees agree on the

most appropriate form of cooperation (form 1). The second most appropriate form is
not the same: politicians choose more often form 2 and public administration employ-
ees choose more often form 3. Apparently, public administration employees are more
in favor of outsourcing than politicians. This may be explained by the different roles
of these types of municipal employees: politicians primarily look to the policy aspect
of loosing control if things are outsourced; public administration employees actually
have to work with the current procedures and acknowledge that much can be gained
from outsourcing.

Respondents from municipalities with little or many hectares of industrial areas
and municipalities with or without an intermodal container terminal show similar
distributions over the different forms of cooperation.

As the respondents’ opinions regarding benefits from and impediments to coop-
eration between municipalities can influence their ideas about the most appropriate
form of cooperation, a difference was made between respondents that chose a form
of cooperation with public (1) and private (2 and 3) marketing and sales of land for
logistics. Table 8.17 shows that there are only significant differences between these
two groups of respondents for four propositions and only for Proposition ADV2 this
results in a difference in agreement and disagreement of the two groups; respondents
that chose for marketing and sales of land for logistics by a private company agree
with the proposition that cooperation leads to lower operating costs, while respon-
dents that chose for a public organization do not agree with this proposition. This
indicates that the cost benefit may be a reason for municipalities to decide to out-
source marketing and sales of land for logistics, although costs were not indicated in
respondents’ explanations why they chose a certain form of cooperation.

(a) Most appropriate (b) Least appropriate

FIGURE 8.4: Most and least appropriate forms of cooperation according to politicians
(PO, N=46) and public administration employees (PA, N=62)
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TABLE 8.17: Evaluation of differences between respondents that chose acquisition of
logistics firms by a public organization and by a private company for the propositions
related to benefits from and impediments to cooperation

No. of res. Mean
Code Public Private Public Private T
ADV1 53 54 5.28 5.70 -2.46∗

ADV2 53 53 3.92 4.51 -2.50∗

ADV3 53 54 4.47 4.70 -1.04
ADV4 53 54 3.66 3.85 -0.86
ADV5 53 54 5.00 4.96 0.17
ADV6 53 54 5.28 5.37 -0.45
ADV7 53 54 4.70 4.76 -0.26
ADV8 53 54 5.25 5.56 -1.76
ADV9 53 54 4.38 4.37 0.03
ADV10 52 54 4.17 3.96 0.77
ADV11 53 54 4.75 4.85 -0.46
ADV12 53 54 4.68 5.26 -2.96∗

ADV13 53 54 5.26 5.35 -0.39
IMP1 53 54 4.17 4.35 -0.66
IMP2 53 54 4.40 4.85 -2.03∗

IMP3 53 54 4.42 4.50 -0.37
IMP4 53 54 4.08 4.43 -1.35
IMP5 53 54 3.57 3.61 -0.20
IMP6 53 54 3.70 3.76 -0.22
IMP7 53 54 4.13 4.02 0.40
IMP8 53 54 3.53 3.41 0.56
IMP9 53 54 4.11 3.94 0.69
IMP10 53 54 4.94 5.00 -0.20
IMP11 53 54 3.60 3.52 0.35
∗ Significant with α= 0.05

8.5 Conclusions

This chapter explored land allocation procedures of municipalities in the south of the
Netherlands. The goals were to investigate whether municipalities have a vision to
stimulate spatial concentration of logistics firms, whether municipal employees are
aware of the (positive) effects of spatial concentration of logistics firms, and whether
they are willing to cooperate with other municipalities to (more) stimulate spatial
concentration of logistics firms. Based on a survey conducted with both politicians
and public administration employees of the municipalities in the provinces Noord-
Brabant, Limburg, and Zeeland, five general conclusions are drawn.

First, no large differences between politicians and public administration employees
were found. While both types of respondents could have different reasons to be in
favor or against cooperation with respect to land allocation to logistics firms, they
both agree or disagree on mostly the same propositions.

Second, municipalities do not actively stimulate spatial concentration of specific
industries, and hence, do not stimulate spatial concentration of logistics firms. Al-
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though municipalities have a vision regarding the allocation of land and are commit-
ted to attract firms from specific industries, they do not actively search for firms from
specific industries; all firms that are interested to locate in a municipality can get land,
as long as this is available and general limitations, like e.g., environmental ones, are
met. Especially municipalities with relatively many hectares of industrial areas are
focused on attracting firms from specific industries to stimulate spatial concentration,
but also these large municipalities provide land to any type of firm, as long as sufficient
land is available and general limitations are met. The large municipalities also face
significant competition, while other municipalities do not. This indicates that munic-
ipalities with relatively many hectares of industrial areas compete for the same firms.
If land allocation would be aggregated over more than one municipality, competition
could be decreased and a vision could be created for the land allocation in multiple
municipalities at once, such that spatial concentration is actively stimulated.

Third, municipalities acknowledge that co-location of logistics establishments can
lead to firm and societal benefits. Municipalities agree most with the propositions
that spatial concentration of logistics firms leads to more bundling of transport flows,
more cooperation between logistics education institutions and the logistics sector, a
higher attractiveness to work in the logistics sector in municipalities with logistics
concentration areas, and a higher attractiveness of the south of the Netherlands, in
general, and municipalities with logistics concentration areas, in specific, as a location
for logistics firms. However, according to the municipalities, spatial concentration of
logistics firms also leads to more trucks on the roads in and around municipalities
with logistics parks. Hence, there are some benefits to locate logistics firms in spe-
cific logistics concentration areas for the region, but at a local level this also leads to
a disadvantage. Again, cooperation seems to be a good way to overcome this disad-
vantage, as the cooperating municipalities can decide to stimulate the development
of logistics concentration areas in a small number of municipalities, such that only in
those municipalities additional investments in infrastructure are needed.

Fourth, respondents acknowledge that cooperation with respect to land allocation
of logistics firms leads to many advantages and only recognize some impediments
to such cooperation. Most important advantages are a better spatial planning and
more spatial concentration of logistics firms. The major barriers are the current focus
on developments within the own municipal boundaries and the difficulty to allocate
costs and benefits. As this can well be arranged in advance, cooperation indeed seems
a proper solution for problems resulting from current competition between (large)
municipalities and from local disadvantages of co-location of logistics firms.

Fifth, as municipalities with relatively many industrial areas, relatively many lo-
gistics firms, and/or an intermodal container terminal are expected to benefit more
from cooperation, these municipalities should take the lead in the organization.

Sixth, municipalities in general have a preference for a form of cooperation with-
out complete outsourcing of the land allocation process for logistics firms. This is
primarily based on pragmatic reasons, as most municipalities do not want to lose con-
trol over their own land. Municipalities that prefer to outsource the land allocation
process acknowledge that this probably is the most effective way of arranging the land
allocation process, such that co-location of logistics firms is stimulated. We therefore
propose to organize cooperation between municipalities step by step, such that munic-
ipalities can experience that outsourcing is beneficial, although their control may be
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decreased. It is important to explicitly consider the different power relations between
the public policy makers of different municipalities and the involved private parties,
which are key in these kind of decision making processes (e.g., Hensher et al., 2007).

Appendix

8A Politicians versus public administration employees

Table 8A.1 shows the average levels of agreement of politicians and public adminis-
tration employees separately. The opinions of these different groups of respondents
are generally aligned.

TABLE 8A.1: Evaluation of differences between politicians (PO) and public adminis-
tration employees (PA)

No. of No. of Mean Mean
Code PO PA PO PA t
CUR1 47 67 5.91 5.49 1.85
CUR2 47 66 4.21 4.91 -2.02∗

CUR3 47 65 4.53 4.14 1.17
CUR4 47 67 3.98 4.36 -1.05
CUR5 47 67 3.45 2.93 1.87
CUR6 47 67 4.4 4.03 1.12
CUR7 47 67 2.83 2.81 0.07
CON1 47 64 4.91 4.84 0.29
CON2 47 66 4.79 4.67 0.47
CON3 47 66 4.91 4.89 0.09
CON4 47 66 5.28 5.23 0.22
CON5 47 66 5.15 4.91 1.09
CON6 47 66 4.57 4.09 1.73
CON7 47 66 5.34 5.26 0.36
CON8 45 66 5.22 4.68 1.98
CON9 47 66 5.45 5.06 1.68
CON10 47 66 5.36 5.08 1.19
CON11 47 66 5.32 4.95 1.72
CON12 47 65 5.34 5.03 1.52
CON13 46 65 5.43 4.91 2.37∗

CON14 47 66 5.02 4.44 2.72∗

CON15 47 66 3.74 3.55 0.85
ADV1 47 66 5.64 5.39 1.42
ADV2 47 65 4.36 4.09 1.11
ADV3 47 66 4.60 4.59 0.02
ADV4 47 66 3.79 3.77 0.07
ADV5 47 66 4.94 5.06 -0.59
ADV6 47 66 5.36 5.30 0.30
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TABLE 8A.1: Evaluation of differences between politicians (PO) and public admini-
stration employees (PA) (continued)

No. of No. of Mean Mean
Code PO PA PO PA t
ADV7 47 66 4.81 4.58 0.99
ADV8 47 66 5.36 5.39 -0.18
ADV9 47 66 4.62 4.23 1.48
ADV10 47 65 4.06 4.09 -0.10
ADV11 47 66 4.87 4.76 0.56
ADV12 47 66 5.04 4.92 0.59
ADV13 47 66 5.43 5.20 1.05
IMP1 47 65 4.17 4.28 -0.39
IMP2 47 65 4.62 4.63 -0.06
IMP3 47 65 4.70 4.29 1.86
IMP4 47 65 4.21 4.31 -0.37
IMP5 47 65 3.64 3.62 0.10
IMP6 47 65 3.68 3.83 -0.54
IMP7 47 65 3.98 4.18 -0.71
IMP8 47 65 3.51 3.45 0.31
IMP9 47 65 4.04 3.98 0.24
IMP10 47 65 5.11 4.92 0.66
IMP11 47 65 3.36 3.71 -1.48
RAD1 47 65 4.89 4.32 1.84
RAD2 47 65 5.09 5.17 -0.31
RAD3 47 65 5.45 5.17 1.13
SUC1 45 63 5.31 5.00 1.35
SUC2 45 63 5.22 4.78 2.15∗

SUC3 45 62 4.98 4.6 1.30
SUC4 45 63 3.67 3.63 0.10
SUC5 45 63 3.13 3.44 -1.06
PRO1 47 67 4.81 4.6 0.73
PRO2 47 67 4.09 3.76 1.02
PRO3 47 67 4.68 4.15 1.94
PRO4 47 67 5.23 5.15 0.33
∗ Significant with α= 0.05
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9
CONCLUSIONS

This chapter presents the conclusions of the research presented in this dissertation.
First, Section 9.1 answers the research questions formulated in Chapter 1. Implica-
tions following from the research presented in this thesis are presented in Section 9.2.
These relate to logistics firms as well as to (regional) policy makers. Finally, Section
9.3 ends this chapter with directions for future research.

9.1 Results

In Chapter 1, three research questions were raised. Every part of this thesis related
to one of these questions. This section summarizes the findings by answering the
research questions.

The dissertation analyzed the new topic of logistics concentration areas. Although
anecdotal evidence shows that logistics establishments have the tendency to co-locate
in, for example, port areas and around intermodal terminals, logistics concentration
areas have hardly been studied. Sheffi (2012) delineates logistics clusters around
the world. Based on interviews with many logistics managers and policy makers in
amongst others Zaragoza, Los Angeles, Panama, Rotterdam, and Singapore, he argues
that logistics clusters offer several advantages: jobs, transport economics, competi-
tive transportation offerings by carriers, and options for resource sharing. This thesis
extends this emerging body of literature by analyzing logistics concentration areas.
While Sheffi (2012) focused on clear cases of logistics clusters around the world, we
analyzed spatial concentration of logistics establishments at a regional level. While
globally defined logistics clusters are relatively easy to identify, this is not the case on
a regional level. Hence, the first research question analyzed in this dissertation is:

Do logistics establishments spatially concentrate and if so, how can logistics con-
centration areas be identified?

Sheffi (2012, p. 81) defines a logistics cluster as "an amorphous agglomeration of
companies and facilities with logistics-intensive operations with fuzzy borders and no
central management". The concept of logistics concentration areas in this thesis differs
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from this concept of logistics clusters. First, there is a scale difference: Sheffi (2012)
defines the Netherlands as a logistics cluster, while we analyzed logistics concentration
areas in the south of the Netherlands. Second, while logistics clusters have fuzzy
borders, logistics concentration areas have clear borders, as these areas are identified
based on predefined administrative areas (in our case four-digit postal-code areas).
This enabled us to analyze the advantages of a location in a logistics concentration
area relative to a location not in a logistics concentration area.

To be able to identify logistics concentration areas, the "AREC area identification
method" was developed in Chapter 2. This method identifies Absolute and Relative
Employment Concentration areas (AREC areas), based on spatial concentration of a
particular industry (in our case logistics) in a region. Although many spatial con-
centration measures already exist, this is the first one that combines absolute spatial
concentration, measured by the share of the industry’s employment in an area, and
relative spatial concentration, which relates the share of the industry’s employment
per area to the share of the industry’s employment in the region. Combining these two
concepts is especially relevant on the low geographical aggregation level used in this
dissertation, as relative spatial concentration (often used in isolation to define spatial
concentration) is high in areas without much employment in general, while these ar-
eas are not interesting as a basis for promoting a cluster there, nor are relevant for
other firms from the same industry in search for an investment location.

In Chapter 3, the AREC area identification method was applied to the logistics sec-
tor in Noord-Brabant, one of the southern Dutch provinces. Based on this analysis, the
first research question can be answered positively: logistics establishments have the
tendency to spatially concentrate in particular areas in this region. Moreover, logistics
AREC areas grew over time from 1996 to 2009, both in the number of postal code
areas per AREC area and in the percentage of logistics employment located in AREC
areas. This is partly explained by the fact that logistics establishments relatively often
decide to locate in logistics concentration area. Especially relatively large logistics es-
tablishments, logistics establishments that relocated within the province, and logistics
establishments that came from an AREC area choose relatively often for new locations
in AREC areas.

Furthermore, Chapter 3 concluded that not only logistics concentration areas at-
tract logistics employment, also do areas with an intermodal container terminal. Both
the four-digit postal code areas and the municipalities where the eleven intermodal
container terminals in Noord-Brabant are located attract on average more logistics
establishments than areas without an intermodal container terminal. Furthermore,
logistics employment grew faster in areas with an intermodal container terminal than
in areas without one. Apparently, logistics companies value the good (multimodal)
accessibility of these areas.

The relationship between accessibility and logistics employment was analyzed in
more detail in Chapter 4. In this chapter, we related the amount of logistics employ-
ment per US county to the freight accessibility per county. Accessibility measures were
developed from the point of view of freight transportation, while existing accessibil-
ity measures focus on passenger transportation. Freight accessibility was measured
with gravity based measures related to four different modes of transport: road, rail,
air, and maritime. These four modes of transport were summarized into two differ-
ent constructs, namely continental and intercontinental freight accessibility, for which
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the relationship with logistics employment per county was analyzed in a Partial Least
Squares model. The county population turned out to be an important control variable
in this analysis. Results show that only in non-metropolitan area counties there is a
relationship between the degree of accessibility and the amount of logistics employ-
ment. Apparently, metropolitan area counties in general have such a good accessibility
that this is no differentiator anymore in the location choice of logistics companies.

In conclusion, the first part of this thesis showed that logistics concentration areas
attract logistics establishments. This naturally results in the question why. Apparently,
there are advantages of co-location for logistics establishments. This was researched
in the second part of this thesis, based on the following research question:

What are the effects of spatial concentration of logistics establishments?

To analyze this research question, three groups of logistics establishments were
analyzed. To start with, logistics establishments located in logistics AREC areas in
two Dutch provinces, Noord-Brabant and Limburg, were compared to logistics estab-
lishments not located in these concentration areas. Hence, this is an analysis into the
(dis)advantages of rather diverse logistics concentration areas, as the logistics estab-
lishments located in these areas perform different activities for various sectors. This
research was presented in Chapter 5. The third category of logistics establishments
contained logistics establishments located in specialized logistics concentration ar-
eas. Chapter 6 analyzed two specific logistics parks that have a specialization in fresh
produce and compared the establishments located in these areas with the logistics es-
tablishments located in the diverse logistics concentration areas defined before. The
three groups of logistics establishments all received the same questionnaire. Based
on response from managers of 339 non-co-located logistics establishments, 158 logis-
tics establishments located in diverse logistics concentration areas, and 44 logistics
establishments located in the fresh produce logistics parks, both spatial concentration
and specialization of the logistics concentration areas are found to be beneficial for
logistics companies. Compared to non-co-located logistics establishments, co-located
logistics establishments more often combine transport capacity, are better accessible,
have better availability of repair and maintenance facilities, and have better expan-
sion opportunities. In addition, logistics establishments co-located in a specialized
logistics park exchange more transport and storage capacity then logistics establish-
ments in diverse logistics concentration areas do, share relatively much knowledge
with other firms, and trade relatively often products last-minute. Possible disadvan-
tages of spatial concentration of logistics establishments, like local road congestion
and increasing land prices, were not found.

Hence, co-location of logistics establishments results in several synergies for the
logistics establishments as well as for society as a whole. Both spatial concentration of
diverse and specialized logistics establishments results in more bundling of transport
flows. As this leads to less truck kilometers, logistics companies reduce their trans-
port costs and society benefits from less congested roads and less emissions. Based
on this, both decision makers of logistics firms and of regional governments have in-
centives to take these effects into account in deciding where to locate (new) logistics
establishments. This results in the third research question:
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How to incorporate the effects of co-location of logistics establishments into the
decisions related to locations of (new) logistics establishments

Location decisions of logistics firms are modeled extensively by many different fa-
cility location models. However, we are not aware of any model that takes into account
the synergies from co-location of logistics establishments. Chapter 7 showed that con-
sidering the opportunity to combine transport flows in logistics concentration areas
in a shipper’s location decision can result in a different optimal facility location com-
pared to when this opportunity was not taken into account. Numerical experiments
based on a square-shaped distribution region show that on average it is beneficial to
locate in the logistics concentration area, if that area is within a distance of 0.15 times
the length of the sides of the region from the center of gravity of customer demand.
In addition, for relevant shipment sizes (between 5% and 50% of the capacity of a
full truck), smaller shipments increase the probable gains from locating in a logistics
concentration area.

After a logistics company decided where to locate a new facility, it has to look for
available land. In the Netherlands, land allocation is the responsibility of the munic-
ipal governments. Hence, these governments partly determine the development of
logistics concentration areas. As not all municipalities can have a logistics concentra-
tion area, municipalities have to cooperate to be able to plan the development of these
areas. To research whether municipal governments are aware of the positive effects of
co-location of logistics establishments and whether they are open to cooperation with
respect to land allocation to logistics establishments, a questionnaire survey was con-
ducted amongst municipalities in Noord-Brabant, Limburg, and Zeeland. Outcomes
show that although municipalities generally acknowledge that co-location of logistics
establishments can lead to firm and societal benefits, spatial concentration of logistics
establishments is currently not actively stimulated. In addition, the municipalities ac-
knowledge that cooperation with respect to land allocation of logistics firms leads to
many advantages. The only impediments to cooperation that municipalities indicated
relevant are the current focus on developments within own municipal boundaries and
the difficulty to make a fair allocation of costs and benefits to the cooperating munic-
ipalities.

In conclusion, the research in the last part of the dissertation showed that both
decisions makers at logistics firms and regional governments gain from taking into
account synergies from co-location of logistics establishments in their decisions re-
garding locations of (new) logistics establishments.

The findings of this thesis are in line with the ones presented by Sheffi (2012). Al-
though Sheffi’s logistics clusters are highly different in size compared to the logistics
concentration areas analyzed in this thesis (Sheffi (2012) defines the Netherlands as
a logistics cluster, while we analyzed logistics concentration areas in the south of the
Netherlands), similar synergies through co-location turn out to be relevant; advan-
tages of logistics clusters described by Sheffi (2012) were also found to be relevant
on a lower geographical scale in this dissertation. According to Sheffi (2012) many
positive aspects of logistics clusters are rooted in the economics of freight transporta-
tion. As clusters expand, higher freight volumes are attracted, enabling logistics firms
to be more efficient. Sheffi (2012) describes the feedback mechanism of the shar-
ing of transportation and logistics assets within logistics clusters: pooling resources
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buffers companies against fluctuations in demand. The business surveys conducted
for this dissertation support these statements as these provide evidence that logis-
tics establishments located in logistics concentration areas relatively often exchange
transportation and warehousing resources. In addition, the facility location model
presented in Chapter 7 is the first model that quantifies the opportunity to combine
transport flows in logistics concentration areas. Finally, Sheffi (2012) emphasizes the
strong role of governments to stimulate the development of logistics clusters. This role
is somewhat different in large logistics clusters and relatively small logistics concentra-
tion areas. Governments primarily have a role in the development of logistics clusters
by investing in large scale infrastructure projects and creating logistics-friendly laws
and regulation. While this is also relevant on a lower scale, Chapter 8 of this disser-
tation showed that still a lot can be gained on the coordination of activities related to
logistics land allocation such that the development of logistics concentration areas is
stimulated directly.

9.2 Implications

On top of the scientific contributions, this dissertation also leads to insights for both
(logistics) managers and policy makers. This section describes possible implications
of the results for practice.

9.2.1 Managerial implications

As co-located logistics firms are found to be better accessible, closer to facilities,
and better able to exchange transportation and warehousing resources than non-co-
located logistics firms are, logistics firms should have a preference for locating in logis-
tics concentration areas. However, only 40% of the logistics establishments in Noord-
Brabant are located in one of the 19 logistics concentration areas identified in this
province. These establishments account for almost 60% of the logistics employment
in the province. Although this may be partly explained by the definition of logistics
concentration areas based on employment, larger establishments value locations in
logistics concentration areas more than small ones do (in line with findings of Holmes
and Stevens (2002) that plants located in areas where the industry is co-located are
larger than plants outside these areas). This may be explained by the fact that owner-
managers from small firms in general have a preference for a location close to their
homes (Mazzarol and Choo, 2003).

In practice, many location decisions remain based on rules of thumb, simple heuris-
tics, rough estimates, or history, because location-centered decision processes are both
complex and dynamic (Porter and Rivkin, 2012). This dissertation allows for the for-
mulation of one such rule of thumb: logistics companies should look beyond their
own supply chains when deciding on the location of a (new) establishment. Tradition-
ally, only the locations of suppliers and customers (within the same supply chain) are
considered important. This dissertation shows the benefits of co-location with other
logistics companies operating in different supply chains. While disadvantages of loca-
tions in logistics concentration areas could be high land prices and congestion on the
roads around these areas, these were not found in the logistics concentration areas in
Noord-Brabant and Limburg. Although maybe other disadvantages remain (like e.g.,
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higher labor costs, which have not been tested in this dissertation), this may lead to
the question why not all logistics establishments are located in logistics concentration
areas. Besides the additional costs from locating outside the center of gravity of the
distribution region (see Chapter 7), interviews conducted prior to the questionnaire
surveys described in Chapters 5 and 6 indicate that history plays an important role for
the relocation of logistics firms. Many start-up logistics firms are established close to
the owner’s home address, which may be beneficial, given the close connections the
owner has in the region (s)he lives in (Dahl and Sorenson, 2012). After some time, the
startup location turns out to be too small, due to the growth of the company. An often
heard reason not to move too far away from the current location is the personnel; most
company owners want to maintain their personnel and hence, do not want to move
over a large distance. However, with 19 logistics concentration areas consisting of 48
of the 502 four-digit postal code areas in Noord-Brabant, a province with a surface of
5082 square kilometers, this means that about 10% of the surface of the province is
identified as a logistics concentration area. Using the maps of logistics concentration
areas in Noord-Brabant shown in Chapter 3, this means that the closest logistics con-
centration area is at most about 40 kilometers away (the distance between Cuijk and
Veghel, for example). Although employees prefer shorter distances to their work, this
is probably no reason to lose most of the employees after the movement.

Also the analyses into location dynamics presented in Chapter 3 showed that his-
tory (or experience) matters. One of the conclusions of that chapter was that logistics
establishments located in an AREC area tend to choose relatively often a new location
in another AREC area. Hence, these establishments acknowledge that co-location
is beneficial and want to have these benefits in the future again. Apparently, logis-
tics establishments not located in logistics concentration areas are not aware of these
benefits (yet). This thesis showed that co-location in general is beneficial for logistics
establishments and hence, logistics managers are advised to get informed about pos-
sible benefits from co-location for their company. While the benefits probably do not
outweigh the costs of movement if the establishment is not planning to move yet, a
location in a logistics concentration area should definitely be one of the considered
options if there are plans to move to a new location.

9.2.2 Implications for policy makers

Porter (2000) argued that governments have the role to facilitate cluster development
and upgrading. By showing that co-location of logistics establishments is not only
beneficial for logistics firms, but also for society at large, this dissertation provides
arguments for the stimulation of logistics concentration areas in specific.

Besides the previously mentioned arguments of the reduction of transport flows
and the increase in the use of multimodal transport, another argument relates to the
link between the location of logistics establishments and the accessibility of the area.
Chapter 4 showed that the logistics sector in general is attracted by good accessibility.
Also the logistics concentration areas in Noord-Brabant are primarily located around
the major transport corridors in the province (see Figure 3.1 on page 43). A con-
centration of logistics activities around the major corridors of a region is beneficial
for the government of that region, as major infrastructure investments can be limited
to these corridors. This is in line with the recent vision of the Dutch Ministry of In-
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frastructure and the Environment to develop a national core network of multimodal
corridors (Ministery of Infrastructure and the Environment, 2012).

In general, still much can be gained by co-locating logistics firms. While results
were shown for logistics parks specialized in fresh produce in Chapter 6, other special-
izations may also be beneficial. Good examples are the logistics parks around inter-
modal terminals, for which logistics firms should be targeted that actually make use of
that intermodal terminal. Currently, most municipalities do not actively look for logis-
tics companies that want to make use of an intermodal container terminal in the area
(see Chapter 8). Nevertheless, a better spatial planning of logistics establishments in
logistics parks can help solving some open coordination problems. One of these is the
transport of empty containers. The share of empty containers in hinterland transport
is estimated at 40% of all containers transported (Konings, 2008; Van der Horst and
De Langen, 2008). Co-location of companies with complementary needs of containers
(i.e. with complementary inbound and outbound flows) reduces this problem as there
is less need for empty container transport. A good example is the port of Oakland,
that created an almost 50/50 split of container imports and exports by stimulating the
use of containers for its large outbound volume of regionally produced electronic and
agricultural products. This shows that a good overview of, for example, the container
flows from and to specific companies in a region is needed to be able to plan for syn-
ergies in the future. This idea can be extended to many more examples. The main
message is that regions are no greenfields. Every location has its specific pros and
cons for specific logistics firms. While it is the companies’ responsibility to determine
these, governments can stimulate synergies from co-location of logistics companies
by providing information regarding the current spatial distribution of logistics firms
in their region.

Policy makers can stimulate spatial concentration of logistics establishments by bet-
ter informing logistics firms about the advantages of co-locating. Experience matters
and companies that did not experience the advantages of co-location are not aware
of these. Policy makers can help by organizing (regional) events around this theme.
Policy makers are also advised to stimulate business incubators in existing logistics
concentration areas. While technology clusters around the world, like Silicon Valley
in California and Medicon Valley in Scandinavia, show many entrepreneurial activ-
ities, logistics concentration areas in the south of the Netherlands primarily attract
larger establishments. Companies in the logistics sector are mostly started from a
location close to the owners’ homes. Business incubators can stimulate logistics en-
trepreneurs to start from a logistics concentration area, such that they immediately
experience benefits from being co-located.

Municipalities can gain a lot by focussed acquisition of logistics firms for the avail-
able land. While the survey presented in Chapter 8 indicated that most municipalities
have a clear vision regarding the desired allocation of the available land in their indus-
trial areas and that they are committed to attract firms from specific industries for that
available land, this is not brought into practice. Municipalities generally acknowledge
that co-location of logistics establishments is beneficial, but still compete for the same
firms. Reasons to not stimulate spatial concentration of logistics firms may be the
environmental disadvantages, the pressure on the road infrastructure around logis-
tics concentration areas, and the relatively low employment per square meter of land.
Cooperation between municipalities seems the solution to, at least partly, overcome
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these disadvantages. Jointly developing logistics parks around intermodal terminals
and stimulating the use of these terminals, decreases the road freight traffic in the
region, which is beneficial for the environment. The local pressure on the road infras-
tructure definitely can be a negative effect of co-location of logistics firms, but has to
be related to the decrease of road traffic in the region at large. Hence, cooperation
between municipalities should also be used to compensate for local negative effects in
the municipalities with the logistics concentration areas. Finally, the employment per
square meter is an important statistic for public policy makers, as employment is one
of the main drivers of regional policy. Also this has to be evaluated regionally, instead
of locally per municipality. Stimulating spatial concentration of logistics firms does
not have to result in a reduction of employment regionally (as logistics firms are only
located in different locations in the same region), while it might lead to an employ-
ment reduction locally. The current fragmentation of the management of logistics land
(by municipalities) results in a fragmented spatial structure of logistics firms. Cooper-
atively outsourcing logistics land allocation to a specialized private company (owned
by the cooperating municipalities) seems a good solution to overcome this problem.
Municipalities that already outsourced the development of new and the restructuring
of existing industrial areas to a regional development organization (Ontwikkelings-
maatschappij Midden-Limburg, 2013) are very positive about it. Other municipalities
can learn from this example.

There are some initiatives to aimed at developing logistics parks in Noord-Brabant.
One example is the logistics park in Moerdijk, for which the national government, the
provincial government of Noord-Brabant, and the municipal government of Moerdijk
agreed to develop an industrial park meant for logistics establishments with Value
Added Logistics activities.i What intrigues is that apparently only the municipality of
Moerdijk is involved in the development of this park, while adjacent municipalities can
help stimulating concentration of logistics establishments in Moerdijk. Furthermore,
the case of Moerdijk is interesting due to the reluctance of (local) organizations to the
development of this park.ii While locally such a park may have negative effects for
the environment, on a regional scale the environment only benefits. As described by
Sheffi (2012), the large number of trucks in a logistics concentration area indeed faces
a higher likelihood of violating air pollution safety thresholds locally than would a
region with dispersed logistics firms. However, on a regional level, the air pollution per
shipment is decreased, as logistics concentration areas create higher freight volumes
on hub-to-hub lanes, enabling firms to decrease the number of trucks on the roads,
by combining truck shipments and transferring truck shipments to more sustainable
transport modes. Hence, regional and local governments should join forces to clarify
the arguments for developing logistics parks.

Another example is the municipality of Tilburg that aspires to be a hotspot for
internet logistics.iii Based on the findings in this thesis, such a concentration of lo-
gistics firms with a common specialization can have many positive effects. Tilburg
already contains a logistics concentration area and is well accessible by road, rail, and

ihttps://www.brabant.nl/dossiers/dossiers-op-thema/economie-en-werk/ruimte-voor-bedrijvigheid/
campussen-en-werklocaties/logistiek-park-moerdijk.aspx, accessed December 2012, in Dutch.

iisee for example http://www.logistiek.nl/Warehousing/logistiek-vastgoed/2012/11/Heroverweeg-
aanleg-Logistiek-Park-Moerdijk-1111785W, accessed December 2012, in Dutch.

iiihttp://www.logistiek.nl/Supply-Chain/algemeen/2012/2/Tilburg-ambieert-rol-van-hotspot-
internetlogistiek-LOGNWS112897W, accessed December 2012, in Dutch.

https://www.brabant.nl/dossiers/dossiers-op-thema/economie-en-werk/ruimte-voor-bedrijvigheid/campussen-en-werklocaties/logistiek-park-moerdijk.aspx
https://www.brabant.nl/dossiers/dossiers-op-thema/economie-en-werk/ruimte-voor-bedrijvigheid/campussen-en-werklocaties/logistiek-park-moerdijk.aspx
http://www.logistiek.nl/Warehousing/logistiek-vastgoed/2012/11/Heroverweeg-aanleg-Logistiek-Park-Moerdijk-1111785W
http://www.logistiek.nl/Warehousing/logistiek-vastgoed/2012/11/Heroverweeg-aanleg-Logistiek-Park-Moerdijk-1111785W
http://www.logistiek.nl/Supply-Chain/algemeen/2012/2/Tilburg-ambieert-rol-van-hotspot-internetlogistiek-LOGNWS112897W
http://www.logistiek.nl/Supply-Chain/algemeen/2012/2/Tilburg-ambieert-rol-van-hotspot-internetlogistiek-LOGNWS112897W
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inland waterways. Internet logistics companies typically are companies with many
small shipments, and hence, the model developed in Chapter 7 applies. This shows
that for companies with small shipments, logistics concentration areas are attractive
as long as these are not too far from the center of gravity of the distribution region.
This means that Tilburg should target internet logistics firms focusing on the Benelux,
as Tilburg is right in the middle of this region. For internet logistics firms focusing
on the Netherlands only, Tilburg is less interesting, as it is relatively far for the mid-
dle of the Netherlands. The good intermodal connections of Tilburg with the port of
Rotterdam enables a smooth inbound flow of products from all over the world.

9.3 Future research

The research presented in this dissertation opens many directions for future research.
These are presented in this section.

First, this thesis primarily focuses on the logistics sector in the south of the Nether-
lands. While the results are also highly relevant for similar regions where logistics is
central in regional development initiatives, such as the middle of the United Kingdom,
the region around Zaragoza, Spain, and the Charleston region in the US, extending
this research to other regions generalizes the findings. Wallenburg et al. (2011) show
that loyalty in relationships between logistics firms depends on cultural traits related
to trust and commitment. Most agglomeration economies require some level of trust
between co-located companies, so extending this research to other countries and cul-
tures may result in additional insights. The AREC area identification method is de-
veloped to be relatively easy to apply without the need for lots of data. Applying the
method to other regions enables to indicate logistics concentration areas around the
world.

Second, further quantification of the results found with the surveys presented in
Chapters 5, 6, and 8 increases the insights into the effects of co-location of logistics es-
tablishments and the land allocation processes of municipalities. As with all surveys,
conclusions are based on the perception of people. For the business surveys presented
in Chapters 5 and 6, the research theme (co-location of logistics establishments) was
not explained to the respondents and questionnaire statements were based on actual
actions, not on options of actions. The questionnaire used in Chapter 8 was used as
an exploratory study into opinions regarding spatial concentration of logistics and co-
operation of municipalities related to that. Hence, the survey replies provide valuable
information. However, given the important conclusions from these chapters, addi-
tional research studies based on quantitative data on actual operations of co-located
companies and actions of politicians are interesting next research steps. One of the
interesting analyses would be an analysis of the financial performance of co-located
logistics establishments; do they perform better than non-co-located logistics estab-
lishments? This would really indicate the value of co-location. A problem with such
an analysis is the data availability, as financial data on an establishment level are gen-
erally hard to collect. In addition, related to the specific survey presented in Chapter
6, analyzing traffic data from the specialized logistics parks results in insights into
how many transport is actually bundled and what is needed to increase this bundling
of transport flows even more.
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Third, one specific aspect that deserves some further research attention is the price
of land. While both the business survey (Chapter 5) and the survey amongst munic-
ipalities (Chapter 8) showed that the price of land is not affected by spatial concen-
tration of logistics establishments, respondents from the fresh parks (Chapter 6) did
indicate a relatively high land price (or rent). As the price of land is a regional vari-
able, the sample size was only equal to two, which is too small to conduct statistical
tests, and hence, no hard conclusions could be drawn about the land prices on spe-
cialized logistics parks. Further research into land prices should reveal more insights.
As the price of logistics land is influenced by many more variables than only the over-
representation of logistics firms in a region (e.g., Sivitanidou, 1996), best results are
probably obtained with regression or structural equation models.

Fourth, this thesis showed that logistics companies benefit if the managers take
co-location of logistics establishments into account in the decision where to locate a
new establishment. Chapter 5 concluded that currently only a relatively small part of
the managers actually consider this in their decision. The price of the land and the
proximity to the current location are the most important characteristics of a potential
new location, according to the respondents of the business survey. In depth empir-
ical analyses of location decisions can show other imbalances between theoretically
important and practically used aspects of location decisions.

Fifth, the specific research conducted in Chapter 2 could be extended by more
detailed analyses of cases of evolutionary processes in logistics concentration areas,
with attention for institutional, cognitive, and social proximity. This would advance
the understanding of clustering in logistics and answers the questions why logistics
concentration areas are developed at specific locations. The outcomes presented in
Chapter 2 touched upon this, as it was indicated that logistics establishments have
the tendency to move to locations with good multimodal accessibility. However, not
all logistics concentration areas have an intermodal terminal and not all intermodal
terminals are located in a logistics concentration area. A better understanding of the
success of some locations as logistics concentration areas and the failure of other ones
would result in valuable insights for policy makers.

Sixth, in Chapter 4 we defined accessibility based on four different modes of trans-
portation, namely road, rail, maritime, and air transportation. From a policy perspec-
tive, an interesting follow-up question on this analysis would be whether there is a
difference in the actual use of more sustainable transport modes (rail, barge, and
maritime) in areas with a higher accessibility to these modes. Policy makers may be
interested in the attractiveness of areas based on "sustainable accessibility" and more
specifically not only the attraction of logistics employment to these areas, but also the
use of other transport modes than road by companies located in these highly "sustain-
ably accessible" locations. In such an analysis, it is important to measure whether the
logistics companies located in those areas actually use these modes of transport.

Seventh, one of the fresh parks analyzed in Chapter 6 (Fresh Park Venlo) has a park
manager responsible for the development of the park. As this organization owns most
of the land on the park, it also determines the mix of companies located in the park.
Another example of a logistics park with a park manager is the PLAZA (Plataforma
Logística de Zaragoza) logistics park in Zaragoza, Spain. Both parks are successful in
attracting firms and delivering value to these firms. What aspects of the governance
of these parks determine the success of these parks is an interesting open research
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question.
Eighth, Chapter 7 served as a starting point of taking into account synergies through

co-location in location decisions of logistics companies. It used an analytic facility lo-
cation model, that assumes uniformly distributed demand points over the region and
equal demand per customer. Extending this to continuous location decision models is
interesting for further research and can result in extra insights for firms that have to
decide where to locate. In addition, the benefits of a location in a logistics concentra-
tion area can be quantified more by making use of vehicle routing models or service
network design models. The first type of models enables to model the trade-off be-
tween extra transport costs due to a location outside the center of the distribution
region and the transport costs saved by cooperation with other logistics firms in de-
tail. The second type of models can be used to quantify the effect of co-location of
logistics establishments on the use of multimodal transport; logistics concentration ar-
eas around intermodal terminals create the volume needed for multimodal transport
to be efficient.

Ninth, the analysis of logistics concentration areas should be scaled up to west-
ern Europe. There are some initiatives regarding clusters in Europeiv, but these are
not specifically focussed on logistics. The research in this dissertation focussed on
the south of the Netherlands specifically, while this region is actually part of a larger
one, for which logistics is very important. This region includes the northern part of
Belgium (Flanders) and the western part of Germany (North Rhine-Westphalia). At
the one hand, these regions may be seen as competitors for the south of the Nether-
lands, as they compete for the same logistics firms. At the other hand, they are de-
pendent on each other for the throughput of goods through the region. An analysis
of the strengths and weaknesses of the different logistics concentration areas in the
total region consisting of (the south of) the Netherlands, Flanders, and North Rhine-
Westphalia enriches the knowledge about the logistics sector in this region and can be
highly relevant for policy makers for investment policies in e.g., infrastructure.

ivsee e.g., www.clusterobservatory.eu

www.clusterobservatory.eu
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A
INDUSTRY CODES

In this thesis, logistics establishments are classified as establishments specialized in
transport and/or storage activities, supporting and auxiliary transport activities, and
wholesale trade establishments. To classify establishments as logistics establishments,
the standard Dutch industry classification, the Standaard BedrijfsIndeling (SBI), is used
(Statistics Netherlands, 2012a). The SBI is developed by Statistics Netherlands and
categorizes economic activities based on five digits. The first four digits correspond
with the categorization of the European Union (NACE: Nomenclature statistique des
activités économiques dans la Communauté Européenne), with a small number of excep-
tions. The first two digits of the SBI and the NACE correspond to the categorization
of the United Nations (ISIC: International Standard Industrial Classification of All Eco-
nomic Activities). Since there is no SBI code for logistics, several codes were combined
to define the logistics industry. Table A.1 presents the SBI 2008 codes used to identify
logistics establishments. In addition, Table A.1 presents the SBI 2008 codes used to
identify the other sectors used for the analysis in chapter 2.

From all establishments characterized as wholesale trade establishments based on
the SBI code (46), the categories wholesale on a fee or contract basis (SBI = 461),
wholesale of live animals (4623), and wholesale in computers, computer peripheral
equipment, and software (4651) were excluded. The first category was excluded, as
this does not have anything to do with logistics. The second category was excluded as
this is more related to agriculture than to logistics. In the last category mentioned, the
wholesale in software is very dominant, definitely being no logistics, and hence, this
category was also excluded from the analysis. In addition, to exclude wholesale trade
establishments that are only responsible for the administrative part of trade and not
the physical part, all wholesale trade establishments with less than ten employees were
deleted from the database. Administrative trade establishments are mostly relatively
small and hence, this seems to be a valid method to exclude these establishments.
Furthermore, all establishments in the above-described logistics categories with only
one employee were excluded, since for these establishments it generally holds that the
establishment’s address is equal to the owner’s address, which does not have anything
to do with spatial concentration.

As can be seen in Table A.1, most logistics employment is working at wholesale
trade establishments. The second largest category based on logistics employment is
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road transport. Although rail and air freight transport were also part of the definition
of the logistics sector, no establishments in Noord-Brabant and Limburg are classified
in these sectors. For rail transport, this may have to do with the fact that freight and
passenger transport via rail are hard to distinguish in the establishment databases in
the Netherlands (Statistics Netherlands, 2012b).

To check the validity of the method of selecting logistics establishments, a list of
European Distribution Centres (EDCs) in Noord-Brabant in 2008 was used. Most of
these establishments (73%) were defined as logistics establishments in the way de-
scribed above and for the remainder of them it is plausible that logistics is not one of
the most important activities of these establishments; mostly production is the most
important activity.

TABLE A.1: SBI codes used to define the logistics sector in this dissertation and the
distribution of logistics employment over these codes in 2009

Log. employment
Wholesale trade N-B LIM Total
G 46 Wholesale trade and commission trade

(except motor vehicles and motorcycles)
62% 53% 59%

Exept 461 Wholesale on a fee or contract base
4623 Wholesale of live animals
4651 Wholesale in computers, computer pe-

ripheral equipment, and software
Freight transport, storage, and other logistics Log. employment
establishments N-B LIM Total
H 4920 Freight transport via railways 0% 0% 0%
H 4941 Freight transport by road (except for re-

moval transport)
27% 22% 26%

H 50401-50403 Inland water ways freight transport 1% 1% 1%
H 5121 Air freight transport 0% 0% 0%
H 52101-52109 Storage and warehousing 4% 3% 4%
H 52242,

52291-52292
Other supporting transport activities 6% 21% 10%

Note: N-B = Noord-Brabant; LIM = Limburg



B
INTERMODAL CONTAINER TERMINALS

This appendix gives an overview of the container terminals in the south of the Nether-
lands. Only container terminals are considered, since bulk terminals are mostly dedi-
cated to one specific customer, while container terminals generally serve many differ-
ent customers. Both barge and rail terminals are taken into account. Table B.1 gives
an overview of the eleven areas with one or more intermodal container terminals in
Noord-Brabant. For the analyses conducted in Chapter 3, the table also shows when
these terminals were constructed and closed.

Table B.2 lists the two areas with an intermodal container terminal in Zeeland and
the four areas in Limburg.

TABLE B.1: Postal code areas and municipalities with (an) intermodal container ter-
minal(s) in Noord-Brabant

Postal code Municipality Constructed Closed
4612 Bergen op Zoom 1998 > 2012
4705 Roosendaal < 1996 > 2012
4782 Moerdijk 2003 > 2012
4906 Oosterhout 2000 > 2012
5015 Tilburg 1998 > 2012
5145 Waalwijk 2001 > 2012
5222 ’s Hertogenbosch < 1996 > 2012
5347 Oss < 1996 > 2012
5466 Veghel 2005 > 2012
5651 Eindhoven 2001 > 2012
5704 Helmond 1996 2007
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TABLE B.2: Postal code areas and municipalities with (an) intermodal container ter-
minal(s) in Zeeland and Limburg

Postal code Municipality
4389 Vlissingen
4531 Terneuzen
5861 Venray
5928 Venlo
6121 Sittard-Geleen
6171 Stein
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SUMMARY

Anecdotal evidence shows that port areas and logistics parks are highly attractive for
logistics firms (logistics service providers as well as shippers). Port areas primarily
attract logistics companies due to the connections to many worldwide locations. The
reasons why logistics parks in for example Chicago, Zaragoza, and Venlo, where there
are no ports, attract many logistics companies are far less clear. Possible reasons may
be the accessibility, the availability of labor, and the probability to find a cooperation
partner.

While research into co-location of logistics firms is relevant for logistics firms as
well as for regional policy makers, this topic, on the intersection of regional science
and logistics research, has hardly been studied. In logistics, research on co-location is
mostly limited to spatial clustering of port and maritime industries. This thesis adds to
this literature by analyzing co-location of logistics establishments. An establishment
is one specific company location with a specific address. Firms can have multiple
establishments.

The primary goal of this dissertation is to study the effects from co-location of lo-
gistics establishments. This is done in three different parts. First, a geographical anal-
ysis is conducted to research whether and where logistics establishments co-locate.
Second, synergies and drawbacks from co-location of logistics establishments are an-
alyzed. Third, location decisions of logistics firms and land allocation policies of re-
gional policy makers are analyzed in relation to the synergies through co-location of
logistics firms. The data used for the analyses of logistics concentration areas are col-
lected in the south of the Netherlands, in particular in the provinces Noord-Brabant,
Limburg, and Zeeland.

GEOGRAPHY

SPATIAL CONCENTRATION AND LOCATION DYNAMICS OF LOGISTICS ESTABLISHMENTS

The first research question is: Do logistics establishments spatially concentrate and if
so, how can logistics concentration areas be identified? Although economic geogra-
phy literature presents several measures to map spatial structures of an industry none
of these existing spatial concentration measures suffice for analyzing spatial concen-
tration in small geographical areas. Therefore, Chapter 2 starts with presenting the
AREC area identification method. AREC areas are "Absolute and Relative Employ-
ment Concentration" areas. The proposed method combines the strengths of different
existing spatial concentration measures and has two novel characteristics.
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First, existing measures only consider relative spatial concentration, while the
AREC area identification method combines this with absolute spatial concentration.
Absolute spatial concentration is measured by logistics employment per area and rel-
ative spatial concentration as the share of logistics employment per area compared to
the share of logistics employment in the region. On the one hand, only analyzing rel-
ative spatial concentration is not sufficient for an analysis of relatively small areas, as
areas with only little employment of which many is logistics employment are indicated
as logistics concentration areas, while these would not be logistics concentration ar-
eas from a practical point of view. On the other hand, only analyzing absolute spatial
concentration also not suffices as this results in identifying areas with much employ-
ment in general (and hence also much logistics employment) as logistics concentration
areas. Hence, a combination of absolute and relative spatial concentration is needed.

Second, as with many other spatial concentration measures, the newly developed
method is based on predefined administrative areas (in our case four-digit postal code
areas), while logistics concentration areas may well be located at borders of these ar-
eas. The method contains a step in which predefined administrative areas are com-
bined, such that also logistics concentration areas that are spread out over more areas
are identified.

In Chapter 3, the logistics AREC areas in Noord-Brabant are analyzed over time
in fourteen consecutive years. This analysis shows that the AREC areas are robust
and grow over time. Furthermore, Chapter 3 analyzes location dynamics of logistics
establishments in relation to logistics AREC areas. It turns out that especially larger
logistics firms and firms relocating within the province locate in logistics concentration
areas relatively often. In addition, logistics establishments that came from an AREC
area choose more often for new locations in AREC areas than logistics establishments
that came from non-AREC areas. Hence, experience matters for the location decisions
of logistics establishments. A plausible explanation would be that firms coming from
AREC areas already experienced the advantages of being located in this kind of areas
and choose to have a similar location in the future. In addition, we conclude that many
logistics AREC areas have an intermodal terminal (close by) and that most intermodal
terminals are located in logistics AREC areas.

Chapter 4 expands this analysis of the relationship between accessibility and logis-
tics employment on a county level in the US. We developed a freight accessibility mea-
sure that is particularly relevant for logistics companies, as traditionally, accessibility
is measured from a passenger perspective. Partial Least Squares models were used to
analyze the relationship between freight accessibility and logistics employment. These
models enable to control for the county population, which has a high correlation with
both logistics employment and freight accessibility. Outcomes show that population is
the most important variable in explaining differences in logistics employment levels,
both in metropolitan and non-metropolitan counties. In metropolitan counties, there
is no significant relationship between freight accessibility and logistics employment.
A possible explanation may be that counties in metropolitan areas all are relatively
accessible, so that firms no longer consider accessibility as a differentiator. In non-
metropolitan counties, there is a significant relationship between freight accessibility
and logistics employment.
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SYNERGY

EFFECTS FROM CO-LOCATION OF LOGISTICS ESTABLISHMENTS

Research in economic geography has explained spatial concentration of economic ac-
tivities with several localized synergies, called economies of agglomeration. Synergies
through co-location of logistics establishments have hardly been studied. Hence, the
second research question analyzed in the thesis is: What are the effects of spatial
concentration of logistics establishments?

A questionnaire survey was conducted to test for benefits and drawbacks of being
located in a logistics concentration area. In Chapter 5, 168 logistics establishments
located in logistics AREC areas in Noord-Brabant and Limburg are compared to 339
logistics establishments in these provinces not located in logistics AREC areas. The
research empirically shows that co-located logistics establishments have advantages
over non-co-located logistics establishments. The most important advantages are bet-
ter road accessibility, opportunities to exchange transport and storage capacity with
other logistics companies, better availability of repair and maintenance facilities, and
better expansion opportunities. As the opportunities to combine transport capacity
results in less freight traffic, co-location of logistics establishments in logistics con-
centration areas is beneficial for the logistics establishments as well as for society at
large.

The same questionnaire that was sent to the logistics establishments in Noord-
Brabant and Limburg was also sent to the logistics establishments located on two
Dutch fresh produce logistics parks. By comparing logistics establishments located in
logistics AREC areas with logistic establishments located in these specialized logistics
parks, Chapter 6 investigates what the effects are of a specialization of a logistics
concentration areas. The results show that logistics establishments co-located in fresh
produce logistics parks have additional advantages over logistics establishments co-
located in other logistics parks. The most important ones are the opportunities to
share knowledge, to share transport and storage resources, and to trade products
last-minute.

POLICY

CO-LOCATION DECISIONS OF CORPORATE MANAGERS AND POLICY MAKERS

Synergies through co-location of logistics establishments may be important elements
of the location decisions of logistics firms, as well as of the land allocation policy of re-
gional policy makers. Hence, the last part of the thesis analyzes the following research
question: How to incorporate the effects from co-location of logistics establishments
into the decisions related to locations of (new) logistics establishments?

Chapter 7 presents a facility location model that incorporates synergies through
co-location of logistics establishments. The proposed model explicitly considers the
location of other logistics firms (operating in other supply chains), while most facil-
ity location models focus on the own supply chain of one logistics company only. By
collaboratively outsourcing transportation to a logistics service provider, co-located
shippers can reduce their transportation costs. However, if the logistics concentra-
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tion area is not located in the center of gravity of customer demand, locating in that
area also result in larger distances to travel. In Chapter 7 we provide a model that
determines the maximum distance between the logistics concentration area and the
center of gravity of customer demand such that it is optimal to locate in the logistics
concentration area. This model is based on the relatively high probability of being
able to combine transport flows with those of other companies in logistics concentra-
tion areas. Numerical experiments show that the logistics concentration area can be
located up to about 30 kilometers from Utrecht (a central city in the Netherlands) and
on average still be the optimal location for a distribution center that serves customers
in the Netherlands, when we approximate the Netherlands as a square with 200-km
sides. More gains are obtained from a location in a logistics concentration if shipment
sizes are relatively small.

Apart from the demand side analyzed in Chapter 7, the supply of ’land for logistics’
influences locations of logistics firms. Chapter 8 analyzes land allocation policies by
means of a survey conducted with both politicians and public administration employ-
ees of the municipalities in the south of the Netherlands. Results for these two groups
of respondents are similar and show that municipalities do not actively stimulate spa-
tial concentration of specific industries, although respondents generally acknowledge
that co-location of logistics establishments can lead to firm and societal benefits. An
important part of the solution seems to be cooperation between municipalities, such
that competition for the same logistics firms is decreased and local disadvantages of
co-location of logistics firms (like congestion and CO2 emissions) can be reduced by re-
gional policy. Respondents acknowledge that cooperation with respect to land alloca-
tion of logistics firms leads to many advantages and only recognize some impediments
to such cooperation. The main impediment is the division of benefits and workload,
which has to be arranged properly beforehand. Municipalities generally have a pref-
erence for a form of cooperation without complete outsourcing of the land allocation
process for logistics firms, due to some reluctance to lose control over their own land.
Therefore, we propose to organize cooperation between municipalities step by step,
such that municipalities can experience that outsourcing is beneficial, although their
control may be decreased.

Finally, Chapter 9 gives an overview of the main conclusions of the thesis, ad-
dresses the implications for corporate decision makers and regional policy makers,
and provides opportunities for further research.
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