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Abstract

Over the past twenty years globalization forces have internationalized production and consumption.

The global disintegration of the production process severely complicated the in- and out஺ாow of ma-

terials and signiஹ஭cantly expanded the operational scale of logistics companies. Combined with an

increasing awareness for the consumer, with a faster delivery of qualitative goods, this global scope

demanded close cooperation between producers, suppliers and distributors and gave rise to a strat-

egy of supply chain management and the advent of contemporary logistics. Recently, the popularity

of the internet as an extra retail channel further complicated the organization of logistics ஺ாows. The

emergence of free home deliveries implied a fragmentation of both destinations and volumes and con-

stituted the consumer as an inherent part of the distribution process.

The changing role of logistics implied new locational factors for the physical distribution processes

and caused a spatial reconஹ஭guration of the logistics network. By using four case studies, this disserta-

tion studies how local spatial interactions shape this new spatial conஹ஭guration of the logistics network

in Belgium. The ஹ஭rst two cases engage in network methodologies to quantify this objective for the

whole logistics sector. They confront network-based insights gained from a microeconomic dataset

of buyer-supplier linkages with location- and domain-speciஹ஭c insights. The last two case studies focus

on a subset of the sector: the courier, express and parcel (CEP) services. They highlight the impact of

the consumer on the logistics chain by means of a mixed method methodology.

The network analysis identiஹ஭es the presence of spatially contiguous communities within the Belgian

logistics networks, proving the importance of geography in this scattered sector. Contrasting these

with indicators of employment concentration results in a typology of logistics clusters. The hierarchi-

cal structure of the network is eventually uncovered by iterating the community detection algorithm.

Third case study maps the geography of online shopping behavior in Belgium. This lays the founda-
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tion for an assessment of the spatial distribution of the demand for online ordered parcels and leads

to the development of a framework of new infrastructures in e-commerce delivery chains.

Drawing inspiration from network methodologies allows for a richer description of the geography,

especially with the increasing availability of ever growing datasets. Its application demonstrates how

interactions diஸfer geographically and impact the spatial conஹ஭guration of the logistics network on a lo-

cal level, resulting in a spiky landscape. The spikiness is centered around the cities, which are the focal
points of logistics chains where spatial interactions converge. However, this logistics network is not

static. The rise in online shopping, with the demand for ever faster andmore customized deliveries by

consumers, extended current CEP networks with a new urban layer of logistics infrastructures. This
way, individual consumers are increasingly leaving their mark on the logistics landscape, prompting

the debate concerning the responsibility of the associated negative externalities.
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Nederlandstalige samenvatting

Intensieve globalisering over de voorbije twintig jaar leidde tot een internationalisering van productie-

en consumptieprocessen. De globale desintegratie van het productieproces bemoeilijkte de in- en uit-

stroom van goederen en zorgde voor een ongeziene schaalvergroting van de operaties van logistieke

bedrijven. Deze expansie eiste een nauwere samenwerking tussen producenten, leveranciers en dis-

tributeurs en leidde zo tot de ontwikkeling van supply chain management en de opkomst van de

hedendaagse logistiek. De recente populariteit van het internet als nieuw retailkanaal zet de logistieke

organisatie echter onder druk. Zo zorgde de vraag naar gratis thuisleveringen voor een spreiding van

de leveradressen en een fragmentatie van de transportvolumes. De consument installeerde zich als het

ware als een inherent deel van de distributieketen.

De veranderende rol van de logistiek impliceert nieuwe locatiefactoren voor de fysieke distributiepro-

cessen en zorgt voor een ruimtelijke herschikking van het logistieke netwerk. Aan de hand van vier case

studies onderzoekt deze thesis hoe lokale ruimtelijke interacties de nieuwe geograஹ஭sche conஹ஭guratie

van de Belgische logistieke sector vorm geven. De eerste twee cases halen hun methodologische inspi-

ratie uit het veld vande netwerkanalyse omdeze impact op een kwantitatievemanier te beschrijven. Zij

combineren de inzichten uit eenmicro-economische dataset van koper-leverancier relaties met locatie-

en domeinspeciஹ஭eke kennis. De netwerkanalyse identiஹ஭ceert de aanwezigheid van ruimtelijk homo-

gene communitiॽ in het Belgisch logistieke netwerk en toont zo de relevantie van geograஹ஭e in deze

verspreide sector. Door deze communitiॽ te combineren met ruimtelijke indicatoren op basis van de
tewerkstelling in de sector wordt een typologie van logistieke clusters gevormd. Een iteratie van het

oorspronkelijke algoritme ontleedt tot slot de verdere hier̈archische structuur van het netwerk.

De twee laatste case studies focussen op een subset van de logistieke sector: de postdiensten en koe-

riers. Zij beschrijven de impact van de consument op de logistieke keten door middel van een mixed
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method analyse. De eerste van deze twee cases brengt de geograஹ஭e van de Belgische online shopper

in kaart. Deze is fundamenteel voor een analyse van de ruimtelijke spreiding van de vraag naar on-

line bestelde pakjes. Dit leidt in de vierde case tot de ontwikkeling van een framework van nieuwe

logistieke infrastructuur in de e-commerce keten.

De toepassing van een netwerkanalyse zorgt voor een rijkere beschrijving van de geograஹ஭e, zeker in

een context van almaar groter wordende datasets. De analyse toont hoe interacties de ruimtelijke con-

ஹ஭guratie van het logistieke netwerk vorm geven op een lokaal niveau. Het resulterend heterogene

logistieke landschap is gecentreerd rond de steden waar ruimtelijke interacties convergeren. Het lo-

gistieke netwerk is echter niet statisch. De opkomst van online shopping met de vraag naar almaar

snellere en persoonlijke leveringen zorgde voor een extensie van logistieke ketens en het ontstaan van

een stedelijke laag van logistieke infrastructuur. Op deze manier drukken consumenten meer en meer
hun stempel op het logistieke landschap, wat aanleiding geefி tot een debat rond wie nu zijn verant-

woordelijkheid moet nemen om de stijgende negatieve impact hiervan te counteren.
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1
Introduction

1.1 Background

The logistics sector is a hidden sector. It consists of a vast amount of companies of all sizes

and despite being present, especially on busy roads, its operations remain a background phenomenon

where themajority of the population are hardly ever confronted with. Unsurprisingly, the perception

of the sector remains that of a tattooed trucker whose presence on the road is only good for increasing

your commuting time. Nonetheless, logistics are vital to our economy and society. The handling and

transportation of goods allow factories to produce, supermarket shelves to be ஹ஭lled, concerts to be

organized and relief to be brought to disaster areas. Logistics activities generate employment and spur

economic growth.

However, the general attitude towards the crucial role of logistics has changed slowly over the past

two decades. First, globalization ensured the establishment of logistics as a structural sector within

1



the economy, more than just a transport service (Hesse, 2007). The geographical disintegration of the

production process complicated the ஺ாow of goods through the supply chain and brought along signif-

icantly more interest from businesses for logistics operations (Mentzer et al., 2001). This thoroughly

changed the outlook of the sector and its position in relation to other economic sectors, resulting in a

spatial reconஹ஭guration of the logistics network. Yet, while this process expanded the pivotal role of the

sector, a consumer visiting a media store to buy a new computer with components from all over the

planet was still unaware of the logistics eஸforts undertaken to land these computers in the showroom.

Nowadays, the consumer’s perception towards the sector is changing too. Due to a growing consumer-

drivenmindset within the logistics sector, online shoppers now have the power to demand ever faster,

cheaper andmore convenientdeliveries that, ideally, are traceable fromthewarehouse to their doorstep.

While only a couple of years ago one was satisஹ஭ed with receiving an online order the same week, next

day deliveries have now become the standard instead of a competitive advantage and the 2-hours de-

livery promise arrived in Europe as well. Studies indicating the opportunities of oஸfering same-day

delivery for web shops and logistics players (McKinsey & Company, 2017; 2Flow, 2017) only accel-

erate this evolution. Ever shorter delivery times are not the only result of the empowerment of the

consumer. As many receivers are not at home during delivery hours, logistics players are now obliged

to oஸfer a network of pick-up points or parcel lockers to ensure minimal pick-up distances for online

shoppers. These new consumer desires have changed the perception of the logistics sector. For exam-

ple, advertising free shipments may now be more successful than traditional price reductions to clear

the last items in stock (Dekker, 2016). As a result, one can say the logistics sector has come to the fore-

front due to the emergence of e-commerce to the extent that the rise in online shopping has integrated

the consumer in logistics processes. .

It are the cities, by generating 80% of total GDP worldwide and hosting an increasing majority of

global consumption, that are the focal points of these globally expanding supply chains (The World

Bank, 2018;UnitedNations, 2018). However, because freight cannot vote but passengers do, passenger

transport has always receivedmorepolicy attention compared to logistics. This is certainly expressed in

the large discrepancy between the amount of urban mobility and urban logistics plans in cities (Lind-
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holm and Behrends, 2012). The interaction cities-logistics is however rising on research agendas due

to the increased consumer driven focus of the sector and resulting impacts of logistics on the livability

in urban areas (e.g. ‘everybody delivers everywhere’ (Browne et al., 2014)). As such Europe’s largest

innovation and research program, Horizon 2020, puts particular attention on logistics in urban ar-

eas while closer to home the research questions presented here were included in the Flemish research

projectUrban Logistics & Mobility.

By deஹ஭nition, the main focus of the logistics sector is to get goods from point A to point B, over-

coming the space in between. As a result, there would be no transportation without geography and
there would be no geography without transportation, as Rodrigue (2013) so nicely states. The academic
geographical attention to logistics is nonetheless underdeveloped compared to for example the body

of work on freight in engineering or economics (Hesse andRodrigue, 2004). This because the ஹ஭eld of

transportation geography, in the footsteps of policy makers, focused mostly on the more fashionable

transport of passengers instead of freight. Logistics, as a fragmented sector, was until recently equally

low on the regional studies research agenda (Porter, 2003; Rodrigue, 2006b).

The changing role of the sector however justiஹ஭es dedicated geographical research. Hence, this disser-

tation focuses on the spatial conஹ஭guration of the logistics network. In line with the evolution drawn

above, it will speciஹ஭cally study how the sector reconஹ஭gures its networks due to its new role within

the consumer driven economy. The relevance of this research is at least fourfold. First, it extends

the academic knowledge on the spatial conஹ஭guration of the logistics sector by exploring the interface

between Transport and Economic geography. Second, the speciஹ஭c quantitative geographical nature

of this dissertation can be a source of inspiration for other scholars studying the topic, particularly

with the increasing availability of new data sources. Third, as it presents an overview of the current

conஹ஭guration of the sector and a zoom on the challenge e-commerce is posing, this study is a valuable

reference document for policy makers at diஸferent levels. Especially given their eagerness to identify

logistics as a key strategic sector for the development of their region (Vanthillo et al., 2014). Fourth

and ஹ஭nally, since each of the following Chapters is strongly data-driven, they provide evidence-based

conclusions on the situation and hence result in valuable insights for practitioners in the ஹ஭eld. Con-
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tinuous feedback from the sector during the research enhances its relevance for these actors.

In the remainder of this Chapter the logistics sector is ஹ஭rst deஹ஭ned. Afிerwards Section 1.2.2 elabo-

rates on the structural changes the sector has gone through over the past decades. In Section 1.3 two

key issues which result in the listing of the research questions are highlighted. Finally, this Introduc-

tion is concluded with a description of the dissertation’s outline.

1.2 The logistics sector

1.2.1 Definition

This dissertation follows the deஹ஭nition of the Council of Supply Chain Management Professionals

who summarizes logistics as

that part of the supply chain that plans, implements, and controls the efficient, effective
forward and reverse flow and storage of goods, servicॽ and related information between
the point-of-origin and the point-of-consumption in order to meet customers’ requirements
(CSCMP, 2016).

The employment share of each of the logistics subclasses in 2015 in Belgium is provided in Figure 1.1.

While road transport and postal and courier activities constitute themajority of logistics activity, logis-

tics is clearly more than amere transport service. Agencies and forwarders, mostly third party logistics

(3PLs) and fourth party logistics (4PLs) (for an elaborate discussion on their diஸferences, see Blauwens

et al. (2014)) act as intermediaries to ensure the goods are transported from the point-of-origin to

the point-of-consumption. Their services can be asset-based (i.e. by using their own infrastructure

and vehicles) or non asset-based (further subcontracting all transport and cargo handeling activities)

(Selviaridis and Spring, 2007). Background activities, like cargo storage (i.e. warehousing) and han-

dling (e.g. (un)loading container ships in seaports), complement the actual transportation of freight.

As one can derive from this concise description, the percentages presented in Figure 1.1 have to be

interpret with care. Many companies combine diஸferent logistics activities but have to choose one en-

capsulating industry code, which are used in the statistics presented here. This however demonstrates
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the heterogeneity of logistics activities, besides the transportation of freight.
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Figure 1.1: Share of direct employment by class in total logisঞcs FTE in Belgium (2015). Source: (NBB, 2017)

1.2.2 From derived to integrated demand

The trigger for freight transport is a need at the point-of-consumption for a product produced at the

point-of-production. For example,whengoods are sold, the vendor requires replacements, prompting

the manufacturer to order a shipment by a transportation company. The demand for transportation

and related logistics activities is thus induced by the production and consumption, hence, it is a de-

rived demand (Dicken, 2015). In this context, the customer of the logistics company rarely is the end

consumer. Instead it is the one keeping the stock, the manufacturer or vendor, that orders logistics

activities.

A simple model of the transport system is presented in Figure 1.2: the demand for transport trans-

lates spatially in a set of nodes; the relational aspect of the demand results in freight ஺ாows. From a

traditional perspective on transport, these nodes represent the points of consumption and produc-

tion and are the entry and exit points of the transport system. The freight ஺ாows are the outcome of
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Figure 1.2: The transportaঞon system. Source: own composiঞon based on Rodrigue (2013)

the buyer-supplier interaction and link an origin node to a destination node. Together, the demand,

freight ஺ாows and nodes are the building blocks of the transport system (Rodrigue, 2013).

The improvement of information and communication technologies together with deregulation and

liberalization policies allowed for a truly global economy from the late twentieth century onwards.

This global transformation from a ‘space of places’ to a ‘space of ஺ாows’ with locations being connected

beyond physical contiguity, opened the door for global sourcing by large corporations (Castells, 1996;

Antràs and Helpman, 2004). The international disintegration of the production process severely

complicated the in- and out஺ாow of materials and signiஹ஭cantly expanded the operational scale of lo-

gistics companies. In parallel, there has been a paradigm shifி in the supply-demand relations within

the production process. Increasing awareness for the consumer, with a faster delivery of qualitative

goods, resulted in a time and quality-based competition (Mentzer et al., 2001). These two evolutions

however increased the vulnerability of the production process, especially in a climate of continuous

economic and technological changes. This led to a shifி in mentality from ‘manufacture-to-supply’ to

‘manufacture-to-order’, i.e. frompush to pull where supplymatches demand and inventories are kept

as small as possible (Rodrigue, 2006a). This is similar to the more elaborate principle of lean manu-
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facturing, which focuses onminimizing waste while producing at the pace of the consumer (Shah and

Ward, 2003).

The global scope together with a fundamental change in the focus of the production process creates a

context where the management of the freight ஺ாows necessitates close cooperation between producers,

suppliers and distributors and gave rise to a strategy of supply chain management and the advent of

contemporary logistics (Figure 1.3) (Mentzer et al., 2001). As a result, logistics, from being a derived

external factor, became integrated in the production and distribution system (Hall et al., 2006; Hesse

and Rodrigue, 2004; Pedersen, 2001; Rodrigue, 2006a). This integration was two-fold: geographical

and functional. On the one hand, the increasing scale of operations and geographical fragmentation

of production accentuated the importance of intermediary locations. On the other hand, the com-

plication of the production process resulted in a need for specialized actors to organize the ஺ாow of

goods within and between production chains. This is demonstrated by the wide variety of specialized

agencies and forwarders, and the rise of 3PLs and 4PLs (see Section 1.2.1). Logistics specialization also

propagated in related industries, for example in te real estate sector, to better meet the changing de-

mand of distribution activities (Hesse, 2004).

The integration reformed the sector from a derivative of production and consumption to amore struc-

tural, independent part of the economy (Hesse, 2007). Consequentially it structurally changed the

spatial conஹ஭guration of logistics networks, with an increasingly important role for distribution cen-

ters. The latter can be explained by a couple of reasons. First, instead of holding stocks at diஸferent

points in the production chain, warehousing activities concentrated in fewer but larger facilities. The

trend towards the outsourcing of logistics activities to specialized actors further accelerated this. Sec-

ond, related to the former point, the specialized logistics playersmanaged economies of scale and scope

by organizing these centers as the interface between a convergence on the supply side and a divergence

on the demand side (Hesse, 2008; Rodrigue, 2006a). Hence, they became important throughput-

oriented nodes. The importance of these nodes together with the expanding responsibilities of the

sector resulted in an increased demand for logistics ஺ாoor space (Holl andMariotti, 2018).
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Figure 1.3: The evoluঞon of the logisঞcs sector. Source: own composiঞon based on Dicken (2015); Hesse (2008);
Rodrigue (2006a)

The changing role of logistics implied new locational factors for the physical distribution processes.

First, due to their role as regulator within the network, good accessibility became imperative (Hesse

and Rodrigue, 2004; Holl and Mariotti, 2018). Second, the increasing concentration of ஺ாows and

goods in these facilities demanded large plots of land (Verhetsel et al., 2015). Traditional warehousing

locations, i.e. next to industrial zones in inner cities (Allen et al., 2012), donot fulஹ஭ll these requirements

and hence a suburbanization of logistics facilities was observed (Cidell, 2010; Hesse, 2008). Dablanc

andRakotonarivo (2010) termed this spatial decentralization inmetropolitan areas as ‘logistics sprawl’

and highlighted the negative eஸfects for the environment associated to it. The topic has receivedmuch

attention through other case studies observing a similar location trend around other cities (Aljohani

and Thompson, 2016; Heitz et al., 2018; Woudsma et al., 2016).

8



1.3 Knowledge gaps

Although logistics has always been low on research agendas, the preceding concise overview demon-

strates the bodyof geographical researchon the topic has grown steadily over thepast decade, especially

since the call by Hesse and Rodrigue (2004). However, the majority of aforementioned geographical

research considers only the absolute location of a ஹ஭rm and ignores its spatial interactions. This is sur-

prising, given the authors’ recognition of the sector as a key playerwithin the supply chain in particular

and the economy in general. As such Hesse (2007) argues that due to this new role for the logistics

sector the location choice of distribution companiॽ cannot be interpreted ॼ simply the response to the
presence of specific factors such ॼ infrastructure or access to markets. Rather, it ॾ based on the interac-
tions among an individual company’s position within complex value-adding relations, and the spatial
and infrastructural configuration of competing locations. O’Connor (2010) makes a similar remark in
his conclusion, predicting a concentration of logistics activities in reference to the ‘buzz’ created at clus-

ters of service ஹ஭rms. While it is unclear which type of relations - vertical or horizontal - Hesse refers

to, O’Connor’s ‘buzz’ is about intense horizontal interactions between companies of the same or re-

lated industries, one of the agglomeration advantages linked to the clustering of economic activities

(Marshall, 1890; Porter, 2003). Sheஸஹ஭ (2012, 2013) later observed the occurrence of such clusters in the

logistics sector, somethingwhich previously only had been documented inmore traditional economic

sectors (Bathelt et al., 2004). Bounie and Blanquart (2016) also recognize the potential of agglomera-

tion advantages in the logistics sector and try to quantify their impact by linking the productivity of a

logistics establishment to their location within logistics centers. These studies however highlight the

location of businesses and fail to quantify their inter-ஹ஭rm relations. To the author’s knowledge, only

two publications study explicitly horizontal relationships among co-located logistics ஹ஭rms, both with

a qualitative methodology, yet with contrasting ஹ஭ndings (Hesse, 2008; van den Heuvel et al., 2014a).

It is clear there remains a signiஹ஭cant lack of quantitative geographical research on the spatial conஹ஭gu-

ration of the networks within this heavily interconnected sector.

Inter-ஹ஭rm relations are not the only interactions shaping the logistics sector. More and more, the

consumer is driving logistics activities. With the popularity of online shopping, an increasing share
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of the delivery addresses of consumer goods shifிs to the end consumer’s preferred location instead of

a predeஹ஭ned store in the case of oஸ஺ாine retail. In addition, the opening of the internet as extra retail

channel with home deliveries has resulted in a fragmentation of freight shipments, especially in the

last part of the distribution chain, i.e. the last mile (Gevaers et al., 2011; Hesse, 2002). This poses new

requirements on logistics operations. First, there is now direct communication between consumers

and carriers. Second, new logistics facilities such as collection and delivery points are created to im-

prove the exchange of goods. These new interactions, i.e. both informative as physical, constitutes

the consumer as an inherent part of the distribution process. The implications hereof are especially

expressed in constrained urban areas (Cárdenas et al., 2017a; Ducret et al., 2016). As a result, the topic

is high on the urban logistics research agenda, which is concerned with the organization and impacts

of logistics in cities. Themajority of urban logistics works, however, focused on public authorities and

logistics carriers and ignore the consumer’s perspective (Behrends, 2016; Lagorio et al., 2016). While

the latter did receive some geographical attention (Anderson et al., 2003;Weltevreden, 2008), very few

studies in the ஹ஭eld of Economic or Transport Geography link the new role of the consumer to changes

in the spatial conஹ஭guration of supply chains. Hence, a clear gap at the interface of both research ஹ஭elds

remains.

1.4 Objectives and Research questions

The aforementioned discussion highlights a lack of research on the spatial interactions within the lo-

gistics sector in general. The spatial interactions as deஹ஭ned in both issues signiஹ஭cantly diஸfer but ஹ஭nd a

common ground in their origin: as contacts andmovements between places. In their quest for spatial

order, early quantitative geographers see these interactions as conஹ஭ned into channels, creating net-

works that connect places of diஸfering hierarchy (Johnston et al., 2018). In this perspective, the spatial

conஹ஭guration of the network is then the outcome of the contacts and movements, which themselves

depend on the spatial context of the people and places. The primary objective of this dissertation is to

better understand the drivers of the spatial conஹ஭guration of the logistics sector. Relating this to the

above reasoning leads to the deஹ஭nition of the following research question:

RQ1: What ॾ the relation between spatial interactions and the spatial configuration of
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logistics networks within an increasing consumer driven context?

This dissertation thus focuses on how local spatial interactions shape the overall spatial conஹ஭guration

of the logistics network. This is done at two scales. In Part 1, a meso-level perspective is applied, study-

ing the inter-ஹ஭rm relations between the whole logistics sector at the regional scale. Part 2 adheres a

micro-level perspective, concentrating on relations between a subset of the sector and consumers at

the urban scale.

1.4.1 Part 1: Inter-firm relations in the logistics network

Part 1 of this dissertation tackles the ஹ஭rst key issue highlighted in section 1.3: the lack of quantitative

analysis on the inter-ஹ஭rm network structure in the logistics sector. To reduce this gap in the litera-

ture, this dissertation attempts to describe the occurrence of horizontal linkages in the sector from a

geographical perspective. More speciஹ஭cally, in this Part, the in஺ாuence of the location of logistics com-

panies on the inter-ஹ஭rm relations between them is studied. This essentially boils down to the question

whether agglomeration advantages (i.e. economies of scale and network eஸfects due to co-location) oc-

cur within the logistics sector. The ஹ஭rst sub-question of this dissertation is therefore:

RQ1.1a: To what extent doॽ co-location in the logistics sector imply the presence of inter-
firm relations?

The proposed study to answer this question is novel in the sense that similar questions have been

posed only in more traditional economic sectors. Raising this question now for the logistics sector as

well demonstrates its recognition as a structural and independent part of the economy.

The study of economic clusters implies an assumption of an uneven geographical distribution of lo-

gistics activities. In parallel with the conclusions of other quantitative geographers, this heterogeneity

within the network results from nodes of diஸfering hierarchies (Johnston et al., 2018). Hence, the next

step in reaching the research objective is the identiஹ஭cation of hierarchical structures within the inter-

ஹ஭rm network. Resultantly, the second sub-question is:
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RQ1.1b: Is there a hierarchical structure present in the inter-firm network of the logistics
sector?

Finally, Part 1 further contributes to the existing literature in the ஹ஭eld of Economic Geography by ap-

plying methods from the ஹ஭eld of Network Science. Geographical attention to ஺ாows and networks is

not new (Castells, 1996; Sassen, 1991) and the relational turn in thinking of spaces is already a couple
of years behind us (Jones, 2009). Yet, few network analyses exist in the ஹ஭eld of Economic Geography

and especially the application of complex network analysis in a geographical context is novel. This

is certainly the case in quantitative research on agglomeration advantages. Most studies on the topic

observe co-location and derive the occurrence of inter-ஹ஭rm relations from that observation, although

this is not necessarily the case (Benneworth et al., 2003). Hence, a quantitative network analysis focus-

ing on the inter-ஹ஭rm relations themselves signiஹ஭cantly contributes to the existing literature. Because

of the size and type of the available data, methodological inspiration is drawn from the ஹ஭eld of Net-

work Analysis. The use of such is analysis is critically assessed in this dissertation. Resultantly, a third

sub-question concerning the methodology is formulated:

RQ1.1c: What ॾ the added value of complex network analysॾ in an Economic Geo-
graphical research context?

1.4.2 Part 2: Changing consumer demand

In Part 2 this dissertation shifிs scales by focusing on the relation between the logistics carrier and

the consumer, and its impacts on urban areas. The advent of the internet as a new retail channel

with the oஸfer of home deliveries increased the interaction between the end consumer and the logistics

sector. This only intensiஹ஭ed the consumer-driven focus that started two decades ago. In section 1.3

it is argued that e-commerce settled the consumer as an integral part of the distribution process of

consumer goods and hence in஺ாuenced the spatial conஹ஭guration of logistics networks. The objective

of Part 2 is to support this claim. The ஹ஭rst step to reach this objective is to study the online consumer,

which results in the following fourth sub-question:
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RQ1.2a: What ॾ the geography of the Belgian online shopper?

The understanding of the e-commerce consumer paves the way to study his impacts on logistics op-

erations and resulting changes to the spatial conஹ஭guration of the logistics network. Resultantly, the

ஹ஭fிh and ஹ஭nal sub-question of this dissertation is:

RQ1.2b: How ॾ the integration of the consumer within the logistics chain shaping the
spatial configuration of the logistics network?

Part 2 of this dissertation conducts a mixedmethodmethodology, combining exploratory spatial data

analysis (ESDA) - the quantitative study of location data - with qualitative research methods. Al-

though the application of spatial analysis within the urban logistics community is limited (Ducret

et al., 2016), themethodology is slowly gaining popularity (e.g. Morganti et al., 2014a;Motte-baumvol

et al., 2017; Rodrigue et al., 2017). The methodology is applied to highlight the role of the consumer

and hence ஹ஭ll the gap created by his absence inmost urban logistics research (cf. 1.3). Hence, themajor

contribution of Part 2 is the application of an integrative approach that pays more attention to the

role of the end consumer.

1.5 Reader’s guide

The crucial role of logistics within our welfare-economic system was sketched in the preceding Sec-

tions. This is especially the case in Belgium, the study area of this dissertation, with its central location

in the heart of Western Europe and connected to all major road, rail and water transportation axes.

With an estimated share of 7.6% of total Belgian GDP for the sector’s activities and in-house logis-

tics (i.e. logistics activities in companies not included in the deஹ஭nition in Section 1.2.1), the sector

contributes slightly more to the national economy compared to the European average (7.08%) (Euro-

pean Commission, 2015). The international importance is re஺ாected in the country’s third place on the

Worldbank’s Logistics Performance Indicator due to its overall good performance on the six indica-

tors: customs, infrastructure, international shipments, timeliness, logistics competence and tracking

& tracing (TheWorld Bank, 2018). Moreover, the northern part of the country is one of the 44 global

city logistics regions that handled half of the worldwide air freight and two thirds of total sea freight
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in 2006 (O’Connor, 2010). Hence, the country is a key player in international logistics chains.

Yet, like everywhere, the Belgian logistics system is equally confronted with the evolutions drawn in

this introductory Chapter. The outlook of further (urban) population growth and freight fragmen-

tation demands eஸfective actions to achieve a sustainable logistics system that remains competitive in

the future. Especially given that currently already 83% of the population lives in urban or urbanized

areas (Dijkstra and Poelman, 2014; Statistics Belgium, 2014) andBelgian’s nebular structure is suஸfering

increasingly from traஸஹ஭c congestion (TomTom, 2017).

By answering the research questions described in the previous Section, this dissertation aspires to pro-

vide novel insights on spatial interactions in the logistics sector. These insights should support the

stakeholders involved to prepare for the upcoming challenges. As mentioned before this is done by

studying the sector at two diஸferent scales. This dissertation starts by focusing on inter-ஹ஭rm relations at

the national level. Chapter 2 discusses the occurrence of these relations within logistics clusters in Bel-

gium, by studying them together with co-location. Co-location is measured by means of traditional

indicators of concentration on the employment in the sector. The inter-ஹ஭rm relations are captured by

a largemicroeconomic dataset of buyers-supplier linkages, provided by theNational Bank of Belgium.

Due to their complexity, methodological inspiration is drawn from the network science literature.

More speciஹ஭cally, a community detection algorithm, i.e. the Louvainmethod, is applied. The combi-
nation of quantitative analyses on both co-location and inter-ஹ஭rm relations serves well to identify the

spikiness of the logistics landscape in the country. The results show that geography alsomatters in this
spatially scattered sector. In addition, the study of spatial interactions demonstrate how logistics cen-

ters can be a dynamo for the wider economic system, ands hence provides an answer to sub-question

1.1a.

Chapter 2 highlights that geography matters in the Belgian logistics system, i.e. that this system is

not just homogeneously distributed over the country. Yet the analysis focuses on the role of the most

important nodes and ignores the majority of the underlying variety. Chapter 3 dives deeper into the

inter-ஹ஭rm network to explore this variety inmore detail. The same community detection algorithm as
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in the ஹ஭rst case study is now iterated at three levels to uncover the hierarchical structure in the network.

An additional parameter, i.e. the damping value as proposed in Grauwin et al. (2017), is calculated to
understand the role of each node individually in the overall network. This Chapter addresses sub-

question 1.1b.

The choice for networkmethodologies stems from the complexity of the dataset of inter-ஹ஭rm relations.

The application of such methods within the presented geographical research allows this dissertation

to formulate a substantiated answer to sub-question 1.1c. By doing so, it makes a signiஹ஭cant contribu-

tion to the quantitative geographical research ஹ஭eld. Evenwhen the ambiguity of some of the outcomes

may prevent widespread use within similar studies.

Part 1 highlights speciஹ஭c regions,mostly cities, as important nodeswithin the Belgian logistics network.

Given the increased concerns on the future livability of urban areas, Part 2 shifிs scales to understand

what is going on inside these important nodes. This is a triple shifி, i.e. in terms of the geographical

focus, the type of interactions and the companies taken into consideration. First, instead of studying

how a national dataset of interactions shapes the conஹ஭guration of the logistics network at the scale of

the country, the focus now lies on how interactions are in஺ாuencing the organization of logistics infras-

tructures within a city. Second, while inter-ஹ஭rm relations were the topic of Part 1, Part 2 considers the

relations between the sector and the end consumer. Because the end consumer is ofிen not the cus-

tomer of the logistics sector (recall Section 1.2.1), these linkages are inherently diஸferent from the ones

studied in Chapters 2 and 3. Third, the shifி in scales re஺ாects the rise in online parcel deliveries that

is currently challenging a speciஹ஭c subset of the logistics sector: the courier, express and parcel (CEP)

sector. This subsector forms the topic of Part 2 in contrast to the whole logistics sector in Part 1.

To understand how the consumer is interacting with the logistics sector, one ஹ஭rst has to understand

him or her. Chapter 4 therefore studies the socio-economic and geographical characteristics of this

consumer and hence answers sub-question 1.2a. The socio-economic characteristics are analyzed by

means of a yearly survey conducted by the Belgian retail federation Comeos on the online shopper.

These results are then translated geographically to assess how certain locations generate a diஸferent
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demand for e-commerce goods compared to others. The spatial unit of this Chapter is the statistical

sector, which is the most detailed administrative unit in Belgium. The choice for this unit was based

on the observation of neighborhood-level variations in parcel deliveries.

Afிer understanding the consumers, Chapter 5 sketches how they are impacting the geographical con-

ஹ஭guration of logistics networks in cities. The Chapter starts with summarizing the wide variety of

urban logistics spaces that are necessary to fulஹ஭ll the demand for online orders. The case of the pro-

liferation of collection-and-delivery points in and around cities is used to demonstrate the impact of

this evolution. In contrast to the other Chapters, Chapter 5 applies a qualitative methodology and

summarizes the ஹ஭ndings of four years of interviews, presentations and workshops.

Chapter 6 ஹ஭nally provides an overall conclusion of the work conducted in this dissertation. This con-

clusion relates to the research questions posed in Section 1.4. It will further highlight the implications

of this work, not only for academics but for public and private sector stakeholders as well. In addition,

Chapter 6 draws perspectives for further research.

Geography is central in each of the Parts, yet from diஸferent perspectives (Figure 1.4). The questions

raised in Chapters 2 and 3 are situated at the interface of Economic Geography and Transport Geog-

raphy. The former is focused on the location of economic activities, the latter is concerned about the

organization of movements of people, goods and information. As mentioned, methodological inspi-

ration is drawn from the network science literature to study the rich dataset of buyer-supplier linkages

within the logistics sector.

The inspiration for the last two Chapters comes from the ஹ஭eld of Urban Logistics. As has been men-

tioned above, this ஹ஭eld of study is concerned with the sustainable organization of logistics activities

in urban areas. In this context, the increase in online shopping and resulting fragmentation of urban

shipments is receiving particular attention. Yet, an integrated geographical approach has been miss-

ing up to now. By discussing the ஹ஭ndings on online shopping behavior from a transport perspective,

Chapter 4 situates itself at the intersection of the ஹ஭elds of Retail and Transport Geography. Finally,
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Figure 1.4: Thesis outline

Chapter 5 integrates all diஸferent perspectives applied in this dissertation.
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2
Logistics clusters, including inter-ஹ஭rm

relations through community detection

ThisChapter studies clusters in the logistics sector. Like traditional cluster research, in-

dicators of concentration to detect co-location of employment are calculated. However, this approach

is enhanced by including a quantitative analysis of the inter-ஹ஭rm relations between logistics companies

through the use of a community detection algorithm on a microeconomic dataset of buyer-supplier

relations.*

*This chapter is originally published as Beckers J, Thomas I, Vanoutrive T, Verhetsel A. 2018b. Logistics
clusters, including inter-ஹ஭rm relations through community detection. European Journal of Transport and In-
frastructure Research 18: 178–195. ISSN 15677141
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2.1 Introduction

Inter-ஹ஭rm relations and proximity are central topics in the economic geography literature (Giuliani,

2010). The geographical clustering of ஹ஭rms in the same or related industries is explained using the

concepts of localization and urbanization economies. The presence of a dedicated infrastructure, a

specialized labour market, easy communication and knowledge exchanges and a network of buyers

and suppliers at their doorstep provide agglomeration advantages (Marshall, 1890). Academic schol-

ars and policy makers promote these clusters as the ideal spatial organization of economic activity due

to these agglomeration eஸfects (Martin and Sunley, 2003). Well documented examples of economic

clusters are the information and communications technology hub in Silicon Valley (Bresnahan and

Gambardella, 2004), the engineering cluster in Baden-Württemberg, Öresund medical cluster (Lun-

dequist and Power, 2002), and the Aerospace Valley in Toulouse (Levy and Talbot, 2015). However,

most of the cluster literature up till now uses a qualitative methodology. When a quantitative ap-

proach is used, the focus is mostly limited to measuring co-location of ஹ஭rms. Although Benneworth

et al. (2003) already note that the presence of one cluster characteristic (e.g. co-location) does not

imply the existence of another (e.g. inter-ஹ஭rm relations), most of the cluster studies do not measure

linkages when discussing the network’s structure but limit themselves to analyzing geographical con-

centrations of employment. While this can be explained by a lack of data, it remains imprudent to

derive the existence of relations from the presence of spatial concentration (Benneworth et al., 2003;

van denHeuvel et al., 2014a). The objective of this Chapter is to study co-location as well as inter-ஹ஭rm

linkages in the Belgian logistics industry. This by identifying concentrations of employment as well

as by analyzing the geographical patterns of buyer-supplier linkages. There has been strong criticism

on the lack of clarity of the term cluster (Martin and Sunley, 2003). The lack of clear sectoral and

geographical boundaries and the confusing use of diஸferent terms like agglomeration, concentration,

industrial district and cluster for similar concepts underlines the problem. This Chapter will stick to

the concepts as presented in Figure 2.1.

The study of logistics clusters is relevant given the argument the sector drives economic growth in the

region (Hesse, 2008; Rivera and Sheஸஹ஭, 2016; Sheஸஹ஭, 2012). Despite its key role as facilitator and han-
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Figure 2.1: Conceptual scheme

dler of goods and related information in diஸferent value chains, the in஺ாuence of globalization processes

and a shifி towards global standardization in the logistics industry has not ruled out the importance

of regional characteristics (Akyelken and Keller, 2014; van den Heuvel et al., 2014a; Verhetsel et al.,

2015). Research has put attention on the (uneven) geographical pattern of logistics activities and sev-

eral studies discuss the importance of agglomeration advantages by demonstrating the existence of

logistics clusters. However, a quantitative approach including the analysis of both co-location and

inter-ஹ஭rm relations is missing up till now. In addition, a diஸferentiation through cluster characteristics

can lead to a more varied typology than a simple cluster/non-cluster division. Logistics companies act

as intermediaries that connect all stages of the supply chain. The heterogeneity of logistics ஹ஭rms, how-

ever, makes that neither a consistent nor a standardized notion of logistics exists (Verhetsel et al., 2015).

For the purpose of the present study, all kind of logistics plants are included: as well those dealingwith

material ஺ாows as those managing the services. This is a quite heterogeneous group of ஹ஭rms ranging

from economic activities in peripheral large industrial warehouses to services in inner-city oஸஹ஭ces.

In the following sections, an overview of the cluster literature from the past 25 years is sketched. The
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focus lies on the need for a typology of clusters. In Section 2.3, the methodological steps taken in this

Chapter are listed: the use of traditional indices of agglomeration and of graph clustering methods.

Section 2.4 introduces the available data for Belgium and provides the results in order to study the

spatial conஹ஭guration of the logistic sector. Finally, Section 2.5 provides a typology of logistics con-

centrations based on the results of the empirical analysis. It constitutes a comparative framework for

further research in other regions. The Chapter ends up with concluding remarks and directions for

further research.

2.2 Literature on clusters, identifying clusters and logistics clusters

The creation of clusters or regional specialized valleys has become an appealing policy strategy afிer

the re-introduction of the cluster concept by Porter in the 1990s. Besides the more theoretical work

on clusters (Bathelt et al., 2004; Martin and Sunley, 2003; Porter, 1998), the strong interest and in-

creasing funds resulted in a ஺ாow of both quantitative and qualitative research on the agglomeration of

economic activities. Most of these studies limit their focus to the co-location of ஹ஭rms and/or employ-

ment, measured by the calculation of an aggregated value. An example is the work of Bertinelli and

Decrop (2005) that assesses the concentration of manufacturing plants for several industrial sectors in

a range of countries in Europe (Bertinelli andDecrop, 2005; Barrios et al., 2009). Similarly, Duranton

and Overman (2005) calculate agglomeration by comparing the spatial pattern of several industries

in the UK. Further, many more case studies combine several measures of co-location, all to prove the

occurrence of clustering in space (Arbia, 2001; Riguelle et al., 2007; Rivera et al., 2014; van denHeuvel

et al., 2012). Yet, while inter-ஹ஭rm relations are a crucial characteristic of clusters leading to theMarshal-

lian externalities, very few cluster research includes the analysis of the inter-ஹ஭rm relations.

Notable exceptions are the work of Bell (2005) who uses social network techniques to analyse inter-

ஹ஭rm relations at the management level. Balland et al. (2012) explain the importance of geographical

proximity of companies in the gaming industry by pointing to the ‘local buzz’ and the increasing tech-

nological complexity that demands strong inter-ஹ஭rm relations. Others investigate as well co-location

patterns as a-spatial input-output datasets to deஹ஭ne agglomeration of related industries (Porter, 2003;

Ellison et al., 2010; Delgado et al., 2010, 2016). Most ofிen inter-ஹ஭rm relations are supposed to result
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from co-locationwithout empirical evidence derived from the actual study of inter-ஹ஭rm relations itself.

For example, Delgado et al. (2016) state that they derive inter-industry linkages through the co-location
patterns of industriॽ across regions. Other authors, like Hoஸfmann et al. (2015), are more cautious and
explicitlymention the inability to study the buyer-supplier linkages. Themain reason for the omission

of inter- and intra-industry trade data in cluster studies is due to their limited availability, especially at

subnational spatial units (Hoஸfmann et al., 2015; Martin and Sunley, 2003).

Although research indicates that economic activities are indeed clustered and that clusters provide at

least a part of the advantages expected from agglomeration theory, research on the variety of clusters

remains scarce. Markusen (1996) identiஹ஭es, in addition to theMarshallian agglomeration, three other

types of industrial districts, based on the varying roles of ஹ஭rmswithin the districts, and the orientation

of the linkages amongst them: hub and spoke districts, satellite platforms and state-anchored districts.

The author does mention several examples for each type, but the research lacks empirical demonstra-

tion of the ஹ஭ndings. In Sweden Lundequist and Power (2002) classify clusters based on the policy

process and vision that has led to their existence.

Although logistics have long been perceived as a consequence of the production process, i.e. as a de-

rived demand (Hesse and Rodrigue, 2004), the actual extent of logistic activities inspire the propo-

sition that logistics clusters, like industrial clusters, enjoy advantages from concentrating activities

(Sheஸஹ஭, 2012). Besides the mentioned agglomeration advantages for companies, logistics clusters are

also considered as an important generator of employment and stimulus for growth in other economic

sectors (Rivera and Sheஸஹ஭, 2016; Sheஸஹ஭, 2012). This partly explains why governments promote their

country, region, province ormunicipality as a logistics cluster, inmany cases despite the absence of em-

pirical evidence for their claims (Flämig andHesse, 2011; Hesse, 2015). But in other cases, the assumed

opportunities of logistics clusters have led to the application of cluster research on the co-location of

logistics activities. van den Heuvel et al. (2014a,b, 2016) calculated the co-location of logistics compa-

nies, but because of a lack of data the inter-ஹ஭rm relations are only analyzedwith a qualitative approach.

In contrast to previous studies, a microeconomic dataset of buyer-supplier linkages between the Bel-
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gian logistics companies was available for this study. This provides the opportunity to not only mea-

sure co-location, but to also empirically analyze the inter-ஹ஭rm relations in the logistics sector. This

way, the present Chapter identiஹ஭es economic clusters in a more comprehensive way. The use of a

community detection algorithm for this purpose is to our knowledge novel.

2.3 Identifying clusters: integrate both co-location and inter-firm rela-

tions

2.3.1 Measuring co-location: indicators of spatial association

There exist a large number of diஸferent indicators to measure spatial concentration. These indices

can roughly be divided into two categories: a-spatial and distance based (van den Heuvel et al., 2012).

First, the a-spatial measures provide a global index of agglomeration for the entire study area under

consideration. Examples are the index of Ellison and Glaeser (1997) and the locational Gini coeஸஹ஭-

cient (Krugman, 1991). The latter is here calculated by comparing the employment share in a speciஹ஭c

industry with the spatial unit’s share of total employment. A value of 0 implies no spatial concentra-

tion (total dispersion) while 0.5 points to the opposite. Nevertheless, this category of measures oஸfers

no information about concentrations within speciஹ஭c areas. In addition, the estimated concentration

score depends on the spatial units (MAUP),making comparisons diஸஹ஭cult (Duschl et al., 2015; van den

Heuvel et al., 2012).

The second category of indices are distance-based agglomeration metrics, oஸfering the opportunity

to identify areas of higher concentration within a study area. Themost popular is theMoran’s I statis-

tic. Thismeasure calculates the spatial autocorrelation in a study area based on a spatial weightsmatrix

that represents the geographical relationships between the spatial units. These weights can be calcu-

lated fromapre-deஹ஭nednumber of neighbors, froma contiguitymeasurement that takes all neighbors

into account, or by including only the values of spatial units within a threshold distance. Spatial auto-

correlation is positive and high if spatially related units have similar values for a variable, e.g. logistics

employment. A Moran’s I of 1 indicates perfect spatial autocorrelation,−1 is perfect dispersion and

0 is a random distribution of the value of analysis (Arbia, 2001; Ding and Fotheringham, 1992).
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The Local Indicator of Spatial Association (LISA) is further computed to analyse the local contri-

butions to the Moran’s I statistic (Anselin, 1995). This index calculates spatial agglomeration values

for each spatial unit separately. The resultingMoran’s I scatterplot consists of four quadrants that cor-

respond to the four types of spatial association: High-High (HH), High-Low (HL), Low-High (LH)

and Low-Low (LL) (Anselin, 1995). Values in theHHquadrant thus represent spatial units with high

values for the studied variable surrounded by units with similar (high) values, i.e. concentration. LL

values correspond to unitswith low scores for the variable in question, situated in an area characterized

by overall low scores. The HH spatial units identify concentrations, i.e. co-location.

2.3.2 Measuring inter-firmrelations: communitydetectionwithinnetworks

Networks can be described as a series of nodes that are interconnected by links, the strength of a link

between two nodes is called the weight. A quantitative approach to networks in social sciences is not

new. Already since the 1930’s, social network analysis has been an important research strand in the ஹ஭eld

op sociology (Scott, 2000). Grown as a tool to describe the role of individual nodes in social networks,

scholars frequently apply the methodology to study power relations, e.g. through the calculation of

centrality measures (Scott, 2010). Similar applications can be found in logistics research, with a par-

ticular focus on the organizational structures of supply chains (Carter et al., 2007; de Camargo Junior

et al., 2012). In economic clustering research bridges (i.e. important connectors), structural holes and

other measures are used to describe the structure and evolution of inter-ஹ஭rm networks (Ahuja, 2000;

Gluckler, 2007).

An industry’s network consists of a myriad of ஹ஭nancial (buyer-supplier), material and information

஺ாows, strongly distributed amongst diஸferent scales. Such a network is the result of a history ofmicroe-

conomic behaviors that led to emergent macro structures and adaptive behavior of the stakeholders

involved, e.g. public and private actors. As a result, the combination of local, regional, national and

international ஺ாows complicate the delineation of the network’s borders. Given these characteristics, it

is fair to approach such network as a complex system (Martin and Sunley, 2003). In a ஹ஭rst step of this

research, a social network analysis was conducted on the available dataset of over 800,000 inter-ஹ஭rm
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linkages. Yet, the complexity of these big datasets limits the interpretation and performance of such

methodology. Moreover, the aim of this study was not to look at the role of individual nodes, but to

look how groups of nodes interact. An appropriate way to investigate such characteristics in complex

networks is by using community detection algorithms.

In random networks, nodes and links are homogeneously distributed. Observed networks are almost

never random but are characterized by groups of nodes with higher link densities. These groups of

nodes are here referred to as ‘communities’ and are important entities in the complex network (For-

tunato, 2010; Newman, 2003). Their in஺ாuence on the behavior and structure of the encapsulating

network has already attracted a fair amount of academic attention. As such, community detection

methods are ofிen used to understand and visualize the organization of such complex networks (Lan-

cichinetti and Fortunato, 2009; Newman, 2004; Porter et al., 2009). In this dissertation I apply the

‘Louvain method’ proposed by Blondel et al. (2008). This algorithm groups the nodes in a network

by optimizing the modularity gain. A ஹ஭rst reason to recourse to this particular method is its speed.

Because the method optimizes the modularity calculation instead of calculating it exactly, it is partic-

ularly useful for large datasets. A second reason is its strong performance in a comparative analysis of

popular community detection algorithms (Lancichinetti and Fortunato, 2009). The ஹ஭nal reason is its

widespread application in the literature. Examples include Lancichinetti et al. (2011) who simpliஹ஭ed a

social network dataset with nearly 20 million nodes and 300 million edges, Blondel et al. (2010) who

applied the method on telephone data, Tranos et al. (2015) on migration networks and Croitoru et al.

(2014) on social network groups.

The use of the Louvain method also comes with a set of limitations. First, one has to note that the

results depend on the order of the input data. This means that several iterations have to be run be-

fore robust results can be presented. For all our analyses, 100 iterations were applied. To visualize the

summary of the hundred runs, each node is classiஹ஭ed in its major community. Areas corresponding

to nodes with a membership value of only 50-75% are indicated by dashes on the maps. Second, being

a modularity-optimization approach, the detection of communities tend to operate at a coarse levels

preventing the formation of small communities (Fortunato and Barthelemy, 2007). An adapted Lou-
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vain algorithm to cope with this resolution limit exists, but demands prior knowledge on the network

structure (Delvenne et al., 2013). This issue is however tackled in the Chapter 3.

The Louvain method only groups nodes that are strongly linked. In order to obtain a deeper insight

into the role of individual nodes in the network, the within-module degree z and the participation

coeஸஹ஭cient P, deஹ஭ned by Guimerà and Amaral (2005), are computed. The within-module degree z

estimates how well connected a node is to the other nodes in its community. A high z value indicates

that the node is well embedded in its cluster, i.e. it contains many internal links. The participation

coeஸஹ஭cient P, in turn, indicates how well-distributed the node’s links are across the other communi-

ties. Values close to 1mean that the node’s links are uniformly distributed among the other clusters,

a value close to 0 indicates that the node’s links are almost all within the cluster. The combination of

both parameters determine the role of the node in the network, seven types of regions (Table 2.1) are

deஹ஭ned by Guimerà and Amaral (2005). Ultra-peripheral and peripheral nodes lie at the periphery

of the network, with few connections to other nodes. Non-hub connector nodes are already better

embedded in the overall network, however, their relative low z-degree indicates a low importance in

the local community. Next non-hub kinless nodes are better connected with nodes outside their com-

munity then with nodes within their own community, this can point to a wrong classiஹ஭cation of the

nodes. Provincial hubs are characterized by a very few external connections combined with a high

within-module degree z (i.e very well connected internally). Connector hubs are important nodes in

a network, tying nodes in a group together and connecting the group to other communities Finally

kinless hubs are almost equally connected to the whole network and thus do not enforce local com-

munities.

In this Chapter the Louvainmethod is used to detect communities within the buyer-supplier network

of logistics ஹ஭rms in Belgium. Subsequently the calculation for all nodes of the within-module degree

and the participation coeஸஹ஭cient allows the mapping of the node’s role in order to grasp the geogra-

phy of the Belgian logistics buyer-supplier network. Finally, the results of the measurements of the

co-location of employment on the hand, and of the tightness of zip codes based on their inter-ஹ஭rm

relations on the other are combined in a typology of logistics clusters in Belgium. The spatial scale of
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Table 2.1: Parameters of node connecঞvity in a network (Guimerà and Amaral, 2005)

Node role Within-module degree z Participation coeஸஹ஭cient P
Ultra-peripheral nodes <2.5 <0.05
Peripheral nodes <2.5 0.05<P<0.62
Non-hub connector nodes <2.5 0.62<P<0.8
Non-hub kinless nodes <2.5 >0.8
Provincial hubs >2.5 <0.3
Connector hubs >2.5 0.3<P<0.75
Kinless hubs >2.5 >0.75

the clusters is thus not the individual ஹ஭rm level, but that of the spatial units used.

2.4 Logistics clusters in Belgium

2.4.1 Data: employment statistics and buyer-supplier linkages of Belgian

logistics companies

This Chapter uses the classiஹ஭cation deஹ஭ned by the National Bank of Belgium to identify logistics

ஹ஭rms. These ஹ஭rms are not only transportation companies but concern also storage and warehousing

and other supporting transport and logistics activities (Lagneaux 2008, cf. Figure 1.1). Two diஸfer-

ent datasets are used to measure geographical clustering of Belgian logistics. First, in Section 2.4.2,

co-location in the logistics sector is calculated using the employment in full time equivalents (FTE)

per municipality in 2010 provided by the Balanscentrale (Central Balance Sheet Oஸஹ஭ce) of the Na-

tional Bank of Belgium (NBB) (https://www.nbb.be/en/central-balance-sheet-oஸஹ஭ce). Second, in Sec-

tion 2.4.3, a dataset is provided by theNBB ofmore than 800,000 buyer-supplier linkages in the logis-

tics sector in 2011 to analyze the inter-ஹ஭rm relations. It concernsmicro-economic data derived from the

invoices between companies where either the buyer and/or the supplier is a logistics company. For rea-

sons of anonymity the linkages are aggregated at the zip code level, of which there are 1155 in Belgium,

which allows to conduct a detailed geographical analysis. The average size of a zip code in Belgium is

27km2. Some zip codes have no interaction, while the highest frequency is observed within Antwerp
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with over 10,000 buyer-supplier linkages. Besides the linkages that occur between two logistics com-

panies, e.g. an invoice from a transport company to a freight forwarder, the wholesalers and retailers

are the largest provider and receiver of services and goods from the logistics sector when comparing

the overall industrial groups. When looking at a more reஹ஭ned level, most of the service providers are

related to the sales or maintenance of vehicles. Most frequent customers are farmers, construction

companies and machinery vendors. One hypothesis for this observation is the speciஹ஭c transport and

storage requirements these categories demand because of the exceptional sizes of the items (e.g. trac-

tor, building material).

The use of these heterogeneous buyer-suppliers linkages to measure agglomeration advantages is not

straightforward. First, the inclusion of non-logistics buyers and suppliers may blur the image of a lo-

gistics cluster. Yet, an economic cluster is not only characterized by a high concentration of activities

within the same sector, but also encompasses the presence of related industries. As such, the presence

of vehicle services, which are the most prominent non-logistics suppliers in the dataset, near a concen-

tration of logistics activities is a prime example of an agglomeration advantage. Second, despite the

signiஹ஭cant amount of non-logistics companies in the inter-ஹ஭rm linkages, the majority of the ஺ாows do

consist of logistics-logistics linkages, ensuring their principal role within the analysis. Because of this

reason, a high geographical density of the heterogeneous buyer-supplier linkages is assumed to repre-

sent agglomeration advantages and can result in clustering.

The dataset contains only buyer-supplier linkages with their origin and destination within the Bel-

gian territory. This might seem a limitation, but as the main interest is to identify the logistics clusters

within Belgium the data are suஸஹ஭cient. It is clear that considering the international linkages could have

generated in some places diஸferent patterns. This would be the case in places with many international

exchanges, such as the big cities andmajor (air)ports. Another drawback of the data is the allocation of

all linkages of a ஹ஭rm to the zip code of the headquarter, this leads to an overestimation in especially ur-

ban areas where generally more head oஸஹ஭ces are located (this is also the case for the employment data).

But as nearly 170,000 unique ஹ஭rms in total, of which more than 83,000 unique logistics companies

are involved, one can observe that the logistics sector in Belgium still has a lot of small and medium
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sized companies which have their headquarters on the location of the actual activities. Therefore, the

data seem appropriate to calculate co-location and inter-ஹ஭rm relations.

2.4.2 Global indices of logistics employment

The locational Gini coeஸஹ஭cient is reported in Table 2.2 and compared to two studies (Guillain and

le Gallo, 2010; van den Heuvel et al., 2012) in the same ஹ஭eld. With a value of almost 0.3, the Gini

coeஸஹ஭cient gives a ஹ஭rst indication of the concentration of logistics employment in Belgium. This result

is comparablewith the results found in the province ofNorthBrabant and– to a lesser extent – inParis

and surroundings. However, these comparisons have to be interpreted with caution since there exist

spatial diஸferences among the threedatasets. First, whileBelgium is six times larger thanNorthBrabant,

its size is only 40% the size of Ile-de-France and its surroundings. In addition, the average spatial unit

size is much larger in Belgium than in both other studies. In the case of local concentrations, a larger

size of the units will probably lead to an underestimation of the locational Gini coeஸஹ஭cient. It is thus

possible to assume that the ஹ஭rst index of agglomeration indicates at least a similar level of concentration

in the logistics sector in Belgium.

Table 2.2: Locaঞonal Gini coeLcients

Region Locational
Gini coeஸஹ஭cient Spatial unit Average spatial

unit size (km2)
Size of study
area (km2)

Belgium 0.2991 Municipality 52 30,528
Province North
Brabant (NL) 0.2984 Zip code 15 4,919

Ile-de-France and
surroundings (F) 0.3797 Municipality 10 77,976

Source: own calculations and van den Heuvel et al. (2012); Guillain and le Gallo (2010)

The diஸferent Moran’s I calculations are given in Table 2.3, these were calculated on the employment

density per municipality to partially correct for the eஸfects of the delineation of municipalities. With

an average value of 0.4, theMoran I supports the idea of agglomerations ofmunicipalities with higher
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Table 2.3: Moran’s I for di@erent spaঞal contexts

Spatial context Moran’s I p-value
contiguity 0.43 <0.001
nn1 0.42 <0.001
nn3 0.42 <0.001
<15km 0.38 <0.001
<30km 0.32 <0.001

nn1 = municipality plus neighbor with longest common border
nn2 = municipality with the 3 neighbors with longest common border
Source: own calculations with data NBB

densities of logistics employment or co-location of logistics. In addition, the values show that the

wider the spatial context, the lower the spatial agglomeration, this is an extra indication of local higher

densities of employment.

The LISA is then calculated to disaggregate theMoran’s I to the spatial units. The municipalities that

are statistically relevant (p<0.05) are mapped in Figure 2.2. The map shows the logistics employment

density in Belgium. One observes mainly co-location in the northern part of Belgium on the axis

Antwerpen-Brussels, in the port areas of Gent and Antwerpen, around Kortrijk and Roeselare and

near the Albert canal. In the southern part only in Seraing near Liège co-location is identiஹ஭ed, most

of the southern region is characterized by low employment per km² in the sector.
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Figure 2.2: LISA map of employment density in logisঞcs (conঞguity spaঞal relaঞon) (2010). Source: own calculaঞons
with data NBB.

2.4.3 Community detection in logistics buyer-supplier linkages

In order to ஹ஭nd out if the local concentrations of logistics employment also imply more intense inter-

ஹ஭rm relations, the buyer-supplier network is now analyzed. A community detection analysis is used

to analyze whether some zip codes have more logistics buyer-supplier ஺ாows between them compared

to other zip codes. Recall a ஺ாow between two zip codes is the aggregation of the total number of link-

ages between individual ஹ஭rms in both zip codes. The total number of linkages between ஹ஭rms in the

same zip code, i.e. internal flows, are also included in the analysis. Figure 2.3 visualizes the amount of
buyer-supplier linkages per zip code, the map shows a higher density of ஺ாows in the northern region

between Brussels, Hasselt/Genk, Antwerpen and Kortrijk, including links to Liège.
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Figure 2.3: Total buyer-supplier linkages per zip code. Source: own calculaঞons with data NBB.

Figure 2.4 maps the communities resulting from the runs of the Louvain-method on the logistics

buyer-supplier network, optimizing the modularity of the overall network. Each community consists

of a set of zip codes that are tightly connectedwith each other with buyer-supplier ஺ாows. Remark that

the network analysis is non-spatial. This means that no spatial relation between the nodes is implied.

In total seven major communities are found in Belgium, with an unexpected spatial contiguity (geog-

raphy/proximity still matters!). Communities are delineated around the capital city Brussels in the

central part, around the major cities Antwerpen and Gent that both are port-cities, in the east where

the important Albert canal links Antwerpenwith Liège, in the province in thewest includingKortrijk

and the port of Zeebrugge, around Tournai, and ஹ஭nally a stretched-out community in the southern

part. The broad area around Charleroi is dashed, indicating there are alternative connections, mainly

to the Brussels community. The community detection algorithm provides a delineation of the diஸfer-

ent communities, which include logistics clusters with their hinterland. Themain cities and (air)ports

have amajor impact on the spatial structure of the communities. The community detection algorithm

proves to be a useful tool for analyzing big data on complex networks since the high amount of link-
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Figure 2.4: Communiঞes in the buyer-supplier network. Source: own calculaঞons with data NBB.

ages made it very hard to detect geographical patterns when analyzing the raw data in a traditional

explorative way.

What is lacking is a good understanding of the roles of the diஸferent nodes in the various commu-

nities. In the ஹ஭nal step the coeஸஹ஭cients deஹ஭ned by Guimerà and Amaral (2005) are used to analyze the

local and overall connectedness of the diஸferent nodes in the network. In Figure 2.5 each node is classi-

ஹ஭ed according to the z-P parameter space using Table 2.1. Appendix A shows details on the parameters

for the nodes classiஹ஭ed as connector hub or kinless hub (Table A.1). Especially the connector hubs are

important for economic clustering as they tie the nodes together in the community and theymake the

connection to other communities. The kinless hubs are equally tied to the whole network and as such

their role is less geographically localized. Central in the ‘Brussels community’ four zip codes are kin-

less hubs including the area around the national airport, the presence of many headquarters explains

the many ties with the whole network; two areas in Brussels are connector hubs, these are known as

main industrial regions. Other kinless hubs are found in Gent and Tournai. The Antwerpen port
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area clearly is a logistics center tying together the surrounding community and connecting to the rest

of the network with an impressive amount of linkages. The ports of Zeebrugge andOostende next to

Roeselare are the clusters of the community in the west. In the northeast, Hasselt andGenk comprise

the logistics cluster, next to twomore smaller locationwith intense relations. Also in and aroundLiége

a series of connector hubs can be found, they are linked to diஸferent industrial areas and transport ter-

minals spread over the region. Further most of the nodes have z-vales under 2.5 combined with an

average participation coeஸஹ஭cient around 0.6, resulting in mostly peripheral and non-hub connector

nodes. These nodes belong to the hinterland within the community, but are only loosely connected

to the hubs.

Figure 2.5: z-P parameter space of logisঞcs communiঞes in Figure 2.4. Source: Source: own calculaঞons.

35



2.5 Discussion

The combination of the various indicators provides a synthesis of the complex network of logistics

buyer-supplier relations within Belgium. The analysis of the employment values and buyer-supplier

linkages prove that logistics activities are not just scattered over the country: spatial densities of both

employment and inter-ஹ஭rm relations can be detected. Despite its labelling as ‘dispersing across regions’

(Porter, 2003), there remain geographical patterns in the structure of the logistics network (Hesse and

Rodrigue, 2004). By using an approach similar to some authors who measure concentration by ag-

glomeration indices (e.g. Guillain and le Gallo, 2010), the results of the LISA would be used to indi-

cate logistics clusters. In that case, places like Kortrijk and Mechelen would be classiஹ஭ed as logistics

clusters, however these places have a within-module degree under 2.5, indicating a low importance

within their community. The combination of traditional agglomeration indices and parameters from

complex network analysis (Tables A.2 and A.3 in Appendix A), provides the opportunity to create a

typology of logistics concentrations.

Table 2.4: Typology of logisঞcs concentraঞon

Indicators Cluster Cluster spillover Polycentric cluster
LISA High-High High-High High-High/N.S.

Within-module degree z >2.5 <=2.5 2.5
Participation coeஸஹ஭cient P >0.3 >0.3 >0.3

Network structure Hub and spoke Linked to
cluster(s) Multi-point

Network conஹ஭guration

Examples
Antwerpen,
Brussels, Gent,
Roeselare

Mechelen,
Kortrijk

Hasselt-Genk
Liège-Bierset

Oostende-Zeebrugge
Source: own composition

The nodes identiஹ஭ed as clusters in Table 2.4 combine employment densities with tight buyer-supplier

linkages. These clusters are the logistics clusters that are traditionally identiஹ஭ed in studies by Rivera
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et al. (2014), Sheஸஹ஭ (2012) and van denHeuvel et al. (2012). They are characterized by signiஹ஭cant higher

concentrations of employment (high-high), strong connections to other nodes in their community

(z-score > 2.5) together with a decent amount of links to other communities (P-value > 0.3). Topolog-

ically this results in a hub and spoke network with a center of strong employment and many local (i.e.

within-community) ஺ாows, but well connected to the surrounding areas as well. Examples in Belgium

are parts of the major cities Brussels, Antwerpen, Gent but also of the regional city of Roeselare, who

serve as connector hubs for their regions in addition to the higher densities of logistics employment.

The economic strength of these clusters may lead to large inequalities between the core and periph-

eral regions. The strong core with its agglomeration advantages is more attractive to new players look-

ing for a location. When these newcomers settle, the diஸference in attractiveness between core and

periphery enlarges, further reducing the probability of new investments in peripheral regions. This

self-enforcing process may lead to large core-peripheral diஸferences. But the aforementioned process

may also lead to congestion in the cores. New players may then prefer peripheral locations close to

those cores as a reasonable alternative. These are local spill-over logistics clusters focused on the nearby

big clusters and hence with weaker local relations. The latter is captured by lower z-values. Examples

in Belgium are the region aroundMechelen (mainly linked to Brussels) and Kortrijk (linked to Roese-

lare).

A third type of logistics clusters are the regions with several nearby concentrations, called polycen-

tric clusters. Some of those regions may have signiஹ஭cant concentrations of employment, but since

the activities are spread over multiple locations the LISA can be non-signiஹ஭cant. However, the con-

centration of logistics companies in those multiple locations serve via their buyer-supplier linkages

as connector hubs for the region. Examples in Belgium of these polycentric clusters can be found in

Hasselt-Genk, Liège-Bierset and Oostende-Zeebrugge.

While the logistics clusters in Antwerpen, Brussels, Gent and Roeselare would also have been iden-

tiஹ஭ed using a traditional approach of only agglomeration indices, the methodology would have omit-

ted or overrepresented other clusters. The polycentric clusters would not have been identiஹ஭ed, the
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spill-over clusters like Mechelen and Kortrijk would have been classiஹ஭ed like Brussels and Antwerpen.

Remarkably, notwithstanding our quantitative geographical approach compared to the qualitative

business approach from Markusen (1996), the clusters and spill-over clusters identiஹ஭ed in Table 4 re-

semble very well her hub and spoke and satellite districts. This shows that her business approach can

be veriஹ஭ed quantitatively.

2.6 Conclusions

The outcome of this Chapter is a typology of logistics clusters resulting from the combination of both

agglomeration indices and tools inspired by complex network analysis. The case of logistics in Bel-

giumwas studied through both quite accessible employment data and an innovative dataset of buyer-

supplier linkages between logistics ஹ஭rms within the country. This provides a unique opportunity

to analyze inter-ஹ஭rm relationships in combination with the already well documented co-location ap-

proach in order to detect geographical clusters. This chapter demonstrates the value of community

detection techniques whenworkingwith big relational data in economic geography, mapping the out-

comes of community detection provides a valuable tool for analyzing inter-ஹ஭rm linkages. The combi-

nation of studying both co-location and inter-ஹ஭rm linkages should give the fuzzy term cluster more

depth in future research.

Logistics activities within Belgium are concentrated in some places and they are less relevant in oth-

ers. Three diஸferent types of logistics concentrations are identiஹ஭ed, providing a new typology of the

logistics sector in Belgium. Concentrations of logistics employment that serve as the center of a large

region are identiஹ஭ed as clusters as discussed by Sheஸஹ஭ (2012). Related to these centers, spill-over clusters

appear in the nearby hinterland. While they are also characterized by higher concentrations of employ-

ment, their relationships are mostly directed to a big cluster nearby. Finally, polycentric clusters act

as a third type of logistics concentration, although characterized by a less prominent co-location, they

do play an important in tying together the ஹ஭rms in the region and connecting them to the overall

network. This cluster typology could be helpful in smart specialization strategies in order to detect

possible regions for endogenous growth of the logistics sector. Especially since nowadays in Belgium

logistics is a popular sector for public investments.
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This Chapter demonstrates how inter-ஹ஭rm linkages can be studied in a quantitative way. Adding

this information to the results of the co-location analysis brings us closer to the detection of industrial

clusters. The spatial contiguity in Figure 2.4 indicates buyer-supplier linkages have a higher proba-

bility to occur between companies in each other’s vicinity. This is coupled with the presence of a

multitude of potential customers and suppliers in the clusters, given that it are mostly the concentra-

tions of employment that form the centers of these communities. This observation demonstrates the

presence of both cluster characteristics in the logistics sector in Belgium. Hence it is undeniable some

locations exhibit clear locational advantages. The concentration and intense interactions will result in

additional economies of scale like labour market pooling, cost advantages and knowledge spillovers.

Antwerpen is a good example hereof, where close cooperation between the sector and the university

led to specialized academic maritime programs and hence a direct in஺ாux in the labour pool. Yet, a

more micro-economic analysis of the dataset could help to really quantify some of these Marshallian

advantages. As such, it could be tested whether certain relations within the clusters are characterized

by lower transaction costs compared to similar relations outside these clusters.

Moreover, little is known of the quality and sustainability of the identiஹ஭ed clusters. No diஸferenti-

ation has been made amongst job categories, neither between diஸferent inter-industry linkages. This

remains a limitation, especially from a cluster life cycle assessment perspective. The challenge therefore

remains to link the observed cluster eஸfects to specialization and knowledge spill-overs, which should

be the subject of further research. In addition, it would be interesting to apply the proposed method-

ology to new cases in other economic sectors and regions and to include international relationships to

assess their impact on the spatial structure
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3
Returning the particular: understanding

hierarchies in the Belgian logistics system

Geographyclearlystillmatters intheBelgianlogistics system. The spatial contiguity

of the communities in Figure 2.4 illustrates the presence of a strong spatial component in logistics

buyer-supplier linkages. The same contiguity however creates the illusion of homogeneity. Although

the identiஹ஭cation of diஸferent cluster types partly disentangles this illusion, the analysis of Chapter 2

is limited to the most important nodes. But what about the rest of the network? Are all zip codes in

for example the Antwerpen community focused on the one central cluster? And how strong are the

borders between these diஸferent communities? These questions are tackled in this Chapter.*

*This chapter is originally published as Beckers J, Vanhoof M, Verhetsel A. 2017. Returning the particular:
Understanding hierarchies in the Belgian logistics system. Journal of Transport Geography In press
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3.1 Introduction

The questions concerning the heterogeneity of the network ஹ஭t within a broader critique on the aca-

demic use of network analysis in geographical research. Like the previous Chapter demonstrated, net-

work theory has become the standardmethodology to frame, develop and analyze the newly available

big datasets. In line with the critique of Schwanen (2016), it is argued here that initiatives confronting

network-based insights with (qualitative) location- and domain-speciஹ஭c insights are necessary in un-

derstanding, discussing and advancing the role network analysis can play in geography.

Over the last decade, a long list of big data sources have emerged that give rise to a true data deluge

when it comes to capturing spatial economic systems. Recent advances in information technologies

now allow for the continuous, positional tracing of a multitude of objects. GPS technologies can

equip and trace almost any object, from watches to airplanes, revealing the true extent of worldwide

connectedness. Online social networks and smartcard data capture the movement of large-scale pop-

ulations, credit card transactions enable to follow up on low-level economic transactions within and

between territories, and mobile phone data are capable of capturing large-scale communication pat-

terns.

Obviously, the availability of such big data sources has revolutionized the study of movement and

interaction in spatial economic systems. A common demeanor in studies integrating these new data

sources is their reliance on network theory as both amethodological and conceptual framework. With

applications ranging from the mere description of structural network properties to the simulation of

complex dynamics, it is more than fair to state that network methodologies have widely advanced the

empirical understanding of massive datasets describing spatial economic systems. Advancements, for

instance, have been made in understanding the structure of air transportation networks and their po-

tential role in global epidemics (Colizza et al., 2006; Guimerà and Amaral, 2005); in detecting statisti-

cal properties of large-scale human mobility and elaborating their use in predictive models (Gonzalez

et al., 2008; Simini et al., 2012; Song et al., 2010); or in uncovering the spatial extent of interacting

communities, hereby challenging existing delineations of space (Blondel et al., 2010; Ratti et al., 2010;
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Sobolevsky et al., 2013; Thiemann et al., 2010).

Despite the progress made, there has been a growing critique on the empiricist, positivist nature of

big data and the related use of network analysis in geography (Graham and Shelton, 2013; Kitchin,

2013; Kwan, 2016). With respect to big data and network analysis in Transport Geography, Schwanen

(2016) states that: These methodological developments are to be welcomed because of … their generative
character… . At the same time, caution needs to be exercised for epistemological reasons. There ॾ a risk
that generality – regularitiॽ, laws, basic principlॽ, … - comॽ to trump particularity in the form of place
and time specificity, uniqueness, singularity and also local knowledge again (Schwanen, 2016, p2).

This Chapter deems this critique to be valid. The erasure of heterogeneity between observations by

current networkmethodologies and their push for ஹ஭ndings to be considered from a ‘network internal

perspective’ only are discussed here. Although interdisciplinary discussionmight be leading recent de-

velopments in network analysis to increasingly incorporate aspects of space, context and hierarchy, it

is argued that initiatives confronting network-based insights with (qualitative) location- and domain-

speciஹ஭c insights, whichMiller (2018) termsmesogeography, are necessary in understanding, discussing
and advancing the role network analysis can play in (transport) geography.

Speciஹ஭cally, thisChapter attempts todemonstrate howfruitful the confrontationbetween local knowl-

edge and network-based insights can be. Therefore a recently developed network analysis tool as pro-

posed by Grauwin et al. (2017) is applied here. This tool allows, for each node in a network and given

a chosen community detection algorithm, the identiஹ஭cation of its local, regional and national role and

related connectivity. It is shown how the calculation of damping values in this method can be used to

facilitate the confrontationwith local insights and, bymeans of a case study on the Antwerpen region,

how relevant such knowledge can be for understanding, in this case, logistics systems.

Ultimately, the beneஹ஭ts of establishing clear touching points between network methodologies and

the typical local, spatial and qualitative knowledge of (transport) geography is clear. The proposed

methodology oஸfers a ஹ஭rst step in the development of one such touching point, while pushing the
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discussion on the applicability of community detection in (transport) geography. It is argued that

confrontations like this are beneஹ஭cial for understanding, discussing, and advancing the role network

analysis can play in Antwerpen.

3.2 Thepopularityofthenetworkparadigmingeographicalbigdatastud-

ies

The critique on the empirical and positivist nature of current big data practices, including network ap-

proaches, relates to a long history of re஺ாection and debate on quantitative approaches within the geo-

graphical discipline (Graham and Shelton, 2013; Kitchin, 2013; Kwan, 2016; Schwanen, 2016), ranging

fromHaggett’s re஺ாection on his own pioneer book ‘Locational Analysis inHumanGeography’ (John-

ston and Sidaway, 2015), to numerous debates on the quantitative revolution, positivist approaches

and, more recently, the role of GIS and the algorithmic treatment of big data (Goodchild, 1992; Gra-

ham and Shelton, 2013; Kwan, 2016). In other words, the rise of big data and the revival of network

theory in Transport Geography do not necessarily represent entirely new ‘threats’. Rather one can

consider them as a next wave of quantitative analyses; this time being fueled by the emergence of new,

diஸferent and bigger datasets, and the technical and methodological capabilities to treat them.

There is a lot to be said about the way this big data research and network analysis is integrating in

current geographic scholarship, ranging from paradigm development to data-access inequality. How-

ever, one observation from Schwanen (2016) seems extremely relevant for this Chapter and, more in

general, the ஹ஭eld of Transport Geography. It is the observation that network science tends to erase

heterogeneity and proposes diஸferentiation solely based on characteristics of the network. Although

explanations can be imported from the outside (for example by linking contextual information with
connectivity measures), this approach heavily encourages explanations to be based on the network

itself, leaving other perspectives sidelined. As such, the application of network science in Transport

Geography is creating a reinforcing system that is nudging geographers and transport researchers into
adopting the internal network perspective (Schwanen, 2016, p5).

This critique is easily illustrated by two widely used applications of network analysis in transporta-
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tion geography: the analysis of degree distributions and the application of community detection al-

gorithms, but is similarly relevant for other network applications and big data analytics that can be

equally prone to the domination of an internal perspective.

A ஹ஭rst illustration of the critique is in the analysis of degree distributions. Many real-world networks,

including economic, transport, mobility and communication networks, are found to have power-law

like distributions. Their study has allowed the identiஹ஭cation of scaling in networks, which in turn

implies the presence of a hierarchical structure, i.e. with nodes of diஸferent importance (Barabasi and

Albert, 1999; Jiang, 2013; Levy and Solomon, 1997; Pumain, 2006). Degrees themselves, however, are

merely (aggregated) connectivity measures, or thus structural properties of the network. This means

that they possess little to no information about local context, except for the relative one deஹ஭ned in the

network. As such, a large part of the heterogeneity amongst nodes is simply not considered which,

consequently, makes it hard to approach the prevalence of degrees from another perspective than the

network one. Insights from local context and processes, geographical diஸferences, or spatial relations

are hence all sidelined in favor of a, bothmethodological and conceptual, internal network perspective

like, for instance, the popular preferential attachment growth model (Barabasi and Albert, 1999).

Second, the use of community detection algorithms forms a second illustration of the critique. Com-

munity detection on spatial interaction networks (be it transport, economic, mobility or communica-

tion networks) has gained popularity ever since it was shown to allow for empirical regionalization. Al-

though initially surprising, it has now been well established that in many spatial interaction networks

communities tend to form spatially homogenous and contiguous groups, highlighting the spatial com-

ponent of their linkages (Blondel et al., 2010; Nelson andRae, 2016; Ratti et al., 2010; Thiemann et al.,

2010). The implicit erasing of heterogeneity in community detection algorithms, however, lies in the

assumption that all links in the networks (ofிen expressed as the aggregated intensity of interaction

between locations) are equal, no matter their context of occurrence in real life. Additionally, the pri-

marily retrieved information from community detection exists of which node was classiஹ஭ed in which

community ofிen revealing little to no information onwhich roles individual nodes have played in the

detection process, which position they take in the entire network, or the attributes that distinguish be-
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tween them, either in the network or in reality.

It is rather easy to remark that both these elements stimulate false interpretations of homogeneity

within detected communities, and of comparability between whatever interactions make up the links

in the network. Moreover, and with respect to the typical spatially homogenous communities found

in interaction networks, both elements contribute to the imposition of an internal network perspec-

tive that promotes the intensity of interaction (or thus the structure of the network) to be the (only)

driver of regionalization. This is a very restrictive, even false, perspective as intensity of interaction

is simply not the main driver of regionalization, nor is it the reason for the existence of empirically

observed communities or does it explain the complex organizations of such communities. Here again,

the point is that alternative reasoning is easily excluded from both themethodological and conceptual

setup of the network approach.

The question then becomes how, as a Transport Geography research ஹ஭eld, to overcome the imposi-

tion of an internal network perspective when adhering to network analysis. Two possible ways are

distinguished, although more probably exist.

A ஹ஭rst way is to stimulate the integration of geographical elements, like space, context and hierarchy

in network methodologies. By now, such developments are well underway. To name a few, there is

an expanding research ஹ஭eld on spatial networks integrating spatial aspects like distance and position

in network analysis (Barthelemy, 2010), multilayer, and especially multiplex networks, are allowing to

diஸferentiate between nodes and links on several levels instead of only one (Kivelä et al., 2014), and

community detection algorithms have been well advanced to allow for overlapping communities and

hierarchical structures (Fortunato and Hric, 2016). Somehow, however, it remains an open question

whether these developments are in஺ாuenced by interdisciplinary discussion between (transport) geog-

raphy and network science, or rather from a next step in advancement of the latter. In other words,

it remains to be seen to which degree the methodological developments in network science allow for

enough depth to be applied to research questions and themes in Transport Geography.
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A second way is for the ஹ஭eld of Transport Geography to strive to confront, assess, reconcile and even-

tually appropriate elements of network analysis in its knowledge production. Appropriation done

this way oஸfers possibilities to critically asses network methodologies, challenge the hegemony of the

internal network perspective and direct insights to themes that are of explicit interest in Transport

Geography; all of which would advance the discussion on the role of network analysis in Transport

Geography. To allow for confrontation in the ஹ஭rst place, however, clear touching points between net-

work methodologies and the typical local, spatial and qualitative knowledge base of Transport Geog-

raphy need to be established. This requires, currently rare, case studies to be elaborated that embrace

the inner workings of network analysis and show how their information can be coupled back to geo-

graphical knowledge.

Speciஹ஭cally, the interest in Grauwin et al. (2017) method lies in the possibility to extract information

about the relation of all nodes to diஸferent hierarchical levels in the network. As such, information on

hinterlands, the strength of borders, and the roles and relations with respect to the wider network can

be retrieved for all individual locations. It is a huge opportunity to confront such information with

(qualitative) location and domain-speciஹ஭c knowledge and elaborate the point made here based on a

case study of a logistics buyer-supplier network in Belgium, with a focus on Antwerpen.

3.3 Methodology

Recently, Grauwin et al. (2017) proposed a networkmethodology to improve spatial interactionmod-

els, like the well-known gravity or radiation models. Their improvement exists in the replacement

of continuous distance with a discrete distance denoting only the transgression of hierarchical bor-
ders. The prediction of ஺ாows between locations hence depends on the number of transgressions that
needs to be made between two locations with each transgression diminishing the predicted amount

of interactions. Interestingly, in their framework the rate at which each transgression diminishes the

predicted interaction, or thus the strength of each border, is a network-basedmeasure called “damping

value” that is unique for each location. In other words, Grauwin et al. (2017) show how, at least for

communication networks in diஸferent countries, a spatial interactionmodel that is based on a discrete,

yet location dependent description of distance, outperforms standard interaction models.
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Relating to the description of two possible ways to overcome the internal network perspective in pre-

vious sections, Grauwin et al. (2017)’s work clearly classify under developments in network method-

ologies that incorporate elements of geography, in this case being the heterogeneous experience of

distance by diஸferent locations. Although the construction of damping values and their proof of us-

ability in spatial interaction models is a remarkable feat, this Chapter goes beyond a mere replication

of the methodology to another case. Rather, the interest lies in the way damping values, and their

network-based calculation of individual locations, can be confronted with local geographical knowl-

edge in order to stimulate discussion on their interpretational value. As such, this Chapter classiஹ஭es

under the second possible way described earlier; in which confrontation of insights is facilitated.

3.3.1 Calculating damping values

To calculate hierarchical borders, Grauwin et al. (2017) iterate a standard community detection algo-

rithm on a given network. As each iteration groups tightly connected nodes in communities, the clas-

siஹ஭cation of a node in one community installs a border with all nodes classiஹ஭ed in other communities.

As such, in a ஹ஭rst iteration, L3-communities are deஹ஭ned based on the entire network. Next, a second

iteration of the community detection algorithm is run, this timewithin each of the previously deஹ஭ned

L3-communities, resulting in a set of L2-communities. Finally, a third iteration of the community de-

tection algorithm is performed on the network of each of the created L2-communities, resulting in a

set of L1-communities. In other words, the iterative community detection provides for a multi-level

spatial delineation of the given network resulting in a set of L1, L2, L3-community borders speciஹ஭c to

each node in the network that are called here ‘hierarchical borders’. Having deஹ஭ned the hierarchical

borders of a network, the importance of each hierarchical border for each node is assessed. To do so,

Grauwin et al. (2017) propose a measure called damping value:

qhi =
Th+1
i

Wh+1
i

Wh
i

Thi
(3.1)

with h representing the set of nodes that are at a hierarchical distance h of node i. The hierarchical dis-

tance between two nodes h is 1 if both nodes are located in the same L1 region, 2 if they are in diஸferent
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L1 regions but the same L2 region, 3 if they are in diஸferent L2 regions but the same L3 and 4 if they

are located in diஸferent L3 regions. Thi are the total amount of linkages from node i to all zip codes at

distance h andWh
i the total amount of linkages from nodes within hierarchical distance h from node

i (Grauwin et al., 2017). Interested readers may have noticed the terminology of the levels is ஺ாipped

compared to the original authors. This mainly to ease understanding but also because it allows for

more ஺ாexibility and comparability in case more than three levels will be identiஹ஭ed in another study.

The interpretation of the calculation of the damping value qhi is rather straightforward. As each node

is located in a speciஹ஭c L1, L2 and L3 community, the importance of each hierarchical border (for each

node) can be easily characterized by comparing the relative strength of a node in a certain hierarchy

level, i.e. Thi /Wh
i , with its relative importance one level up the hierarchy, i.e. T

h+1
i /Wh+1

i . As a conse-

quence, a low qhi value indicates a strong border between twohierarchical levels, meaning that a change

from hierarchical level h to the next h+ 1 is, for the investigated location i, a relevant change in its im-

portance. Viewed from the hinterland perspective, low qhi values hence indicate that the investigated

location is relatively more important in the hinterland at level h compared to the hinterland at level

h+ 1. Consequently, a high qhi value implies the contrary indicating a gain in importance of the inves-

tigated location i when transgressing to the next hierarchical level. The diஸferent levels and damping

values are summarized for an example zip code in Figure 3.2.

Remark that the deஹ஭nition of low and high damping values is a relative concept. Logically, damping

values are expected to be below 1 as transgressing to a next hierarchical level implies a growing number

of other localities (or in the hinterland metaphor, an extension of the hinterland) against which the

locality under consideration is compared in order to determine its ‘importance’. Currently, Grauwin

et al. (2017) is the only research that has calculated damping values and this for large networks of mo-

bile phone communication in diஸferent countries. The average damping values they calculated diஸfer

slightly from country to country but remain within the 0.10-0.25 range. Most remarkably, however,

they found distributions of damping values to be similar for all diஸferent hierarchical borders (so for

each hierarchical level h = 1, 2, 3) within each country.
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3.3.2 K-means clustering

To understand the variation in damping values between nodes, a k-means clustering is applied on

all nodes using their set of damping values for the three hierarchical levels as attributes. The chosen

algorithm does not take the location of the nodes explicitly into account, which makes any resulting

geographical image the outcome of the spatiality inherent to the original network. In this case, k is

deஹ஭ned in an informal way by plotting the within-group sum of squares for a range of k’s choosing

the partition that coincideswith the bending point in the resulting graph, i.e. where an additional class

has less impact on the within-group variation (Everitt and Hothorn, 2010). This approach is similar

to the scree-plot used in factor analysis.

3.3.3 Community detection

Remark that in this case, the Louvain method community detection algorithm proposed by Blondel

et al. (2008) is applied, contrary to Grauwin et al. (2017) who use the ‘Combo’ algorithm proposed in

Sobolevsky et al. (2014). The ‘Louvain method’ is preferred because of its widespread application in

literature, its strong performance in a comparative analysis Lancichinetti and Fortunato (2009) and

because of the familiarity from the previous Chapter. Comparison of the results between Louvain

and Combo on the dataset showed little diஸferences in obtained communities for all iterations and, as

such, little diஸferences in calculated damping values for both approaches.

Recall the limitation of the resolution limited in Section 2.3.2 when using the Louvain method. This

Chapter copes with this issue by detecting various hierarchical levels without privileging one of them,

ஹ஭nding smaller communitieswithin larger ones, herebypartly bypassing the resolutionproblem. Other

community detectionmethods exist to identify the presence of hierarchical structures in complex net-

works (Adam et al., 2018; Fortunato and Hric, 2016). These however focus on network hierarchies,

i.e. how nodes are members of diஸferent levels of communities. While this is similar to the reiteration

of the community detection algorithm, the calculation of the damping values allows for a bottom-up

description of the hierarchical structure, i.e. from each spatial unit individually. Hence it is used to

analyze the geographical hierarchy in addition to the network one.
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Ultimately, one can wonder why an iterative application of a standard community detection algo-

rithm is preferred over hierarchical community detection algorithms and/or methods that allow for

overlapping communities (Fortunato and Hric, 2016). The ஹ஭rst reason is that the goal is to identify

geographical hierarchy, which, as the results show, is inherently diஸferent and thus independent from

the network hierarchy that emerges from the latter algorithms. The second reason is that neither appli-

cation and interpretation of these methods is trivial, thus requiring amoremethodological discussion

which is outside the scope of this Chapter. It remains, however, future work to investigate the deஹ஭ni-

tion of, and diஸferences between, damping values based on these approaches.

3.4 Case study: logistics network in Antwerpen, Belgium

For the case study, the same dataset of micro-economic buyer-supplier linkages in Belgium outlined

in the previous Chapter is used. Recall this dataset aggregated all buyer-supplier linkages from indi-

vidual companies to the zip code they reside. Each node in the network thus represents a zip code.

Each link between two nodes represents the total frequency of buyer-supplier linkages between them.

Although the previous Chapter attempted to ஹ஭nd the drivers of the community delineation by cal-

culating the within-module degrees and participation coeஸஹ஭cients, the rich variety (both in size as in

geography) of the node degrees, i.e. the total frequency of linkages leaving or arriving at the zip code

observed in Figure 3.1, is neglected in the community detection.

The comparison of Figures 2.4 and 3.1 illustrates the limitations of two commonly used network ap-

proaches, as already mentioned in the introduction. Community detection, although rendering spa-

tially homogenous communities, does not provide information on the local level, and as such, stim-

ulates false interpretations of homogeneity within communities, as has been seen in other work. Sec-

ond, the degree characteristics provide information on the variety of the nodes in the network, but

ignore the spatial relations. The Antwerpen community in blue for example has a strong internal

heterogeneity with the port as the major economic hub but is surrounded by locations with diஸferent

logistics importance. In addition, despite being classiஹ஭ed in diஸferent communities, companies in the

Antwerpen community have many buyers and suppliers around the country. This information is im-
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Figure 3.1: Node degree of the logisঞcs buyer-supplier linkages. The node degree is the total frequency of linkages
leaving or arriving at a zip code. Source: NBB.

portant since the goal is to understand the buyer-supplier hierarchical structure within the country,

but is addressed in neither of the two maps.

In what follows the methodology described in Section 3.3 is applied on the logistics buyer-supplier

system in Belgium. First the results of the iterative runs of the community detection algorithm are

displayed afிer which the focus lies on the communities and damping values of the Antwerpen case.

The focus on the Antwerp community results from its importance within the Belgian logistics system,

re஺ாected in the high number of linkages leaving and arriving there (Figure 2.3). It is also an easy choice

given its rather isolated location in the north of the country, with no other strong economic poles

in its immediate vicinity. Hence this will facilitate the interpretation of the results. The discussion

elaborates on the factors that contribute to the geographical and hierarchical variance of the damping

value. The diஸferent levels and damping values explained above, are summarized for the example zip

code in Figure 3.2 (city of Lier).
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Figure 3.2: Hierarchical levels and corresponding damping values qh. Source: NBB.

3.5 Results

Applying iterative community detection to the buyer-supplier network of Belgian logistics renders L1

and L2 communities as displayed in Figure 3.3 (the L3 communities are shown in Figure 2.4). A total

of 1155 zip-codeswere attributed to 7 L3-communities, 40 L2-communities and 81 L1 communities, ren-

dering three hierarchical borders for each individual zip code. Remark that almost all deஹ஭ned commu-

nities are spatially contiguous, even though no explicit spatial criterionwas introduced by the commu-

nity detection algorithm. This interesting property aligns with ஹ஭ndings in literature based on mobile

phone and commuting data (Blondel et al., 2010; Grauwin et al., 2017; Ratti et al., 2010; Sobolevsky

et al., 2013;Vanhoof et al., 2015) and suggests that geographymatters, also in logistics buyer-supplier sys-

tems. From the point of view of each individual node iterative community detection on the network

thus results in a spatial pattern where its closest hinterland is deஹ஭ned by its L1-community, extending

into a wider hinterland deஹ஭ned by its according L2-community and a widest hinterland made up by

its L3-community before entering the scope of the entire spatial network. This can also be observed

in Figure 3.2.
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(a) L2 communiঞes (b) L1 communiঞes

Figure 3.3: Lower level communiঞes in Belgium. Greyscale is used to di@erenঞate the communiঞes. Source: own
calculaঞons with data NBB

The distributions of the damping values for the hierarchical borders at level 1, 2 and 3 for all zip codes is

given in Figure 3.4. Distributions aremore or less normally shaped but apparently hierarchical borders

at diஸferent levels have diஸferent strengths in the Belgian logistics system with average damping values

being 0.32 for the L1 level, 0.55 for the L2 level and 0.21 for the L3 level. This contrasts with ஹ஭ndings by

Grauwin et al. (2017) where formobile phone networks in diஸferent countries, damping values tended

to have similar distributions for the diஸferent hierarchical levels.

Figure 3.4: Distribuঞon of di@erent damping values. Source: own calculaঞons.
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In order to understand how the deஹ஭nition of damping values at diஸferent hierarchical levels can lead

to an increased interpretation of the particular context of individual zip codes the focus lies on the case

of one L3 community, the Antwerpen community. The Antwerpen community results from the ஹ஭rst

iteration of the community detection algorithm on the buyer-suppliers network. Figure 3.5 provides

a zoom on the Antwerpen L3 community which corresponds to the blue area in Figure 2.4. The core

of the community is the city of Antwerpen of which the center is indicated with a star. The city is

surrounded by a ring road and has a large port (purple) located north along both banks of the river

Scheldt. Most economic activities outside the city are situated to the south, following the E19 and A12

highways towards Brussels, along the Albert canal towards the east and on the lefி bank in the west

where one ஹ஭nds the most recent developed port areas. The northeastern part of the community is

more suburban and even rural. A more detailed description of the location of logistics activities in

Antwerpen can be found in Verhetsel et al. (2015). In total, the community consists of 55 zip codes or

thus 55 nodes in the analyzed logistics buyer-supplier network.

Figure 3.5: Situaঞng the case of Antwerpen. Source: own composiঞon with data Open Street Map.
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(a) L2 communiঞes (b) L1 communiঞes

Figure 3.6: Lower level communiঞes for Antwerpen L3 Community (Figure 2.4). Greyscale is used to di@erenঞate the
communiঞes. Source: own calculaঞons with data NBB.

The L2 and L1 communities relating to the L3 Antwerpen community are mapped in Figure 3.6. At

the L2 level one can recognize the central city with the old port to its north. The industrial port with

its chemical cluster northwest of the city at the fringe of the L3 community, and the newest port de-

velopments on the lefி bank show up as individual L2 communities as well. Further the community

detection iteration identiஹ஭es the southernmetropolitan area and themore residential/rural northeast.

While all detected L2 communities contain at least two diஸferent zip codes, some zip codes form a com-

munity of their own at the L1 level. This is due to strong internal loops in the concerned zip codes,

meaning that buyer-supplier linkages within the own zip code are prominent.

Apart from observing spatially contiguous communities, the question arises to what extent an hierar-

chical structure is present within these communities. In other words, what exactly are the damping

values related to these hierarchical borders, what kind of spatial patterns appears andwhat do they tell

us about the role of individual zip codes?

Figure 3.7 plots the q1, q2, q3 values for all zip codes in the Antwerpen community. These values

56



represent the strength of the L1, L2, and L3 borders respectively. Overall the damping values show

strong geographical variance at each level as well as over the diஸferent levels. Although the damping

values are normally distributed around an average, Figure 3.7 clearly shows that summarizing this in-

formation in one damping value for all levels over the entire study area as proposed by Grauwin et al.

(2017) in his search for a universal model, comes with a neglect of their spatial variance.

The variance of damping values points out the unique positions that each zip code holds in the overall

network, depicting diஸferent relations to diஸferent borders at diஸferent levels. For example, the high

damping values for the L1 level obtained for the Antwerpen port area (see Figure 3.7b) indicate a

smaller importance of this level for those zip-codes. Likewise, in Figure 3.7c a group of zip codes in the

southeast show signiஹ஭cantly higher damping values at the L2 border compared to the L1 and L3 ones,

suggesting the relative insigniஹ஭cance of their L2 level. Remark that, given their deஹ஭nition, the con-

struction of damping values for a zip code is independent from its absolute number of buyer-supplier

linkages as can be observed by comparing the spatial pattern of node degrees in Figure 3.7a with the

spatial patterns of the damping values in Figure 3.7b, 3.7c, 3.7d.

Clearly, the analysis of damping values counters the suggestion of similarity between zip codes that is

implied by the discrete, spatially homogenous result of community detection. Indeed, each zip code

has its own characteristics when it comes to positioning in the proposed L1, L2 and L3 communities

and resultantly, a richer geography is detected. Still, some spatial grouping seems to emerge from Fig-

ure 3.7, with adjoining zip codes depicting similar damping values over diஸferent hierarchy levels.

57



(a) Node degrees (b) Damping values L1

(c) Damping values L2 (d) Damping values L3

Figure 3.7: Node degrees and damping values for the Antwerpen community. Source: own calculaঞons.

To more formally investigate such similarities and the related spatial pattern, a k-means clustering

of the damping values is applied. Figure 3.8 indicates three clusters as the ideal solution, which are

mapped in Figure 3.9 and, they too, are spatially quite contiguous but diஸfer rather strongly from the

presented L2 or L1 communities in Figure 3.6, meaning that a diஸferent kind of characterization took
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place compared to standard community detection. In other words, compared to the network hierar-

chy resulting from the iterative community detection, the geographical hierarchy within the region is

now observed. The applied k-means clustering yields three diஸferent classes of zip codes. Their aver-

age damping values for the diஸferent hierarchical borders are shown in Figure 3.9a, together with the

average damping values for all zip codes in Belgium.

Figure 3.8: Within-cluster sum of squares for di@erent number of clusters. Source: own calculaঞons.

Several insights can be derived from the properties of the k-means clustering based on damping values

as shown in Figure 3.7. Firstly the damping values obtained for the L3 community borders are not dif-

ferentiating the diஸferent clusters. Interestingly, compared to the Belgian average, q3 damping values

of the zip codes in the Antwerpen community are signiஹ஭cantly higher, demonstrating the importance

of the nodes in the Antwerpen community for the entire Belgian logistic system.

Secondly, it shows that zip codes attributed to clusters 1 and 2 (Figure 3.9a) donotdiஸferentiate amongst

themselves with relation to damping values for the q1 and q3 borders. Rather, it is the q2 border that

separates their proஹ஭les from each other. A rather high damping value at the L2 border for zip codes in

cluster 2 suggests the diஸference between L2 and L3 communities to be less relevant compared to the
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(a) Damping proCle of each k-means cluster.

(b) Geographical pa�ern of k-means clusters.

Figure 3.9: K-means cluster results. Source: own calculaঞons.
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other zip codes in the Antwerpen community. The zip codes attributed to cluster 1 show extremely

low damping values, indicating their peripheral role in the wider logistics network. Crosschecking

Figures 3.9 and 3.5 reveals the division between clusters 1 and 2 results from the distinct geography in

both regions. Cluster 1 comprises themost rural zip codes while cluster 2 consistsmostly of small cities

and residential areas within Antwerpen. In the remainder of this Chapter these are called rural and

residential clusters respectively.

Thirdly, it is clear that the lowest hierarchical border, q1, is diஸferentiating zip codes attributed to clus-

ter 3 in the k-means algorithm. The zip codes in cluster 3 include the economic areas in the port and

city center and will be called economic cluster from here on. Despite their large amount of internal

linkages (some of them form an L1 community on their own), their relative importance is signiஹ஭cantly

higher at their L2 community level compared to their L1 level. Interestingly, for these zip codes, the

distinction between L2 and L3 communities is similar to the average Belgian zip code, indicating the

relevance of this second hierarchical level (Figure 3.6a), even for these important nodes. Since these

second level communities correspond to the diஸferent port areas, the strong q2 indicates the relative

important diஸference between the lefி bank, the old port and the industrial port. While in the previous

Chapter they were classiஹ஭ed in one Antwerpen logistics cluster, the existence of the sub clusters is now

observed, proving the presence of an important geographical hierarchy in the network.

3.6 Discussion

In this Chapter a geographical perspective is applied on Grauwin et al. (2017)’s methodology to de-

lineate hierarchical levels and deஹ஭ne the strength of their borders in large networks. This approach

provides an empirical way to include the role of each individual location while assessing their rela-

tionships, a combination which has been overlooked in recent network applications in (transport)

geography.

When applying the approach to a network of logistics buyer-supplier linkages in Belgium, the results

clearly show that nodes located in the same community can exhibit strongly diஸfering relations with

diஸferent hierarchical levels. This is due to a strong geographical and hierarchical variation of the dis-
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tributions of links in space for diஸferent nodes.

The methodology presented here shows how one can capture such geographical and hierarchical vari-

ation for each node individually by calculating its damping values. One of the main ஹ஭ndings is a

high diversity among damping values calculated for buyer-supplier linkages, both between nodes and

between hierarchical levels (Figure 3.4). This in contrast to the ஹ஭ndings for mobile phone commu-

nication networks where damping values show similar distributions at diஸferent hierarchical levels

(Grauwin et al., 2017). This variation indicates the need for better insights both on the local context

of individual nodes as on the existence of hierarchies when interpreting or even modeling linkages.

A second important ஹ஭nding is that despite their high variety, damping values for logistics buyer-supplier

linkages show spatial patterns at the regional level (Figure 3.7). A simple k-means cluster algorithm

based on the calculated damping values helps to describe the underlying geography of the Antwerpen

community (Figure 3.9). The algorithm yields clusters based on the relation of individual nodes over

the diஸferent hierarchical levels in the network. These clusters can then be interpret by combining ex-

pert, i.e. geographical, knowledge and a detailed study of the damping value proஹ஭les. This diஸferences

between these clusters lead to a renewed insight in the regional diஸferences now based on the relation

of individual nodes over hierarchical levels. It hereby unveils a geographical hierarchy of the Antwerp
community, diஸferent from the network one which is solely based on the (iterative) community detec-
tion.

The analysis of the diஸferent cluster proஹ஭les in Figure 3.9 allows us to understand how hierarchical

levels are experienced diஸferently for each cluster. Given its rather complex deஹ஭nition, the disadvan-

tage of damping values in this perspective is that their interpretation is not always trivial.

Concerning the low q1 damping values for the rural and residential clusters, for example, it is worth-

while to understand that the main driver is the expansion of the set of considered zip codes. Indeed,

when climbing an hierarchical level and given that the added zip codes show similar network charac-

teristics, theW in the deஹ஭nition of damping values will increase, triggering a decrease of the damping
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Table 3.1: Absolute Yows and damping value over each hierarchy for one zip code per cluster

Level Th Wh qh

L1 460 19,253 0.24
L2 437 75,959 0.97
L3 1,715 306,934 0.41
Belgium 3,088 1,332,829

Source: own calculations with data NBB

values.

An example of a zip code attributed to the residential cluster (city of Lier, zip code 2500, see Figure 3.7)

is taken for demonstration. The low damping value for the q1 border results out of T12500 ≈ T22500
whileW2

2500 ≫ W1
2500 (Table 3.1). The diminishing importance of this zip code at the L2 level is due

to the L2 level being a merge of several zip codes with similar node degree (size of logistics activities)

and linkages distribution (diversity of its network). In the L1 community each zip code has a share

amongst 4 to 10 similar zip codes and in the L2 community they are joined by more or less 20 other

similar zip codes, decreasing the relative importance of a single zip code, like Lier, which translates in

an important damping between the two levels.

If, when scaling up, added zip codes do not show similar characteristics, the observed damping values

become the result of a complex interplay of relative gains in importance and connectivity at the higher

hierarchical level, despite the enlargement of the set of considered zip codes. This is the case for the

residential cluster where transferring fromL 2 to L3 means adding zip codes that are either very impor-

tant (port areas) or less signiஹ஭cant (northeastern rural areas), resulting in amore complex construction

of damping values and thus a less trivial interpretation. The q2 for the city of Lier in the residential

cluster is a good example. Adding the port area at the L3 level results in a higherW3
2500 due to themany

buyer-supplier linkages at the port. In the meantime the port is an important buyer and supplier for

the city as well, increasing T32500. The extend of this connectivity, enforced by the lower connectivity

of the zip codes from the northeastern rural areas that were also added at the L3 level results in a rather
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high damping value for the city, even thoughW3
2500 went signiஹ஭cantly up by adding highly connected

zip codes like the port area to the equation.

In summary, the proஹ஭les of the rural and residential clusters demonstrate the mechanics that are be-

hind the calculation of damping values and that make their interpretation non-trivial. The main

premise, however, stands: the absolute damping value depends on how important a node is within its

Lh community compared to the joining communities at Lh+1. The more important it is (in terms of

஺ாows and connectivity) the lower your damping value will be.

An understanding of these mechanics allows for an interpretation of the diஸferent obtained clusters.

Clearly, the rural and residential clusters are locally well embeddedwith their zip codes having a higher

importance at lower scale levels. For the former, this loss of importance is constant when transgress-

ing all hierarchical levels meaning that increasing hierarchy implicates decreasing importance for the

involved zip codes. This is not surprising given the rural nature of the involved zip codes.

The residential cluster, on the other hand, does not display constant damping values for all hierar-

chical levels and has a remarkable high damping value for q2. The clear gain of importance in the L3

level is due to two factors. First, the L3 level introduces a strong relation between the central zip codes

of the residential cluster and the port area. Secondly, at the L1 level, the central zip codes contrast with

the less important zip codes from the rural cluster, both ofwhich add to the importance of the residen-

tial one at the level of the Antwerpen community. All of this yields an interpretation of the residential

cluster being a set of zip codes that have similar characteristics and are rather locally focused, but as a

group play an important role at the level of the Antwerpen community.

Finally, the economic cluster is the most interesting case. The extremely high q1 value indicates the

high within-community links at the L2 hierarchical level (which are the three diஸferent parts of the

port) compared to the L1 level (which are the diஸferent zip codes of the port individually). In addition,

the value for q2 similar to that of the Belgian average implicates the zip codes in the economic cluster

are well linked within the L3 level too. This pattern is indicative for the zip codes in the economic
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cluster being the glue of the Antwerpen community. They can be perceived as economic hubs at the

center of their region, which is not diஸஹ஭cult to imagine when one evaluates their location within the

central business district and the port area. The higher than average q3 indicates their relative impor-

tance within Belgium as well.

Evenwithout assessing the absolute number of buyer-supplier linkages it is easy to understand that, in

traditional community detection algorithms (like deployed to arrive at the L3 level) it are the zip codes

of the economic cluster that are most important in delineating the Antwerpen community. How-

ever, as the zip codes in the two other clusters constitute the largest share of the overall network, it

becomes clear how typical applications of community detection do not tap into a signiஹ஭cant part of

the available information that emergent large datasets provide.

3.7 Conclusions and future research

ThisChapter applies three iterations of theLouvain community detection algorithm touncover the hi-

erarchical structure in the logistics buyer-supplier network in Belgium. By applying the methodology

proposed by Grauwin et al. (2017), second and third level communities are received within the ones

previously deஹ஭ned for the whole Belgium scale (Chapter 2). Similarly to the high level communities

and community delineations in other studies (Blondel et al., 2010; Kung et al., 2014; Nelson and Rae,

2016; Ratti et al., 2010; Vanhoof et al., 2015), the second and ஹ஭rst level communities exhibit a strong

spatial contiguity. Next, like Grauwin and his colleagues, three damping values are calculated for each

node in the network, providing information on the strength of the borders between each hierarchi-

cal level. This strength represents the in- or decrease of the relative importance of a node amongst its

peers when transitioning a level. To better understand the spatial patterns of damping values in the

case study, a simple k-means clustering is applied, which yields three distinct regions and allows for a

better understanding of the forces behind the community delineations.

The creation of spatial patterns from hierarchical characteristics in networks has not yet been per-

formed in previouswork. The applied approach therefore could enhance studies likeRatti et al. (2010)

or Nelson and Rae (2016) that try to redraw the map of the UK or recreate the US economic geogra-
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phy by one-level community detection algorithms only. The problem this approach solves is that, as

is discussed for the Antwerpen community, high-level communities delineated by using one iteration

of community detection aremostly based on the delineation of the strongest nodes hereby concealing

the in஺ாuence and relations of less important nodes. Given that less important nodes ofிen constitute

a considerable share of the overall network, many of the community detection applications overlook

a signiஹ஭cant part of their data hereby grasping only a small portion of the overwhelming potential the

new big datasets provide. A critique that has also been posed by Schwanen (2016) and Kwan (2016),

who notice the lack of attention for the local context in current big data analysis.

Furthermore, another ஹ஭nding is that damping values calculated on the buyer-supplier linkages display

a strong geographical and hierarchical variance, highlighting the diஸference among individual nodes

within the dataset. Especially the large hierarchical variance of damping values is in contrast with pre-

viousworkwhere ஹ஭ndings of constant damping led to a generalizingpredictivemodel ofmobile phone

communication (Grauwin et al., 2017). It is concluded that for logistics such a model will probably

not holdmeaning that insights on the local context and existence of hierarchies are necessary to under-

stand the complex relations of buyer-supplier linkages in logistics, rather than generalizing principles.

In the presented case study, the k-means clustering of nodes based on their damping values serves

well in relating these values to a local context and facilitated the detection of a geographical hierarchy

that contrasts the network hierarchy. While the applied methodology directs attention to the speciஹ஭c

nodes in the network, this attempt is merely a ஹ஭rst step on one of plausibly multiple pathways that

can reconcile network-based insights and more qualitative, localized insights. It has, in other words,

not been in the scope of this Chapter to fully integrate localized qualitative insights with damping

values. Rather, it is demonstrated that the potential is there. What can be stated, however, is that if

we were to fully exploit the potential of network-based big data analysis for Transport Geography, the

combination of qualitative insights and quantitative analysis should eventually lead to theorization or

relevant input for decision making.

Potential ideas, and thus suggestions for future research, are to link the resulting geographical hier-
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archy to consecutive steps in a hub-and-spoke structured supply chain, in which case diஸferent regions

demand diஸferent zonal planning, although additional input from logistics stakeholders would be nec-

essary. Or, to elaborate a comparison of the k-means clusters over the country to allow the identiஹ஭ca-

tion of over- and underperformers from a logistics perspective. Understanding the drivers of the ob-

served diஸferences and the comparison with previously identiஹ஭ed key factors in஺ாuencing the location

decision of logistics companies (e.g. (Verhetsel et al., 2015)) could potentially allow for new insights in

the latter. Similarly, the application of the used methodology on public transport data may help to

identify missing links between some regions and overcapacity on other connections when comparing

resulting hierarchical communities with, for example, delineations of daily urban systems. Although

in these examples the proposed methodology can lead to more advanced geographical insights, hence

aiding in reaching the level of mesogeographyMiller (2018) advocates, they all demand that extra step

of integrative qualitative analysis that now forms the next step to address.
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4
Identifying the geography of online

shopping adoption in Belgium

Thelogisticsnetworkisnot justheterogeneouslyscatteredatthenationalscale.

Network methodologies were used in the previous two Chapters to uncover its spatial pattern. Also

at amore detailed scale interactions are shaping the structure of the sector. As introduced in Chapter 1,

the origin of these interactions lies in the increased role of the end consumer, which results from the

widespread adoption of the internet as retail channel. To study the impact of these interactions, one

thus ஹ஭rst has to understand this consumer. This is the topic of the current Chapter.*

*This chapter is originally published asBeckers J, Cárdenas ID,VerhestelA. 2018a. Identifying the geography
of online shopping adoption in Belgium. Journal of Retailing and Consumer Servicॽ 45: 33–41
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4.1 Introduction

Twenty-three years afிer the founding of Amazon, business-to-consumer electronic commerce (B2C

e-commerce) keeps rising. Over the last six years, Europe experienced an average annual increase in

online sales turnover of 16% (E-commerce Europe, 2016b). Despite persistent growth rates around the

EU however, levels of e-commerce adoption vary greatly among diஸferent member states. While only

16% of the population ofWestern Europe never shopped online in 2016, this number rises to 40% for

Eastern Europe (Eurostat, 2019)

The popularity of internet shopping provides retailers the opportunity of opening an additional dis-

tribution channel. At the same moment however it oஸfers customers a wider market to choose from,

hence increasing local competition and consumer power (Boschma andWeltevreden, 2008; Weltevre-

den and van Rietbergen, 2007). In response, retailers are required to be present online and ideally

consider eஸfective integration of their online and oஸ஺ாine channels (Rimmer and Kam, 2018). In ad-

dition, in order to stand out brand creation and marketing have now become even more important,

both for traditional and virtual merchants (Doherty and Ellis‐Chadwick, 2010).

In parallel, the demand for home delivery services is growing at similar pace, resulting in a fragmen-

tation of the goods distribution ஺ாows to the extent of a single item per delivery (Gevaers et al., 2011;

Hesse, 2002). In consequence, recent literature estimates that up to 75% of the delivery costs originate

from the last part of the distribution chain, i.e. the last mile (Gevaers et al., 2014). This not only puts

pressure on traditional delivery models but threatens the livability of some urban areas, due to the

increase in light good vehicles delivering parcels associated with the growth in online sales (Anderson

and Leinbach, 2007; Browne, 2001; Cherrett et al., 2012).

Resultantly, local administrators are facing pressure to accommodate sustainable growth in online

shipments while simultaneously attempting to prevent the disintegration of retail areas within their

jurisdiction (Browne and Allen, 1999). The former has resulted in an increased awareness for freight

planning within cities’ administrations, a topic which up to now has always been overshadowed by
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the focus on passenger transport (Kiba-Janiak, 2017; Lindholm and Behrends, 2012). Furthermore, at-

tempts are taken to improve the shopping experience within retail areas to limit the substitution of

traditional purchases by online orders. Examples include investments in cycle hubs to store purchased

goods or facility areas with pick-up points in main shopping streets as to attract online shoppers in

nearby stores (Gómez et al., 2017).

As has been proven in multiple studies over the past two decades, the continuing relevance of geog-

raphy for all stakeholders involved should not be underestimated (Anderson et al., 2003; Boschma

and Weltevreden, 2008; Couclelis, 2004). Besides international diஸferences, socio-economic and geo-

graphical factors do diஸferentiate the online shopping behaviour within a single country (Clarke et al.,

2015; Farag et al., 2006b). Whether these regional diஸferences in online shopping are due to accessibil-

ity issues or varying openness to innovation remains under study (Motte-baumvol et al., 2017).

While there is agreement that knowledge on regional variations in online shopping holds great mar-

keting value, these also imply that the demand for e-commerce goods can change from one neighbor-

hood to another. Given the forecast of continuing e-commerce growth, knowledge concerning the

e-shopper’s proஹ஭le and his related delivery preferences or failed delivery rates may help the courier, ex-

press and parcel (CEP) industry to balance cost eஸஹ஭ciency and environmental sustainability in the last

mile of e-commerce. In addition, it may provide local authorities the possibility to more eஸஹ஭ciently

implement sustainable urban logistics planning initiatives or e-resilience measures. Finally, it can sup-

port retailers to further improve their oஸ஺ாine and online integration.

Given the valueofunderstanding the geographyof theonline shopper, the spatial patternof e-commerce

demand is analyzed here using data on Belgium. With nearly 60% of the population buying online

(Eurostat, 2019) and growth rates of over 10% for the business-to-consumer (B2C) online turnover (E-

commerce Europe, 2016a), currently observed impacts will be fast growing in the coming years. As a

result, there is an urge for more eஸஹ஭cient and environmental friendly logistic solutions, for conscious

local authorities and for well-informed retailers that take into account the geography of the demand

of e-commerce.
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This motivation leads to the construction of two research questions. Afிer the introduction of the

methodology, Section 4.4.1 tests whether previous ஹ஭ndings of socio-economic factors impacting on-

line shopping behavior currently hold in Belgium. In other words: who ॾ the Belgian e-shopper?
Second, the current literature on the topic is advanced, knowing the characteristics of the Belgian e-

shopper and given the socio-economic proஹ஭les of each Belgian neighborhood, by answering the ques-

tion: where doॽ the e-shopper live? The answers to these research questions should help to identify
the extent to which the speciஹ஭c geography of e-commerce matters for the stakeholders involved. This

Chapter is concluded in Section 4.6 with suggested paths for further research.

4.2 Literature review

Already at the end of the nineties, at the height of the dot-com bubble, researchers in the ஹ஭eld of

marketing were studying the relation between socio-economic characteristics and the demand for e-

commerce. The main goal of these studies was to predict the chances of online shopping based on

behavioral characteristics. Early publications identiஹ஭ed the better-educated males from 26 to 35 year

old with high incomes as the earliest cybershoppers (Donthu and Garcia, 1999; Kau et al., 2003; Sim

and Koi, 2002; Vrechopoulos et al., 2001). These ஹ஭ndings were later conஹ஭rmed by similar studies in

the ஹ஭eld of economic geography. First by Farag et al. (2006b) in their study of e-shopping in the

Netherlands, who found a nonlinear relationship between age and buying online: up to the age of 33,

the likelihood of buying increases afிer which it decreases again. Nine years later Clarke et al. (2015)

came to similar conclusions for e-shoppers in the UK, although the maximum frequency of online

shopping fell in the age category 35-39. Like the previous studies, also in the UK a strong positive cor-

relation seemed to exist between household income and online shopping frequency.

Later, researchers adopted spatial components like urban-rural diஸferences in similar studies starting

with Anderson et al. (2003). He formulated two possible but opposite hypotheses concerning the

spatial diஸfusion of e-commerce adoption. First, the eஸஹ஭ciency hypothesis states a fast penetration of

online shopping can be expected in more remote areas where e-commerce improves retail accessibility.

Contrary the innovation-diஸfusion hypothesis expects early e-shopping to be limited to urban areas
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because new technologies are assumed to start in these centers of innovation, afிer which they diஸfuse

to other regions.

Despite their contrasting nature, both hypotheses proved not to be mutually exclusive. Studies in

various countries indeed ஹ஭nd shoppers in metropolitan areas to be more prone to use the online

channel and also observe the diஸfusion of online shopping to more rural areas over time, supporting

Anderson’s innovation-diஸfusion (Clarke et al., 2015; Farag et al., 2006b,a; Kirby-Hawkins et al., 2018;

Motte-baumvol et al., 2017; Zhou andWang, 2014). However, others did ஹ஭nd proof for the eஸஹ஭ciency

hypothesis as well, with higher frequencies for the online shoppers in less accessible areas and the iden-

tiஹ஭cation of accessibility issues as a major driver for e-commerce (Cao et al., 2013; Farag et al., 2006b;

Kirby-Hawkins et al., 2018; Motte-baumvol et al., 2017).

The work on the socio-economic and spatial characteristics of the online shopper implies that the

e-commerce demand is not uniformly distributed over the population. As mentioned before, this has

been acknowledged by various authors already. Examples include amongst others the assessment of

infrastructure decisions in an e-commerce context. As such, in an attempt to improve the eஸஹ஭ciency of

the last mile of urban goods ஺ாows, Ducret et al. (2016) use population density and income ஹ஭gures to

list recommendations for logistics infrastructure. This way the authors highlight the value of spatial

data for urban freight modeling. In other works authors adopt a retailer perspective and use the socio

demographic aspects of online revenue data to asses online and oஸ஺ாine strategies (Birkin et al., 2017;

Kirby-Hawkins et al., 2018).

The wider city logistics literature on the contrary, concerned with the trade-oஸf between eஸஹ஭cient and

sustainable distribution in and around the city has paid little to none attention to the importance

of geographical variables when studying (the distribution of) e-commerce. With the exception of a

small set of works based on empirical data (e.g. Ducret et al., 2016; Weltevreden and van Rietbergen,

2007; Zhou and Wang, 2014), the majority of the B2C city logistics literature assumes the demand

is uniformly distributed over the population. Nonetheless, the initial distribution of this demand is

the starting point for most of the quantitative analyses, like the assessment of the potential of green
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transportation vehicles or the reduction of social costs through collaboration among logistics players

(Arvidsson and Pazirandeh, 2017; Gonzalez-Feliu et al., 2012; Lin et al., 2016;McLeod et al., 2006; Park

et al., 2016). This may imply signiஹ஭cant diஸferences, especially when working with detailed data.

This Chapter tests whether previous ஹ஭ndings concerning the role of socio-economic and spatial vari-

ables in the variability of e-commerce demand also hold in Belgium. This is done by identifying the

relevant explaining variables of the probability a Belgian internet user shops online. In a second step,

the expected number of online purchases for each spatial unit is predicted. Finally, this modeled de-

mand is confronted with the population distribution to better quantify the variation in e-commerce

demand. This Chapter is concluded by assessing the value of knowing the spatial variation for the

diஸferent stakeholders involved.

4.3 Data and methodology

The online shopper is identiஹ஭ed by using the E-commerce in Belgium 2016 questionnaire organized
by the Belgian retail federation Comeos. This online survey was conducted from the beginning of

March to the end of April 2016 and polls the online shopping frequency of over 1500 Belgians for dif-

ferent categories (e.g. toys, food, ...). The respondents were selected representatively according to the

age, gender and regional quota of the country from a database of over 200,000 regular participants

(www.futuretalkers.com). Although participation is to be decided by the respondent, response be-

havior and time was leveled out due to tracking of previous online polling behavior.

In addition to a range of e-commerce questions, the survey collected the socio-economic variables

listed in Table 4.1. Further, the morphology (urban/suburban/rural) of the zip code where the indi-

vidual resides is included as well. The morphology is identiஹ஭ed through the work of Luyten and Van

Hecke (2007) and serves to test the hypothesis proposed by Anderson et al. (2003) on online diஸfer-

ences between urban and rural areas. Despite their careful delineation, one has to remain prudent

when comparing this morphological subdivision with other countries. Belgium, and especially its

northern part, has a particular nebular (sub)urbanized landscape (VanMeeteren et al., 2016). This re-

sults from a continuous fragmentation of the countryside by urbanization related processes (Antrop,
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2004). As a consequence, rurality in Belgium, with the exception of some areas in the south of the

country, is not as remote as it can be in other countries.

Table 4.1: Variable levels in the survey used in the staঞsঞcal analysis. The representaঞveness of the survey is indi-
cated between brackets: (% of respondents in that level |% of Belgians in that level)

Gender Number of
children Education Age

Household
income (net
€/month)

L0 ( reference) Female
(51|51)

0
(71|65)

Lower high school
(15|40)

18-29
(19|16)

<500
(2|10)

L1 Male
(49|49)

1-2
(25|28)

High school
(62|32)

30-39
(20|17)

500-1249
(19|17)

L2 3-4
(4|6)

Higher education
(20|27)

40-49
(22|19)

1250-1749
(30|17)

L3 4+
(0.2|0.2)

Post-master
(2|0.6)

50-59
(22|17)

1750-2499
(26|19)

L4 60-69
(17|13)

2499-3249
(14|12)

L5 70+
(0.7|17)

3250-4249
(7|9)

L6 >4250
(2|15)

Source: own calculations with data Comeos and Statistics Belgium (2014)

The sample of respondents ranges from 18 to 70-year-olds, has an equal gender balance and is rep-

resentative of Belgium’s language structure (60/40 ratio Dutch/French speaking). However, there is

an overrepresentation of childless households, individuals holding only a high school diploma and

mid-level incomes (Table 4.1). The higher educated, the eldest and the lowest income households, on

the contrary, are underrepresented in the sample. General shopping characteristics of diஸferent socio-

demographic groups can be found in the yearly e-commerce report of the retail federation (Comeos,

2016). However, a comprehensive analysis that crosschecks the entire sample is missing up to now. In

this Chapter, such an analysis is provided by looking for the socio-economic characteristics that have
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a signiஹ஭cant in஺ாuence on the probability that one shops online.

The questioned online shopping frequency is used to answer the ஹ஭rst research question who ॾ the
online shopper. In the original survey, each respondent could select one of seven categories to answer
the question “How frequently do you buy something via the Internet (for personal purposes)?” (i.e.

never; less than once a year; every 6 to 12 months; every 3 to 6 months; every 1 to 3 months; monthly:

weekly). Of the total sample, 42% never bought online before. Resultantly, any study analyzing shop-

ping frequency or spending would have to work with less than 1000 data points. Since this would

restrict the statistical signiஹ஭cance toomuch, the choice was made to calculate the signiஹ஭cance of the in-

஺ாuence that diஸferent socio-economic characteristics have on the probability one shopped at least once

online during the last twelve months. Since the dependent variable becomes dichotomous (Yes/No),

the use of a logistic regression is advised. To calculate a binary prediction from any type of predicting

variable, the logistic regression models the probability p of the occurrence of an event through the

logarithm of the odds ratio in a logit function:

logit(p) = ln
p

1− p
(4.1)

This logit-transformed probability p is a continuous functionwhich can be used to predict parameters

β for predictors x1, x2… and to test their signiஹ஭cance via the following linear regression:

logit(p) = β0 + β1x1 + β2x2 + ... (4.2)

The odds one bought online at least once during the last twelve months then becomes:

p
1− p

= eβ0+β1x1+β2x2+... (4.3)

Assume x1 variable 1 in Table 4.1, equation 4.3 implies the odds a male bought online over the odds a

female bought online, increases with eβ1 , keeping all other variables constant.

For studying the second research questionwhere doॽ the online shopper live, the e-commerce demand
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is mapped by estimating the potential e-shoppers in each neighborhood (census statistical sector) in

the country. The statistical sectors are delineated at detailed geographical level, resulting in almost

20,000 sectors averaging 1.54km² (Jamagne, 2001). The geographical extrapolation of the statistical

outcome of the ஹ஭rst analysis is possible because of the socio-economic information provided by the

Census 2011 and the yearly publication of various tax statistics at the same geographical level (Statistics

Belgium, 2014, 2018).

Except for the tax statistics, which have to be redistributed, all variable levels are equivalent in both

the survey and the statistical sector units, which facilitates the extrapolation. The tax statistics do in-

clude the median, the interquartile range and an interquartile coeஸஹ஭cient for each statistical sector and

the cumulative density function of the income distribution per 1000e (yearly) for the whole popula-

tion, which allows the calculation of the shares of each sector’s population within the income classes

deஹ஭ned in the survey. This permits the prediction of an estimated total amount of potential online

shoppers in each neighborhood through the statistical model from the ஹ஭rst part, which will be visual-

ized geographically.

Finally, to test the extent to which the e-commerce demand is proportional to the distribution of the

population, the number of modeled online shoppers is confronted with an assumed constant pene-

tration rate of online shopping for each sector. The applied rate equals the average amount of buyers

resulting from the model to assure the total sum of buyers remains the same during the comparison.

4.4 Results

4.4.1 Who is the online shopper?

According to the results of the Comeos survey, 57% of the Belgian internet users bought online at least

once in the period April 2015 – April 2016, which is similar to the value published in the independent

Eurostat survey on the Digital economy and society (Eurostat 2019, see Figure 4.1). Compared to its

direct neighbors, the overall percentage of Belgian residents with minimum one purchase in the 2015

is quite low.
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Figure 4.1: Percentage of online shoppers in Belgium compared to its neighboring countries. Source: own composi-
ঞon with data Eurostat (2019)

.

Further, similar to the ஹ஭ndings of other academic research, the highest percentages of online shoppers

are found in age groups 25 till 40 years old (Figures 4.2a and 4.2b). In comparison to the work of

Clarke et al. (2015) in the UK however, online shopping percentages are still lower for each category

with exception of the 60-64 interval. Inter-categorical diஸferences are lower in Belgium, shown by

the gradual slope of the overall graph, implying an almost homogeneous e-shopping behavior over

diஸferent age classes. Remark that the eldest age category is absent from Figure 4.2a. If available, the

inclusion of this category could potentially in஺ாuence the rather gradual slope to a steeper one in the

end, like in Figure 4.2b.

The ஹ஭rst run of the logistic regression includes all variables listed in Table 4.1 since a variance in஺ாation

test did not identify any correlation among them. Themaximum likelihood test of this regression can

be found in Table 4.2. The large decrease in residual deviance given the degrees of freedom proves the

signiஹ஭cance of the model under the χ2 distribution. Further, the analysis of variance identiஹ஭es only

the variables income, gender, age and education as signiஹ஭cant at the 5% level. This means that the

number of children does not seem to have an eஸfect on the probability to buy online. Next, the mor-

phology neither has a signiஹ஭cant in஺ாuence on the online shopping behavior. Urban, suburban and
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(a) Comeos survey

(b) Clarke et al. (2015)

Figure 4.2: Online shopping frequency over di@erent age groups. Source: own composiঞon with data Comeos.
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Table 4.2: Maximum likelihood test

Df Deviance Resid. Df Resid. Dev Pr(>Chi)
NULL 1585 2159.7
Income 6 87.456 1579 2072.3 2.2e-16 ***
Gender 1 7.478 1578 2064.8 0.00624 ***
Age 5 12.898 1573 2051.9 0.0244 **
Number of children 3 8.257 1568 2043.6 0.143
Education 3 28.146 1565 2015.5 3.385e-06 ***
Morphology 2 2.124 1563 2013.4 0.35787

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: own calculations with data Comeos

rural Belgians have similar chances of buying online, which is in line with the results found by Clarke

et al. (2015). It is hard to pinpoint the exact origin of this insigniஹ஭cance but assuming accessibility

does in஺ாuence online shopping probability (cf. eஸஹ஭ciency hypothesis), a ஹ஭rst possible explanation can

be the lack of remote rural areas like they exist in countries with really peripheral and low accessible

regions. This is due to the historical urban sprawl in Belgium, with a fragmented landscape character-

ized by a fairly homogeneous distribution of shop density outside the city centers as a consequence

(Verhetsel et al., 2010). Resultantly, shop accessibility in many suburban and rural regions is suஸஹ஭-

ciently high to prevent a turn towards the online retail channel. A second explanation can be found

in Anderson’s adoption theory, assuming Belgium’s progress on the e-commerce adoption timeline is

quite advanced. This would mean e-commerce adoption grew beyond the early urban adopters to an

almost equal share around the country. Although this conclusion seems doubtful given the country’s

rather low percentage of online shoppers compared to its neighbors (cf. Figures 4.1 and 4.2), it can

only be conஹ஭rmed through a longitudinal study.

Only the signiஹ஭cant variables fromTable 4.2 are retained in the second logitmodel of which the result-

ing estimates with their standard error are displayed in Table 4.3. The very low intercept indicates the

probability of shopping online when x1, x2, ... in equation 4.2 are zero. This is the case when β1, β2...

are the respective reference levels of the diஸferent predictors (cf. Table 4.1). This low value hence in-
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dicates low shopping probabilities for lowly educated, low income, young woman with no children.

Concerning the individual variables, higher income categories seem to have higher probabilities to

shop online compared to the base category of incomes lower than 500€ per month. Given the close

relationship between the levels, it makes sense only the higher categories display signiஹ஭cance. Besides

the income, gender is another important diஸferentiator with the odds of men shopping online being

e0.32 or 1.4 times higher than for women. The analysis of variance pointed to a lesser signiஹ஭cance of

the variable age, which returns herewith no signiஹ஭cant diஸferences among the various levels. Although

internet users in their 30ies have higher probabilities of shopping online compared to those in their

20ies, the sign of the estimated coeஸஹ஭cient varies among the older age groups. The inconsistency of the

age variable was predictable given its distribution in Figure 4.2a, i.e. with small diஸferences between

the various categories. Finally, the level of education strongly in஺ாuences the online shopping odds

in a positive direction: the higher the education level, the higher the probability of being an online

shopper. One can conclude from the analysis that the well-educated male with good income in his

30ies has the highest odds of shopping online, which makes the Belgian online shopper similar to the

proஹ஭les identiஹ஭ed in earlier works elsewhere.

4.4.2 Where does the online shopper live?

The ஹ஭nal model including all variables in Table 4.3 considers all Belgians older than 20 years old and

predicts a buying percentage of 50%when estimating the absolute number of online shoppers in each

neighborhood. This is lower than the 57% of both the original survey and the Eurostat study. Al-

though no information is present on the Eurostat data, the diஸference with the retail federation’s sur-

vey may be explained by the uneven distribution of its target population over the variable levels (Ta-

ble 4.1). First, since the original survey is conducted through a web platform it only reaches people

with internet access. Although the internet penetration in Belgium is high (87%, Eurostat 2019), the

online panelist may be more acquitted to internet usage compared to the average Belgian and may

thus have a higher probability to shop online. Further, as mentioned in Section 4.3, one can observe

a considerable underrepresentation of the eldest age group, of the lowest and highest income groups,

and of the lowest educational level in the survey. Except for the highest incomes, the three other classes
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Table 4.3: Logit regression results

Dependent variable:
Bought online (Y/N)

Income 500-1249 .05
Income 1250-1749 .68
Income 1750-2499 .68
Income 2500-3249 1.25∗∗∗
Income 3250-4250 1.30∗∗∗
Income > 4250 .96
Gender male .32∗∗∗
Age 30-39 .28
Age 40-49 .05
Age 50-59 −.11
Age 60-69 .08
Age ≥ 70 −.98
High school .54∗∗∗
Higher education .97∗∗∗
Post-university 1.26∗∗
Intercept −1.09∗∗

Observations 1,586
Log Likelihood −1,011.84
Akaike Inf. Crit. 2,055.68

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: own calculations with data Comeos
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have signiஹ஭cantly lower probabilities for online shopping, which means their underrepresentation re-

sults in an overestimation of the total online shopping percentage in the survey. From this point of

view, one can conclude that the real amount of Belgian shopping online lies somewhere between the

model’s estimation of 50% and the 57% derived from the survey.

The resulting geographical extrapolation is mapped in Figure 4.3a. The model predicts more buy-

ers in the northern part of the country, in and around the large cities. Further, the traditional axis of

industrial cities fromCharleroi to Liège appears. Next to the few remaining rural areas in the northern

part of Belgium, especially the southern, rural part of the country (the Ardennes) has fewer potential

online shoppers. In addition, Figure 4.3b displays the percentage of online shoppers per statistical sec-

tor. This map demonstrates the spatial footprint of the interaction between the diஸferent impacting

socio-economic variables which for example in Brussels results in lower percentages mainly in the low-

income neighborhoods in the west of the agglomeration. Amore elaborate discussion of these results

is presented in the next section.
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(a) Potenঞal absolute amount of online shoppers per staঞsঞcal sector

(b) Percentage of potenঞal online shoppers per staঞsঞcal sector

Figure 4.3: Extrapolaঞon of the online buyers over Belgium. Source: own calculaঞons.
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4.5 Discussion

Because the logistic regression proves various socio-economic variables have a signiஹ஭cant impact on the

probability one buys online and assuming each online purchase is delivered at the shopper’s residence,

the demand for e-commerce deliveries is not evenly distributed over the population. For example,

demand can vary drastically between two neighborhoods with similar population sizes but with con-

trasting income levels. Given that in Belgium relatively more lower income neighborhoods can be

found in cities that have on average higher population densities, the urban e-commerce demand den-

sity might exhibit an inverse relation with the population density.

In other neighborhoods the socio-economic proஹ஭le may enforce the diஸferences in population den-

sity. For example, rich and densely populated areas with a large share of middle-aged highly educated

families could yield very high concentrations of potential e-commerce demand. This is observed in

the wealthy neighborhoods in and around Brussels and Antwerp. On the contrary rural areas with a

poorer, less educated and elder population may show very low demand.

Toassess the implicationof the signiஹ஭canceof some socio-economicparameters, themodeled e-shopper

is overlaid with a null model in Figure 4.4. This null model is generated by assuming that 50% of the

population in each statistical sector shops online, as predicted in step 2. The homogeneous distribu-

tion over the population represents the perspective ofmany stakeholders on the geographical distribu-

tion of the demand. Red areas identify statistical sectors where the full model predicts less than 50%

of the population buying online, i.e. where traditional models overestimate the number of buyers. In

Belgium, this is in northwest Brussels, around Antwerp, at the coast and in large parts of theWalloon

industrial axis. While the large populations there ensure the absolute number of e-shoppers remains

high (see Figure 4.3a), the density of e-commerce demandwill not reach the levels the population den-

sity promises due to the lower socio-economic status of its residents. In some places, dissimilarities of

over 50% between both models can be observed.

The light green patches in more suburban areas point to an underestimation of the potential number
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of e-shoppers in the null model. Although these patches occur frequently, the relative underestima-

tion remains quite low with values between 10 and 25%.

Finally, in some parts of the most rural areas in the west and south of the country, fewer orders oc-

cur in the full model compared to the null model. This is also observed in Figure 4.3b with lower

shares for these regions. The combination of a sparse population with less than average e-shopping

probabilities results in a very low e-commerce demand.

Figure 4.4: Modeled order density vs populaঞon density (manual breaks). Source: own calculaঞons.

The diஸferences between the full model and the null model in Figure 4.4 imply that, when distribut-

ing the e-shoppers homogeneously over the population, there will be under- and overrepresentations

of the real e-commerce demand. These ஹ஭ndings have signiஹ஭cant value for practitioners and academics

workingwith e-commercemarket analyses. For example for logistics carriers concernedwith the imple-

86



mentation of collection-and-delivery points (CDP). Originally installed to redirect not-at-home deliv-

eries, these locations evolved to ameans to consolidate shipments, hence reducing the delivery costs of

the last mile (McLeod et al., 2006;Morganti et al., 2014a; Weltevreden, 2008). In addition, within the

current competitive logistics sector, the size of the CDP network now has become an important ser-

vice factor for logistics companies. Because of this, many carriers prioritize customer service and prefer

a network with equal distances to their customers, or with a certain demand within their catchment

area. However, sincemany carriers have diஸஹ஭culties to separate data on business-to-business (B2B) and

business-to-consumers deliveries because they are transported and handled together, historical deliv-

ery data does not satisfy the requirements for this rather predictive analysis. Hence, carriers are obliged

to turn to population statistics when implementing CDPs. Given the under- and overestimations of

e-commerce demand depicted in Figure 4.4 however, these statistics may result in suboptimal loca-

tion choices. While ignorance of the geographical variation in such decisionmodels will not cause the

bankruptcy of a carrier, its inclusion may provide a slight competitive advantage in this highly com-

petitive market with very small margins.

A similar example can be provided for city administrators. Concernedwith the negative impacts of the

large amount of vans delivering freight in the city, a measure to regulate urban freight gaining popu-

larity is the organization of cargo bike deliveries frommicro-consolidation centers in the city (Gómez

et al., 2017; Janjevic et al., 2013). Given the limited capacity of these bikes however, the key for success

for these facilities is the minimization of the distance to the ஹ஭nal customer. As numerous examples of

bigger urban distribution centers proved however, the ஹ஭nancial viability of these projects ofிen turns

out to be negative, mostly due to insuஸஹ஭cient throughput volumes (Allen et al., 2007; Janjevic andNdi-

aye, 2017). In this context, local variances in estimated demand, especially when being of a magnitude

close to 50%, can signiஹ஭cantly impact the business models of these hubs and may be the diஸference

between an eஸfective measure or a waste of public funding.

The value of information on the socio-economic proஹ஭le of the e-shopper for retailers has already been

mentioned in the ஹ஭rst two sections. The knowledge that middle-aged higher income Belgians have

a higher probability to shop online can help marketing divisions to better target their eஸforts. In the
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discussion of infrastructure investments, Kirby-Hawkins et al. (2018) provide the example of click-

and-collect stores, which, similar to the previous two examples, can be better planned when including

geographical variability in online shopping.

In this discussion, it is important to remark not all purchases are delivered at the home address of the

shopper. For Belgium, it was calculated that 75% of the people prefer home deliveries, which means

the remaining 25% choose work locations, drop-oஸf points, pick-up points and brick andmortar stores

for their deliveries (Comeos, 2016). Sincemost stores and oஸஹ஭ces are locatedwithin urban areas, a share

of the suburban and rural orders that are delivered towork locations or the brick andmortars, will end

up in urban areas. Hence, this implies a slightly larger share of urban deliveries compared to urban

purchases and the opposite in rural locations. However, since this shifி will be similar for both the

modeled shoppers as well as the population, the presented results and discussion remain valid.

4.6 Conclusions

ThisChapter seeks to provide insights into the spatial distribution of the demand for B2C e-commerce

and its implications for sustainability analyses. Two research questions arise. Who is the online shop-

per? Andwheredoesheor she live? This demonstrates the extent towhich thedemand for e-commerce

is proportional to the distribution of the population, as is ofிen assumed. The case study area is Bel-

gium.

The two research questions are answered by analyzing the dataset resulting from an online survey of

over 1500 respondents concerningonline shopping conductedby theBelgian retail federation (Comeos,

2016). First, the application of a logit regression allows the identiஹ஭cation of the socio-economic vari-

ables that have a signiஹ஭cant in஺ாuence on the probability one shops online in Belgium. Similar to other

studies in the Netherlands and the UK, the well-educated man in his thirties with a well-paid job has

the highest probability to shop online. Whether this proஹ஭le’s shopping probability is due to time

constraints, as proposed by Farag et al. (2007), or other incentives remains under study. Further, it ap-

peared the urbanization level of an area does not have a signiஹ஭cant impact on the shopping probability.

This could be due to the historical lack of urban planning in the country, resulting in relatively high
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shopping accessibility throughout Belgium, which turns the eஸஹ஭ciency hypothesis (Anderson et al.,

2003) invalid in this case.

Second, the extrapolation of the statistical model allows the calculation of the number of shoppers

in each neighborhood (statistical sector), thereby providing an answer to the second research ques-

tion. Understandably most e-shoppers can be found in the dense urban areas, but the comparison of

the absolute and relative numbers of shoppers displays clear discrepancies. As such, due to on average

higher population densities in lower income neighborhoods, and the opposite in higher income ur-

ban residential areas, the urban demand density might exhibit an inverse relation with the population

density. Yet, while it is the case in this particular study, this hypothesis may not hold in other con-

texts, for example in world cities with high-end high-rise buildings to accommodate their wealthiest

residents in the city centre. In rural areas, where the lowest population densities ofிen point to lower

socio-economic classes, the contrary is observed, i.e. with income and education enforcing existing

variations in e-commerce demand.

Finally, the confrontationof the extrapolatednumber of potential buyerswith a nullmodel, i.e. where

it is assumed that 50%of the population shops online, independent of their socio-economic proஹ஭le, in-

dicates that the demand for e-commerce goods is not evenly distributed over the population, as many

involved stakeholders assume. On the contrary, large variations in e-commerce adoption exist among

richer and poorer urban and rural areas. Considering the importance of understanding the geography

of the demand for online shopping in both academic and professional environments, one should at

least acknowledge the role of geographical variation in this story.

Granted, thisChapter is an attempt to raise awareness on the importanceof the customer in e-commerce

analyses. Although the sampling used to select respondents ensures validity of the results, the analy-

sis here remains a snapshot of the situation at the moment of the data gathering. This implies it re-

mains diஸஹ஭cult to conclude on the hypothesis presented by Anderson et al. in 2003. Since they are in

essence related to an evolutionary process, a temporal analysis would be a more appropriate method-

ology. Even now, with continuous e-commerce growth over the past years, research on the evolution
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of e-commerce adoption would be relevant. The large international variance in e-commerce adoption

rates, even between rather similar countries from a socio-economic perspective (cf. Figure 4.1), show

that shopping online is not just dependent on the level of education or income one has. The detec-

tion of these other in஺ாuencers is necessary whenwewant these ஹ஭ndings to have an international value.

Moreover, e-commerce is such a broad term. The popularity of the online channel varies greatly from

one product to another, as may the predictors when attempting to model this variety. It may be clear

that a lot of interesting thought for research remains.

Building on the latter point, another point of concern stems from the lack of diஸferentiation among

products bought. Because of this, this study sketches a proஹ஭le of the general online shopper and equals

it to the demand for goods. Nonetheless, the freight volumes and ஺ாows eventually depend on the type

of good. Hence amore in-depth analysis of this, which could potentially fall in the class of freight trip

generation models, would only further enhance demand estimations.

Remarkhere that any e-commerce transportationmodel should also take the variety inpoint-of-origins

into account. In Belgium, 42% of the residents purchased at least one product online from abroad in

2018 (Eurostat, 2019). This signiஹ஭cantly higher number than neighboring countries like Germany

(27%) or France (33%) complicates the estimation of transport ஺ாows. Parcels are literally transported

into the country from every side, bought on Amazon.de, Amazon.fr, Bol.com and other foreign web-

shops with distribution centers in their countries of origin.

Furthermore, it is important to note that this study is based on a single dataset concerning one as-

pect of the e-commerce story. Another interesting path for further research would be a cross-check

with retail data, like in the case study of Leeds (Kirby-Hawkins et al., 2018), this would allow a bet-

ter assessment of the impacts of the growth in e-commerce on traditional retail numbers and could

help answering questions like: Does a higher probability of shopping implies a substitution eஸfect in

wealthier neighborhoods?

In addition, it would be interesting if follow-up work focuses on quantifying the extent to which
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diஸferences among customers deஹ஭ne home delivery impacts and alternative delivery solutions. This

may help to better estimate the size of the absolute error that is made by assuming a homogeneous

distribution of the demand in urban freight modeling exercises. The calculation thereof should be

able to support the ஹ஭ndings in this Chapter.

Finally, the question may arise whether stakeholders need this kind of modeled demand since carri-

ers knowwhere the deliveries are going to. However, as has been mentioned in the discussion section,

it is ofிen diஸஹ஭cult for these companies to separate B2B and B2C data since these goods are mostly han-

dled and delivered together. While it is true operationalmodels could be built on top of this combined

data, carriers ofிen resort to population statistics for B2C market analyses, e.g. when implementing

CDPnetworks. In addition, within this competitive environment data sharing ismore exception than

rule.

Because of the latter, the work in this Chapter can be of evenmore use for non-carriers involved in the

topic. Given the major role (local) governments play in mitigating the negative impacts of B2C home

deliveries, they too should be aware of the importance of socio-economic factors that can result in ma-

jor demand variation at the neighborhood level. With only 50-57% of the Belgians shopping online,

clearly not everybody is enjoying the wide range of opportunities e-commerce oஸfers. Furthermore,

as demonstrated in the discussion section, the spatial variations may in஺ாuence the decision on the im-

plementation of CDPs or the use of greener vehicles. While local policymakers can have a signiஹ஭cant

in஺ாuence on the former, through infrastructure and urban planning, the latter too can be in஺ாuenced

by for example the delineation of low emission zones. In addition, coupled with freight trip genera-

tion models mentioned above, the analysis presented here can help to better understand traஸஹ஭c ஺ாows,

potential vehicle types, loading space requirements and other freight parameters and thus provide a

useful tool for local infrastructure design and mobility planning.

Hence, this study may help the diஸferent stakeholders involved to grasp the geography of the Belgian

online shopper and its impact on related freight ஺ாows.
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5
The proliferation of collection and delivery

point networks in Belgium

Thedemand for e-commerce is scattered in Belgium. In absolute terms however, cities logi-

cally host the majority of potential online buyers (Figure 4.3a). With most intense consumer-logistics

interactions occurring there, a new range of urban logistics facilities are being installed by the courier,

express and parcel industry. This Chapter studies the rise of these facilities, with a particular focus on

the proliferation of collection and delivery point networks.
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5.1 Introduction

Cities currently host over half of the world population and generate 80% of total global GDP (The

World Bank, 2018; United Nations, 2018). Each economic activity demands the transportation of

goods, ofிen through densely populated areas in cities that were not planned to accommodate these

஺ாows. Freight transport shares the urban infrastructurewith pedestrians, cyclists, public transport and

private car users and as a result, its social, environmental and economic impacts should not be ignored

(Browne et al., 2012; Dablanc, 2007; Lindholm, 2013).

In addition to the growing need of goods in cities due to continuous urbanization and economic

growth, changing consumer demand further complicates the organization of urban logistics activi-

ties. With the breakthrough of e-commerce, one can with equal eஸfort order goods from web shops

all over the world. Due to increased competition, web shops are now regularly oஸfering free deliveries,

free returns, time windows and ever shorter lead times (Allen et al., 2017). This customer expectation

of fast free home deliveries results in an excessive fragmentation of freight shipments (Gevaers et al.,

2011; Hesse, 2002).

As a consequence, the CEP industry faces the challenge to cope with an increasingly complex and

expensive last mile of the supply chain, which is especially diஸஹ஭cult within the constrained urban areas

(Ducret, 2012). To meet the changing consumer demand of home deliveries, on-time deliveries, next-

day deliveries, multiple delivery attempts and free return services, the industry is now reinvesting in

(urban) logistics locations. Although all parcel carriers face this challenge, there is little cooperation

among them, resulting in a highly competitive environmentwith lowproஹ஭tmargins and a notion that

‘everyone delivers everywhere’ (Browne et al., 2014).

This is also re஺ாected by the current proliferation of various CDP networks. While originally being

the location to drop failed deliveries and a more sustainable delivery alternative for home deliveries,

CDPs are becoming an expression of the courier’s service level in today’s competitive market. Carriers

are opening CDPs to increase local presence and improve their delivery options. However, a strat-
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egy of quantity over quality may result in questionable decisions regarding location and type of new

CDPs. This could lead to economic, environmental, social and spatial impacts that may jeopardize

the sustainability promise of these points (Cárdenas and Beckers, 2018). For example, barely prepared

local shop owners turned warehouse operators ofிen struggle to accommodate the in஺ாux of parcels in

small inner-city establishments. Moreover, the lack of proper loading facilities results in similar park-

ing issues as for home deliveries, while the amount of CDPs implies a trade-oஸf between the internal

and external costs of the delivery (Cárdenas et al., 2017c). In the meantime, consumers prefer to avoid

the hustle of visiting multiple CDPs to collect diஸferent shipments by favoring the delivery of parcels

at their home address.

Building on previous work describing (parts of) the CDP sector in France (Morganti et al., 2014a), the

Netherlands (Weltevreden, 2008) and Brazil (de Oliveira et al., 2017), this Chapter further details the

location decision process of CDPs and the resulting impacts, both geographical as operational. This is

done by means of a mixed method analysis applied to the case of Belgium. Belgium is an appropriate

study area for this problem statement because it is a highly urbanized and economic prosperous coun-

try where most international carriers are active. The case study is elaborated by an assessment of all

CDP locations in the country, gathered by the Belgian Institute for Postal and Parcel Services (BIPT).

This exploratory spatial data analysis is complemented with a qualitative evaluation of current types

of CDPs based on a range of interviews with the diஸferent carriers operating in Belgium. By outlining

the economic, environmental and convenience impacts of diஸferent store choices, this Chapter should

become a valuable document for stakeholders concerned with the current development of CDP net-

works.

In Section 5.2, CDPs are discussed in detail, including their increasing presence in urban areas and

how they compare to other last mile facilities. Themethodology is provided in Section 5.3. Section 5.4

focuses on the current proliferation of these CDP networks in Belgium. This section is subdivided in

three parts: the ஹ஭rst part describes the origin of the proliferation and lists CDP requirements based

on the existing relevant literature and a set of conducted interviews; the second part presents quanti-

tatively the issues found in the Belgian case study using the location data of the BIPT; the third part
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proposes an assessment of diஸferent types of CDPs. Section 5.5 provides theoretical and operational

conclusions of this work and gives recommendations for further research.

5.2 The rise of urban logistics spaces

The boom in online sales has altered the spatio-temporal requirements of CEP companies. Address-

ing the shifி towards smaller shipments and shorter lead times, combined with increasing land rents,

requires a geographical reconஹ஭guration of the supply chain and awide variety of e-fulஹ஭llment facilities

(Dablanc et al., 2017; Durand and Gonzalez-Feliu, 2012; Morganti et al., 2014b; Winkenbach and Jan-

jevic, 2017). Firstly, in contrast to traditional business-to-business purchases, business-to-consumer

online orders consist of signiஹ஭cantly fewer items, resulting in a fragmentation of shipments (Gevaers

et al., 2011; Hesse, 2002). Combined with extensive online catalogues and suஸஹ஭cient online activity,

managing the logistics requires dedicated e-fulஹ஭lment infrastructure in parallel to existing distribu-

tion chains (Durand and Gonzalez-Feliu, 2012). The amount of cross-docking facilities required to

minimize transportation costs depends on the parcel volumes, the origin of the goods and the size of

the market. Secondly, the inventory scheme is determined by the order lead time, with faster ஺ாowing

items requiring storage in closer proximity to the market (Durand and Gonzalez-Feliu, 2012; Winken-

bach and Janjevic, 2017). The epitome – same-day deliveries – requires products to be locally avail-

able. Finally, at a more detailed geographical scale, the logistics location depends on the rent gradient

(Verhetsel et al., 2015). High rents in urban areas are pushing logistics activities to peripheral regions,

generating a logistics sprawl which results in an increase in vehicle kilometers and associated negative

impacts (Dablanc and Rakotonarivo, 2010). While uniformly high rent in metropolitan areas may

provide an economic reason to locate larger logistics facilities closer to the city center (Combes, 2016),

the sector has to compete with retailers, oஸஹ஭ce space and residential real estate which generate higher

returns per square meter.

The delivery scheme(s) a carrier chooses for e-commerce deliveries determines the type of logistics in-

frastructure needed. Various researchers have proposed diஸferent typologies for last-mile distribution

schemes and corresponding infrastructure (Boyer et al., 2004; Hayashi et al., 2015; Winkenbach and

Janjevic, 2017). Winkenbach and Janjevic (2017) have identiஹ஭ed ten diஸferent types based on a set of ஹ஭ve
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locational and operational variables: order lead time, place of order preparation, route organization,

intermediate transshipment and product exchange point. However, the chosen setup depends on the

local context and changes from one market to another. For example, while it is not uncommon in

the US to leave parcels unguarded at suburban porches when the receiver is not at home, this practice

would not be accepted by European customers. This required carriers to look for alternatives in these

situations. In addition, the continuous exponential growth of online sales forces logistics players to

innovate continuously, for example to maintain enough storage close enough to the end consumers.

As a result, a wide portfolio of diஸferent e-fulஹ஭lment facilities are actually developed.

Given the increasing complexity of delivering in urban areas, most innovations take place in cities.

On the one hand, the negative impacts of deliveries for purchases made online, including congestion,

pollution and noise, are more pronounced in densely populated areas, creating a need for eஸfective

mitigation strategies (Cárdenas et al., 2017a). On the other hand, the high urban demand provides

more consolidation opportunities and allows for the use of green vehicles that would otherwise suf-

fer from capacity or range problems (e.g., bikes and electric vehicles) (Behrends, 2016). These alter-

natives, however, typically require specialized infrastructure, sometimes called urban logistics spacॽ
(ULS) (Boudouin, 2012; Janjevic et al., 2013; Patier and Toilier, 2017).

Boudouin (2012) coined the term ULS to refer to the variety of urban logistics zones, urban distri-

bution centers, vehicle reception points, goods receptions points and urban logistics boxes that were

created to handle the wide range of goods ஺ாowing throughout the city (Table 5.1). These spaces are

categorized based on their logistics functions and action radius. While the term ULS has been pop-

ular in mostly French literature, more recent international work has built on the Boudouin’s ஹ஭ve cat-

egories to describe the increasing variety in urban logistics infrastructure. Janjevic et al. (2013) added

three varieties of micro-consolidation centers to the typology that encompass the processes created to

downscale the consolidation eஸfort: (1) urban consolidation centers (UCC) closer to the delivery area

(i.e., the original micro-consolidation center idea), (2) a suburban depot with transshipment point in

the city (in essence a combination of a UCC and vehicle reception point) and (3) a suburban depot

with mobile logistics facility. Patier and Toilier (2017) included mobile urban logistics spaces as a sepa-
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Table 5.1: Relaঞon of proposed typology with previous ULS typologies

Urban Logistics
Space Boudouin (2012) Janjevic et al. (2013) Patier and Toilier

(2017)

Urban logistics zone Urban logistics
zone Urban logistics zone Urban logistics zone

Urban distribution
center

Urban
distribution center

Urban consolidation
center

Urban distribution
center

Micro-consolidation
center / Micro-consolidation

center (types 1 and 3) Mobile ULS

Express fulஹ஭lment
facility / / /

Vehicle reception
point

Vehicle reception
point

Vehicle reception
point;

Micro-consolidation
center (type 2)

Vehicle reception
point

Collection and
delivery point

Goods reception
point; Urban
locker box

Goods reception point;
Urban locker box

Goods reception
point; Urban locker

box

Source: own composition

rate category, but failed to position it in the scheme originally proposed by Boudouin (2012). Similar

to these three versions of ULS, Table 5.1 summarizes the occurrence of ULS from the focus on the

last mile of e-commerce deliveries. Discrepancies from the original typology mainly arise from the

speciஹ஭c requirements of business-to-consumer deliveries that require dedicated facilities, e.g. express

fulஹ஭lment facilities for 2-hour deliveries. Although the original terminology is followed as much as

possible, urban locker boxes and goods reception points are grouped under the collection and delivery

point umbrella to better connect to the growing body of literature focusing on the delivery of online

orders (Allen et al., 2017; Dablanc et al., 2017;Morganti et al., 2014b; Rodrigue, 2015;Winkenbach and

Janjevic, 2017). The ஹ஭nal typology is presented in Figure 5.1 while its relation to earlier categorizations

is outlined in Table 5.1.
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Agglomeration

City centre

District, street

Building

Urban logistics zone

Urban distribution center

Express fulfilment facility

Micro-consolidation center

Vehicle reception point

Collection-and-delivery point

Figure 5.1: Urban logisঞcs spaces. Source: adapted from Boudouin (2012)

The urban logistics zone (ULZ) or freight village (McKinnon, 2009) is an intermodal logistics hub
that combines modal shifி with other logistics services such as warehousing, breaking bulk and others.

While this facility may be reserved for urban shipments in large metropolitan areas, it is mostly active

on the regional, national and international scale. Due to their size and intermodal requirements, they

are located in urban conurbations (Patier and Toilier, 2017). Spatial decentralization of these activities

has been observed in many countries , mostly due to increasing land pressure and congestion (i.e., lo-

gistics sprawl) (Dablanc andRakotonarivo, 2010; Strale, 2017;Woudsma et al., 2016). Due to the extra

kilometers and externalities associated with this sprawl, these villages should be kept within the city

(Boudouin, 2012). Recently, the city of Paris started implementing logistics hotels to cluster logistics

facilities within mixed-use multimodal platforms inside the city’s boundaries. This should facilitate

consolidation among carriers and stimulate the use of greener transport vehicles (Allen et al., 2017;

Dablanc et al., 2017). Combining logistics facilities in a mixed-use building is necessary to warrant

the large space requirements in expensive urban areas. The Paris Chapelle logistics hotel maximizes
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its land use by combining a street-level intermodal (railway and road) urban delivery terminal with

an underground datacenter, rooஹ஭ng with sports facilities and urban farming, and an attached oஸஹ஭ce

block.

At a higher geographical scale, urban distribution centers (UDCs) are transshipment points that pre-
vent partially loaded vehicles entering urban areas and allow the use of more sustainable vehicles (e.g.

electric) because of their increased proximity to the consumer (Allen et al., 2012). UCCs are classiஹ஭ed

under the same umbrella. While UDCs are associated with the operations of a single carrier, the term

UCC is used more ofிen in a multi-user context. The idea behind the latter, i.e. to consolidate goods

of diஸferent carriers and distribute them by one clean vehicle from the city’s border, has been a popular

measure among public authorities already for a long time (McKinnon, 1998). Yet, ஹ஭nancial viability

and trust remains an issue. Foremost, high investment costs and aminimum throughput are required,

which demands external support in the starting phase (Allen et al., 2012; Janjevic and Ndiaye, 2017).

Moreover, successful introduction seems to be dependent on accompanying restrictions implemented

by local governments, such as restricting vehicles not using theUDC (Allen et al., 2012; Gonzalez-Feliu

et al., 2013).

The bundling of goods can also happen much closer to the ஹ஭nal destination. In that case the UDC is

termed a micro-consolidation center (Janjevic et al., 2013). Because of the smaller scale and limited re-
maining distances which beneஹ஭t the use of green transport modes, such as cargo bikes or light electric

freight vehicles, this solution can be economically sustainable in dense urban areas. The small scale

further allows more ஺ாexibility, which permits targeting a speciஹ஭c sector instead of hosting all freight

஺ாows, which is ofிen the scope in UDCs. For example, this advantage resulted in a successful trial in

the case of an oஸஹ஭ce supplies company in London (Browne et al., 2011). In addition, branded vans

still enter urban areas because consolidation occurs close to the receiver. While the disappearance of

the brand name from inner-cities may prevent carriers to participate in UCC trials, this becomes less

of an issue for micro-consolidation centers. Janjevic et al. (2013) propose three diஸferent variations of

micro-consolidation centers, including the use of a mobile hub which can, for example, be deployed

to deliver on summer festivals.
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As a result of the increased amount of online ordered goods and the increasing demand for express or

same-day deliveries, local stock availability is becoming more and more important (Allen et al., 2017;

Dablanc et al., 2017). The term express fulfilment facilitiॽ is proposed to encompass the infrastructure
for this purpose. Two alternatives are frequently discussed in literature: brick-and-mortar shops and

inஹ஭ll locations. Brick-and-mortars are regular shops typically located close to consumers in urban ar-

eas, which makes them attractive to become part of the e-delivery chain. This applies to both original

brick-and-mortars that have a web shop and pure internet players that are considering a physical store

(Allen et al., 2017). This has two advantages (Hayashi et al., 2015): on the one hand, the availability

of storage space close to the consumer allows for express deliveries; on the other hand, these shops

can serve as pick-up points for click-and-collect orders, which also increases the number of shoppers

passing by. This way the store, located in prime retail areas, is becoming a multifunctional space as

showroom and warehouse (Dablanc et al., 2017). Inஹ஭ll locations (Dablanc et al., 2017) are deஹ஭ned as

vacant locations within urban areas that can be re-purposed for logistics activities (Spencer et al., 2016).

When stocked with the most popular items they can serve as a mini e-fulஹ஭lment center for express de-

liveries. Due to their preferred location in expensive urban centers, however, their sizemust be limited.

While currently only a few of these facilities exist, e.g. Amazon Prime Now hubs in major American

cities, their development may be one of the key evolutions going forward (Dablanc et al., 2017; Prolo-

gis, 2016).

Vehicle reception points are deஹ஭ned as spaces facilitating the parking of delivery vehicles (Boudouin,
2012). Patier and Toilier (2017) identify two subclasses: on-street loading bays and road time-sharing

spaces. The latter refers to parking spaces dedicated to delivery vehicles, potentially with time win-

dows for shared use with other vehicles. Especially in densely populated areas that are not prepared

for high volumes of commercial freight, the lack thereof poses signiஹ஭cant congestion problems (Chen

et al., 2017). The on-street loading bays aremicro-platforms that provide reservedparking spacewithin

dense urban areas. They serve as shared drop zones from where the ஹ஭nal feet of the delivery is con-

ducted on foot or by (electric) bike (Allen et al., 2007; Gonzalez-Feliu et al., 2013). Various on-street

loading bays have been successfully implemented in France under the name espaces de livraison à
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proximité (ELP) with the help of local authorities (Browne et al., 2012; Ducret, 2014; Gonzalez-Feliu

et al., 2013). Other translations of this term include proximity logistics spaces and nearby delivery areas

(Allen et al., 2017; Patier and Toilier, 2017).

Finally, the increase of single-item home deliveries comes with the new challenge of failed deliveries.

Compared tobusinesses that are openduringdeliveryhours, theB2C receiver inBelgium is not present

in an estimated 8% of the delivery attempts. Failed deliveries result in extra kilometers, costs and ex-

ternalities for carriers engaging inmultiple delivery attempts (Gevaers et al., 2011; McLeod et al., 2006;

vanDuin et al., 2016). In an attempt to handle these impacts, the CEP sector introduced collection and
delivery points. CDPs provide an alternative delivery location for (failed) home deliveries. The term
CDPs is more commonly used than goods reception points in the urban logistics literature. Further,

CDPs encompass goods reception points, here called pick-up points (PPs) and urban locker boxes,

which are more widely known as automated parcel systems (APSs) or automated delivery stations

(ADSs) (see Table 5.2). PPs are an attended service point for the reception and return of parcels; APSs

are an unattended locker box with similar functions (Weltevreden, 2008). Compared to traditional

PPs, APSs require less space and are therefore easy to implement in busy commuting areas like train

stations (Iwan et al., 2016). However, because the number of lockers in a box is ஹ஭xed, APSs are more

vulnerable to capacity problems, especially in the case of oversized parcels or at peak moments (e.g.

Black Friday or Cyber Monday). In addition, the storage of unattended parcels in lockers may pose

security issues, e.g. thefி of parcels or terrorism (Morganti et al., 2014b; de Oliveira et al., 2017). CDPs

allow the consolidation of (failed) parcels into one location with a 100% success rate, signiஹ஭cantly re-

ducing the number of delivery van kilometers (Cárdenas et al., 2017b; Edwards et al., 2010; McLeod

et al., 2006; Van Oosterhout, 2004). With the increase of home delivered online orders, CDP net-

works recently expanded exponentially in urban as well as in rural areas. With over 36,000 CDPs in

Germany, 18,000 in France in 2014 already and 4,200 unique ones in Belgium, these points are by far

the most encountered logistics spaces in the e-delivery chain (Morganti et al., 2014b).

Because this recent expansion occurred rather unplanned, several negative impacts due to problematic

store and location choices are now observed. There are multiple CDPs at many locations due to the
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Table 5.2: Terminology of collecঞon and delivery points

Collection and delivery points
Service Attended Unattended

• Pick-up point (PP) • Locker box
Terminology • Goods reception points • Automated parcel system (APS)

• Service Points • Automated delivery station (ADS)

Source: own composition

eagerness of carriers to be present at the same location but their unwillingness to share the same store.

Moreover, many CDPs do not have the necessary storage and unloading capacity to handle the stream

of parcels. The handful of works on the geographical distribution of urban CDPs (Morganti et al.,

2014a; Weltevreden, 2008) mainly focused on the potential to reduce freight in urban areas and did

not consider the aforementioned negative consequences of proliferation of CDPs. In the remainder

of this Chapter, the focus lies on the origin, observation and mitigation of these consequences.

5.3 Methodology

This Chapter applies a mixed-method methodology to study the location decision process of CDPs

and the resulting geographical and operational impacts. The qualitative results are obtained from

(1) a combination of interviews with retailers, local governments, and couriers, (2) key note lectures

and discussions on urban logistics conferences and workshops, and (3) reviewing recent relevant pop-

ular and academic literature. Further, ஹ஭ve additional semi-structured interviews were conducted with

representatives responsible for managing the CDPs in their respective companies (DHL Parcel, DPD,

GLS, Kariboo, UPS). Together, their companies manage 60% of all CDPs in Belgium. The interviews

consisted of four parts: (1) the evolution of the company’s CDP network was assessed by asking for

the strategies behind its development, (2) the actual locationmodel used for implementing CDPs was

discussed, (3) the operational aspect of the CDPs are reviewed (i.e., how they are delivered), and (4)

the potential for cooperation among companies and the possibility for price diஸferentiation between

home and CDP deliveries was asked. In addition to this qualitative analysis, the ESDA results pre-

sented in Section 5.4 are derived using data provided by the BIPT. The BIPT has gathered data on the
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location and service levels of the 9 carriers operating CDPs in Belgium (BIPT, 2018).

Section 5.4 consists of three parts. In Section 5.4.1, the diஸferent dimensions of CDPs are identiஹ஭ed

based on the qualitative methodology elaborated above. This is necessary to understand the drivers

behind the expansion of CDP networks. The Section concludes with a practical translation of the

three dimensions (economic, environmental and convenience) into a set of requirements for CDPs

to meet. Section 5.4.2 presents the ESDA of CDPs in Belgium. This geographical analysis allows as-

sessing the spatial impacts of the current network conஹ஭gurations. In Section 5.4.3—, the quality of

existing CDPs in Belgium is assessed based on the requirements listed in Section 5.4.1. The assessment

incorporates expert knowledge of the author and collaborators and its results are discussed during the

ஹ஭ve interviews with the carriers. To the best of the author’s knowledge, this study is the ஹ஭rst in its kind

and therefore may serve as a foundation for future research.

Belgium serves well as a case study due to its particular settlement structure. On the one hand, densely

populated city centers with pre-modern unstructured street grids and inner-city shopping areas pose

serious constraints on urban freight. On the other hand, urban sprawl and peripheral shopping loca-

tions along transport axes result in a nebular structure with the Flemish Diamond between Antwer-

pen, Gent, Brussels and Leuven in the north and the traditionalWalloon industrial axis south of Brus-

sels (VanMeeteren et al., 2016). In contrast, the rural south of the country, the Ardennes, is character-

ized by a dotted landscape of villages. With currently an estimated e-commerce adoption rate of 68%,

most Belgian e-shoppers are located in the urban areas. Yet, due to high internet penetration rates

and a wealthy suburban population, online shoppers can be found everywhere, implying delivery ser-

vices must be guaranteed across the country (see Chapter 4). In addition, Belgium’s central location

inWestern Europe ensures the presence of almost all major international carriers.
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5.4 The proliferation of CDP networks

5.4.1 The economic, environmental and convenience dimensions of CDPs

CDPs promise a cheap, environmentally-friendly and convenient delivery option for B2C e-commerce

purchases (Cárdenas and Beckers, 2018). Hence, their implementation is of interest to all stakeholders

involved: logistics carriers, policy makers, consumers and shopkeepers (Table 5.3). In the paragraphs

below, the diஸferent dimensions of CDPs and their value for the various stakeholders are discussed.

Table 5.3: Stakeholder incenঞves in the three CDP dimensions

Stakeholder Economic Environmental Convenience

Carrier X X

Policy maker X

Consumer X

Shop keeper X

Source: own composition

The economic advantages of CDPs for logistics carriers are threefold. First, CDPs oஸfer a 100% deliv-

ery success rate while multiple delivery attempts may be needed for home deliveries due to absence of

the receiver. This results in an eஸஹ஭ciency gain for direct CDP deliveries. Figure 5.2 schematically com-

pares diஸferent delivery models. The aforementioned eஸஹ஭ciency gain is visible in Figure 5.2 (only 1 trip

necessary in model 2 compared to model 1). Second, direct delivery to CDPs allows for consolidating

shipments for a certain neighborhood. This increases the drop density and signiஹ஭cantly diminishes

the total driven kilometers and hence costs per parcel (total carrier distance is smaller in model 2 than

inmodel 1 in Figure 5.2 ). Third, many carriers organize the return of parcels or the outbound of other

mail (mostly C2C) from the CDPs. This allows them to pick up goods afிer the parcels destined for

the CDP have been unloaded. These economies of scope ensure an optimal use of van space. The
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introduction of CDP activities will also generate additional income for the shopkeeper: both through

a ஹ஭xed tariஸf per parcel and indirectly through potential extra sales to people picking up their parcel.

In order to fully achieve the economic potential of CDPs, carriers require an eஸfortless delivery process.

This means the delivery to the CDPs should not pose any new restrictions or diஸஹ஭culties compared to

home deliveries. Meanwhile, shopkeepers expect additional shop turnover when becoming a CDP.

(1)

DC

CDP

Delivery address 

Carrier attempt 1

Consumer

Distribution center

DC

(2)
DC

Carrier attempt 2

Urban area

(3)
DC

Figure 5.2: Delivery models for (1) mulঞple home delivery a�empts with CDP used for failed deliveries, (2) direct
peripheral CDP deliveries, (3) direct central CDP deliveries. Source: own composiঞon.

In addition to the economic advantages, CDPsmay allow for amore environmentally-friendly e-delivery

process. As has been mentioned above, consolidating several home deliveries into a direct CDP deliv-

ery would result in signiஹ஭cantly fewer kilometers driven, which would lead to less congestion, fewer

emissions, fewer traஸஹ஭c accidents, and a lower impact on the urban livability. Especially when the

CDP oஸfers a suitable logistics infrastructure, negative impacts such as incorrectly parked delivery vans
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should not occur. However, the environmentally-friendly potential strongly depends on the distance

of the CDP to the consumers (cf. total consumer distance between models 2 and 3 in Figure 5.2). As-

suming that the points are close enough to prevent car-use for the pick-up trip, Edwards et al. (2010)

calculated a net reduction in CO2 emissions when CDPs are used instead of a second delivery attempt.

Under the same assumption, Durand and Gonzalez-Feliu (2012) found that in a situation where all

parcels are delivered to CDPs, the total kilometers and thus negative impacts per parcel are signiஹ஭-

cantly reduced. When distances between the consumers and the CDP are too large, CDPs can still be

a more environmentally-friendly alternative if the pick-up can be combined with another trip (Iwan

et al., 2016; Lachapelle et al., 2018). However, when delivery densities are suஸஹ஭ciently high and/or pick-

up distances increase and pick-ups are not combined with existing trips, home deliveries may be the

lowest carbon scenario (Brown and Guiஸfrida, 2014; Cárdenas and Beckers, 2018). In conclusion, to

achieve its environmentally-friendly potential, the CDP should be equipped for eஸfortless loading and

unloading, and allow for green pick-ups.

Finally, CDPs also allow for a convenient delivery. For the consumer, the availability of CDPs pro-

vides more ஺ாexibility. In case of a failed delivery, there is now the option to pick-up the parcel at a

suitable moment. The availability of nearby CDPs even increases consumer’s satisfaction (Edwards

et al., 2010; Xiao et al., 2017). The interviews indicated that, as observed in France (Morganti et al.,

2014a), most operators delivering in Belgium recently expanded their CDP networks in an attempt to

assure a homogeneous spread of CDPs among the population. To maintain the service standard of

home deliveries, the CDPs must be able to cope with the reception, storage and exchange of parcels

and continuous tracking is recommended. However, the size of the CDP network now has become

an important selling point for carriers when competing for customers, encouraging a strategy of quan-

tity over quality. As a result, a proliferation of CDPs can be observed, especially in densely populated,

hence urban, areas (Cárdenas and Beckers, 2018; Morganti et al., 2014a). In conclusion, to serve as a

convenient delivery alternative, CDPs must be accessible for consumers, and reliable for carriers.

To assess the quality of a CDP in relation to the three dimensions (economic, environmental, conve-

nience), a practical translation of these dimensions is necessary. CDPs shouldmeet eight requirements
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to satisfy all dimensions. These requirements are classiஹ஭ed in three groups: location, infrastructure

and services. They were identiஹ஭ed based on the expectations of the diஸferent stakeholders mentioned

above. The relation between the dimensions and requirements is provided in Table 5.4.

The location class in Table 5.4 refers to the positioning of the CDP in relation to its surroundings.

As discussed above, the CDP should be accessible to both the carrier and the receiver. The former is

termed here upstream accessibility as proposed by Janjevic et al. (2013). It refers to the proximity of the

CDP to a large transportation axis. Good upstream accessibility implies good access from the upper-

tier logistics facility located further away from the consumer, or in case of an on-tour drop, easy access

between two neighborhoods. The receiver’s accessibility is divided in a downstream and commuting
requirement. The downstream accessibility refers to the proximity of the CDP to the ஹ஭nal consumer.

A closer proximity results in a more frequent use of green transportation for the pick-up trip. In ad-

dition, the availability of nearby CDPs increases consumer satisfaction. The commuting requirement

refers to the potential to combine a pick-up trip to the CDP with a daily commute. This can be the

case for CDPs located next to important transportation corridors, or in public transportation hubs.

Hence, these CDPs too may classify for green pick-ups or convenient accessibility.

The infrastructure class groups two essential infrastructure requirements for CDPs: loading bays and

storage. This class results from the CDP’s role as warehouse, i.e. as an extra tier in the supply chain.

The loading bay is a parking spot reserved for the delivery vehicle. Similar to theupstream requirement,

it is an indispensable feature of a CDP to allow for a smooth delivery process because the driver is not

losing time looking for a parking spot. In addition, it prevents illegal parking and associated impacts.

Storage refers to an area in the store reserved for storing the parcels, required for eஸஹ஭cient loading and
unloading, and necessary for the reliability of the CDP. Without enough dedicated storage space, the

chances for parcels to get lost increase signiஹ஭cantly.

Finally, CDPs can be diஸferentiated by the level of services they provide to the consumer (services class

in Table 5.4). The opening requirement is linked to the opening time window of the CDP. Longer

opening times and weekend openings represent a higher convenience for consumers. The presence
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of a person in the CDP is re஺ாected by the attended requirement. This aஸfects the convenience for

consumers, especially for sending of parcels, as was brought up during the interviews with the carriers.

Finally, the potential of the CDP to allow combining diஸferent trips is captured by the trip chaining re-

quirement. The interviews with the carriers and previous conversations with retailers indicated most

pick-ups are dedicated trips and hence, the increased proஹ஭t for shopkeepers is limited. This appears to

be especially the case in situations where the store sells periodical (e.g. shoes) or exceptional goods (e.g.

electronics). Stores that sell more frequently consumed goods (e.g. groceries) seem to have a higher

probability to receive extra income from the pickup trip by the consumer. This discussion also ap-

plies to the value of the trip chaining requirement for satisfying the green pickup expectation: there is

more potential for combining trips if the CDP is located in a store selling frequently consumed goods.

The evolution where every carrier now seemingly ís everywhere seriously hampers the economic, envi-
ronmental and convenience potential of the CDPs: the more CDPs to be delivered to, the lower the

drop ratio per point resulting in less economies of density. In addition, more points imply more kilo-

meters, hereby jeopardizing the environmental potential (cf. total carrier distance between models 2

and 3 of Figure 5.2). Moreover, far from all CDPs satisfy the requirements listed in Table 5.4. The

spatial footprint of this proliferation in Belgium is elaborated in the following sections.

5.4.2 The spatial pattern of the CDP landscape in Belgium

The Belgian CEP sector comprises several small and large carriers. In terms of revenue, TNT repre-

sents the largest market share (20-25%) in e-commerce parcel deliveries. These include both B2B and

B2C deliveries, as carriers typically do not report statistics on the separate streams. TNT is followed

by the Belgian Post andUPS (both 15-20%), andDHL International (10-15%). In terms of volume, the

Belgian Post holds the largest market share (25-30%) followed by DPD and UPS (both 15-20%) and

GLS (10-15%). Of the seventeen major players operating in Belgium, thirteen handled B2C parcels in

2016. Of these thirteen, nine maintain a network of Collection and Delivery points (CDP) (KPMG,

2017).

In June 2018, afிer aggressively expanding their networks, the nine diஸferent players oஸfered combined
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Table 5.5: Collecঞon and Delivery points (CDP) and Automated Parcel Systems (APS) comparison of Belgium within
Europe

Belgium Estonia France Germany The Netherlands Spain Sweden
CDP per
10,000 6.61 / 8.72 6.92 5.12 0.92 3.72

APS per
10,000 0.161 2.03 / 0.483 / 0.733 0.073

Source: own calculations with data 1BIPT; 2Piepers (2018); 3Zurel et al. (2018)

a total of 4400 unique CDPs. 2612 of these points receive parcels from diஸferent carriers with 78% of

these shared points used by two diஸferent carriers, 14% by three, and the remaining 8% by at least four.

Summing the advertised number of points from the diஸferent carriers results in a total of 7864 options.

The eஸfort by the BIPT to gather CDP data from the diஸferent carriers is unique; information on other

countries are collected by consulting the websites of the various logistics players (Piepers, 2018). Al-

though the number of CDPs for Belgium that Piepers (2018) calculated is not an exact match to the

number provided by the BIPT, they are some order of magnitude, allowing for comparison among

the countries. The ஹ஭ndings by Piepers (2018) are used to calculate an approximate CDP density in

diஸferent European countries (Table 5.5). It was unclear if Piepers (2018) included locker boxes in his

CDP data results. The second row in Table 5 presents Automated Parcel Systems (APS) data for a

limited number of countries based on a recent publication by the BIPT (Zurel et al., 2018). Although

the quality of Piepers (2018) is unknown, it appears the Belgian CDP network is developed averagely

compared to other European countries. The locker system in Belgium with only 186 unique points

is signiஹ஭cantly underdeveloped compared to attended pick-up points. Capacity restrictions appears

to be the biggest barrier for development. All lockers, except for two, are managed by the company

Cubee, which is integrated with the systems of Bpost, DHL, GLS and DPD. This provides a prime

example that cooperation among carriers is possible.

Table 5.6 presents various metrics for the two types of CDPs (PPs and APS) The degree of urban-

ization is derived by using the deஹ஭nition of the European Commission (Dijkstra and Poelman, 2014).
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Based on a 1 km2 population grid generated fromnational population statistics and theCORINE land

cover map, urban refers to contiguous grid cells with at least 1500inh/km2 (i.e., the cities), urbanized

to less densely populated suburban areas and smaller towns (min. population of 5000 and density of

300inh/km2), and rural to sparsely populated areas. The spatial distribution of the PPs appears to

follow that of the population. However, there is a slight underrepresentation of PPs in urban com-

pared to rural areas. This is due to the lower population density in the latter, which requires carriers

to install more PPs in order to maintain the service level. In contrast, the majority of APSs are located

in urban and urbanized areas. The lockers can mostly be found in train stations, post oஸஹ஭ces, super

markets and gas stations.

The low population density in rural areas is re஺ாected by the low share of rural population within a

1km radius of a CDP. The radius threshold is set 1 km because for distances more than 1 km, the car is

the preferred transportation mode (Declercq et al., 2017). The majority of households within a 1km

radius are assumed to walk or bike to the CDP, hereby fulஹ஭lling the condition for the CDP to be an

environmentally-friendly alternative to home deliveries. The potential to consolidate parcels in the

CDP is indicated by the average population within 1km (column 7 of Table 5.6). Urban CDPs are

more eஸஹ஭cient than those in urbanized and rural areas due to a higher total and density of population.

On average, urban CDPs catch 60%more people within a 1 km radius than urbanized CDPs andmore

than three times more people than rural CDPs.

The CDP networks in Belgium are considered fairly well developed because 94% of the urban pop-

ulation lives within 1 km from a CDP, and 99% of the whole country lives within ஹ஭ve kilometers of

a CDP. Whether or not the ultimate goal for society is a full 100% of the population within walking

distance remains open for debate (Cárdenas et al., 2017c). An increase in CDPs involvesmore stops for

delivery vans and, especially in remote areas, a decrease in the average population within their catch-

ment area.

Although an increase in coverage in urbanized areas is possible, with already 69% of the Belgian pop-

ulation living within walking distance of a CDP, the current CDP network oஸfers the potential for
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high environmentally-friendly deliveries. However, because only 58% of these points are shared by

at least two carriers, the population share within walking distance decreases signiஹ஭cantly when con-

sidering individual networks (see Figure 5.3). Only the Belgian national post (and DHL Parcel given

that they make use of the same network) catches more than 50% of the population within walking

distance of their CDP network. Because online shoppers typically cannot choose the carrier, the ma-

jority of the CDP deliveries are dropped further than 1 km from the home address, jeopardizing the

environmentally-friendly potential.

Figure 5.3: Share of total populaঞon within 1km of each PP network. DHL Parcel and PostNL are not included be-
cause their networks are idenঞcal to the networks of Bpost and Kariboo, respecঞvely. Source: own composiঞon with
data BIPT (2018).

Individual behavior and diஸferent strategies among the carriers causes the ineஸஹ஭ciency that 75% of all

unique 4300 1 km catchment areas overlap. This means 75% of the population living within 1 km of

one CDP also has at least one other CDP within 1 km. The total overlap for each CDP is mapped in

Figure 5.4. A red dot indicates 100% of that CDP’s catchment area falls within the catchment area(s)

of one or more other CDP. CDPs colored yellow do not share any of their catchment areas with other

CDPs. Overlap occurs mostly in urban areas due to a high density of CDPs. However, also in many
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urbanized and rural areas dark spots are present, indicating overlap percentages of 75% or more. This

results from the desire of most couriers to maximize their presence in small towns and villages, which

are the centers of activity in those regions. This high overlap across the whole country demonstrates

the proliferation of CDP networks in Belgium.

Figure 5.4: 1km catchment areas for the 4214 unique PPs with overlap percentage. Source: own calculaঞons with
data BIPT (2018).

Whether the large amount of overlap is a reason for concern is open to discussion. Considering exter-

nalities, multiple CDPs for diஸferent carriers imply delivery-related impacts (noise, pollution, conges-

tion, safety, livability) in various locations. Measures by local authorities to manage the last mile of

the delivery of online orders (e.g., unloading facilities) are not straightforward in these situations. In

addition, it results in an increase in pick-up kilometers and a lower service level for consumers, and

hence, a multiplication of the pick-up-related external impacts. From an economic point of view, the
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overlap may seem less of an issue. A carrier may visit his entire network preferably every day, whether

the CDPs are shared or not. Operations are likely not impacted by other carriers stopping by the same

CDPs. However, by cooperating and sharing the costs, carriers may be able to save on ஹ஭xed costs asso-

ciated with the start-up andmaintenance of a newCDP, e.g. hard- and sofிware costs and shop keeper

training.

The 75% overlap shows there is signiஹ஭cant potential for reducing the number of attended delivery

points without reducing the service level, even in urbanized and rural areas. On the contrary, 30% of

the Belgian population does not live within walking distance of a CDP and this number further drops

when considering individual networks. Moreover, some CDPs already suஸfer greatly from capacity is-

sues. Limiting the number of points without increasing storage space may only increase this burden.

Calculating or specifying an optimal amount and distribution of CDPsmay not be possible, however,
making the current CDP network more eஸஹ஭cient and sustainable is certainly possible.

5.4.3 An assessment of established CDP types in Belgium

This Section provides an assessment of ஹ஭ve established CDPs in Belgium based on their economic, en-

vironmental and convenience level with respect to the requirements developed in Section 5.4.1. The

results presented may serve as guidelines for implementing future CDPs. The proliferation of CDPs

in Belgium has focused on quantity over quality and therefore various types of CDPs are in existence,

ofிen not fulஹ஭lling their full economic, environmental and convenience potential. Five frequently

encountered types are selected which encompass a wide range of CDPs. Hence, the performance of

other types can be derived from the discussion provided. In addition to these ஹ஭ve types, a sixth type

is added based on the Doddle example in the UK (Type 6).

Type 1 are inner-city supermarkets larger than 400m2, which supply urban residents food and other

household products on a regular basis. This type contains all supermarkets located in local commercial

centers and in or nearby residential areas. Type 2 are supermarkets located alongmajor transportation

axes. These peripheral shopping locations gained popularity in the 70’s, following the suburbaniza-

tion of mostly aஸ஺ாuent and increasingly mobile families. In addition, because land was cheaper com-
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pared to inner-cities, economies of scale and scope could be maximized in these locations. Type 3 are

nano-stores located in or nearby residential areas (asType 1). This type encompasses small convenience

stores, newspaper vendors and express supermarkets (<400m²). These are grouped together because

they oஸfer a limited product range and target a speciஹ஭c group of customers. Type 4 are gas stations.

These are located either at the city border or along transportation axes. Similar as in other countries,

many of these stations have a small convenience store attached. Type 5 are parcel lockers located in

public transportation nodes. These locker boxes are located in easily accessible locations, such as ma-

jor railway stations or on park and rides at the cities’ borders. Type 6 are attended nano-warehouses

of the size of small stores dedicated to the handling of parcels, similar to the Doddle example in the

UK. This Type does currently not exist in Belgium but is introduced here as promising well-organized

CDP option. Many existing CDPs lack streamlined organization due to a lack of strategic planning of

CDP operations and the fast growth of e-commerce deliveries. This has resulted in increased pressure

on the employees and ofிen an unorganized storage of parcels behind service desks. Like the Doddle

example, these small dedicated warehouses would be located in highly frequented areas, such as rail-

way stations or university campuses.

The performance of each type for the diஸferent CDP requirements is scored (high - medium – low)

in Table 5.7. Because much variety remains within the diஸferent types, the scores are based on the po-

tential of an average store of each type. The characteristics of the average store of each type are assessed

based on expert knowledge of the Belgian retail market by the author and collaborators.

Type 1 CDPs have, given their central location close to the consumer, low upstream but high down-

stream accessibility. Trips for purchases at these CDPs however are ofிen done by car (Declercq et al.,

2017; Lachapelle et al., 2018). This is especially so for those Type 1 CDPs located at the periphery of res-

idential neighborhoods or near important access roads in urban areas, targeting the urban commuter.

Their regular activities require suஸஹ஭cient amount of storage and loading facilities. However, this space

is currently rarely used for handling of parcels. It is not uncommon to see parcels stacked behind the

service desk, jeopardizing an eஸfortless delivery and the overall reliability (see Table 5.4). Supermarkets

typically have longer opening hours compared to other stores. Further, supermarkets typically have
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a larger workforce― especially when compared with independent stores― resulting in high

scores for the attendance requirement. Finally, in Belgium, 83% of the population visits the supermar-

ket on a regular basis, implying a high potential for trip chaining (European Commission, 2014).

Type 2 CDPs score similar to Type 1 CDPs, except for the location requirements. Their location along

major road axes results in a high upstream, low downstream, and high commuting accessibility. Com-

pared to Type 1 CDPs, an even larger share of the trips to these locations will be done by car.

Due to their central location, Type 3 CDPs score low on upstream and high on downstream acces-

sibility. Because they are typically even more centrally located within residential areas than Type 1

CDPs, they score lower on the commuting potential. In contrast to supermarkets, these stores have

limited storage and are supplied on a daily basis. Inmost cases, a dedicated loading bay ismissing. The

majority of these stores, except for express supermarkets, have shorter opening hours in comparison

to the large supermarkets. Type 3 scores poorly on the trip chaining requirement due to their limited

product range.

Type 4 CDPs score high on upstream and commuting but low on downstream accessibility given that

they are typically located close to highway exits or on important transportation axes. They have usu-

ally limited storage space but plenty of parking space. Opening hours vary signiஹ஭cantly, explaining

the medium score for the opening requirement. The score for attendance requirement is medium

because these CDPs are usually manned by one person only. Because the average Belgian visits a gas

station only once a month ( (FODMobiliteit en vervoer, 2017), the pick-up trip is generally dedicated

to merely picking up the parcel, lowering the potential for trip chaining.

Type 5 CDPs are parcel lockers in public transport nodes. Their location is generally picked to en-

sure high downstream and relatively good upstream accessibility. By deஹ஭nition, they score high on

commuting accessibility. They only score medium for infrastructure requirements: (1) they may suf-

fer from capacity limitations, and (2) they are typically located close to the platform but relatively far

away from the loading bay. Type 5 CDPs are open 24/7, however, being unmanned may make con-
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sumers reluctant to use them on a regular basis (due to perceived insecurity), especially for sending

parcels. The potential for trip chaining is very low (remark combining commuting with picking up

parcels is included in the location requirements).

Type 6 CDPs would be located at or near highly accessible places resulting in medium upstream, and

high downstream and commuting accessibility. Due to it being organized as a warehouse, this type

scores high on both infrastructure requirements. Opening hours will not be as high as with Type 5,

however, dedicated personnel ensures a high score for attendance. Trip chaining is not possible be-

cause no goods are sold. Yet, picking a strategic location, e.g. at public transport nodes or shopping

streets, may solve this issue. The proஹ஭tability of Type 6 CDPs is questionable. To limit the increase

in transportation costs, the cost per parcel must be low, implying large parcel volumes are needed. In

the current market in Belgium, the average parcel volumes are too low, with estimates of only 3 to 5

parcels per CDP per day.

5.5 Discussion and conclusions: how to cope with the current prolifera-

tion of CDPs?

The rise in B2C e-commerce puts pressure on traditional distribution chains. The fragmentation of

shipments, ever shorter lead times, and increasing rents causes a range of new logistics infrastructure.

This is especially visible in densely populated areas: plenty of consolidation opportunities combined

with more pronounced negative impacts gave rise to a range of urban logistics spaces, and some type

of reversed logistics sprawl (Behrends, 2016; Cárdenas et al., 2017a). The most visible of these spaces,

especially in Europe, are the CDPs. Originally installed to leave failed deliveries, the CDP network has

now become an expression of the carrier’s service level.

While the expansion of CDP networks has increased the accessibility to the points, it simultaneously

has resulted in aheterogeneous and spatially scatteredportfolio of locations, eachwith its own strengths

and challenges. However, the strategyofquantity overqualitymay jeopardize the sustainability promise

of these points. First, a higher number of CDPs can result in a suboptimal trade-oஸf between the in-

ternal and external delivery costs. Second, heavy competition and insular behavior ofிen results in du-
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plication of CDPs, i.e. CDPs from diஸferent carriers located independently in the same neighborhood.

This results in spatial scattering of negative impacts, including illegal parking, congestion, noise, etc. It

also limits the potential for shared infrastructure like loading/unloading bays. Third, consumers may

have to travel to various locations across the city to collect parcels delivered by diஸferent carriers. This

not only discourages the use of CDPs, it also promotes the use of cars to pick-up parcels, and hereby

increase the total amount of driven kilometers. Finally, nano-stores (e.g., corner stores or newsstands)

becoming CDPs puts pressure on the shopkeepers. The expansion of online orders tests the limits of

storage space at these stores and demands a signiஹ஭cant amount of retailer’s time, turning some of them

in logistics workers.

Despite strong competition within the sector, a consensus seems to exist that the current situation

may not be sustainable. Integrating a range of carriers, as e.g. done by the automated parcel locker

company Cubee, may be more sustainable. The interviews indicated attended points are currently

still favored over unattended lockers, mostly due to size constraints and security issues. Yet these APSs

can oஸfer a way to lessen the burden on shop keepers and may even be implemented by companies as

an extra service to their employees, turning the lobby in a private CDP. Given innovation in terms

of security and expandable locker systems, the share of APSs in the total number of CDPs may rise

signiஹ஭cantly in the coming years.

Afிer reviewing diஸferent types of CDPs based on their economic, environmental and convenience po-

tential, supermarkets and dedicated warehouses prove to be the best alternatives, especially if volumes

further increase. However, how consumers are allocated to diஸferent CDPs is key. For commuters,

transport axes and public transport nodes may be ideal pick-up locations. Others may prefer loca-

tions closer to home or work. A solution where the consumer can choose their CDP, as currently im-

plemented by the Belgian national post, may be necessary to obtain convenient and sustainable CDPs.

Urban authorities can facilitate this development. A recent increase in hard and sofிmeasures to guide

deliveries in urban areas indicates local authorities are aware of the negative impacts associated with

urban logistics. Verhetsel (1998) proposes four categories of policy measures. First, the inclusion of

121



urban freight in urban planning is necessary to manage its impacts on the long-term (Fossheim and

Andersen, 2017). Scholars advocate for this long term focus through the development of sustainable

urban logistics plans (Kiba-Janiak, 2017; Lindholm and Behrends, 2012; Russo and Comi, 2017). In

Paris for example, considered an international pioneer in urban freight planning, centrally located ar-

eas have been designated to logistics activities (Dablanc et al., 2013; Heitz and Beziat, 2016). Second,

on a shorter term, the installation of dedicated infrastructure (e.g. loading bays or nearby delivery ar-

eas) has been a more popular measure. Diஸferent trials in various cities have shown positive impacts

(Russo and Comi, 2012, 2016). Third, legislative enforcements (e.g. time windows or parking regula-

tions) provide a fast option to improve eஸஹ஭ciency of urban distribution activities. In addition, they are

cheaper to implement compared to infrastructure measures (Allen et al., 2000). Fourth, from an eco-

nomic perspective it makes sense to let logistics players pay for the externalities associated with freight

in urban areas. Congestion pricing or area pricing are two examples to manage freight transport. Yet,

implementations speciஹ஭cally aimed at urban freight transport remain limited (Dablanc et al., 2013;

Russo and Comi, 2016).

Many initiatives include a combination ofmeasures. For example, in the case ofUCCs, city authorities

may oஸfer distribution spacewhile simultaneously prohibiting non-participants from entering the city

at certain times. However, as has been demonstrated several times by the failure of UCCs, top-down

initiatives rarely work. Instead, the focus should be on improving the sustainability of existing im-

plementations that are working within the current distribution networks (Zunder and Ibanez, 2004).

A general conclusion in academic reviews of these projects is the importance of collaboration among

the various stakeholders. This can improve eஸஹ஭ciency of parcel deliveries while reducing their negative

externalities on the environment and society (Ballantyne et al., 2013; Cui et al., 2015; European Com-

mission, 2013; Fossheim and Andersen, 2017).

Each of the four measures can help coping with CDP proliferation. The successful Cubee example

and the 75% overlap of catchment areas demonstrate the potential for cooperation among CDP net-

works. Some of these measures can be put in place to enforce this cooperation. Regulations could

limit the spread of CDPs or single-carrier CDPs can be ஹ஭ned to stimulate cooperation. Even without
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government action, sharing CDPs among carriers makes sense given the economic, environmental,

and convenience potential, as discussed in Section 5.4. Hence, it may be better if local authorities fa-

cilitate this process instead of enforcing it. In the short term, this can be accomplished for example

by hosting meetings to facilitate discussions among carriers. In the long term, loading bays can be in-

stalled at suitable locations, or strategic locations can be conserved through sustainable urban logistics

plans. An interesting ongoing project is in Brisbane, Australia (Lachapelle et al., 2018), where local

authorities are exploring the latter option. The list of CDP requirements (Table 5.4) and the scoring

of diஸferent CDP Types (Table 5.7) presented in this Chapter can be a valuable guidance document

during such meetings or for identifying suitable CDP locations.

However, several questions remain unanswered. The largest knowledge gap concerns the consumer.

In this Chapter, it is assumed the consumer desires a convenient delivery. However, an in-depth anal-

ysis of consumer delivery preferences is required going forward. Current consumer behavior, with

the expectation of ever faster free home deliveries, may be more a result of ஹ஭erce competition rather

than a requirement for online shops. As a result, the question remains how and to what extent these

expectations can be altered, and whether this is necessary in the ஹ஭rst place.

Research on city logistics has raised awareness on the environmental impacts of urban freight and,

speciஹ஭cally in recent works, the increase of consumer driven logistics. The general tone of this re-

search is rather pessimistic and investigates alternatives to current delivery streams. A quantiஹ஭cation

of net impacts of online shopping deliveries is still missing. Is e-commerce generating more vehicle

kilometers in addition to existing shopping trips? Or is a substitution eஸfect taking place? In the latter

case, should the market just optimize deliveries via routing algorithms? While the value of CDPs has

been demonstrated, the net impact on driven kilometers remains an assumption based on a small set

of case studies.

Independent of the answer to the last question, this Chapter demonstrates there is room for optimiza-

tion in current CDP networks. There is need for professionalization in existing points, e.g. through

organized storage and shopkeeper training. This issue for example led to the creation of the com-
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pany Doddle. However, how sustainable will storage space be with expensive rents in urban areas?

There are signs that retail real estate is overvalued on prime locations and there are a growing number

of vacancies near these prime locations, both observations provide opportunities for locating small

warehouses. This applies to all urban logistics spaces mentioned in Section 5.2. Moreover, interviews

indicated the increased proஹ஭t for shopkeepers is minimal when the fee per parcel remains low. This

undermines the economic viability of CDPs, especially with the current low volumes per point.

In its conceptualization and assessment of the current CDPs, this Chapter assumed the current state

of the B2C e-commerce market and no future trends were considered. An interesting question is how

CDPs can play a role in the delivery of growing e-commerce markets, like fresh goods. In addition,

similar as with B2C deliveries, the interviews with the parcel carriers pointed out an increasing share

of B2B orders is fragmented. One reason may be a decrease in storage space to maximize showroom

space in expensive commercial areas. Further, the short lifecycle of products in this sector discourages

large stocks. While failed deliveries may not be an issue, a decreasing parcels per stop ratio may en-

courage the use of CDPs for B2B deliveries. Storage is then subcontracted to a (specialized) location,

possibly a small warehouse where B2B and B2C can be combined. This approach may be more sus-

tainable in dense commercial areas, especially when retailers demand frequent shipments that cannot

be organized within existing timewindows. One remark here is that the observations of the parcel car-

riers concerning this evolution are in contrast to the ஹ஭ndings from an objective diachronic analyses on

freight movements conducted in Bordeaux (Bonnafous et al., 2016). Whether or not fragmentation

in B2B occurs is a diஸஹ஭cult question to answer and strongly depends on the measurement chosen and

the sectors considered. Without doubt however, it is interesting to monitor this evolution given its

potential impacts on the organization of urban freight ஺ாows.

Finally, this Chapter is written from a European perspective. It would be valuable to test the proposed

list of requirements and types to CDP networks elsewhere. Another interesting question is why the

American delivery market is less fond of CDPs. With lockers ஹ஭nding a way in big cities, it would be

interesting to apply the lessons learned in Europe to prevent a similar uncontrolled proliferation.
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6
Conclusions

ThisChapterconcludes thedissertation in relation to the research questions raised inChap-

ter 1. The next section summarizes the ஹ஭ndings of the diஸferent case studies. The limitations of the dis-

sertation are discussed in Section 6.2. Section 6.3 presents diஸferent perspectives for further academic

research. Finally, the last section of this Chapter provides a set of implications and recommendations

that follow from this research.

6.1 Summary of findings

This dissertation started with the observation of the changing role of the logistics sector. First, glob-

alization demanded close cooperation between producers, suppliers and distributors and hence the

advent of contemporary logistics. Second, the popularity of e-commerce with the promise of home

deliveries integrated the consumer in these global supply chains. While the institution of the sector

as a structural part of economic systems did receive academic attention (Hall et al., 2006; Hesse and
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Rodrigue, 2004; Rodrigue, 2006a), very little research on how these interactions shape the spatial con-

ஹ஭guration of the sector exists. This question formed the basis on which this dissertation was built and

was studied at two scales. Part 1 tackled this question with an analysis of inter-ஹ஭rm linkages at the na-

tional level. In Part 2 the focus lied on the interactions with end consumers at the urban level. The

following Sections summarize the conclusions of this dissertation. They are structured along ஹ஭ve ma-

jor ஹ஭ndings, each corresponding to one of the sub-questions stated in Section 1.4. Finally, Section 6.1.6

provides an overall conclusion based on to the main research question.

6.1.1 Finding 1: The logistics buyer-supplier network consists of seven spa-

tially contiguous communities

Part 1 of this dissertation made use of a microeconomic dataset of the invoices between companies

where either the buyer and/or the supplier is a logistics company. This data was provided by the Na-

tional Bank of Belgium. Because of the complexity of the dataset, methodological inspiration was

drawn from the ஹ஭eld of Network Science. In particular, Chapter 2 introduced a community detec-

tion algorithm to study the spatial component of these buyer-supplier linkages. The network analysis

identiஹ஭ed seven spatially contiguous communities (Figure 6.1b). The spatial contiguity of these com-

munities points to the presence of a strong spatial component within the microeconomic dataset. In

layman’s terms, this means two things. First, buyers of logistics services are more eager to look for lo-

gistics suppliers in their vicinity. This implies that even for logistics companies, as connectors between

all corners of the country, the presence of potential customers should be an important location factor.

Second, similar to the ஹ஭rst point logistics companies seem to buy more ofிen from suppliers nearby.

Hence these suppliers better locate close to their logistics clients. Although certainly not a prove of

clustering, it does hint at the presence of one of the drivers of co-location of associated industries in

the logistics sector as well.

This ஹ஭nding may not come as a surprise to those familiar with the application of similar methods

in social sciences. Earlier studies (e.g. Adam et al. (2017); Blondel et al. (2010); Nelson and Rae (2016);

Ratti et al. (2010)) indeed found a similar spatiality within telephone calls or commuting patterns.

However, the logistics sector is perceived as being spatially scattered, being everywhere and nowhere

126



(a) Network of all Yows used in Chapters 2 and 3 (b) The communiঞes inside that network

Figure 6.1: Deriving insights with network analysis. Source: own calculaঞons with data NBB.

at the same time. The observation of such a strong spatial component at diஸferent levels should thus

not be underestimated.

6.1.2 Finding 2: The logisticsnetworkdepictsa stronghierarchical struc-

ture

The contiguity of the communities however creates an illusion of homogeneity within the overall net-

work. Although near locations show a higher frequency of interactions, the result of the community

detection algorithmmay leave the impression that within a certain community, all nodes are equal. In

addition, maps like in Figure 6.1b hide the presence of cross-community linkages.

These two issues were tackled by complementing the buyer-supplier dataset with employment data in

Full Time Equivalents (FTE) per municipality in 2010, and by calculating a range of additional com-

munity parameters. First, Chapter 2 combined the community detection results with the calculation

of concentration indices on the number of FTE. While it was not possible to quantify explicitly the

relation between co-location and inter-ஹ஭rm linkages because of the heterogeneity of the data sources,

the study did provide a more comprehensive typology of economic clusters. Hence, it proved that

co-location does not by deஹ஭nition imply more intense local inter-ஹ஭rm relations. On the contrary, the
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latter can occur in many intensities and in diஸferent network conஹ஭gurations. The large geographical

variety is another indication that the idea of a dispersed logistics sector does not hold. Instead, the

sector is structured along a range of clusters, cluster spillovers and polycentric clusters. This structure

supports the theory that there is an independent, self-organizing logistics sector that is more than a

derivative of other economic activities.

Second, the calculation of additional community parameters allows more insights in the connected-

ness of the diஸferent nodes within and beyond their communities. As such the application of the

frameworkproposedbyGuimerà andAmaral (2005) helped to achieve the cluster typologymentioned

above. By reiterating the same community detection algorithm twomore times, the analysis in Chap-

ter 3 provided a template to uncover the spatial pattern of the rest of the network’s hierarchy, outside

the actual clusters. The application of the conducted methodology demands a strong quantitative

mindset and the interpretation of the results is not always trivial. Yet, the calculation of the so called

damping values and its geographical analysis does allow for an understanding of how nodes located in

the same community can exhibit strongly diஸfering relations over diஸferent hierarchical levels. Similar

to the observation of the contiguous communities and the three cluster types, the presence of an hier-

archical structure in the logistics network further rejects the idea of a dispersed geographical pattern

of the logistics sector.

These conclusions are novel in three ways. First, although the topic recently rose on Economic Geo-

graphical research agendas (Bathelt et al., 2004; Martin and Sunley, 2003; Porter, 1998), only a very

limited amount of authors (Sheஸஹ஭, 2012, 2013; van den Heuvel et al., 2013, 2014a, 2016) have paid at-

tention to clustering in the logistics sector. Second, the majority of studies resulting from the revived

academic interest focus on the detection of co-location and ignore horizontal relationships. Nonethe-

less, both dimensions have proven to be crucial when analyzing agglomeration advantages (Marshall,

1890). Third, the development of a framework that allows for the objective comparison of economic

clusters is not an easy task given the ஺ாuidity of the cluster concept (Martin and Sunley, 2003). The lack

of quantitative research further complicates this task. The application of network tools, as conducted

in Chapters 2 and 3, allows for a more structural interpretation and helps to specify the concept, given
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the availability of the required data.

6.1.3 Finding 3: Communitydetection isusefulbutneedsaccompanyingmea-

sures to retain the particular

The lack of quantitative research on inter-ஹ஭rm relations was tackled in this dissertation by drawing

inspiration from the ஹ஭eld of Network Science. Chapter 2 introduced the community detection algo-

rithm and the calculation of the network parameters in addition to traditionalmeasures of co-location.

Likewise, in Chapter 3 an additional parameter, i.e. the damping value, was calculated afிer multiple
iterations of the same algorithm. In both Chapters however, these network tools were used as a way

to draw conclusions on (Economic and Transport) geographical questions. It allowed for a deeper

understanding of the spatial conஹ஭guration of the network, e.g. by uncovering present hierarchies and

reஹ஭ning the cluster typology (cf. Figure 6.1).

The question may rise whether these complicated methods are the only way towards such deeper geo-

graphical understanding. Of course, not even the choice for a quantitative paradigm is imperative

for the geographical conclusions in Part 1. The advent of big datasources on all kinds of socio-spatial

interactions however opens the door for using such methods in an explorative spatial data analysis

framework. While network analysis does not have to be the sole source of methodological inspiration,

it provides a wide array of tools that can and should be exploited in a geographical context.

However, this dissertation is also critical towards the application of network methodologies. While

the application of community detection algorithms on spatial interaction networks is gaining popu-

larity (Blondel et al., 2010; Nelson and Rae, 2016; Ratti et al., 2010), these studies mostly ignore the

underlying heterogeneity within the resulting spatially contiguous communities. The reiteration of

the community detection algorithm and the calculation of the damping values as an additional net-

work parameter helped to understand what is going on inside the highest level communities. As such

a richer geographical description was achieved. While the above authors may be aware that some pru-

dence is at its place, merely stating that we must be careful not to assume that an absolute or final
structure of regional divisions can be determined (Nelson and Rae, 2016, p. 21) does not feel suஸஹ஭cient
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when claiming to describeThe Economic Geography of the US or toRedraw the map of Great Britain.
Such studies are an excellent example of Schwanen (2016)’s critique that there ॾ a risk that general-
ity – regularitiॽ, laws, basic principlॽ, … - comॽ to trump particularity in the form of place and time
specificity. One has to remain prudent not to revert to an internal network perspective but to reconcile
network-based insights and more qualitative, localized insights in order to safeguard particularity.

A similar example of this critique are the claims made in Grauwin et al. (2017)’s development of a

universal model for human interactions, which has been critically applied in Chapter 3. In its orig-

inal publication, the calculated damping values are the foundation of a universal model of human

interactions. Although the authors claim to uncover a systematic decrease of communication induced
by borders which we identify ॼ the missing variable in state-of-the-art models when working on tele-
phone data (Grauwin et al., 2017, p1). The analysis in Chapter 3 demonstrated that the ignorance of

the geographical variation of these values clearly does not apply to all types of human interaction.

6.1.4 Finding 4: Socio-economic characteristics have to be taken into ac-

count in B2C urban logistics studies

In Part 2 this dissertation shifிed scales. Recall this was a triple shifி: i.e. in terms of the geographical

focus, the type of interactions and the companies taken into consideration. This shifி resulted from

the claim of an integration of the consumer in modern day supply chains. As has been elaborated

during the identiஹ஭cation of the research gaps at the introduction of this dissertation, it is the need for

physical and information interactions to ensure the delivery of B2C e-commerce parcels that initiated

this integration. To understand how this in஺ாuenced the spatial conஹ஭guration of the logistics sector,

Chapter 4 ஹ஭rst attempted to understand the origin of the change, i.e. the consumer shopping online.

Highlighting the importance of the consumer is in itself a contribution to the urban logistics research

ஹ஭eld, given the lack thereof in the ஹ஭eld’s recent academic output. One example hereof is the ignorance

of this stakeholder in the variety of models that is concerned with modeling the number of vehicle

kilometers travelled (VKT) (e.g. Edwards et al. 2010; Gonzalez-Feliu et al. 2012; Park et al. 2016; Per-

boli et al. 2016). The VKT calculation is a three-step process, with the estimation of the demand as
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the initializing step. Despite its signiஹ஭cance however, the majority of the B2C urban logistics litera-

ture assumes the demand is uniformly distributed over the population, in contrast to ஹ஭ndings of for

example Clarke et al. (2015) and Farag et al. (2006b). Similar to these comparable studies, this disserta-

tion proved that income and education strongly impact the probability of online shopping in our case

study. In addition, it showed that gender and age also in஺ாuence this probability. On the contrary, like

in the UK and the Netherlands, the urbanization level of an area does not show a signiஹ஭cant relation

with the probability one shops online in Belgium. Whether this is due to the historical urban sprawl

in the country, or an indication of the universal adoption of online shopping (Anderson et al., 2003)

remains food for discussion.

Besides the identiஹ஭cation of signiஹ஭cant predictors, the geographical translation of the statistical regres-

sion is novel and provides additional insights in understanding online shopping adoption. One of the

key contributions here is the observation of demand changes at the most detailed spatial unit. The

discussion in Chapter 4 dives deeper into this variation, which implies the demand for online goods

may change from one neighborhood to another and is in contrast to traditional logistics strategies

of providing services proportional to the absolute population in a certain area. As a result, a similar

micro-level perspective may be required in the courier express and parcel (CEP) sector.

6.1.5 Finding 5: The rise in online orders results in a new, urban layer in

logistics chains

Chapter 5 identiஹ஭ed the cities as locations accommodating the majority of potential online buyers,

which is unsurprising given higher population numbers. More online buyers imply more deliveries

of online orders, which result in a decrease in the delivery costs of these parcels in urban areas. Yet, in

return, the challenges these deliveries pose on logistics players are greater there. Ever shorter lead times,

absent receivers and single-item orders result in an increased fragmentation of freight ஺ாows, prompt-

ing the urgent need for solutions to cope with this complexity. Chapter 5 identiஹ஭ed the variety of new

urban logistics spaces that are created within logistics networks as one of the solutions applied by the

CEP sector (cf. Figure 6.2). These nodes, being the extension of logistics chains within the cities, are

termed the urban layer of e-commerce deliveries. Because the facilities in this layer have to be small (i.e.

131



(a) The locaঞon of the demand for online goods (b) The locaঞon of CDPs for online deliveries

Figure 6.2: Demand and supply for e-deliveries. Source: own calculaঞons with data Comeos and BIPT.

due to high rents) and nearby (i.e. rapid deliveries), their quantity is large (e.g. >4,400 CDPs in Bel-

gium in 2018). These new facilities increase the amount of logistics jobs in urban areas. Small retailers

become warehouse workers; students become part time bike couriers: the power of the consumer has

changed the outlook of the sector.

Collection and delivery points, at least in Europe the most common urban logistics facility, have be-

come the materialization of this integration of the consumer in the supply chain. These points oஸfer

economic advantages for the carrier, present an environmentally-friendly alternative for home deliv-

eries and allow the consumer a greater ஺ாexibility. Despite this integration and increased interaction

however, the unsustainable demand for free home deliveries demonstrates that consumers still lack an

understanding of logistics processes. Fierce competitionwithin the CEP sector however led to a prolif-

eration of these points in Belgium. Unsurprisingly, bad location choices jeopardize the sustainability

of this promising alternative. In an attempt to provide guidance for decisionmakers, an evaluation of

diஸferent types of CDPs was provided at the end of Chapter 5.
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6.1.6 What is the relation between spatial interactions and the spatial

configuration of logistics networks?

By nomeans this dissertation is a complete overview of the geography of the logistics sector. The four

papers, structured in consecutive Chapters, each provide small incremental steps towards tackling the

main research question of this dissertation: What ॾ the relation between spatial interactions and the
spatial configuration of logistics networks? Part 1 demonstrated how the uneven distribution of logistics
activities and inter-ஹ஭rm relations is resulting in a spiky logistics network. The calculation of the net-

work parameters in Chapter 2 and the k-means clustering of damping values in Chapter 3 in particular

uncover a strong geographical variance in the intensity and distribution of the linkages at the national

scale. This variance deஹ஭nes nodes of greater and lesser importance and hence structures the spatial

conஹ஭guration of the logistics network.

The most important nodes in the Belgian logistics network are located close to important economic

markets and/or transportation hubs, e.g. Antwerpen, Brussels, Liège-Bierset etc. These centers are

hubs where spatial interactions converge, both locally as nationally and hence serve as the focal points

in logistics chains. The occurrence of these interactions are a self-enforcing system: the potential for

intense inter-ஹ஭rm relations increases the attractiveness of cities, which is enforced when new players

with their own set of relations arrive. In Part 2 a similar observation is made at the micro-scale. The

interaction consumer-logistics demands a restructuring of the latter’s delivery processes. With ஹ஭erce

competition in the CEP sector, players are diversifying delivery options to increase their service levels

towards the end consumer. A spatial example hereof is the wide set of pick-up options for consumers.

Yet his ஺ாexibility gain becomes the new standard in the competitivemarket, prompting the oஸfer of ad-

ditional services, further complicating the last mile of e-commerce deliveries, especially in urban areas.

In summary, this dissertation observes the relation between cities and logistics companies results in a

spiky logistics landscape that is increasingly impacted by individual consumers.

Relating to the popular discussion on logistics sprawl (Dablanc and Rakotonarivo, 2010), the most

important logistics centers are mostly on the fringe of the cities. Although not explicitly a prove of

logistics sprawl, it provides an indication of a barycenter located at the cities’ borders (cf. Dablanc
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and Rakotonarivo 2010). The emergence of the urban layer due to e-commerce deliveries in contrast,

results in an interesting duality in the CEP sector. On the one hand, the installation of urban logistics

spaces suggests a potential reversal of logistics sprawl. On the other hand, there is an increasing need

for gigantic warehouses to satisfy the e-commerce demand of large metropolitan regions. As a result,

even in the CEP sector in absolute square meters the barycenter of logistics activities will probably

keep moving away from the geographical center of the city.

What does the future hold? Rimmer and Kam (2018) claim the advent of omnichannel retailing, with

the establishment of logistics as a distinct cost component in the consumer purchase equation and a

plethora of delivery options, brought along a new logistics wave: Consumer Logistics 1.0. The authors’
further sketch a future where 3D printing and the Internet of Things are the bearers of the next logis-

tics evolution, which would shifி the focus from city logistics (i.e. managing urban freight) to logistics

cities (i.e. attract logistics service facilitators and trading companies) (Rimmer and Kam, 2018). Al-

though the breakthrough of 3D printing has been contested on a regular basis over the past decades,

the idea of a logistics city is food for thought. The idea can be summarized as the development of a

physical internet (Montreuil, 2011) to facilitate a sharing logistics economy. While the authors’ view

can be perceived as quite futuristic, a future with more consumer participation in logistics chains is

not unthinkable. This will undoubtedly further complicate the already complex situation and spatial

fragmentation that resulted from the competitive environment in the sector. To cope with such an

outlook, an alignment of actions, infrastructures and processes within the logistics sector should be

on policy agendas.

6.2 Critical assessment

This dissertation is not without its ஺ாaws. The availability of unique datasets resulted in signiஹ஭cant

quantitative academic contributions. Yet, many assumptions had to be made during the analysis of

these datasets, which results in a range of limitations. The main limitations of this dissertation are

discussed here.
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6.2.1 The buyer-supplier linkages provided by the NBB

It was mentioned in Chapter 2 that the buyer-supplier linkages provided by the National Bank of Bel-

gium are attributed to the headquarters and that international linkages are absent. The impact of the

ஹ஭rst limitation might be an excessive emphasis on the importance of the economic centers. However,

with a strong presence of small and medium sized companies in the dataset, the distortion between

headquarter location and actual activities is limited and should not compromise the demands for the

analysis. Moreover, the lack of international linkages may diminish the relative importance of some

major economic centers in the analysis. Thismight even balance out some or the error due to the head-

quarter limitation. Concerning the absence of the international linkages, the relative high number of

linkages in the border regions Kortrijk (towards Lille) and Eupen (towards Germany) indicate at least

a share of them seems to be captured within the original dataset.

Another limitation stems from the interactions being an expression of the Belgian logistic system in

terms of value added, not transported goods. The use of ஹ஭nancial ஺ாows to study the logistics sector

may look counterintuitive. Although this type of ஺ாows may also limit the distortion associated to the

aggregation of the ஺ாows to the headquarter, they might present a more spiky image of the sector, in

contrast to the potentially more scattered freight ஺ாows. Further, the heterogeneity of the dataset may

blur the deஹ஭nition of the logistics clusters, as highlighted in Chapter 2. But not only the variety of

industries, also the wide range of logistics facilities included in the dataset distorts the analysis. A sim-

ilar remark can be made of the second dataset used in Chapter 2, i.e. of FTEs in the logistics sector. A

more micro-economic analysis of the concentrations and inter-ஹ஭rm relations would greatly enhance

the insights in the observed locational patters, as was done inHeitz et al. (2019). Finally, the data dates

back to 2010 which is a long time ago, especially given the changing nature of the sector. Updating the

ஹ஭ndings with more recent data would not only improve the relevance of this work, it also allows for a

diachronic analysis, of which the potential is elaborated in Section 6.3.
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6.2.2 The E-commerce in Belgium survey provided by Comeos

The use of the Comeos dataset in Chapter 4 is another point of discussion. First, falling back to the

internet to conduct a survey implies non-internet users are lefி out of the analysis. In Belgium, 87%

of the households have internet access (Eurostat, 2019). This means the remaining 13%, except for the

ones surஹ஭ng online atwork or in public places, are excluded from the analysis. This is not by deஹ஭nition

a limitation when questioning e-commerce characteristics. Deriving average spending or identifying

the preferred delivery location for certain types of goods only require answers from online shoppers,

who are by deஹ஭nition reachable through online surveys. It is more an issue when predicting the prob-

ability of online shopping, as was done in Chapter 4. Because of the chosen medium through which

the survey was conducted, the computed probability is actually the e-commerce behavior of Belgian

internet users. The extrapolation of this probability to the number of Belgian online shoppers results

in an overestimation of the latter due to the absence of non-internet users.

The data provided by Eurostat (2019) allows to assess this error to a certain extent. As such the major-

ity of the households without internet access prove to be member of the lowest two income quartiles

(Eurostat, 2019). Hence, the share of online shoppers from the lowest income class has the highest

chance to be overestimated in the dataset. In that case, the signiஹ஭cant impact of the variable income

on the probability may be distorted in a positive sense, i.e. with an overestimation of the coeஸஹ஭cient

for the lowest levels of this variable. In conclusion, given the potential sampling error due to the use

of the online medium, the existing signiஹ஭cance of the income variable (i.e. the diஸference in impacts

between the highest and lowest levels) could potentially further increase. A similar conclusion might

be made for the education variable, although no data on this was available. The Eurostat survey fur-

ther indicated little diஸferentiation in internet access for households between diஸferent morphological

areas (urban/rural) (Eurostat, 2019). Resultantly the impact of the choice for an internet survey on

the conclusions made on the hypotheses from Anderson et al. (2003), seem to be limited.

A second limitation is that the survey only gathered 1500 complete responses. One important note

is that the 1500 respondents were not gathered randomly. The respondents were sampled from a con-

sumer panel by a specialized company. It was mentioned in Chapter 4 that response behavior was
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leveled out based on previous polling behavior of the panel. Resultantly a response set representative

for Belgium according to age, gender and regional quota was achieved, despite using the internet for

surveying. This representativeness was assessed in Table 4.1. Given this, the results of the statistical

model are valid for the Belgian internet user. The limited size of the surveymay however cause a larger

error in the geographical translation of the statistical results, especially since a choice was made to do

this translation at the level of the statistical sector. This choice resulted from the experience ofworking

with real delivery data, which showed signiஹ஭cant variation at this detailed level (Cárdenas et al., 2016).

Another issue concerning the geographical translation is the fact that online orders were equated with

online deliveries, which certainly is not always the case. First, 25% of the online orders are not delivered

at home. Second, not all purchases result in the same freight ஺ாows. Diஸferent types of goods can be

subject to diஸferent delivery preferences, e.g. the desire to have heavy goods delivered at home may be

higher than for smaller goods. Fresh goods may be less suited for CDP deliveries and services bought

online not even result in physical goods. The size of the error made can only be estimated by compar-

ing the modeled demand with real delivery data. The issue of such datasets however, as mentioned in

the discussion in Chapter 4, is the diஸஹ஭culty to split B2B and B2C deliveries. This may be a nonissue

when assessing freight ஺ாows, but it does matter when attempting to isolate the impact of e-commerce.

One potential solution could be to split such delivery dataset based on the destinations. Yet one has to

know which address corresponds to a business and which one to a household. Due to the scattering

of datasources to compile such a dataset, this is neither a straightforward exercise.

Finally, another improvement could be made by assessing the total frequency of online purchases in-

stead of the probability of the binary variable buying online (Yes/No). An issue is that such analyses
require more advanced statistical models. This because the occurrence of zeros (i.e. a respondent who

bought nothing) can result from two diஸferent behaviors. In this survey, these behaviors are against
buying online or open to buying online. The ஹ஭rst behavior is the cause of a ஹ஭rst type or zeros, i.e. people
never buying online. If people are at least open to buy online, the frequency of the purchases is repre-

sented by a count process. People open to buy online but who eventually bought nothing are hence

the second cause of zeros. While this analyses fell outside of the scope of Chapter 4 because already a

lot of assumptions had to be made, it should the be topic of follow-up research because it allows for a
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better translation of online shopping to actual deliveries.

6.2.3 The qualitative assessment of the CDP network in Belgium

Contrary to the ஹ஭rst three case studies, the majority of Chapter 5 uses a qualitative approach. While

this is not an issue on itself, it is the nature bywhich it is applied here that poses limitations on the ஹ஭nd-

ings. The development of CDP requirements and their assessment for the Belgian case originate from

the experiences gained over the past four years. They stem from formal and informal meetings with

representatives of diஸferent parcel carriers, from attending a range of workshops and conferences on

the topic, from discussing urban freight issues with city administrators and from presenting this work

and receiving feedback from diஸferent interest groups like Comeos, Unizo (Union of Independent En-

trepreneurs) the BIPT and others. This knowledge building grew over time, but lacked a structured

preparation. As a result, Tables 5.4 and 5.7 in particular miss a clear methodological framework. This

prevents an objective validation and its replication in other studies. To solve this issue, the Tables can

serve as the basis for a structural survey to be conducted with the parcel companies and in existing

CDPs.

A long list of issues was mentioned here. Nonetheless, limitations are part of conducting research.

Especially in relatively new ஹ஭elds such as the application of network methodologies in Economic Ge-

ography or the Urban Logistics research ஹ஭eld. Given of course a minimum level of academic rigor,

limitations are an inherent part of the knowledge building process. The risks taken lead to discussions

like this Section, which challenges researchers to look for improvements or other solutions and hence

shifிs the debate. How these limitations can results in paths for further research is discussed in the

next Section.

6.3 Paths for further research

This dissertation touched upon many research ஹ஭elds, hence a variety of topics to be studied in more

depth results. First, the concept of logistics clusters remains an interesting path for further research.

Chapter 2 and to a lesser extent Chapter 3 extended the growing literature on the topic by including
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inter-ஹ஭rm relations. Yet a clear deஹ஭nition of economic clusters remains missing. While in this disserta-

tion an attempt wasmade to construct a quantitative framework for the identiஹ஭cation of clusters, one

of the major issues was the use of ஹ஭nancial transactions from which functional relations were derived.

Great potential remains in the use of functional relations to better understand the connections under-

lying the ஹ஭nancial transactions that were studied here. This can help to identify whether or not more

economic activities are generated by co-locating logistics companies, whichwould be a justiஹ஭cation for

its popularity as an economic development strategy. Another issue was the absence of international

linkages in the dataset. Hence quantitative research including an international component can help

to further reஹ஭ne the developed framework. Finally, extrapolating the discussion on the network and

geographical hierarchy inChapter 3 to thewhole country remains on the agenda. The k-means cluster-

ing of the damping values yielded nice results at the level of the Antwerpen community. They should

however be validated at the national level as well.

Second, the point made on the potential of a diachronic analysis is another interesting path for fur-

ther research. Such a temporal analysis could be developed in the Evolutionary Economic Geography

(EEG) framework. This paradigm studies the economy as self-transforming itself from within which
describes its evolutionary and emerging nature (Boschma and Martin, 2010). One of three key con-

cepts within the theory is path dependency theory (Boschma and Frenken, 2011). Summarized, path

dependency implies the explanation to why something exists intimately rests on how it became what it
ॾ (Dosi, 1997, p. 1531). The temporal analysis can oஸfer the opportunity to look for growth or decline
factors when assessing the evolution of the diஸferent clusters over time. Linking these to endogenous

(i.e. path dependent, cf. discussion on self-enforcing system in Section 6.1.6) or exogenous factors

would be valuable input in policy debates.

Third, methods developed in the ஹ஭eld of Network Science proved to be useful to gain insights in

large geographical datasets. Since the latter will only increase in size, quantity and availability, it

is paramount to keep drawing inspiration from research ஹ஭elds experienced in the analysis of such

datasets. However, it is our role as geographers to evade the internal network perspective when en-

gaging with such methods. As discussed in Chapter 3, this can be done in two ways. On the one
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hand, we can strive for the development of geographical network methods by including geographical

elements, like space, context and hierarchy, in network methodologies. On the other had, we can aim

for amesogeography as Miller (2018) terms the confrontation of network-based insights with location-

and domain-speciஹ஭c insights, as was attempted in Chapter 3.

Fourth, the increasing fragmentation of logistics ஺ாows, both in sizes as in destinations, is clearly im-

pacting the urban logistics and retail landscape. One of the main issues however remains the lack of

knowledge on what is going on exactly, which is due to the diஸஹ஭culty to conduct data-driven research
on the topic. The lack of data not only results from the heavy competition within the sector, but

is partially due to the fact that logistics operators do not categorize their cargo based on their typol-

ogy. B2B and B2C parcels are transported together in trucks and pass the same warehousing processes.

This makes it very complicated to analyze speciஹ஭c ஺ாows and hence little is known about the exact vol-

umes going in or out urban areas. For example, it seems the popularity of e-commerce increased the

use of white vans for deliveries, to the extent that this evolution in car use received its own Dutch

term camionettisering. Nonetheless it remains to be seen what percentage of these vans are actually
used for logistics purposes, let alone for B2C deliveries. Similarly, the actual environmental impacts

of e-commerce deliveries remain to be assessed. If a replacement of shopping trips is taking place, the

impact of home deliveries may be exaggerated. Finally, a growing share of B2B ஺ாows is getting frag-

mented as well. Will we see a pick-up point delivery for this type of goods too? If so, the issues raised

in Chapter 5 will only be aggravated.

To answer these kind of questions however, more research concerning the online and oஸ஺ாine con-

sumers at the interface of the ஹ஭elds of Economic, Retail and Transport Geography is necessary. One

pathway for this is the development of freight trip models to test diஸferent scenarios. Yet B2C freight

஺ாows are constantly evolving as consumer behavior changes rapidly, which may make such models

outdated very quickly. Nonetheless, given the black box that the city currently is from a freight per-

spective, any model would still be a valuable source of insights.
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6.4 Implications and recommendations

6.4.1 Policy implications

The potential of the structural, integrated logistics sector to generate blue collar employment and fos-

ter economic growthmakes it an interesting ஹ஭eld froma regional developmentperspective. The cluster

idea in particular has been a popular buzzword on policy agendas. Unsurprisingly, policy makers at

diஸferent governmental levels promote their country, region, province or municipality as a logistics

cluster. For example, Hesse (2015) describes the eஸforts by the Walloon Government in Belgium who,

in their Marshall Plan, aim to promote logistics hubs as growth poles for the region (Gouvernement

Wallonie, 2012). In the northern part of the country, Vanthillo et al. (2014) questioned the subregional

actors and found that each of them mentions logistics as one of the key spearheads for further devel-

opment of their region. Yet, the lack of evidence for these claims has been described in Chapter 2.

The analysis presented here leads to mixed feelings concerning the eagerness of policy makers to pro-

mote the development of logistics clusters. On the one hand, a concentration of logistics activities

does seem to be accompanied by a myriad of inter-ஹ஭rm relations more ofிen than not. A large share

of these linkages may have a local character, bolstering local economic activities. In addition, the ஹ஭nd-

ings of both Chapters 2 and 3 indicate how the logistics sector ensures interregional relations as well.

These global pipelinॽ are vital to prevent local networks to become too close, too exclusive and too
rigid (Bathelt et al., 2004, p. 41). Such an over-embeddedness threatens the import of fresh, external
ideas and hence hampers the innovation potential and competitiveness of a ஹ஭rm (Uzzi, 1997; Vanthillo,

2017). On the other hand, the analysis also demonstrates strong regional diஸferences in logistics activ-

ities and relations. The local concentration of linkages seems to be more pronounced in the major

economic centers, while subcenters may bemore of a derivative instead of a local independent hub. It

is true distances are small in Belgium and the excellent location factors from an international perspec-

tive are valid in the whole country, but the attraction of logistics activities inmore remote areas would

only aggravate logistics sprawl and should thus be prevented.

It is remarkable (or not) that despite this universal policy promotion of logistics, the topic has been ab-
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sent in the urban transportation or spatial planning departments until recently. As mentioned at the

end of the previous section however, it is paramount the transport of freight and its related activities re-

ceive at least a share of the attention that is currently given to passenger transport. This is necessary for

a couple of reasons. First, in order to organize the diஸferent interests of stakeholders within the CEP

sector. Second, to guide the potential interaction between passenger and freight transport within a

sharing economy. Finally, to ensure the vitality of the urban economy in the future. Especially given

the expectation of further economic and population growth in urban areas on the one hand, and the

increasing awareness of citizens for the livability of the city and the planet on the other.

This latter remark is evenmore relevant within the context of e-commerce growth. The home delivery

of online orders is a new service that consumers are getting used to. The described fragmentation of

shipments however causes a range of negative externalities like pollution, congestion, noise and acci-

dents. These impacts were calculated to cost the society on average 30 cents per parcel (Cárdenas et al.,

2017a). The exponential rise of these deliveries caught governments oஸf guard, but slowly policy atten-

tion towards these issues is growing. One indispensable requirement to support this growth however

is the collection of data on urban freight. This data can come directly from the sector, or through the

development of infrastructure, e.g. in a smart city context.

6.4.2 Industry implications

Twelve years ago, Hall et al. (2006) argued the global extension of production and consumption to-

gether with the dependence on oil was threatening the distribution system: thॾ may even triঃer a
reorganization of production and distribution more in accordance with traditional conceptualizations
such ॼ central place theory, in which transport costs were more heavily weighted in the assessment of a
spatial structure. After decadॽ of dislocation, economic and transport geographiॽ may be forced to go
back to their source (Hall et al., 2006, p1406). While a return to a traditional reorganization of the lo-

gistics sector is probably a bridge too far, the occurrence of logistics clusters indicates the prevalence of

geographical factors within a globalized economy. With the outlook of more intense buyer-supplier

relations that could stimulate your business, it makes sense for companies to be located in concentra-

tions of logistics activities, even when current transport ஺ாows far exceed national boundaries.
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Figure 6.3: Spaঞal evoluঞon of the logisঞcs sector. Parঞally based on Hesse (2008).

However, next to this clustering that is indeed in accordancewith concepts such as central place theory,

the availability of the internet as a retail channel only further fragmented the spatial relation between

production and consumption. As mentioned, the increasing share of B2C in total volumes results in

a demand for two types of facilities: large scale distribution centers to manage global ஺ாows and small

urban logistics spaces to satisfy consumer needs (Figure 6.3). Given the requirement of the latter to be

close to the consumers, there have to be many of them to ensure a good coverage. This however im-

plies further fragmentation in constrained urban areas with expensive rents and a critical population.

This location dilemma demands a new strategical mindset in the CEP sector. Moreover, as a result of

a ஹ஭erce competition within both the retail and the logistics sector, proஹ஭t margins are very small at the

moment. Cooperation therefore seems a requirement instead of an option. This may be accompa-

nied by a return to the core business, and leaving the complicated last mile for a new type of logistics

specialists. The parcel locker company Cubee is a successful example of such a logistics specialist as

demonstrated in Chapter 5.

143



Retailers too got confrontedwith the complexities associated to the last mile of the distribution chain,

to the extent that the majority of the current e-delivery chains are in hands of the CEP sector at the

moment. However, complaints about the quality of delivery services by subcontractors are common,

which motivates retailers to at least think of retaking the delivery in their own hands. Although vol-

umes have to be suஸஹ஭ciently high, they do have a competitive advantage compared to the CEP sector

with their existing (retail) infrastructure in urban areas that can be used for logistics purposes. How-

ever, an important issue for the retailers remains the strong division between the diஸferent consumer

channels. A truly omnichannel strategy with centralized stockmanagement could enhance their dura-

bility in these diஸஹ஭cult times. Finally, it may come as a surprise that this infrastructure is not used for

the purpose of picking up parcels bought in other webshops. On the contrary, the majority of the

pick-up points are located in gas stations, supermarkets and daily goods stores. Nonetheless, the tra-

ditional retailers have the organization to store parcels and maybe are able to sell a matching pair of

socks with the shoes that you are picking up.

Finally, the last word of this dissertation should be dedicated to the consumer, who is in஺ாuencing

the spatial conஹ஭guration of the sector. The role of this consumer forms an interesting topic for dis-

cussion. While he/she is the driving factor in the demand for home deliveries, his/her awareness of

the resulting impacts cannot be taken for granted, despite regular reports in popular media outlets.

Hence, should consumers be held responsible for the externalities their home deliveries are causing,

e.g. through congestion pricing? But should consumers be blamed for the capitalist forces that result

in the possibility to order parcels ever faster for free at home? If retailers would not oஸfer these options

and logistics players would not join the bidding war to realize them, maybe a sustainable solution

would surface by itself, without policy intervention to let the consumer pay. This is interesting food

for a discussion that should be held now.
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Table A.1: Zip codes idenঞCed as connector or kinless hub in Chapter 2

Zip code z-p Classiஹ஭cation Total linkages
Antwerpen (2030 Right Bank) Connector hub 86,603
Antwerpen (2000 centre) Connector hub 68,025
Brussels (1000 centre) Kinless hubs 39,609
Zaventem (national airport) Kinless hubs 35,077
Diegem (national airport) Kinless hubs 29,006
Brussels (1020 laken) Kinless hubs 19,519
Brussels (1070 anderlecht) Connector hub 17,144
Zeebrugge Connector hub 15,655
Gent Kinless hubs 14,156
Roeselare Connector hub 13,452
Brussels (1030 schaarbeek) Connector hub 10,904
Oostende Connector hub 10,83
Hasselt Connector hub 9,913
Genk Connector hub 8,918
Temse Connector hub 8,308
Turnhout Kinless hubs 8,185
Lokeren Connector hub 7,475
Geel Connector hub 6,6
Tournai (7522 west) Kinless hubs 6,16
Sint-Truiden Connector hub 5,587
Liége (4460 bierset airport) Connector hub 5,521
Liége(4020 north) Connector hub 5,267
Eupen Connector hub 4,937
Liége (4400 ஺ாemalle) Connector hub 4,111
Liége (4040 herstal) Connector hub 3,826
Welkenraat Connector hub 3,256
Liége (4000 centre) Connector hub 2,978
Charleroi Connector hub 2,941
Hervé Connector hub 2,437
Hannut Connector hub 2,297
Tournai (7500 centre) Connector hub 2,29
Ciney Connector hub 2,014
Malmedy Connector hub 1,851
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Table A.2: Characterisঞcs of main nodes in Chapter 2

Zip code LISA Link frequency z-value P-coeஸஹ஭cient Z-p classiஹ஭cation
Antwerpen HH >50,000 >2.5 0.56-0.69 Connector hub
Mechelen HH 10-15,000 <2.5 0.77 Non-hub conn.
Brussel HH >50,000 >2.5 0.50-0.79 Connector hub
Gent HH 10-15,000 >2.5 0.77 Kinless hub
Kortrijk HH 5-10,000 <2.5 0.67 Non-hub conn.
Roeselare HH 10-15,000 >2.5 0.66 Connector hub
Heist-od-berg HH 5-10,000 <2.5 0.76 Non-hub conn.
Bierset HH <5000 >2.5 0.60 Connector hub
Genk N.S. 5-10,000 >2.5 0.68 Connector hub
Oostende N.S. 10-15,000 >=2.5 0.74 Connector hub
Zeebrugge N.S. 15-20,000 >2.5 0.74 Connector hub
Hasselt N.S. 5-10,000 >2.5 0.65 Connector hub
Liège N.S. 5-10,000 >2.5 0.60 Connector hub
Tournai N.S. <5000 >2.5 0.60 Connector hub
Eupen N.S. <5000 >2.5 0.70 Connector hub
Geel N.S. 5-10,000 >2.5 0.68 Connector hub
Westerlo HH <5000 <2.5 0.70 Non-hub conn.
Lokeren N.S. 5-10,000 >2.5 0.68 Connector hub
Temse HH 5-10,000 >=2.5 0.74 Connector hub
Sint-Truiden N.S. 5-10,000 >=2.5 0.62 Connector hub
Hannut N.S. <5000 >=2.5 0.64 Connector hub
Ciney LL <5000 >2.5 0.53 Connector hub
Fleurus N.S. <5000 >2.5 0.67 Connector hub
Malmedy N.S. <5000 >2.5 0.40 Connector hub
Brugge N.S. 5-10,000 <=2.5 0.24 Non-hub conn.
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Table A.3: Typology of main nodes in Chapter 2

Zip code Typology
Antwerpen Cluster
Mechelen Spill-over cluster
Brussel Cluster
Gent Cluster
Kortrijk Spill-over cluster
Roeselare Cluster
Heist-op-den-berg Spill-over cluster
Bierset Polycentric cluster
Genk Polycentric cluster
Oostende Polycentric cluster
Zeebrugge Polycentric cluster
Hasselt Polycentric cluster
Liège Polycentric cluster
Tournai -
Eupen -
Geel -
Westerlo -
Lokeren -
Temse Spill-over cluster
Sint-Truiden -
Hannut -
Ciney -
Fleurus -
Malmedy -
Brugge -
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