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Abstract. This editorial introduces the special issue on “Urban Freight, land use planning
and public administration strategies”. In the first part, it describes the rationale for
the special issue and motivates the choice of focusing on land use planning and public
administration strategies in the urban freight transportation context. In the second part,
the editorial illustrates the specific contributions provided by the research papers included
in the special issue showing the diversity of policy questions urban freight entails. It
demonstrates how big is the gap between what is needed to provide a well-developed
framework for fostering sustainable urban freight and what is actually known.

1 Why this special issue?

Well-being and economic growth are strictly correlated. Cities are the engines of an
innovation-based economy where research and new ideas are the core input of production.
Urbanisation is becoming synonymous with economic growth. People flock into cities,
both in the developed and developing world, since that is where wealth is, where high
quality services are available and life standards are comparatively higher than other
places. However, one has to acknowledge that growth also produces undesired negative
effects. In fact, cities are net importers. They need to acquire consumption/intermediate
goods, export production and get rid of waste. In other words, the existence of a city
relies on a transportation system providing the necessary services for its functioning. The
typical urban transportation system heavily depends on passenger and freight movements
by road. While this dependency is, in some cases, less relevant for passenger transport,
most of the freight moved in, out, within and through a city relies on motorized road
transportation. Trucks and vans are responsible for congestion, polluting emissions,
accidents, noise, visual intrusion and stench. All these negative effects are concentrated
where many citizens live and, consequently, produce relevant economic (e.g. time lost),
environmental (e.g. air quality), and social (e.g. segregation) impacts. Cities, in order to
be attractive, sustainable and thriving, need an efficient freight transportation system.
Fast changing consumption patterns with the rise of e-commerce and home deliveries also
points to another dimension of cities: their need to adapt quickly to economic trends.

Land use planning and public administration strategies potentially have relevant
impacts on urban freight transportation, which one has always to remember, is a derived

E1



E2 E. Marcucci, V. Gatta, L. Dablanc

demand. Developing dense neighbourhoods characterised by high attractiveness, acces-
sibility and sustainability can provide viable solutions to foster sustainable passenger
and freight mobility. City shape and functional organisation has strong implications
with respect to how much freight is demanded and how its distribution is organised and
performed.

Local authorities face daunting challenges in developing tailored intervention policies
aimed at stimulating a smart urban development. Acknowledging these challenges, the
European Commission has suggested the adoption of the Sustainable Urban Mobility
Planning approach, which is one of the most important topics proposed within the
Commission’s Urban Mobility Package. The Sustainable Urban Mobility Plan considers a
city as a single functional urban area and auspices its development in a cooperative fashion
across different policy areas, sectors and levels of government assuming an active role for
citizens and other stakeholders. The Commission supports the development of Sustainable
Urban Mobility Plans through funding instruments and information provision while
acknowledging the relevance of local policymaking and in full respect of the subsidiarity
principle. It supports the adoption of best practices and finances innovative applied
research via dedicated research programs among which Horizon 2020 plays a major role.

2 The papers in this special issue

The papers in this special issue address, from alternative points of view and using different
methodological approaches, some of the relevant and critical issues pertaining to land use
planning and administration strategies in modern cities with respect to the urban freight
sector.

In fact, the first paper of this issue by Lozzi, Gatta and Marcucci titled “European
urban freight transport policies and research funding: are priorities and H2020 calls
aligned?” investigates the correlation between the policy priorities about urban freight
stated at a European level and the provision of research funding. Transport is a shared
responsibility between the European Union and the Member States, where the subsidiarity
principle applies. Accordingly, the European Commission provides local authorities with
support in different areas, including research and innovation funding. This paper aims to
assess the linkage and consistency between European policy priorities for urban freight
transport and the corresponding calls of the Horizon 2020 Research Programme, created
by the European Commission to foster research and innovation. The paper identifies and
extrapolates in a comparable format 10 urban freight priority solutions and estimates their
degree of correspondence with the Horizon 2020 Work Programmes, using the amount
of research funds allocated to each of them as a proxy. Findings show that, generally,
the European Commission addresses urban freight transport through a systematic and
coherent approach. Moreover, all the identified solutions are covered by at least one
Horizon 2020 call, although the extent of the coverage is heterogeneous.

Heitz, Dablanc and Tavasszy with a paper titled “Logistics sprawl in monocentric
and polycentric metropolitan areas: the cases of Paris, France, and the Randstad, the
Netherlands” delve into the logistic sprawl issue in a comparative fashion. In fact, urban
sprawl has been extensively studied with a focus on residential settlements while little
attention, so far, has been given to the freight-related part of the issue. The paper
explicitly addresses logistic sprawl, which manifests itself via the growth and suburban
relocation of warehousing activities. More specifically, it investigates the difference in
logistic sprawl between monocentric and polycentric city systems. Literature suggests
that logistics activities will gradually migrate to suburbs since land prices rise in central
areas. Logistic geography research has mostly focused on monocentric systems and the
research question this paper asks is to what extent this also applies to polycentric ones.
The paper compares the Paris region in France, representative of a monocentric urban
development, with the Dutch Randstad area as a polycentric case. Regional statistics on
warehouse settlements in both regions provide a description of changes in concentration
since the mid-2000s. The comparison underlines heterogeneous variations. In fact, in
contrast to Paris, logistics activities within the Randstad have become more intense in
dense areas. The paper suggests that reasons explaining the difference include urban
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structure, spatial planning policies, and the existence of large freight hubs such as the
port of Rotterdam.

The paper by Larsson and Olsson, titled “Potentials and limitations for the use
of accessibility measures for national transport policy goals in freight transport and
logistics: Evidence from Vastra Gotaland County” reports on a pilot study investigating
the potential to develop accessibility measures to support and follow up policy objectives
in the Swedish Context. In fact, while Swedish national transport policy considers
freight transport as a facilitator of economic development at all geographical levels,
it is also suggested by the Authors that methods and data for business location and
transportation are inadequate for following up transport policy objectives. The paper
discusses and problematizes the concept of accessibility and its application in concrete
measures using several practical examples from Vastra Gotaland County. The paper
identifies several potentials and limitations linked to the use of accessibility measures
to address freight transport issues. The usefulness of these measures mainly rests on
the possible integration of transport and land use, thus asking questions that are more
complex and developing better measures while supporting the integration between planning
specializations. Limitations largely relate to data availability, quality and the extent
to which one can purposely communicate maps/measures to non-experts. Conclusions
highlight the centrality of policy and governance context in understanding and using the
concept of accessibility and its related measures.

Finally, the paper by de Oliveira, de Albuquerque, Nobrega, Ebias, Gomes and Correa
titled “Analysis of Freight Trip Generation Model for Food and Beverage in Belo Horizonte
(Brazil)” investigates, in the case of Brazil, the negative consequences of unplanned urban
sprawl as well as the lack of adequate transport infrastructure. The paper reports the
results of a freight-trip generation model developed for pubs and restaurants in Belo
Horizonte (Brazil). Data on goods, frequency, operation time, place of performance of the
loading/unloading of goods, establishment size and the number of employees were obtained
via a survey based on a structured questionnaire. The estimation of a linear regression
allows for investigating the relationship between the number of trips and: i) establishment,
ii) number of employees, and iii) operation day of the establishment. The results provide
sample classification bands that were analysed together with other geographic data
such as demographic data, road network density and socioeconomic data. Findings
underline the importance that a mathematic-geographic model for trip generation might
have in supporting transportation planning and operation for urban goods distribution.
The research also highlights the need for an urban freight mobility plan and dedicated
public policies to promote sustainable alternatives for urban goods distribution. Using
geospatial analysis, the study produces useful statistics and maps to support decision
makers and transportation managers in their discussion about policymaking priorities
aimed at fostering sustainable freight logistic operations in Belo Horizonte.

The research papers reported in this special issue show the diversity of policy questions
urban freight entails. They show how relevant and important the investigation of land use
policies and local administration strategies are, how difficult it is to deal with them and,
finally, how big the gap between what is needed to provide a well-developed framework
for fostering sustainable urban freight and what is actually known. This special issue
represents an attempt to catalyze good research efforts and knowledge creation around
critical but under-researched issues in the urban freight sector. Hopefully this attempt
will stimulate scholars to engage in other similar projects aimed at pursuing the research
goals that the Guest Editors of this special issue had in mind when accepting the challenge
of joining forces for this endeavour.
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Abstract. The European Commission has recently developed a growing awareness with
respect to the challenges urban freight transport (UFT) poses to cities and, consequently,
has started defining specific policies and promoting dedicated tools to address them.
Transport is a shared responsibility between the European Union and the Member States,
where the subsidiarity principle applies. Accordingly, the former provides European local
authorities with support in different areas, including research and innovation funding.
This paper aims to assess the linkage and consistency between European policy priorities
for UFT and the corresponding calls of the Horizon 2020 (H2020) Research Programme,
created to foster research and innovation. The paper identifies and extrapolates in a
comparable format ten UFT priority solutions and estimates their degree of correspondence
with the H2020 Work Programmes using the amount of research funds allocated to each of
them as a proxy. Findings show that, generally, the European Commission addresses UFT
through a systematic and coherent approach. Moreover, all the identified solutions are
covered by at least one H2020 call, although the extent of the coverage is heterogeneous.
Four of the UFT solutions present an overall consistency when it comes to comparing
the extent of the scope of the solution and the number of policy documents addressing
it, on the one hand, and the number of calls considering it and the budget (potentially)
available, on the other.

Key words: Horizon 2020, urban mobility, urban freight transport, European Union,
transport policy

1 Urban freight transport challenges and opportunities for research

European cities host 72% of the European Union population (80% in 2020) and generate
over 80% of its GDP. About 25% of CO2 emissions produced in urban areas are attributable
to the transport sector, as well as 30-50% of other transport-related pollutants, such as
particulate matters and Nitrogen Oxide (ALICE/ERTRAC 2014). Congestion causes
inefficiencies producing losses of around 80 billion eper year (European Commission
2011). The 2011 White Paper on Transport identifies the need to take additional steps
to ensure that cities contribute to reducing Europe’s dependence on imported oil and
cutting carbon emissions in transport by 60% by 2050 and achieving essentially CO2-free
city logistics in major urban centres by 2030 (European Commission 2011).

During the last two decades, the European Commission has developed a growing
awareness with respect to the challenges of the urban transport sector, and, consequently,
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has started defining specific policies and developing dedicated tools to tackle them.
Transport is a shared responsibility between the European Union and Member States
(MSs) where the subsidiarity principle1 applies. Urban mobility is essentially a local
responsibility. However, in the light of the challenges mentioned above, there is an
increasing demand for strengthening cooperation. In fact, urban mobility policies are
too heterogeneous, both between and within MSs. For this reason, the European Union
provides local authorities with support in the following areas: i) setting a common policy
framework; ii) funding for implementation; iii) funding for research and innovation; iv)
facilitating the exchange of experience and best practice; v) raising awareness.

Concentration of economic activities and population in European cities are both
high and rising. The two phenomena produce new challenges for goods distribution.
Public authorities have recently developed a growing, yet still insufficient, awareness of
the crucial role urban freight transport (UFT)2 policies play within the overall urban
mobility system. European MSs need to further integrate UFT in the general city mobility
management system. The European Commission is setting up coordinated UFT initiatives
and actions. One of these supporting actions is to promote research and innovation to
deliver innovative and effective solutions to tackle urban mobility challenges. This is
realised through Horizon 2020 (H2020), the European research and innovation programme
for the period 2014-2020.

This paper aims to identify the most important UFT policy solutions proposed in
the relevant European policy documents, and to evaluate how policy priorities result in
funding. In more detail, the paper describes UFT challenges for policy-makers and how
policy priorities are defined and assesses whether H2020 funds are consistently allocated
to the identified UFT policy solutions according to the weight attributed to UFT in the
policy documents.

The paper is structured as follows: section 2 illustrates the methodological steps and
the logic behind the analyses performed. Section 3 discusses the main topics and the
corresponding solutions reported in the policy documents with respect to UFT. Section
4 shows the results of the consistency evaluation between policy priorities and research
funding. Section 5 concludes highlighting future research endeavours.

2 Methodology

The methodology adopted consists of three main steps: (1) selecting policy documents;
(2) identifying the most relevant UFT policy solutions; (3) assessing consistency between
policy priorities and H2020 research funding.

Three criteria have been used for selecting policy documents. The first criterion
refers to the type of documents. A premise on legal aspects is necessary to motivate the
choice made. At European level, there are various forms of action: recommendations,
directives, communications and acts concerning the organization and functioning of the
institutions. Their qualification, structure and legal effects result from various provisions
of the treaties or the rules adopted in their application. Also of note is the importance
of White Papers3, Green Papers4 and Action programmes, through which agreements

1Its legal basis is Article 5(3) of the Treaty on European Union (TEU): “Under the principle of
subsidiarity, in areas which do not fall within its exclusive competence, the Union shall act only if and in
so far as the objectives of the proposed action cannot be sufficiently achieved by the Member States,
either at central level or at regional and local level, but can rather, by reason of the scale or effects of the
proposed action, be better achieved at Union level”.

2The European Commission defines UFT as “the movement of freight vehicles whose primary purpose
is to carry goods into, out of and within urban areas” (MDS 2012). But the it also provides a very similar
definition of ’urban logistics’: “[. . . ] the movement of goods, equipment and waste into, out, from, within
or through an urban area” (European Commission 2013a). For this reason, the choice here is to consider
the two expressions as synonyms and to use only “UFT”, systematically replacing “urban logistics” with
“UFT” every time the research incurred in the former expression.

3White Papers communicate a decided Commission policy or approach on a particular issue. They
are chiefly intended as statements of Commission policy, rather than a consultation or starting point for
debate.

4Green Papers are usually used to launch a consultation process. They present Commission policy
orientations for debate to interested parties who may wish to comment. The Commission will generally
prepare a subsequent proposal.
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on long-term objectives among MSs are made. The European Commission prepares and
publishes guidance documents relating to the areas over which it has (full or residual)
jurisdiction. In the case of urban mobility, the binding power resides in the hands of
the MSs, but, in some cases and for certain types of actions, the European Union can
intervene through the subsidiarity principle. Since the aim of the paper is to focus on the
relationship between UFT policies and the research programmes financed by H2020, the
types of acts considered are non-binding guidelines, which can take different forms (e.g.
White Papers, Green Papers, Communications5), while binding legislative provisions are
out of the scope.

The second criterion relates to the field considered. European policies, when ad-
dressing any area where concrete intervention is required, very often imply a certain
overlapping with other fields. For example, the White Paper on Energy, when dealing
with transportation fuels, may provide recommendations that indirectly influence the
transportation sector. Such considerations could lead to an analysis of all other sectors’
policy documents, having even the slightest potential impact on UFT. However, in order
to define an accurate picture, the paper concentrates solely on the documents drafted
by the European Directorate-General for Mobility and Transport (DG MOVE) of the
European Commission and directly related to UFT6. In fact, since each DG has a key role
in the definition of the H2020 affecting its sphere of influence, it is considered appropriate
to assess the alignment between policy documents and H2020 calls produced by the same
DG in the first place. The only exception is the Freight Transport Logistics Action Plan,
since it specifically analyses UFT, delving into a significant aspect of logistics in general.

The third criterion simply assumes that only publicly available documents are consid-
ered.

Adopting the criteria illustrated above produces the list of documents reported below:

1. Transport White Paper 2001

2. Green Paper ”Towards a new culture for urban mobility”

3. Freight transport logistics action plan

4. Action Plan on urban mobility

5. Transport White Paper 2011

6. Urban Mobility Package

7. A call to action on urban logistics

The second methodological step is the identification of the most important UFT policy
solutions so to successively link them with H2020 Work Programmes. A qualitative
analysis of the above-mentioned policy documents, investigating the entire set of relevant
topics addressed, was carried out. An in-depth description is provided in section 3. The
selection of the policy solutions is based on the following factors: i) how many, among
the seven documents investigated, advocate these solutions (must be at least two), ii)
the elements of continuity throughout all the seven documents, and iii) a qualitative
assessment of the specific weight and degree of priority within each document.

The list of UFT solutions detected is reported here:

1. Including UFT in Sustainable Urban Mobility Plans (SUMPs) + guidelines for local
authorities

2. Deployment of ITS systems for (urban) freight

3. Clean Freight vehicles

5Communications usually set out a Commission action plan and may include concrete proposals for
legislation.

6Although many are the policy documents DG MOVE has published in the last 20 years, partly
addressing urban mobility, this paper refers only to those explicitly dealing with UFT that are also listed
on the DG move urban transport webpage: http://ec.europa.eu/transport/themes/urban/urban mobili-
ty/index en.htm
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4. UFT demand management

5. eFreight

6. Integration between long-distance freight transport and last-mile distribution

7. Shift Modes (bike, boat, rail)

8. Integration between passenger and freight transport

9. Eco-labels

10. Public procurement for freight

The third step refers to the evaluation of the consistency between UFT priorities and
H2020 funding. Firstly, a quantitative analysis of the “weight of freight” in the policy
documents and H2020 Work Programmes is performed. As it is for the former, a matrix
is produced counting the number of recurrences of the following words and combinations
of them: i) urban ii) urban logistics; iii) city logistics; iv) urban freight; v) logistics; vi)
freight; vii) passenger; viii) public transport. The logic behind the choice of these words
is the following:

• “Urban”: the paper narrows the scope of the analysis to the urban dimension of
the goods distribution.

• “(urban/city) logistics” and “(urban) freight”: according to a complete literature
review, these are the most commonly used terms in the literature to refer to urban
goods distribution.

• “Passengers” and “public transport”: many studies (Lindholm 2010, Lindholm,
Browne 2013, UN-Habitat 2013) have underlined the insufficient attention public
authorities and European institutions pay to UFT operations. For various reasons,
they seem to pay more attention to movements of people, rather than freight,
i.e. undertaking policies for public transport and other passengers-related modes
(Lindholm 2014). Therefore, the count of these words is used to compare the weight
of the freight sector compared to the weight of the passenger sector in the European
policy documents and H2020 Work Programmes.

This analysis indiscriminately considers how many times the specific words are men-
tioned in the documents, including titles, index and tables. A similar quantitative analysis
is performed to provide an estimate of the weight urban logistics/freight topics hold in the
H2020 programme considering the various calls, within “Mobility for Growth”, directly or
indirectly addressing UFT. The analysis is based on the calculation of the funding share
actually allocated to UFT projects’ proposals.

Finally, the paper both analyses the linkage between UFT policy solutions and H2020
Work Programmes and ranks the selected UFT policy solutions according to the weight,
in monetary terms, resulting from the research funds allocated to each of them.

3 European strategy and UFT policy solutions

This section considers the seven policy documents listed in section 2, and highlights the
policy priorities related to UFT, identifying ten corresponding solutions proposed by the
European Commission.

The first European policy proposals in the area of urban mobility, the ”Citizens’
Network”, date back to 1995 and 1998. They resulted in the launch of a series of
initiatives based upon a ”best practice” approach. However, the documents do not present
any direct reference to UFT.

In 2001, the 1st White Paper on Transport was released (European Commission 2001).
In Part 3 - Placing users at the heart of transport policy, section 4 specifically addresses
the rationalisation of urban transport. The White Paper strategy for urban mobility
essentially pursued two main objectives: 1) the promotion of a diversified energy portfolio
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for transport, by establishing a new regulatory framework for substitute and sustainable
fuels and stimulating demand by experimentation; 2) the promotion and exchange of good
practices, aiming at taking better use of public transport and existing infrastructure.

This White Paper didn’t specifically address UFT. However, the CIVITAS initiative,
launched in October 2000 to support the development of innovative projects on clean
urban transport, represented an important step for research in this field, aiming at
reducing private car use in city centres and promoting clean urban transport. The
solutions envisaged went in three different directions: demand management measures,
the integration of urban transport services, and the promotion of low and zero emissions
vehicles, also for freight.

In 2007, a European policy document made explicit reference to UFT for the first
time. In fact, the Green Paper “Towards a new culture for urban mobility” (European
Commission 2007b) suggests local authorities to consider all urban logistics related to
passenger and freight transport together as a single logistic system. Urban distribution
needs for an efficient integration between long-distance freight transport and last mile
distribution. To this end, the use of smaller, more efficient and clean vehicles is encouraged.
When addressing UFT, local authorities should ensure the active involvement of all relevant
stakeholders. UFT should be better integrated within the local policy-making process and
institutional setting: freight transport distribution is often neglected and considered a
mere responsibility of the private sector. Moreover, the role of intelligent transport systems
(ITS) for freight becomes essential in order to improve efficiency, especially through better
timing of operations, higher loading factors and more efficient use of vehicles. Finally,
the document suggests (joint) green procurement of clean and energy-efficient vehicles by
public authorities as a new solution to boost the deployment of clean vehicles.

The urban dimension of freight logistics is further developed in the Freight Transport
Logistics Action Plan (European Commission 2007a). It reiterates that local authorities
should focus their attention on transport demand management, supported by the deploy-
ment of innovative ITS-based solutions. In order for this to happen, a roadmap for the
implementation of eFreight7 should identify the critical areas where European actions are
required (e.g. standardisation). The European Commission also commits to help establish-
ing a set of recommendations, best practice and standards for urban transport logistics,
aiming to define common benchmarks or performance indicators for the measurement of
efficiency and sustainability of UFT solutions. This aims to reinforce the freight section
of CIVITAS fostering the coordination and integration between passenger and freight
transport, and between interurban (long-distance) and urban transport logistics.

Based upon the results of the consultation of the Green Paper, in 2009 the Action
Plan on urban mobility was adopted (European Commission 2009), presenting for the
first time a comprehensive support package of 20 measures in the field of urban mobility.
This stresses again the importance of urban areas as efficient interconnection points for
the trans-European transport network and places for a well-organised last mile transport.
Action 1 introduces the concept of Sustainable Urban Mobility Plans, aiming to cover all
types of transport, including UFT. Action 19 specifically addresses UFT, requiring to
better incorporate it in the local transport strategy and to “better manage and monitor
transport flows”. Finally, the Plan aims to find new ways for improving and sharing data
collection and statistics for urban transport and mobility (Actions 16 and 17).

In 2011, the 2nd White Paper on Transport was released (European Commission
2011). This document represents the current official position of the European Commission
for transport in Europe, and sets a roadmap of 40 initiatives for the next decade to
build a competitive transport system to increase mobility, foster growth and employment,
reduce Europe’s dependence on imported oil and cut carbon emissions in transport by
60% by 2050. It includes the specific objective of achieving “essentially CO2-free city
logistics in major urban centres by 2030”. The initiative n. 33, “a strategy for near-
‘zero-emission urban logistics’ 2030”, encourages again the realisation of best practice
guidelines to “better monitor and manage urban freight flows”, and promotes joint public
procurement for low emission freight vehicles. Inspired by the above-mentioned Freight

7The concept of eFreight refers to the favouring of the multimodal transport of goods by creating the
appropriate framework to allow tracing goods in real time and ensure intermodal liability.
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Transport Logistics Action Plan, it claims a more efficient interface between long-distance
and last-mile freight; the deployment of ITS for real-time traffic management, to increase
efficiency for last mile distribution, and the definition of strategies for off-peak deliveries,
to reduce air emissions and noise. The document also reinforces the concept of eFreight.
The initiative n. 28, “vehicle labelling for CO2 emissions and fuel efficiency”, launches a
review of the labelling directive and also extends its scope to light freight vehicles.

The Urban Mobility Package (UMP) document (European Commission 2013b) pro-
motes two non-regulatory initiatives related to the urban mobility sector. On the basis
of the subsidiarity principle, it addresses initiatives 31, 32 and 33 of the 2011 White
Paper. Initiative n. 33, as described before, refers to best practice guidelines to improve
urban freight flows monitoring and management. The central element of the UMP is the
Communication ”Together towards competitive and resource-efficient urban mobility”,
complemented by an annex that sets out the concept of Sustainable Urban Mobility Plans
(Wefering et al. 2013), as well as four Staff Working Documents (European Commission
2013a), one of which is dedicated to UFT. The central Communication, stressing the
importance of the coordination between the public and private sector, claims the coor-
dinated deployment of urban ITS and the importance of urban nodes, considered the
“starting point or the final destination (first/last mile) for passengers and freight moving
on the trans-European transport network”. It fosters more action on UFT (aspect further
developed in the Staff Working Document), promoting measures for the procurement of
freight clean vehicles in the framework of the Clean Vehicle Portal8. It also defines the
future scope of action of the CIVITAS initiative, which will focus on “tackling urban road
congestion, reducing the use of conventionally-fuelled vehicles in urban areas, reducing
UFT impacts and costs, and strengthening the capacities of local authorities to develop
and implement sustainable urban mobility plans”. All these topics directly or indirectly
refer to UFT.

Finally, the most specific document on UFT is the “Call to action on urban logistics”,
Staff Working Document of the UMP. The document discusses the main challenges related
to UFT and identifies possible solutions, also clarifying the role of each governance level
(European, National, local) in the process. It highlights that the European research
programmes have been supporting and will support research and dissemination for UFT
vehicles and solutions, such as the CIVITAS projects. Some of them are focusing par-
ticularly on UFT, in testing innovative policy and technological solutions. As regards
the challenges at stake, the document identifies e-commerce and online services; compre-
hensive UFT strategies for cities; cooperation and understanding amongst stakeholders;
information and understanding of freight flows; information for urban transport operators
about UFT policies, regulations and services; joint procurement of low emission urban
freight vehicle; proper consideration of UFT in SUMPs. The solutions should follow
four main directions: i) Manage urban logistic demand (service and delivery plans); ii)
Shift modes (bike, boat or rail); iii) Improve efficiency (better selection of modes and
vehicles, increasing load factors, new ITS solutions, eFreight initiatives, driver training);
iv) Improved vehicles and fuels: new types of vehicles and operational models (e.g. electric
vehicles, off-peak deliveries), deployment of alternative fuels infrastructure”.

To sum up, the main policy solutions are summarised in Table 1.

4 Evaluation of policy priorities and funding

4.1 Quantitative analysis of the “weight of freight” in policy documents and H2020
Work Programmes

This sub-section reports the results of a quantitative analysis performed using the the
seven selected policy documents and the two H2020 Work Programmes (2014-2015 and
2016-2017) published so far.

It is divided into two parts. The first provides a quantitative estimation of the “weight
of freight” based on the number of recurrences of specific UFT-related words in the

8www.cleanvehicle.eu [27-08-2016 – offline]. The Clean Vehicle Portal as a new web-database aims to
ensure a level of demand for clean and energy-efficient road transport vehicles and encourage manufacturers
to invest in development of vehicles with low energy consumption CO2 emissions and pollutant emissions.
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Table 1: Selected UFT policy solutions and their descriptions

Policy Solution Description

Including UFT in
SUMPs + guide-
lines for local au-
thorities

Member States should ensure UFT is given proper consideration in
their national approaches to urban mobility and in SUMPs guide-
lines. Local authorities should include specific UFT provisions in
their own SUMPs and enhance UFT stakeholder engagement in the
planning/implementation process.

Deployment of ITS
systems for (urban)
freight

New ITS solutions can help to optimise routes, improve service and
reduce costs and impacts. ITS allow for optimised trip planning, better
traffic management and easier demand management.

Clean Freight vehi-
cles

The operational characteristics of UFT can often be suitable for the
early introduction of new types of vehicles (e.g. electric vehicles).
Improvements in vehicles can make UFT quieter, safer, cleaner and
more efficient.

UFT demand man-
agement

- new operational and business models: e.g. off-peak deliveries, reverse
logistics, consolidation, increase load factors, logistic hotels, etc.
- incentives and regulations: parking policies, traffic and access reg-
ulations and charges, rewarding schemes, information and awareness
raising.

eFreight The concept of eFreight refers to the favouring of the multimodal
transport of goods by creating the appropriate framework to allow
tracing goods in real time and ensure intermodal liability. As part of the
eFreight initiative, attention is given to the optimisation of information
exchange for UFT as part of longer (international) logistics chains.

Integration between
long-distance freight
transport and last-
mile distribution

Urban nodes are key elements for the construction of a comprehensive
European transport network. Action by European cities is crucial for
achieving the objectives of TEN-T policy. The European Commission
recognises the need to ”provide for the development of the compre-
hensive network in urban nodes, as those nodes are the starting point
or the final destination (‘last mile’) for passengers and freight moving
on the trans-European transport network and are points of transfer
within or between different transport modes”.

Shift Modes (bike,
boat, rail)

Framework solutions provided by city authorities to create favourable
conditions for freight shift modes, e.g. strategy, dedicated space,
enforcement, privileged access, planning conditions, free parking etc., in
order to achieve economic viability in addition to overall improvements.

Integration between
passenger and
freight transport

Local authorities need to consider all UFT related to passenger and
freight transport together as a single logistics system.

Eco-labels Introduction of a ”labelling’” scheme to recognise the efforts of pio-
neering cities to combat congestion and improve living conditions.

Public procurement
for freight

Support to projects and exchange of best practices to understand and
facilitate joint procurement of urban freight vehicles and of public
services and goods by public administrations.
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policy documents. The second part focuses on H2020 Work Programmes, illustrating the
most relevant information linked to the calls specifically dealing with UFT providing an
overview of the resources allocated to the various projects.

4.1.1 European policy documents

In order to support and reinforce the qualitative analysis performed in section 3 that
enables selecting the main UFT-related policy solutions, a simple and straightforward
quantitative approach is proposed here. The number of recurrences of specific UFT-related
words have been systematically counted in the seven policy documents selected, so to
provide a snapshot of the “weight of freight” for each of them.

In order to calculate the relative weight of UFT within the policy documents, the paper
establishes a simple criterion: all the identified key words are standardised with respect to
“urban” (last column in Table 2), which represents the minimum common denominator
encompassing all the other ones. “Urban” is central in this analysis, since it represents
the physical and conceptual dimension of both the freight and passenger transport sector
policies at stake. In other words, the number of times “urban” is mentioned represents
the “proxy” which allows us to quantify the relative “weight of freight”.

Noticeably, in some cases and for single documents, the number of recurrences of some
key words is higher than the number of recurrences of “urban” (in particular in Transport
White Paper 2001 and Freight transport logistics action plan). This reflects the fact
that those are broader documents addressing not only the “urban” dimension, but the
whole transportation panorama in Europe. Therefore, key words such as “passengers”
and “freight” quantitatively prevail, since they also refer to long-distance, extra-urban
aspects of transportation.

The results of the quantitative analysis of the “weight of freight” in the policy
documents is shown in Table 2 which reports, in absolute terms, the number of times
given words or their combinations, directly or indirectly referring to UFT, appear in the
documents considered.

As expected, the most frequently mentioned item is “urban” (547), followed by “freight”
(241), while “logistics” (165) has fewer occurrences with respect to “passenger” (176).
These items only partially address the specific topic considered in this paper. “Urban
logistics” appears 72 times, whereas “urban freight” and “city logistics” 28 and 8 times,
respectively, obtaining an overall result of 108 recurrences. It is interesting to note that
most of the documents use both “urban logistics” and “city logistics”, without explaining
whether they are considered synonyms or different concepts. Moreover, an interesting
result is that “passenger” and “public transport” occur, combined, the same number of
times as “freight” (241). This result suggests a greater attention the freight sector has
constantly gained among the European policy-makers over the last 20 years. However,
when focusing the analysis at the urban level, the gap is still significant.

4.1.2 H2020 Work Programmes

H2020 is the European Research and Innovation programme, a source of nearly e80 billion9

for European research activities for the 2014-2020 programming period. H2020 takes
over the Seventh Framework Programme for Research and Technological Development
(FP7)10, and the Innovation section of the Competitiveness and Innovation Framework
Programme (CIP).

The programme is based on three pillars: Excellent Science, Industrial Leadership and
Social Challenges. The largest share of the budget (38.5%, e29.7 billion) is dedicated
to the ”Social challenges” pillar, which is, in turn, divided into seven thematic areas
including “Smart, Green and Integrated Transport”. A budget share of 8.2% (e6.3 billion)
was allocated to the transport sector (Gavigan 2014). The challenge of H2020 is to create

9https://ec.europa.eu/programmes/horizon2020/en/what-horizon-2020
10FP7 was the main research programme for the 2007-2013 period, to give financial support to European

initiatives promoting research, innovation and technological development for the creation of a European
research area (ERA). With a budget of 50.521 billion euro, FP7 funded projects relating to research and
technological development with the aim of stimulating growth, competitiveness and employment.
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Table 2: Recurrences of UFT related words in the seven policy documents (absolute
terms)

Policy docs* 1 2 3 4 5 6 7 Total Weight
wrt

Key word(s) “urban”

Urban 42 44 10 105 38 186 122 547 -
City logistics 0 0 0 0 2 2 4 8 1%
Urban logistics 0 1 0 1 2 13 55 72 13%
Urban freight 0 2 1 4 1 1 19 28 5%

Σ city logistics +
urban logistics +
urban freight

0 3 1 5 5 16 78 108 19%

Logistics 10 6 52 3 5 18 71 165 30%
Freight 84 19 53 10 37 2 36 241 44%
Passenger 110 20 2 10 32 1 1 176 32%
public transport 32 13 0 12 5 3 0 65 12%

*The documents taken into account are: 1) Transport White Paper 2001; 2) Green Paper ”Towards a new
culture for urban mobility”; 3) Freight transport logistics action plan;4) Action Plan on urban mobility;
5) Transport White Paper 2011; 6) Urban Mobility Package; 7) A call to action on urban logistics.
Source: Self-elaboration

a transport system making efficient use of resources, which is environmentally friendly
and safe. H2020 supports the research for new methods to obtain these results, and
identifies two key topics, i) technology and ii) behavioural analysis, to develop innovative
intervention strategies.

The budget is allocated every two years via a biannual Work Programme. Table 3
and Table 4 provide a budget overview of the H2020 Work Programmes 2014-2015 and
2016-2017, respectively, and an estimation of the (potential) financial support allocated
for UFT in the framework of the “Mobility for Growth” call. With respect to FP7, the
budget was increased by about 30%, considering the same topics (Gavigan 2014).

The first H2020 Work Programme (European Commission 2015a) was adopted on 10
December 2013 and structured in four broad cross-cutting lines of activities (i.e. resource
efficient transport that respects the environment; better mobility, less congestion, more
safety and security; global leadership for the European transport industry; socio-economic
and behavioural research and forward looking activities for policy making) and three Calls
for proposals (i.e. Mobility for Growth; Green Vehicles; Small Business Innovation for
Transport) for an overall budget of e792.5 mln. Different calls for proposals directly or
indirectly addressed UFT, but the call MG.5.2-2014 was specifically dedicated to this topic.
In particular, it aimed at (i) improving basic knowledge and understanding on freight
distribution and service trips, (ii) implementing innovative policies and solutions to ensure
a better use of infrastructure (e.g. delivery spaces, off peak deliveries, non-road modes,
urban waterways) and vehicles, (iii) testing consolidation and distribution centres. This
call was directly linked to MG.6.1-2014 which looked for the right business models fostering
(horizontal and vertical) synergies to decouple the growth of urban and inter-urban freight
transport demand from its consequences on traffic and the environment. Other calls
addressing UFT were MG.5.1-2014, MG.5.3-2014, MG.5.4-2015 and MG.5.5-2015. All of
them generally referred to “freight”, while the latter makes a specific reference to “urban
freight logistics”.

The Work Programme 2016-2017 was adopted on 13 October 2015, accompanied
by an overall budget of e756.1 mln (European Commission 2015b). It presents the
same structure and lines of activities of the previous one, with a small change in the
calls for proposals. Again, in the urban mobility section there is a call dedicated to
UFT, but in this case it addresses an even more specific topic. In fact, the title of the
call is MG-4.3-2017 - Innovative approaches for integrating urban nodes in the TEN-T
core network corridors. The solutions tested in this framework should investigate: (i)

REGION : Volume 5, Number 1, 2018



62 G. Lozzi, V. Gatta, E. Marcucci

Table 3: H2020 Work Programme 2014-2015: a budget overview

Selected Call Budget
(mln e)

MG.5.1-2014
Transforming the use of conventionally fuelled vehicles in urban
areas

}
40

MG.5.2-2014 Reducing impacts and costs of freight and service trips
MG.5.3-2014 Tackling urban road congestion
MG.5.4-2015 Strengthening the knowledge and capacities of local authorities 9

MG.5.5-2015
Demonstrating and testing innovative solutions for cleaner and
better urban transport and mobility

57.5

MG.6.1-2014
Fostering synergies alongside the supply chain, including
e-commerce

}
32

MG.6.2-2014 De-stressing the supply chain
MG.7.1-2014 Connectivity and information sharing for intelligent mobility }

28
MG.7.2-2014

Towards seamless mobility addressing fragmentation in ITS
deployment in Europe

TOTAL (selected calls) 166.5
Share of total funds allocated to calls to be potentially used for UFT projects (29.8%)
Total budget of Mobility for Growth calls [374.50 (2014) + 184 (2015)] 558.5

Notes: normal: calls directly addressing UFT; italic: calls indirectly addressing UFT

new approaches for linking long-distance with last-mile freight delivery in urban areas,
(ii) the design of freight corridors in cities, (iii) an efficient and sustainable (e.g. using
alternative fuel vehicles) solution for ’last mile’ delivery, and a greater use of intermodal
urban freight logistics. Nevertheless, other types of UFT innovative solutions can still
be funded and tested through other urban mobility calls. In particular, the call MG-4.1-
2017 includes issues such as new governance models for freight and passenger transport,
better coordination and cooperation, synergies between passenger and freight transport,
stakeholder engagement, etc. In the Logistics section, the first call MG-5.1-2016 is directly
linked to MG-4.3-2017. In particular, it aims at connecting (sections of) the TEN-T
freight network with each other and last mile delivery services, and developing prototype
Modular Load Units, optimised for automated handling and high load factors in all
transport modes. Although not directly related to UFT, the calls MG-5.2-2017 and
MG-5.3-2016 pursue the deployment of ITS and green transport in the logistics sector.
Other related calls are MG-4.2-2017 and MG-4.4-2016.

The total amount of funds allocated to the “Smart, Green and Integrated Transport”
sector is e1,572.5 mln for the entire period 2014-2017. Out of this amount, the funds
allocated to Mobility for Growth calls are e994.1 mln. According to the results shown
in Tables 3 and 4, the share of the total funds allocated to calls that can be potentially
addressed by UFT projects’ proposals is e258.5 mln (26% of the total available budget),
of which e166.5 mln (29.8% of the budget) for the period 2014-2015 and e92 mln (21.1%
of the budget) for the period 2016-2017. This means that about a quarter of the total
budget of the first 4 years of the H2020 programme is potentially available to fund UFT
projects. Attention should be called to the difference in funding between the two periods:
the first puts out a general call for UFT (MG.5.2-2014), and potentially allocates almost
a third of the total funds to UFT projects; the second period proposes a very specific call
for UFT (MG-4.3-2017) and potentially allocates only a fifth of the total funds to UFT
projects.

As for the first period (2014-2015), the paper provides a further step of analysis. Since
the funding period is over, it is possible to define the degree of alignment between the
resources potentially available and the ones actually allocated (see Table 5). It may be
noticed that 95% of the budget potentially available was actually assigned to projects
(e157.4 vs e166.5 mln). Among these, considering the freight scope in general, a total of
e57.5 mln has been allocated to thesetype of projects, corresponding to 36% of available
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Table 4: H2020 Work Programme 2016-2017: a budget overview

Selected Call Budget
(mln e)

MG-4.4-2016
Facilitating public procurement of innovative sustainable transport
and mobility solutions in urban areas

2

MG-4.1-2017
Increasing the take up and scale-up of innovative solutions to
achieve sustainable mobility in urban areas

}
22

MG-4.2-2017 Supporting ’smart electric mobility’ in cities

MG-4.3-2017
Innovative approaches for integrating urban nodes in the TEN-T
core network corridors

2

MG-4.5-2016
New ways of supporting development and implementation of
neighbourhood-level and urban-district-level transport innovations

10

MG-5.1-2016 Networked and efficient logistics clusters 12
MG-5.2-2017 Innovative ICT solutions for future logistics operations 12

MG-5.3-2016
Promoting the deployment of green transport, towards Eco-labels
for logistics

2

MG-6.2-2016 Large-scale demonstration(s) of cooperative ITS. 251

MG-6.3-2016
Roadmap, new business models, awareness raising, support and
incentives for the roll-out of ITS

5

TOTAL (selected calls) 92
Share of total funds allocated to calls to be potentially used for UFT projects (21.1%)
Total budget of Mobility for Growth calls [210.10 (2016) + 225.50 (2017)] 435.6

Notes: Key: normal: calls directly addressing UFT; italic: calls indirectly addressing UFT
1 Unique budget for 6.1 & 6.2.

funds. Moreover, e31.7 mln have been specifically allocated to UFT projects11. This
corresponds to 20% share of the overall available fund for the period 2014-2015.

Finally, a comparison between the relative “weight of freight”, as outlined in Table
2, and the share of resources actually allocated to UFT projects, has been carried out.
Results show an overall consistency: “city logistics”, “urban logistics” and “urban freight”
(considered as synonyms in this paper) are mentioned 19% of times with respect to “urban”
(chosen as benchmarking) in the policy documents, the same percentage related to the
funding share allocated to UFT projects. Similarly, “freight” is mentioned 44% of times
with respect to “urban” in the policy documents, which is a percentage relatively close
to the overall funding share of 36% attributed to freight projects. However, the picture
changes when considering “logistics” as a synonym of “freight”: in this case, the share
rises up to 74%, significantly deviating from the share of funds actually attributed to
freight projects.

4.2 Comparison between UFT solutions and corresponding call(s)

This section aims at analysing the link between the ten UFT policy solutions, considered
essential for the achievement of a more efficient, less polluting and less impacting urban
distribution of goods, and H2020 Work Programmes considering the weight in monetary
terms resulting from the research funds allocated to each of them.

Table 6 shows the ten solutions, ranked according to the total funding budget available,
along with the information about the documents where they are mentioned and the extent
of their scope12, indicating the corresponding H2020 calls in Work Programme 2014-15
and 2016-17.

The ten identified solutions differ in their scope: for example, “Including UFT
in SUMPs” and “UFT demand management” can be defined in many different ways,

11UFT projects are those whose main objective is the adoption of sustainable solutions for UFT (for
example, the SETRIS and PORTIS projects have a specific work package dedicated to UFT, but the
main aim of the projects does not refer to this topic).

12The research qualitatively attributes a weight from 1 to 3, accordingly to the extent of the scope of
each solution: + (narrow), ++ (medium), +++ (wide).
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Table 5: Comparison between the resources potentially available and the ones actually
allocated (Work Programme 2014-2015)

Call Acronym European Union Budget/call
contribution (mln e) (mln e)

MG.5.1-2014 EMPOWER 4.9
ELIPTIC 6.0

MG.5.2-2014 SUCCESS 3.2
NOVELOG 4.4
CITYLAB 4.0
U-TURN 2.7

MG.5.3-2014 CREATE 4.0
FLOW 3.8
TRACE 2.9
CIPTEC 3.5

Subtotal (MG.5.1, 5.2, 5.3) 39.4 40

MG.5.4-2015 SUMPS-UP 4.0
PROSPERITY 3.2

Subtotal (MG.5.4) 7.2 9

MG.5.5-2015 CIVITAS ECCENTRIC 17.4
CIVITAS DESTINATIONS 17.9
PORTIS 16.4
CIVITAS SATELLITE 3.0

Subtotal (MG.5.5) 54.7 57.5

MG.6.1-2014 NEXTRUST 18.1
MG.6.2-2014 SYNCHRO-NET 7.6
Subtotal (MG.6.1, 6.2) 25.7 32

MG.7.1-2014 SocialCar 5.9
OPTIMUM 6.0

MG.7.2a-2014 EuTravel 3.9
ETC 4.5
MASAI 3.3
BONVOYAGE 4.0

MG.7.2b-2014 ITS Observatory 1.3
CODECS 1.6

Subtotal (MG.7.1, 7.2a, 7.2b) 30.5 28

Total 157.5 166.5
Total UFT projects 31.7 (20%)
Total freight projects 57.4 (36%)
Total non-freight projects 68.4 (64%)

Key: bold: UFT projects; bold&italic: freight projects
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according to the specific topic the applicant wishes to address. Conversely, “eco labels”
and “procurement” are specific enough and they can hardly be suitable for different
interpretations. The results reported show that, in principle, each of the selected solutions
is covered by at least one call.

Figure 1 summarises the information provided taking into account the following
variables:

1/a) the extent of the scope of the solution that was normalised with respect to 7, which
is the number of policy documents investigated;

1/b) number of policy documents addressing each solution according to the results of
Table 6;

2/a) number of calls considering each solution, as reported in Table 6. The maximum
number of calls for a given solution is 7, thus normalisation is not needed;

2/b) budget (potentially) available for each solution. Directly linked to the calls, the
amount per solution, specified in Table 6, is normalised with respect to 7.

In general, 2/a and 2/b follow the same steady decreasing trend, highlighting the
consistency between the amount of funds and the related calls that make them available.1/a
and 1/b both follow a more volatile path, nevertheless presenting the same fluctuations
and a decreasing trend which is overall consistent with the one of 2/a and 2/b.

Four of the UFT solutions present an overall consistency when it comes to comparing
1/a) and 1/b), on the one hand, and 2/a) and 2/b), on the other: the greater (lesser) the
scope of the solution and the higher (lower) the number of mentions in policy documents,
the more (less) it is addressed in H2020 calls and, therefore, more (less) potential budget
available for its implementation. This seems the case for “UFT in SUMPs”, “clean freight
vehicles”, “shift modes”, “integration passenger/freight”.

There are five solutions, out of ten, which do not present a clear path: “UFT demand
management”, “eco-labels” and “public procurement for freight” seem under-funded (or
over-covered), whereas “eFreight” and “ITS”, on the contrary, seems over-funded (or
under-covered).

These solutions are discussed in more detail in what follows. In recent years, transport
demand management has been discovered to influence agents’ behaviour in the urban
sector (e.g. Ben-Elia, Avineri 2015, Dziekan, Kottenhoff 2007, Juhász 2013, Marcucci et al.
2007, 2013a,b, Mokhtarian, Salomon 2001, Watkins et al. 2011), through the adoption
of soft policy measures (SPMs). These are gaining increasing attention in the field
of sustainable mobility for various reasons, such as the lack of large budgets available
or public dissent against coercive measures (Gärling, Schuitema 2007). SPMs aim to
influence transport actors’ mobility choices, and therefore altering the demand for mobility
(Jones et al. 2011). SPMs are often low-cost, compared to the other solutions, making
“UFT demand management” a very cost-effective approach. In fact, it does not require
a significant financial investment for research and innovation, but rather an extensive
investigation on how the implementation and exchange of UFT SPMs’ best practices can
be spread to ensure it is raising awareness and successfully transferring and adapting to
different contexts. It is important to note that a robust demand analysis should foresee
an evaluation of stakeholders’ policy acceptability, behaviour change and willingness to
pay measures (e.g. Gatta et al. 2015, Le Pira et al. 2017b, Marcucci, Gatta 2016). Recent
trends in freight demand management includes: i) off-hour deliveries (e.g. Holgúın-Veras
et al. 2014, Marcucci, Gatta 2017); ii) crowdshipping (e.g. Marcucci et al. 2017c, Punel,
Stathopoulos 2017).

“Public procurement for freight” and “eco-labels” are also an effective and relatively
low-cost solution and, in some respects, they follow the same principles as the “UFT
demand management” category: the use of the procurement leverage and recognition
schemes (including eco-labelling) potentially enhance safety and reduce emissions. Indeed,
public administrations might set rules to procure external services according to certain
“green” standards. In this way, they i) give signals to UFT stakeholders to improve their
sustainability standards in order to participate in public tenders, and ii) give an example
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Table 6: Comparison between UFT solutions and corresponding call(s)

UFT solutions1 Corresponding Budget
call(s)2 available3

1) Including UFT in SUMPs + guidelines for local MG.5.2-2014 13
authorities (focus on stakeholder engagement) MG.5.4-2015 9
Policy documents: 2, 3, 4, 6, 7 MG.5.5-2015 57.5
Extent of the scope of the solution: +++ MG-4.1-2017

22
MG-4.2-2017
MG-4.3-2017 2
Total 103.5

2) Deployment of ITS systems for (urban) freight MG.6.1-2014 16
Policy documents: 2, 3, 5, 6, 7 MG.7.1-2014 28
Extent of the scope of the solution: ++ MG.7.2-2014 28

MG-6.2-2016 12.5
MG-6.3-2016 5
MG-4.2-2017 11
MG-5.2-2017 12
Total 84.5

3) Clean Freight vehicles MG.5.1-2014 13
Policy documents: 1, 2, 4, 5, 6, 7 GV.4-2014 18
Extent of the scope of the solution: ++ MG-4.2-2017 11

GV-08-2017 16
Total 58

4) UFT demand management MG.5.2-2014
26

Policy documents: 1, 3, 4, 5, 6, 7 MG.5.3-2014
Extent of the scope of the solution: +++ MG.6.1-2014 16

MG-4.1-2017 11
MG-4.3-2017 2
Total 55

5) eFreight MG.6.1-2014
32

Policy documents: 5, 7 MG.6.2-2014
Extent of the scope of the solution: + MG-5.2-2017 12

MG-4.2-2017 11
Total 55

6) Integration between long-distance freight MG.6.1-2014 16
transport and last-mile distribution MG-4.3-2017 2
Policy documents: 2, 3, 4, 5, 6 MG-5.1-2016 13
Extent of the scope of the solution: ++ Total 31

7) Shift Modes (bike, boat, rail) MG.5.2-2014
26

Policy documents: 1, 7 MG.5.3-2014
Extent of the scope of the solution: +

8) Integration between passenger and freight MG-4.1-2017 11
transport MG-4.5-2016 10
Policy documents: 2, 3 Total 21
Extent of the scope of the solution: +

9) Eco-labels MG-5.3-2016 2
Policy documents: 2, 5
Extent of the scope of the solution: +

10) Public procurement for freight MG-4.4-2016 2
Policy documents: 2, 5, 6, 7
Extent of the scope of the solution: +

1 normal: policy documents directly mentioning the selected solution; italic: policy documents indirectly
mentioning the selected solution. Extent of the scope of the solution (qualitative assessment) from +
to +++. Policy documents: 1= Transport White Paper 2001; 2= Green Paper; 3= Freight transport
logistics action plan; 4= Action Plan on urban mobility; 5= Transport White Paper 2011; 6= Urban
Mobility Package; 7= A call to action on urban logistics
2 normal: calls directly addressing the solution; italic: calls indirectly addressing the solution.
3 italic: estimated budget in the case more calls are grouped under a unique budget item
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Figure 1: Analysis of the selected UFT policy solutions

of good practice, triggering a virtuous circle that allows them to frame these choices in
the framework of behaviour change campaigns.

“eFreight”, mentioned in four calls, obtains an average ranking position, and “Deploy-
ment of ITS systems for (urban) freight” is also present in many documents. They can
be addressed in many different calls, but only some of them specifically refer to UFT,
affecting the possibility that a UFT-related project gets funded, because of the strong
competition of other non-UFT-related project proposals.

To conclude, unlike other solutions, “Integration between long-distance freight trans-
port and last-mile distribution”, is cited in almost all the documents but is considered
only in few and very specific calls. This apparently biased result can be explained by the
intrinsic characteristics this solution has, requiring more implementation than research
supporting activities. In this case, other types of funding instruments which are not
considered in this paper (e.g. Connecting Europe Facility13 funds which finance the
trans-European transport network projects14) seem more appropriate.

5 Discussion and conclusions

The paper proposes an innovative approach for the assessment of the coherence and
consistency between policy priorities and funds allocated to related research activities.
It provides a systematic (living) “matching” tool, capable of constantly monitoring the
parallel evolution of policies and projects.

Firstly, the paper carries out a detailed analysis identifying the UFT challenges, and
the related policy solutions defined at European level. Findings show that, starting
from 2001, with the 1st White Paper on Transport, and, in a more comprehensive way,
from 2007, with the Green Paper, the European Commission addresses UFT challenges

13The Connecting Europe Facility for Transport is the funding instrument to realise European transport
infrastructure policy. It aims at supporting investments in building new transport infrastructure in
Europe or rehabilitating and upgrading the existing one.

14Since 2014, some Connecting Europe Facility calls address the urban nodes i.e. the cities on the
network. Over 2014-2015, up to e500 million were dedicated to urban nodes.
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through a systematic and coherent approach. Most of the significant priorities (constantly
updated) aim to reach the same long-term objectives. Moreover, in 2013 the European
Commission decided to dedicate one of the four accompanying documents of the Urban
Mobility package to UFT (“A call to action on urban logistics”). This testifies the growing
attention conferred to this topic. Ten solutions are proposed for the achievement of a
more efficient, less polluting and less impacting urban distribution of goods.

At a second stage, the paper illustrates the H2020 research programme, providing
an overview of the total budget allocated to it and the share of funds allocated to the
transport sector. Based on the main UFT priorities identified in the policy documents,
the paper selects the corresponding calls from the 2014-2015 and 2016-2017 H2020 Work
Programmes to quantify the funds available to (potentially) finance UFT projects. The
total amount of funds allocated to the “Smart, Green and Integrated Transport” sector
is e1,572.5 mln for the period 2014-2017. About a quarter of the total budget of the
first 4 years of the programme is potentially available to finance UFT projects, which
represents a satisfactory share of available funds. The paper also investigates, limited to
the concluded funding period 2014-2015, whether and how the funds a priori allocated
correspond to those actually credited. Encouraging results are found. In fact, e31.8 mln
are allocated to UFT projects, representing a 20% share of the overall potentially available
funds. Moreover, considering the “freight scope” in general, a total of e57.4 mln are
allocated, representing a 36% share of the available funds. These findings show an overall
consistency with the “weight of freight” index. In fact, “city logistics”, “urban logistics”
and “urban freight” hold together a relative weight of 19% in the policy documents,
almost the same percentage of funds attributed to UFT projects (20%). “Freight” holds
a relative weight of 44% in the policy documents, again close to an overall funding share
of 36% of freight-related projects.

The approach proposed gives the opportunity to “weight” the importance of all
significant UFT solutions proposed, by tying them with the H2020 Work Programmes
and the corresponding budget allocated for their development and deployment. Results
show that each of the selected solutions is covered by at least one call. As a consequence,
there is the opportunity to undertake research and innovation projects in each of the
UFT priority areas. Four of the UFT solutions present an overall consistency when it
comes to comparing the extent of the scope of the solution and the number of documents
addressing it, on the one hand, and the number of calls considering it and the budget
(potentially) available, on the other. Other solutions do not follow a clear path. “UFT
demand management” policies, “eco-labels” and “public procurement” can be considered
cost-effective solutions, not requiring a significant financial investment. According to
these findings, future research should identify the most promising UFT SPMs in the
field of “UFT demand management”, implying a behaviour changing approach, and
consequently test their potential for rolling out to different local environments. This
also implies a higher level of local UFT stakeholders’ involvement and cooperation, led
by local authorities (Lindholm, Browne 2013, Marcucci et al. 2017b, Quak et al. 2015),
which can materialise into cooperative schemes, incentives and public-private partnerships.
Indeed, recent literature indicates the need for including stakeholders’ preferences and
their interactions within a participatory planning process (Gatta et al. 2017, Le Pira et al.
2017a, Marcucci et al. 2017a).

Looking at the list of the ten priorities identified in the policy documents, it is
evident there is an absence of data collection and modelling for UFT. Data collection and
modelling are essential to observe and analyse the movements of goods in urban areas in
a reliable and comparable way, and, consequently, to plan and implement solutions based
on the real needs of each context.

The need to place greater emphasis on research in this sector is also highlighted in the
aforementioned Urban Freight Roadmap of ALICE/ERTRAC (2014), which “identifies
data collection and knowledge building for urban logistics as the first step for a relevant
urban logistics research agenda”. It also considers that the “development and use of
modeling tools is necessary to better understand the economics and behaviour and assess
the impact of (...) policy measures”.

The H2020 call MG.5.2-2014 (see section 4.1.2) has partially addressed this issue,

REGION : Volume 5, Number 1, 2018



G. Lozzi, V. Gatta, E. Marcucci 69

promoting research on indicators, measurement and data, as well as economic and
behavioral modelling. However, the related projects have not been sufficiently coordinated
in terms of sharing and consolidation of results, as would be appropriate for such a
topic: it is emblematic of the non-binding guidelines of the European Commission ”Data
collection methodologies for urban freight policy”, meant to provide specific information
on the data that can be collected, purposes and best practices. Initially scheduled for
January 2017, they have not yet been published. Therefore, further effort is still needed to
develop a clearer and stronger strategy regarding research on new methods and practices
for data collection and modelling.

To sum up, over the past 20 years, the identified challenges and the proposed solutions
are developed in a consistent manner and UFT is sufficiently covered by H2020 research
funds. However, funds are heterogeneously allocated between the UFT policy solutions
investigated. It should be borne in mind that the research funds allocated by the
H2020 Work Programmes are specifically intended for research projects. The paper does
not investigate other funding, in particular the structural funding, nor other related
European programmes, such as the Connecting Europe Facility for Transport, created
for the implementation of the identified solutions, in particular as regards infrastructure
improvements.

Future endeavours could imply extending the research to other DGs, policy documents
and European funds, to understand and evaluate how the urban transport sector policy
fits with and is affected by the overall European policies in terms of environment, energy,
growth, competition, regionalism, etc. This will require a fully dedicated new study, since
details and a complete coverage of European non-binding instruments addressing urban
transport is difficult to obtain and incomplete, and the amount of those is likely to be
very high.
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Abstract. The phenomenon of urban sprawl has been studied extensively. Most research
so far has focused on residential settlements. A growing number of studies have addressed
industrial deconcentration. Our focus in this paper is on logistics sprawl, i.e. the growth
and suburban relocation of warehousing activities. Specifically, we investigate the dif-
ference in logistics sprawl between monocentric and polycentric systems of cities. The
literature suggests that logistics activities, like residential settlements, will gradually move
to suburbs as land prices increase in central areas. As research on logistics geography
has mostly focused on monocentric systems, the question is whether this also applies to
polycentric systems. We compare two cases, the Paris region in France, representative
of a monocentric urban development, and the Dutch Randstad area as a polycentric
case. We use regional statistics on warehouse settlements in both regions for a descriptive
analysis of changes since the mid-2000s to derive metrics for concentration. The cases
show different patterns of change. In contrast to Paris, logistics activities within the
Randstad have intensified in dense areas. We explore the reasons that may explain this
difference and conclude that urban structure, spatial planning policies, and the freight
hub quality of a region are factors of influence.

1 Introduction

The recent growth of logistics activities including warehousing has increased their impor-
tance in metropolitan areas (Bowen 2008). Logistics activities are sprawling outwards and
warehouses are leaving dense areas and relocating in peripheral ones. Logistics sprawl is
the subject of a growing volume of research. North American metropolitan areas such as
Chicago (Cidell 2010), Atlanta (Dablanc, Ross 2012) or Toronto (Woudsma et al. 2015)
have been covered by pioneering work on logistics sprawl. Several studies have examined
the case of Paris (Dablanc, Rakotonarivo 2010, Raimbault, Bahoken 2014). With the
exception of Paris there have been few case studies in Europe.

Yet European metropolitan areas, far from forming a homogeneous whole, are character-
ized by long-established and variable urban forms. The literature (see below) distinguishes
between two main types of urban region structure: monocentric and polycentric, which
are actually the two extremes of a continuum of urban regions. Europe has a large
number of monocentric urban regions such as Paris or London, but also polycentric urban
regions like the Randstad region (Davoudi 2003). Polycentric and monocentric urban
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regions each provide a specific urban context for the development of economic activities.
Monocentric urban regions are characterized by their large and growing population and
the fact that economic and leadership activities are concentrated in one metropolitan
area. These factors mean that they also have a considerable capacity for growth, so, in
spatial terms, they expand physically. The dense, uninterrupted, parts of a large city are
easily identifiable. However, urbanized areas of its outer suburbs, which are scattered over
distances of several tens of kilometers from the center, are difficult to distinguish from
rural areas. The urban area includes the central conurbation and its suburban rings, which
itself contain secondary centers of various sizes. This urban region has the appearance
of a “macroform” (Allain 2004). Polycentric urban regions are, on the opposite, made
of several urban centers, which polarize population and activities, and which are linked
to each other by flows (freight, people, information) and cooperation or interdependent
bounds of various types. Cities within a polycentric urban region seem to have merged
in a functional and morphological entity: a large and dispersed regional urban system.
Polycentric regions are characterized by the fact that residential and economic functions
are distributed within the metropolis between clearly separated specialized centers of
employment (Berroir et al. 2008). The residential function is organized around these
centers, forming high-density clusters.

In this paper, we examine the impact of the metropolitan structure on the development
of logistics spatial dynamics. We have chosen two archetypal urban regions, Paris and
the Randstad, in order to take a different view on the location’s factors traditionally
observed in the literature. By using the same method and the same kind of data for both
areas, we want to contribute to the general debate on the location’s factors for logistics
facilities. By observing the evolution of the location of logistics facilities in metropolitan
areas which are located either in a monocentric urban region or in a polycentric urban
region, we want to test the recurrence of the logistics deconcentration and learn from
potential differences. This paper also contributes to establishing the distinction between
“logistics sprawl” and “logistics suburbanization”.

The remainder of the paper is built up as follows. Section 2 provides a literature
review on logistics deconcentration, logistics sprawl and the main drivers that usually
explain this dynamic. Section 3 explains the data used for the analysis and the results of
the comparison of the two regions and provides an interpretation of the results regarding
contrasting forms of logistics urbanization in the two regions. Section 4 provides an
analysis of new drivers explaining the deconcentration process in those metropolitan
areas, including public policies and their potential impact on logistics spatial patterns.
We conclude the paper in Section 5.

2 Logistics sprawl and logistics suburbanization

2.1 Logistics sprawl in metropolitan areas: a state of the art

Over the last thirty years, a process of metropolization has further increased urban growth
and urban sprawl. Metropolitan areas have spread out because of a lack of available space
in the dense parts of the conurbation (Nicot 1996) to accommodate this growth. Urban
deconcentration is the outcome of the gradual saturation of the most central areas and
increases in the price of land because of its relative scarcity. Logistics deconcentration, or
sprawl, means an increasing number of logistics facilities in peripheral areas and their
dispersion. It describes the decreasing number of logistics activities, such as warehouses,
in urban centers, and their redistribution in the periphery. This is what is known as
“centrifugal growth” in the typology developed by Champion (2001). What occurs is that
secondary centers emerge in peripheral areas where property prices and traffic congestion
are lower. These secondary centers are easily accessible thanks to high speed transport
infrastructure. According to the typology developed by Le Nechet, Aguiléra (2012), Paris
is a type of “pyramid” metropolis, that is to say an isotropic space in which land market
forces theoretically lead to an exponential decrease in population density with distance
from the employment center.

Several factors explain logistics sprawl. First, the nature of supply chain management
has shifted concomitantly from “supply-push” to “demand-pull” systems (Lasserre 2004).
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In the former, firms “pushed” their output into distribution channels based on demand
forecasts, relying on storage places close to production sites. In the latter, firms gear their
production in response to real-time information about what consumers are buying, and
use distribution centers closer to consumer markets (Bowen 2008). Changes in supply
chain management impacted the location of logistics facilities. Moreover, historically,
the majority of these storage buildings were smaller and located in inner urban areas in
the proximity of industrial areas, rail terminals, and docklands (Dablanc, Rakotonarivo
2010, Cidell 2010). Changes in the location of transportation terminals also influenced
the location. Because of an increasing size of facilities, large and cheap available land
parcels were more likely found in suburbs and exurbs.

In a recent literature review paper, Aljohania, Thompson (2016) identifies studies
showing that “land use control and the exclusion of freight in urban planning have
influenced a relocation of logistics facilities from inner urban areas to suburban areas,
as affordable industrial land was no longer available for logistics companies”. Nicot
(1996) concludes that the lack of industrial land in inner urban areas is a primary driver
in the relocation of logistics facilities away from urban cores. Merenne-Schoumaker
(2008) identifies several indicators that guide the choice of location of logistics activities
and warehousing establishments. First of all, land availability appears to be decisive.
Distribution centers tend to require fewer and larger single-story facilities from 10,000
to 100,000 m2 (“XXL warehouses”) (Hesse 2004, Cidell 2010). Consequently, suburban
and exurban areas offer more affordable locations for logistics facilities. In a monocentric
urban area, the price of land decreases from the center of the metropolitan area to the
periphery. In polycentric urban areas, the price of land decreases for each center to
each periphery, but the decrease is limited by the proximity to each metropolitan area.
Suburban areas appear to be favored land for logistics facilities’ development. In order
to compensate for the remoteness, logistics facilities rely on accessibility and choose to
locate close to the main roads and highways, which ensure access to labor markets and
consumption areas. The last factor of location, identified by Merenne-Schoumaker and
also underlined by Aljohania, Thompson (2016), is the role of public policies in land use.
By regulating, funding, or planning dedicated zones for logistics, public policies encourage
the location of logistics facilities in determined areas. The location of logistics facilities is
not only driven by market forces and land opportunities.

2.2 From logistics sprawl to logistics suburbanization

Land availability appears to be decisive. Consequently, suburban and exurban areas offer
more affordable locations for logistics facilities. Suburban areas appear to be favored land
for logistics facilities’ development. In the case of the Paris region, Dablanc, Rakotonarivo
(2010) showed that the parcel industry has moved to the periphery as a result of centrifugal
forces. Paris infrastructure heritage initially favored the concentration of logistics and
freight transport in dense central areas. Then some of these logistics activities, including
distribution centers (Raimbault 2015), were transferred to peripheral areas.

In this paper, we make a distinction between ‘logistics sprawl’ and ‘logistics sub-
urbanization.’ Logistics suburbanization has an additional qualitative meaning to the
mere relative increase in the number of warehouses in areas further away from the city
center. Logistics suburbanization describes the transformation of low density suburbs
and the irruption/integration of logistics in the outskirts of the metropolitan area. Sub-
urbanization can be defined as the urbanization of peripheral areas (generally with low
density settlements). Spaces with lower densities provide the most attractive location for
these warehouses, especially as modern warehouses are larger and in requirement of large
land parcels. This development of logistics in the outskirts not only contributes to the
expansion of metropolitan areas, but also reshapes the suburban areas that accommodate
such activities. Logistics suburbanization corresponds to a “third phase” of logistics
development (Frémont 2015). Logistics functions are discharged to external centers in
the urban periphery where available space for large warehouses can meet current demand.
This may present a problem not only for their spatial optimization but also for land
use efficiency. Indeed, the development of logistics areas in the metropolitan fringes can
promote a process of urban disintegration (Hall, Hesse 2013).
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Logistics suburbanization depends on/results in a high level of goods transport. The
concentration of logistics activities in the suburbs redefines the functions of both dense
and suburban areas. Suburban areas become supporting territories, bases or intermediate
points for the flow of goods, and often the last place before the final distribution of goods.
The relationship between central and peripheral areas is linked to the flow of goods from
a suburban warehouse into dense city areas.

Hall, Hesse (2013) pointed out in the conclusion of their study that the deconcentration
of logistics activities as a suburban development is a “surprisingly common” phenomenon
in many cities, presenting a challenge for public authorities. It seems appropriate to put
this conclusion into perspective by comparing the urban structures of two very different
cities. Most of the factors of location, which have been described previously, have been
analyzed in the case of a single metropolitan area in a monocentric urban region. By
measuring logistics sprawl in different metropolitan areas located in two different urban
regions, one monocentric and one polycentric, we want to test the robustness of those
factors and emphasize the importance of the structure of the urban region.

3 Logistics sprawl in the Paris and Randstad metropolitan areas

3.1 Method and data

The urban region of Paris (the Ile-de-France region), with 12 million inhabitants on 12,000
km2, consists of nearly 1,300 municipalities. Ile-de-France is the largest consumer market
in France, which demands an efficient logistics organization. The region, which represents
25% of the country’s population, and 30% of its GDP, contains approximately 20% of
France’s total warehousing space. The transportation and logistics sectors account for
almost 10% of employment in the region (about 400,000 jobs). Between 2000 and 2012,
the Paris region experienced a 33% increase in the number of its warehousing facilities.

The Randstad region in the Netherlands, with 7.1 million inhabitants, includes 183
municipalities over 8,300 km2. It is not an administrative entity, but the product of
collective construction, gradually becoming included in the Dutch planning process. The
term, literally meaning “border city”, was coined in 1930 by a pilot who had noticed the
peculiar urban form that extended from Rotterdam to Utrecht, surrounding a vast natural
area (“Groene Hart” or Green Heart) (Kühn 2003). This term was adopted by public
authorities in planning documents in the 1950s and has been steadily gaining currency
since (Burke 1966). In 1966, Peter Hall (2008) described the Randstad. His notion of
“metropolis” is still being debated today, for example in the most recent national planning
document “Randstad Strategic Agenda 2040” (van der Burg, Vink 2008). The region is
made up of four provinces (Noord Holland, Zuid Holland, Flevoland and Utrecht), which
contain some of the largest cities in the Netherlands (Amsterdam, Rotterdam, The Hague
and Utrecht). The Randstad represents 45% of the population of the Netherlands on 25%
of its land and is the main gateway as well as goods consumption area in the Netherlands,
in which respect it is comparable with metropolitan Paris. The Randstad region is a
polycentric urban region clearly identified as a cultural, social, or political entity, which
makes it an interesting case study.

This study aims to present comparable data for the two metropolitan areas. We used
two databases: ‘Local Knowledge of the Productive System’ (CLAP) provided by INSEE
(National Statistics Institute) for the French data and the Lisa database for the Dutch
data. These two databases have the advantage that both use the NACE (Statistical
Classification of Economic Activities in the European Community), so we can use the
same categories for our comparison. We chose to use Category 52.1 “Storage”. This
category applies to activities that require a logistics building, namely a warehouse. In
this category, the floor size of warehouses is not specified. According to DRIEA (2009),
about 20% of the warehouses in the Paris region are less than 5,000m2. Our databases
also lack precision because they do not include all logistics buildings of the “warehouse”
type. This is because the NACE classification only considers the principal purpose of a
building, so some warehouses that serve the parcel industry or the distribution sector may
not be recognized. The classification used by NACE and by extension the CLAP and Lisa
databases have many shortcomings, which make it difficult to obtain an accurate estimate
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of the number of establishments and their location. Because of these limitations, the final
number of logistics facilities presented in this study is only an estimate of the total.

We used the aggregated number of warehouses in municipalities for the years 2004 and
2012 for Ile-de-France and for the years 2007 and 2013 for the Randstad. Although the
dates are not the same, as we did not have access to the exact same year, they are quite
close from each other. Both allow us to understand how the location of these facilities
has changed since the mid-2000s. Another comparability problem for these data is the
great difference in the size of the municipalities in the two countries. In Ile-de-France the
average size of municipalities is 10 km2 with a population density in each municipality
of 9,000 inhabitants per km2 while in the Netherlands it is 86 km2 with a density of
about 1,000 inhabitants per km2. To overcome this problem, we chose to use statistics
for ‘cantons’ (an electoral jurisdiction) in Ile-de-France. The most rural municipalities
have thus been grouped together, while those in the densest cities have remained separate.
This particular division of the territory allows us to have a similar population in each
division and just 286 statistical entities in Ile-de-France, which makes it possible to make
a comparison between the two areas. This limitation does not fully allow us to compare
the population densities and integration of warehouses in the metropolitan structure in
absolute terms. We will make relative comparisons in view of the different situation in
the two countries.

We have used a basic but robust spatial analysis indicator known as the centrographic
method. This allows us to measure the changes in the distribution of a statistical
population (in our case, warehouses) in space and over time, through the use of several
indicators. We have calculated the mean distance of the warehouses in the two regions
and in each province of the Randstad (we used the provincial unit for ease of data access
and processing). Each Randstad province contains a rather well defined monocentric
urban structure (with the exception of Flevoland, with no major city). To measure sprawl,
we used the change in the average distance of terminals to their center of gravity. We
used the calculation method that is included in the ArcGIS software (Mitchell 2005). The
data on warehouses is aggregated for each province of the Randstad region and for each
canton for the metro area of Paris. We weighted each province and canton by the number
of warehouses.

3.2 Measuring logistics sprawl in the Paris and Randstad regions

The first observation of interest is that at macro-level scale, the two regions have experi-
enced a different situation regarding logistics sprawl, with a deconcentration of logistics
facilities in the Paris region (+5 km) and a contraction in the Randstad region. In the
same time we observed an increasing number of warehouses in the Paris region (+33%)
and stagnation in the Randstad (-1%). Not only are spatial dynamics different in the two
but also the state of the logistics real estate market.

The Paris metropolitan area experienced a considerable degree of warehouse decon-
centration between 2004 and 2012, since the average distance of the warehouses from
their center of gravity increased by 4.1 km between these two years. This finding backs
up the conclusions reached by an analysis of the parcel industry from the 1970s to 2010
(Dablanc, Rakotonarivo 2010) and of all warehouses during the last fifteen years (Heitz,
Dablanc 2015). Our new analysis shows that logistics sprawl has continued in the Paris
region (Ile-de-France) and the Paris metropolitan area (‘Grand Paris’) between 2010 and
2012.

The second observation is the heterogeneous nature of logistics spatial dynamics in the
different provinces of the Randstad. The provinces of Noord Holland and Zuid Holland
underwent contraction around the center of gravity. Indeed, the average distance from
the center of gravity has fallen by -2 km in the province of Noord Holland and by -1
km in that of Zuid Holland. Although this is a relatively small decrease, it shows the
existence of a dynamic in both provinces during the last years. Noord Holland is the
province of the City of Amsterdam, which has attracted many service activities. The
province of Zuid Holland is the largest of the Randstad and contains the conurbation
between Rotterdam and The Hague, with several centers.

The observed geographic patterns of change may be a result of both centripetal forces
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and centrifugal ones at the Randstad level. Logistics sprawl at the Randstad regional
level may translate into concentration or deconcentration at the local scale (for each
metropolitan area). The Randstad region experienced a dispersion of logistics activities
in the 1970s when they moved from clusters to peripheral regions within the Netherlands
(Davydenko et al. 2013). Nevertheless, our analysis measures these patterns in more
detail and, also seems to suggest a coordinated move of centers of gravity towards the
“Groene Hart”, i.e. sprawl into the heart of the ring-shaped Randstad area, along the
direction of the main highways connecting the cities. The provinces of Zuid Holland
and Noord Holland have a different situation regarding the evolution of the number of
warehouses. In the province of Zuid Holland the number of warehouses has increased
by 10% while the number of warehouses has fallen in the province of Noord Holland by
12%. The absence of logistics growth and of logistics sprawl in Noord Holland means
that Amsterdam metropolitan area as a logistics cluster is shrinking. Meanwhile, logistics
facilities are growing inside the dense part of the Rotterdam metro area.

The deconcentration of warehouses is a confirmed pattern in the provinces of Utrecht
and Flevoland. The province of Utrecht is small and polarized by the city of Utrecht.
Flevoland province is slightly different from the others: it does not include major cities
such as Amsterdam and Rotterdam nor major transport infrastructures, and in historical
terms it is a recent creation. It cannot therefore be considered as an urban center in the
same way as the others, but it is the subject of many proactive development policies,
particularly for its new town of Almere. The deconcentration of warehouses is taking
place in the provinces of Flevoland (+3.3 km) and Utrecht (+0.5 km), although the
intensity of the process is not the same, being relatively low in the province of Utrecht
compared with Flevoland. We can hypothesize that the significant deconcentration taking
place in the Flevoland province is linked to the recent nature of its development.

By using the centrographic method, we have been able to determine whether ware-
houses have expanded or contracted around the urban centers. While it allowed us to
observe the expansion of logistics activities in metropolitan areas, it did not allow us
to say whether there was a pattern of logistics suburbanization, as we defined it above.
We must supplement this discussion with an analysis of the integration of warehouses in
relation to the density of metropolitan areas.

3.3 Measuring logistics suburbanization

To measure logistics suburbanization, we have established a profile for each municipality for
the Randstad and each statistical canton for Ile-de-France, according to two criteria: firstly
population density, and secondly the number of warehouses, which to some extent reflects
logistics intensity. We have used the same data as before: the number of establishments
classified as “warehouses” in the CLAP data for Paris and the Lisa data for the Randstad.
These municipal (or cantonal) profiles were prepared using quartile-based discretization
for each of the studied variables (population density and number of logistics facilities).
This gave sixteen profiles. For ease of understanding we have grouped these profiles
together to form four major types (see Table 2 and Figure 1).

Once the profile of each municipality has been assigned to one of the four possible
types, we have calculated which profiles are overrepresented in order to identify the
dominant patterns in each metropolitan area and obtain a specific picture of logistics
sprawl (Figure 1). The cantons corresponding to the profile “A” have a population density
of 11,687.5 inhabitants/km2 in the Paris region compared with 594 inhabitants/km2 in
the Randstad. The profiles at each date and the way they have changed show the pattern
of logistics sprawl that has taken place in the metropolitan areas.

Figure 1 shows how logistics activities are integrated within the metropolitan areas of
each region and how they have changed over time.

In the case of Paris, the overrepresented profiles were types A and D in 2004, while
in 2012 it was types B and C. In recent years, more warehouses have been set up in
suburban towns than in municipalities with a higher population density. We do observe
logistics suburbanization in the Paris region. This observation concurs with the work of
Raimbault, Bahoken (2014) on logistics suburbanization. Logistics activities are declining
in the densest areas and tending to favor less dense areas in the outer suburbs or the first

REGION : Volume 4, Number 1, 2017



100 A. Heitz, L. Dablanc, L. A. Tavasszy

Table 2: Typology of municipality/canton profiles

Profile Type Description

A Logistics in dense areas High population density
High number of logistics establishments

B Logistics in suburbs Low population density
High number of logistics establishments

C Residential zones High population density
Low number of logistics establishments

D Rural zones Low population density
Low number of logistics establishments

Figure 1: Comparison between local profiles in the Paris and Randstad regions
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suburban ring. Logistics sprawl in metropolitan Paris has the effect of strengthening and
densifying peripheral areas. The change in the location of the warehouses results not only
in the expansion of the metropolitan area but also the increasing presence of logistics in
the outskirts, in less densely populated areas.

In the Randstad region, municipalities with types A and D profiles dominate, both in
2007 and 2013. This means that logistics activities continue to locate in the dense areas
of the region. Logistics suburbanization is much weaker than in Paris.

What is particularly striking in the analysis of the integration of warehouses in the
metropolitan structure of Paris is the change in the location pattern between 2004 and
2012. Over this short period, there was a profound change. Logistics activities today
seem to locate mainly in the suburbs where their numbers are growing. This analysis
reveals that the warehouse location pattern goes beyond the deconcentration of logistics
activities: logistics suburbanization is the dominant model. In contrast, in spite of the
deconcentration of warehouses in certain urban conurbations, the Randstad exhibits
weak logistics sprawl as well as logistics suburbanization, focused towards the inside of
the ring-shaped region. Its dense areas have remained the prime location for logistics
activities.

In recent years, modifications in the location of warehouses have generated spatial
and morphological changes in cities (Frémont 2015). Overall, logistics facilities in the
Paris and Randstad regions have become more dispersed. At the metropolitan scale, the
Rotterdam and Amsterdam metro areas have an atypical profile and their warehouses
have concentrated. They have not experienced logistics decentralization. In metropolitan
Paris, the number of logistics sites has increased in peripheral areas to the detriment
of the central areas, which means that logistics urbanization takes the form of logistics
suburbanization. In summary, the case of the Randstad reveals the existence of a different
form of logistics urbanization, logistics intensification, which we will discuss in the next
section.

In section 2 we have identified different factors of relocation of logistics facilities
mentioned in the literature. To explain the different forms of logistics locational patterns
between the Paris and Randstad regions, we look at some of these factors in more detail.

4 Analysis of drivers explaining locational patterns: logistics suburbaniza-
tion vs. logistics intensification

4.1 The provision of airports and large logistics clusters

Logistics facilities often tend to locate within logistics clusters in the fringes of metropolitan
areas close to major airports and seaports or even highway networks (Hesse 2002, Woudsma
et al. 2008, Cidell 2011, Allen et al. 2012). A freight transport system mainly performed
by trucks contributes to logistics sprawl. In the Paris region, 90% of goods (in tonnes) are
carried by road. Road accessibility is one of the most important factors of relocation of
logistics facilities in the suburbs. Distance to the center is compensated by accessibility. A
first movement of decentralization of transport infrastructure such as freight rail facilities
in the 1960s and 1970s took away some logistics facilities from city centers to peripheral
areas (Beyer 1999). In Paris, the development of logistics activities in peripheral areas is
in part explained by the location of major transport nodes in these areas: Roissy and Orly
airports, the river ports of Gennevilliers and Bonneuil, for example. These nodes still
retain large clusters of warehouses (Heitz, Dablanc 2015). It so happens that the three
major clusters in the innermost suburbs to the north (Gennevilliers), northeast (Roissy,
Mitry-Mory) and south (Orly and Bonneuil) are also the main gateways for national and
regional freight. These clusters are located in the peripheral areas. In the case of Paris,
the location of nodal transportation infrastructure is an important factor of relocation of
logistics facilities.

The Randstad region contains the port of Rotterdam, which is the largest (in terms
of freight traffic) maritime port in Europe, and the Amsterdam Schiphol airport which is
the fourth largest in Europe. The port of Rotterdam and its entire region are integrated
in port regionalization dynamics, which means that logistics activities spread out into the
region. Many activities are functionally linked to the port, and spread over a region that
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stretches from Dordrecht to Venlo through Tilburg (Priemus, Visser 1995) crossing the
boundaries of municipalities and provinces (van der Burg, Vink 2008). However, it seems
that this dynamic has been reversed in the provinces of Noord Holland and Zuid Holland
in the last fifteen years. This observation allows us to appreciate how quickly the location
of warehouses can change. The port of Rotterdam and Schiphol airport are the two
most important logistics clusters in the Randstad (OECD 2007) and therefore naturally
have a high concentration of warehouses and other logistics activities. In Zuid Holland
in recent decades the port of Rotterdam has sought to limit its spatial expansion. The
port of Rotterdam has decided to promote logistics development in the vicinity of port
infrastructure. The Havenplan 2010 Port Development Plan emphasized the importance
of limiting the space taken up by port development with the construction of the Second
Maasvlakte, a polder in the North Sea near Rotterdam, and the relocation of activities
(Priemus, Visser 1995). The decision to build this landfill was taken in 2004 and the
facility was opened in 2013, thereby halting the expansion of the port towards the city
and allowing re-urbanization of industrial areas. In anticipation of increased activity in
the port, logistics activities have been redistributed around the port in recent years. The
intensification of logistics reflects the existence of a new clustering of logistics activities
highlighted by van den Heuvel et al. (2013).

Among the main factors for the development of logistics activities in the suburbs is
a need for accessibility. Therefore, a possible explanation of logistics intensification is
the severe congestion facing the area on the roads that connect the major urban centers.
“Road congestion in the Netherlands is one of the most urgent problems facing the Port of
Rotterdam, as it increases and decreases delivery time reliability for logistics companies
that have chosen to use Rotterdam” (OECD 2007). Congestion can be a factor that limits
logistics sprawl if its cost becomes excessive.

4.2 The role of public policies on logistics locational patterns

Dablanc, Raimbault (2015) argue that, despite attempts to achieve regional organization,
the institutional fragmentation of metropolitan areas in France and the US lets “the laws
of a dynamic land market and the most local level of government decide the location of
logistics facilities” (p.301). A new logistics real estate in the outskirts of metropolitan
areas reinforces the suburbanization of logistics, closely related to a lack of planning at the
metropolitan level. With a long tradition of planning to address urban sprawl (Bogaerts
et al. 2007), Dutch planners have de facto limited the sprawl of economic functions at a
metropolitan scale. Suburban development took place in “quite a deconcentrated manner
along the highways, at infrastructure nodes and on designated sites” (Bogaerts et al. 2007),
but always limited by the “Groene Hart”. Logistics deconcentration, as a result, appears
to be quite limited in comparison with Paris. At the metropolitan scale, centripetal
forces remain important, encouraged by policies focused on transport infrastructures, and
logistics activities decentralize mostly along the highways. The polycentric region of the
Randstad, overall, favors logistics concentration.

It is our hypothesis that this concentration is reinforced by public policies at the local
and metropolitan levels. Public policies in the Netherlands have traditionally mainly
focused on (1) developing the position of the Randstad as a hub for distributing goods
across Europe; and (2) protecting the region’s environment and contributing to the efforts
against climate change. In the vision entitled “Randstad Holland in 2040” (Ministerie van
Volkshuisvesting, Ruimtelijke Ordening en Milieu 2008), the government set out its plan
to make the Randstad into a “sustainable, competitive top European region”, considering
the metropolitan region as a whole, which must become more homogeneous. With the
plan “Randstad Holland in 2040”, public authorities want to group together the “city
regions” which are unequally developed, to form a coherent morphological and functional
entity. This may help promote logistics intensification in the region. In Paris likewise,
public policies have recently considered logistics sprawl. The recent regional master plan
(SDRIF 2013) recommends the preservation of logistics activities in dense areas of the
region and the promotion of tools to accommodate new logistics activities in the central
areas. The new Paris municipal zoning code (Ville de Paris 2016) identifies more than 80
central city locations reserved for future logistics activities.
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The Netherlands has a long tradition of urban planning. From the 1950s to the 2000s,
a specific idea of the Randstad has predominated in the planning of the region influencing
the location of economic activities. In 1958, the Randstad was defined as a group of
“city regions” arranged in a horseshoe shape and separated by natural buffers including
a large central green area. Urbanization is concentrated in the main urban centers
and along the main roads connecting them (Rijksdienst voor het Nationale Plan 1958).
The history of planning in the Randstad consists of successive policies promoting the
development of compact cities and limiting urban sprawl by controlling the development
of activities and the population on the region. In 1993, the Dutch Parliament adopted
the “Supplement to the Fourth Policy on Territorial Planning”, or VINEX. By favoring
a compact city model, the Parliament tried to regulate mobility, increase the capacity
of urban infrastructure, and protect natural spaces, for example with the ABC location
policy (“ABC-locatiebeleid”) (Bogaerts et al. 2007), which intended to plan the location
of trip generators such as businesses, services, and industry. The location of economic
activities was reorganized on the basis of the number of jobs in order to maximize the use
of public transport. Activities involving fewer jobs and greater dependency on motorway
access, such as warehouses, were encouraged to move to the outskirts, reserving the most
densely populated areas for office type activities. The ABC location policy was then
updated by policies that encourage the concentration of activities, including activities
with lower density of jobs such as logistics. If the efficiency of these policies has been
discussed, the Dutch planning system leaves considerable room for local spatial policy
initiative and power.

Therefore, we could make the hypothesis that the concentration of warehouses around
the main urban centers is a direct consequence of the desire of the Dutch government to
encourage the concentration of urbanization. At the local level, the development of each
urban center is a way of achieving a balance in the region. The project to develop the
Randstad as an institution also aims to make a coherent area, based on a functionalist
approach to space and on a division of functions between the economic centers in order to
make them more specialized, intensify their activities, and improve their connectedness
(van der Burg, Vink 2008). Rotterdam was identified as the main hub for the development
of logistics and freight transport, Utrecht as a university center, The Hague as a political
cluster that focuses on international law, and Amsterdam as the capital city, retaining
the role of a multifunctional center. This distribution of functions is based on a particular
concentration of economic activity around the various centers, especially around each
of the major transport hubs, for example the ports of Rotterdam and Amsterdam or
Schiphol airport.

We argue that logistics intensification may be partly due to the Randstad urban
region’s structure (polycentrism) and partly due to the public policies of concentration
and preservation of green spaces. Parallel to these, ’relative densities’ between urban
centers and suburban areas may also be identified as an explanatory variable: a hypothesis
can be that when the difference in density levels within a metro area is relatively minor,
the availability of land or the differences in rental prices are not strong incentives to site
a warehouse out of an urban center. A comparative analysis of densities and warehouses’
rental prices in our two urban regions is still required to conclude on that matter.

While logistics sprawl has occurred in some provinces in the Randstad region, ware-
house development in peripheral areas has not taken place at the expense of dense areas
across the region. The dynamic expansion that we have described corresponds to logistics
facilities’ decentralization but it has not led to logistics facilities in peripheral areas domi-
nating those in dense urban centers. In Amsterdam and Rotterdam metro areas logistics
activities relocated around urban centers. This situation continued to apply between 2007
and 2013. Despite the presence of a strong sprawl dynamic affecting warehouses in the
provinces of Flevoland (The Hague) and Utrecht, logistics is overall well integrated within
dense areas. We can assume that The Hague and Utrecht have been experiencing logistics
development later than Amsterdam and Rotterdam, and that logistics sprawl there is
related to suburban sprawl. Overall, the Randstad example shows that dense areas can
remain attractive for logistics activities. Analysis of the spatial dynamics in the Randstad
reveals above all the existence of a form of urban logistics in which logistics activities
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remain a permanent feature of dense areas and in which areas of medium density undergo
development. This can be called “logistics intensification”.

Two forms, at least, of logistics urbanization coexist in metropolitan areas in Europe:
logistics suburbanization and logistics intensification. In the case of the Paris region,
logistics sprawl leads to logistics suburbanization, meanwhile the Randstad region expe-
rienced logistics contraction and densification. Public policies can explain some of the
differences between logistics suburbanization and logistics intensification.

5 Conclusion

It has been observed in the literature that in many of the world’s cities the development
of logistics facilities has taken place in the outskirts as part of a process of logistics
sprawl. However, it is noteworthy that most of these analyses were made in the case
of monocentric urban regions, which contain one central urban area, highly developed
suburbs, and less developed exurban areas. By analyzing changes in the location of
warehouses in the polycentric Randstad region between 2007 and 2013, we highlighted
the existence of another “model”. Logistics intensification has occurred in the main
urban areas (Rotterdam and Amsterdam) of the Randstad, with different distribution
densities and center/suburb relationships. We have shown that each metro area of the
Randstad has its own dynamic in terms of logistics. In the Randstad, logistics activities
and warehouses tend to concentrate in (close to) metro areas, and we may relate that to
its polycentric structure as well as (under links that remain to be specifically analyzed)
its situation as a European freight hub and gateway. The specific tradition of land use
control in the Randstad may also explain the intensification of logistics development in or
close to the urban areas.

The different forms of logistic urbanization reveal a variable level of warehouse
integration in metropolitan structures. Logistics activities are not condemned to “flee”
into the suburbs. Under certain conditions, these activities can stay in the denser parts
of a conurbation. We therefore formulate as a general conclusion that the diversity in
the forms taken by logistics development is not simply due to the logistics and freight
transport system, but also depends on the intrinsic characteristics of the regional spatial
structure as well as local planning and land use policies.

This research cannot provide a final conclusion on the different types of logistics
spatial developments according to the monocentric or polycentric nature of an urban
region. In our two cases, the Paris region and the Randstad region, the intensification
of logistics reflects a polycentric urban region while logistics suburbanization appears
to be a symptom of a monocentric metropolitan area, but other factors, as we have
shown, have played a role. This work is a starting point. What remains to be done, and
could be relevant for a subsequent research about polycentric urban regions, is to look at
freight and logistics interdependencies (freight flows to and from warehouses, main freight
generators and consumption areas) between the four different provinces of the Randstad.
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Abstract. Swedish national transport policy treats freight transport as a major facilitator
of economic development at all geographical levels. It is simultaneously noted that
methods and data for business location and transportation are inadequate for following
up transport policy objectives. This paper reports on a pilot study of the potential to
develop accessibility measures to support and follow up policy objectives in the Swedish
context. The accessibility concept and its practical application in concrete measures are
discussed and problematized. Several practical examples from Västra Götaland County
are used as illustrations. In terms of results, the study identifies several potentials and
limitations of using accessibility measures to address freight transport issues. These
measures’ usefulness is driven mainly by the integration capability of transport and land
use. This permits more complex questions and measures, supporting the integration
between planning specializations. Limitations largely concern data availability and quality
and the extent to which maps and measures can be communicated to non-experts. The
concluding discussion highlights how the policy and governance context is central to
understanding how best to utilize the potential strengths of the accessibility concept and
related measures.

Key words: accessibility, freight transport, logistics facilities, transport policy

1 Introduction

Swedish national transport policy is intended to ensure that the transport system supports
the country’s economic development in a sustainable way, for example, by promoting
the accessibility of logistics terminals, ports, and other transport infrastructure. It is
simultaneously noted that methods and data for business location and transportation are
inadequate for completely following up transport policy objectives in the field (Transport
Analysis 2013a).

Shifts in the logistics sector have for quite some time illustrated a trend towards
the consolidation of terminals, a trend expected to continue in the future (Hesse 2008,
McKinnon 2009, Dablanc, Ross 2012, Sheffi 2012). This will lead to relatively fewer
but larger units that may fundamentally change the accessibility of logistics services to
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businesses, especially those located outside major urban centres and transport corridors. It
is therefore crucial that national and regional policymakers and planners better understand
and follow up the shifting landscape of modern supply chains, as this underscores the
importance of comprehensive efforts to coordinate land use, not only for logistics facilities
but also other businesses that generate freight movements (Barysiene et al. 2015, David
2015, Sakai et al. 2015).

A key issue is the availability of data for both mapping current conditions and following
change over time (Allen, Browne 2008). Freight flow data, for example, is only available
at the crude geographical level of counties (Swedish Transport Administration 2013). One
further explanation for the lack of comprehensive goals and targets is the heterogeneity
of the freight transport market, in which each type of good has specific requirements
and thus specific conditions and needs. This is sustained by the traditional institutional
separation in which Swedish spatial planning is characterized by a two-level system based
on the nation-state, at one level, and on local authorities with considerable autonomy, on
the other. This system is not unique to Sweden (see David 2015 on land use planning in
the United States). This has resulted in a division of spatial planning responsibilities,
with strategic infrastructure and accessibility issues being handled at the national level,
while local authorities are responsible for land-use planning, including business location.
Although the last decade has witnessed growth in regional-level influence (Lindström 2007),
there is still a substantial lack of coordination between actors at different geographical
levels.

The Mobility Research Group at the Department of Economy and Society at the
University of Gothenburg1 has for several years worked on accessibility issues in per-
sonal transport, using a GIS-based model with high spatial resolution and connected to
individual-level data (Elldér, Ernstson, Fransson, Larsson 2012). Several projects have
been implemented, the most comprehensive one being implemented jointly with Västra
Götaland Regional Planning Authority (Elldér, Gil Solá, Larsson 2012). This GIS-based
model also has potential in the freight sector, as exemplified by recent research into city
logistics and freight terminal utilization (Olsson, Woxenius 2012, 2014).

To pilot the methodological possibility of combining high spatial resolution with
employment and industrial sector data, the Swedish government agency, Transport
Analysis, has commissioned a project to test opportunities for better understanding
regional patterns, accessibility potentials, and data requirements for accessibility analysis
in freight transport (Olsson, Larsson 2016).

Within this context, the aim of this article is to introduce and examine the potentials
and limitations of accessibility analysis for monitoring policy goals in freight transport.
This scope can be specified in three research questions, as follows:

• What are the main strengths and weaknesses of the current accessibility approach
relative to other similar concepts?

• How can accessibility measures be applied to freight transport problems?

• What are the most important strengths and limitations of accessibility analysis for
monitoring transport policy goals?

The paper continues with a presentation and discussion of the accessibility concept and
related measures, followed by a brief presentation of Swedish transport policy goals with a
focus on freight transport. This presentation is then illustrated by examples of measures
applied to Västra Götaland County. The results of the mapping and database analysis
are brought together in the discussion section, which is followed by the presentation of
conclusions.

1http://es.handels.gu.se/english/units/unit-for-human-geography/research/research-groups/mobili-
ty-research-group
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2 From mobility to accessibility planning: concepts and measures

2.1 Introduction

Recent decades have witnessed increasing travel and increasing levels of car dependence
in cities worldwide (Handy 2002, Banister 2005, 2008). Mobility has become taken for
granted in people’s everyday lives and in business strategy development. This has profound
implications for the flows and relationships that build cities and regions. Simultaneously,
cities are experiencing a range of mobility-related problems, such as congestion, lack
of safety, noise, and air pollution, all imposing societal costs and affecting business
productivity (Bertolini 2005, Melo et al. 2009).

These are obviously problems whose solutions call for an integrated, holistic approach.
Traditional planning perspectives often separate the fields of infrastructure, land use, and
business development, treating them as “silos” with little or no coordination. The concept
of accessibility brings together transport/mobility and land use, offering a useful framework
for more integrated planning strategies (Geurs, van Wee 2004, Ferreira et al. 2012). It also
offers a potentially powerful guide that planning practitioners can employ to develop and
test effective strategies for building sustainable cities and regions (Straatemeier 2008).

2.2 The accessibility concept

In the following, we refer to accessibility based on the following definition: “The extent
to which the land use–transport system enables (groups of) individuals or goods to reach
activities or destinations by means of a (combination of) transport mode(s)” (Geurs,
Ritsema van Eck 2001, p. 19). This definition is based on four components:

• Transportation: the cost (e.g., time or monetary costs) of moving goods or people
physically to a destination including all modes of transport.

• Land use: the location and geographical distribution of potential origin and destina-
tion points, such as population density, jobs, services, customers, and warehouses.

• Time: access to facilities and activities varies during the day depending on, for
example, the operating hours of suppliers and customers.

• Individual : individual values, opportunities, needs, and constraints represent impor-
tant conditions for the broad application of the accessibility concept.

In an early application to spatial planning, Hansen (1959) broadly defined accessibility as:
“the potential of opportunities of interaction”. This suggests two contrasting definitions of
accessibility, one addressing how points in a network relate to each other (i.e., access to
potential opportunities from one specific starting point), and another depicting how all
points are related to all other points on a surface (i.e., general spatial potential). Ingram
(1971) later referred to this distinction as being between relative and integral accessibility,
respectively. Our point of departure is the relative approach, since we are interested
in accessibility for specific purposes, travelling to/from specific activity points. Before
exploring accessibility measures in greater detail, we would like to draw attention to
several related concepts.

2.3 The relationship between accessibility, mobility, and proximity

Accessibility as defined above is related to the concept of mobility, since movement is a
means to achieve accessibility. It includes all forms of physical movement using or not
using vehicles as well as virtual movement using communication technology. Historically,
we have witnessed progression towards increasing car-based mobility over gradually longer
distances in order to facilitate accessibility. However, given current discussion of mobility
and sustainability (Banister 2008), it is important to highlight the opposite strategy,
namely, accessibility through proximity.

Figure 1 illustrates in a simplified way two principal approaches to achieving good
accessibility, i.e., spatial proximity and overcoming distance. Achieving good accessibility
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Source: Haugen 2012

Figure 1: The interrelationship between accessibility, mobility, and proximity

through proximity emphasizes the land-use component, with the importance of the
location of points of production and consumption. Any improvement of accessibility
then involves relocating either the origin or destination points, or both. The traditional
policy solution to poor accessibility has been to concentrate on mobility by improving
road infrastructure capacity, creating the potential to uphold reliable but potentially
unsustainable transport systems over long distances.

This highlights a potential conflict between traditional transport-based planning and
current land-use-based ideas of proximity- and non-car-based planning in cities (Newman,
Kenworthy 2015). This debate has emanated from person-transport considerations but is
as important for freight. We argue that this is one area where an accessibility approach
provides a platform for the integration of transport and land use. It is important to
note that normative measures are often needed in practical planning contexts (Páez et al.
2012), possibly leading to a situation in which opposing policy goals for transport and
land use are present in the same accessibility measure.

These concepts and distinctions are fundamental, not only in an abstract theoretical
sense but also in order to understand everyday planning problems. One example from
personal transport is the so-called accessibility paradox (Haugen 2012, Haugen et al. 2012,
Haugen, Vilhelmson 2013), in which measured reduced average travel times between
residents and the nearest locations of important daily activities (e.g., schools and services)
do not always correspond to shorter actual trip distances. Other factors and preferences
(e.g., type of school and education) can be seen as more important than proximity.
This illustrates that it is far from obvious that the relationship between accessibility,
mobility, and distance is determined by a one-dimensional rational choice to minimize
either distance or time. This is even more problematic in freight transport, in which
decisions about route choice or terminal usage are made by several layers of actors and
very rarely based on a shortest-distance logic (Melo et al. 2009).

Given this discussion, planning for improved accessibility in freight transport is complex.
For example, it is important to critically examine for whom and where accessibility will
be improved. Different firms at the same location might have very different accessibility
needs and interests due to, for example, their types of goods, business sector, logistics
management solution, customer density, and traffic congestion situation and to the effect
of freight transport on local residents (Melo et al. 2009).

2.4 Overview of accessibility measures

To move from accessibility principles to implementation, we must look more closely at
the most common accessibility measures. Geurs, van Wee (2004) identified four types
of accessibility measures depending on the perspective or problem area considered: i)
infrastructure-based, ii) activity-based (divided into location and space–time measures), iii)
individual-based, and iv) utility-based measures. It is important to recall that, depending
on the approach chosen, it is only possible to address a limited set of problems. Since
this paper applies mainly location-based measures, we will emphasize these. However, a
brief overview of other types of measures is given first.

An infrastructure approach to accessibility focuses on the properties of road, rail, bike,
and walking networks, such as their connectivity and speed. These network properties
provide a good indication of accessibility and mobility near where roads or railways and
their nodes are located, but say less about accessibility over a wider hinterland. It is also
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difficult to measure, for example, the effect of increased road speed, as this is directly
related to land-use factors such as population, jobs, and commuting (Geurs, Ritsema van
Eck 2001).

Individual-based measures start at the individual level and consider the opportunities
and limitations in performing activities at different locations during a given period, such
as one day. The approach is largely based on a time-geographic approach (Hägerstrand
1970) in which the abilities of individuals or groups (e.g., households) to perform daily
activities and projects are determined by individual and joint restrictions in time and
space. Accessibility then becomes more complex than just being able to reach a certain
point within a certain optimal distance or time. It also involves relationships with all
other events and locations that need to be temporal-spatially coordinated during the day.
When applied to freight transport and logistics, this approach might be used to better
address limitations such as the opening hours of firms/suppliers/terminals and peak-hour
congestion. This approach might be more applicable in a business context than in public
land-use planning.

Based on economic utility theory, one can use businesses’ valuations of the benefits of
various alternative destinations as an accessibility measure. The assumed logic here is that
decision makers make rational choices intended to maximize their own cost/benefit ratio.
The advantage of this approach is that the measure has a strong theoretical coupling
to economic theory. This is also its drawback, as considerable theoretical knowledge is
required in order to understand such an abstract measure and how it can be implemented
and communicated in practical planning (see La Paix, Geurs 2016).

2.5 Location-based measures

Location-based accessibility measures take into account both the transportation and the
land-use components. In local or regional planning, this type of measure is considerably
more relevant and is more widely applicable since it is directly linked to particular
geographical areas and their demographic and socio-economic contexts. Such measures
can range from straight-line distance or travel-time measures from one starting point
to one or more destinations, to complex implementations of distance friction and the
weighting of destination importance and competition.

The most straightforward measure is distance, either in absolute terms, such as the
number of metres, or in relative terms, such as travel time. The aim is often to calculate
either the number of potential customers or suppliers within a given catchment area or
the closest destination(s) of interest. If we instead want to know how many warehouses
(or other destinations) can be reached within a specific time interval, cumulative measures
(i.e., contour or isochrone measures) are used. Breheny (1978) divided the accessibility
of opportunities measure into three dimensions: starting points, destinations, and costs.
By keeping one factor constant, it is possible to obtain a relatively easy-to-understand
cumulative measure:

• Keeping costs constant measures the opportunities available within a certain cost
in distance, time, or monetary terms; for example, the number of potential jobs
reachable within a 30-minute trip.

• Keeping target points constant measures the cost of reaching a predetermined
number of opportunities; for example, the average travel time across a region to
reach 50% of the warehouses in that region.

• Keeping the starting point constant measures the potential opportunities based on
variations in cost; for example, the number of warehouses within different travel-time
intervals from a selected point.

These types of measures give results in the form of spatial distributions, allowing visu-
alization in the form of influence fields or hinterlands. Figure 2 illustrates the spatial
outcomes of these measures.

These metrics are useful in practical planning due to their relative simplicity and
resulting communicability to a wider audience. This simplicity also presents problems,
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Figure 2: Illustrations of different accessibility measures using the same data: fixed cost
(top left), constant target points (bottom left), constant starting point (top right), and
potential jobs by travel time (bottom right)

however. An important limitation is that the used measures treat all target points as
equally valuable, regardless of the travel time. It is important that the travel time and
distance parameters be determined so as to reflect actual travel behaviour. For freight
transport, this is a major limitation, since there is no direct equivalent to travel surveys
in personal transport studies.

The value of distance can more realistically be calculated using functions to capture
friction of distance, meaning that the farther away something is, the less its influence
on the final result. The advantage of such metrics is that distance affects accessibility,
enabling calculations based on empirical studies of actual travel behaviour. This yields
more accurate and theoretically consistent results, which, however, may be difficult for
outsiders to interpret. This approach also requires that function parameters be based on
empirical travel surveys for them to be reliable for a specific region.
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3 Swedish national transport policy goals for accessibility and freight trans-
port

The overall Swedish national transport policy objective states that the transport sys-
tem should contribute to economic development throughout the country. In terms of
accessibility, this requires good access to logistics terminals, ports, and other road/rail
transport infrastructure. At the same time, concerning the monitoring of transport policy
objectives and methods, it has been found that access to data on business location and
transportation is inadequate (Transport Analysis 2013b,c).

One basic prerequisite for the creation of measures that contribute to the more
efficient use of transport system resources is reliable information on the location of
freight transport-intensive operation facilities. Authorities with overall responsibility for
the follow-up of policy goals, such as Transport Analysis (2013b,c), need quantitative
information on the accessibility of important logistical destinations, such as ports and
logistics centres, to various industries. There is currently a lack of appropriate indicators,
as the disaggregated data are of insufficient quality.

A question, then, is whose perspective should be taken into account? As logistics and
freight transport comprise disparate activities with varied requirements and conditions,
different actors’ logic, behaviour, and priorities frequently counteract each other. There
is a risk of sub-optimization in which all actors streamline their transportation needs
based on the conditions governing their specific operations. When these actors are highly
autonomous, individual decisions are made without paying attention to the entire logistics
chain (Ministry of Enterprise and Innovation 2011).

The Energy Commission’s final report states that long-term investments in infrastruc-
ture and other planning need to target the creation of conditions for a more energy-efficient
transport system (SOU 2008). From a national perspective, therefore, knowledge of busi-
ness locations and of the accessibility of key nodes and hubs (including ports and airports)
is central, as both long-term planning and investment are expected to concentrate on
fewer transport nodes and designated freight transport corridors, as illustrated in the
following quotation (Swedish Transport Administration 2013):

In the national plan for the transport system, a strategic network for long-
distance haulage is defined. The network includes a designated road/rail
network, central intermodal terminals, ports, and airports. This network is
considered to be of paramount importance for long-distance business freight
transport. Therefore, Transport Administration actions should be concen-
trated on the strategic network. (Swedish Transport Administration 2013, p.
12)

This need to define a national core network follows partly because the distances
within the country are great and partly because Sweden, as a major exporter, is very
sensitive to the efficiency of increasingly spatially extended global transport networks.
From a national perspective, industrial logistics costs are therefore central, from both
the short-term competitive and long-term sustainability perspectives. However, the
societal perspective has much broader significance, and the overall transport policy
objective is to ensure economic efficiency for both business and citizens throughout the
country. According to the Ministry of Enterprise and Innovation (2011), a priority is to
increase the efficiency of freight transport and optimally use the existing infrastructure
(increased infrastructure capacity cannot itself meet the entire expected increase in
transport demand). From a societal perspective, therefore, logistics must be recognized
as transportation activity wherein capacity, traffic environment (i.e., safety), accessibility,
and energy consumption are taken into account for all users – including passengers.
At the same time, these considerations need to be balanced by a good economic and
business climate. Taken together, this calls for clear indicators for monitoring community
investments in transportation and land use.
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4 Accessibility measures and their application in freight transport: exam-
ples from Västra Götaland County

4.1 Method, material, and limitations

Accessibility measures and maps are calculated using purpose-built software initially
developed for personal transport to combine advanced transport modelling of public
transport with GIS functionality (Berglund 2001). This accessibility tool combines geo-
referenced data with information about the transport system and travel options. It enables
the computation of accessibility by both car and public transport of many potential supply
points, such as amenities and workplaces.

For this study we have used only the capabilities related to movement along the road
network. The computations were based on calculated travel times between 500×500-metre
cells, allowing analysis beyond administrative divisions. For a more in-depth description
of the tool functionality see Elldér, Ernstson, Fransson, Larsson (2012) and Larsson et al.
(2014).

Each cell contained information on the number of logistics terminals and food-sector
firms. Logistics terminals are defined as facilities for the reception, delivery, consolidation,
distribution, and storage of freight in the transportation process. Food-sector firms
comprise facilities covered by the Swedish industry classification code SNI 10, which
covers the production of foodstuffs. This allows us to link driving times, land uses (or
location patterns), and economic indicators on the production side of the logistics-sensitive
food sector. We are aware that the distribution side of the food sector is also highly
relevant in terms of logistics restructuring. However, a lack of detailed data on retailers
and large-chain internal terminals limits the potential to include such information in this
illustrative case. This issue is elaborated on in sections 5 and 6.

The data used in the analysis is drawn from several sources, as follows:

1. Road network data, including speed limits for calculating driving time, was supplied
by the Swedish Transport Administration’s National Road Database (NVDB) and
captures the situation in September 2014.

2. Data on logistics terminals, including their exact locations, was updated by the
authors based on a previous study by the government agency Traffic Analysis (WSP
2013). The services and activities that terminals offer can be captured only partially
using statistical industry codes. These terminals may range from storage-only
facilities to complete logistics centres incorporating a wide range of complementary
services. Substantial time was spent manually qualifying the function of terminals.

3. Data on multimodal rail–road terminals, including location and capacity, was col-
lected by the authors from company and public authority websites.

4. Locations of food-sector firms were extracted from the internal GILDA longitudinal
database comprising official register data provided by Statistics Sweden. Individuals
are linked to their workplaces, making it possible to identify the type of activity
associated with all workplaces in the region.

The measures are calculated based on certain conditions and limitations due to incomplete
data or limitations in the accessibility model. In this study, logistics terminals are limited
to those open to all potential commercial customers. This definition is applied because
it reflects the true geographical potential. We can find many additional facilities within
company-internal logistics systems. However, these are not potential service points for
outsiders even if located within reach according to accessibility calculations.

In some analyses we refer to large terminals, which are terminals with annual turnovers
of SEK 100 million in 2014 (equivalent to USD 12.5 million). This demarcation is relevant
in order to identify sites with enough capacity to supply customers with a variety of
services.

As discussed elsewhere in this paper, cumulative accessibility measures are dependent
on the setting of time limitations. In this case, 60 minutes of driving time is used as
the threshold in several maps. This is based on the principle of centrality, whereby a
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terminal’s hinterland comprises roughly 100 km (Rodrigue et al. 2013, p. 135). Exactly
where the line is established on a commercial basis may vary between carriers.

A further distinction concerns potential customers. Different business sectors have
very different requirements in terms of distances, terminal facilities, etc. In this study, we
use the food industry as a proxy for logistics-intensive industries, representing the part of
the economy that is dependent on flexible and frequent logistics chains for daily activities
and that could potentially use the terminals. One important limitation of the calculations
is that they include only terminals and food-sector production plants in Västra Götaland
County. This limitation was made due to the very time-consuming process of identifying
logistics terminals, elaborated on in section 5. Since both logistics providers and terminals
compete, this limitation creates uncertainty as to the results in border regions. This
is especially significant in the eastern part of the region, where a significant market is
reachable by 30 minutes of driving.

We would also like to raise the issue of data categorization on maps. Visual perceptions,
and hence the analytical values, of datasets are highly dependent on the selection of
appropriate classes and categories (Evans 1977). For this paper, we selected classes
according to the principle of simplicity in communication with non-expert groups; for
example, travel times are divided into 15-minute intervals. It is important to note that
other classification schemes might reveal a more extreme hierarchical pattern in the data
(Jiang 2013), being more suitable for research questions comparing highly accessible areas
with less accessible ones.

4.2 Accessibility measures based on driving time to nearest facility

The most straightforward geographical measure is driving time to the nearest terminal.
Figure 3 shows the driving time to the nearest terminal, regardless of its size or function.
The map clearly illustrates how virtually every part of the region has access to a terminal
within 30 minutes.

The map in Figure 4 illustrates the calculated accessibility to large terminals expected
to provide the range of services needed for customers not part of corporate logistics
networks, such as those of Volvo or IKEA. Using only the major terminals as destinations,
differences in driving time become more pronounced. Moreover, it is possible to discern
several corridors along major highways with short travel times. This also illustrates the
usefulness of disaggregated spatial units: the use of more aggregated spatial units, such
as municipalities, could cause the corridor effects shown in the map to be overlooked.

Driving time is useful due to its uncomplicated form. However, to benefit from
accessibility analysis, there is a need to add the land-use component. This is illustrated
in Figure 5 by the number of companies in the food industry located within different
driving-time intervals.

Adding the potential number of users in the logistics-sensitive food sector illustrates
the concentration and co-location of warehouses and food-sector firms. Half of the firms
are under 15 minutes from the nearest terminal and more than 80 % can be reached
within 60 minutes. The difference between large terminals and all terminals widens with
increased travel time, but does not exceed 10%.

The use of driving time as a measure has several advantages, mainly because the
result in minutes is an absolute value and very easy to communicate. This indicator is
directly related to everyday freight transport issues such as delivery time and precision.
A further advantage is that it is relatively easy to calculate, needing only two datasets:
road network and terminal locations. This makes it affordable to calculate and, from a
data supply perspective, it is relatively easy to collect longitudinal datasets in order to
monitor changes over time.

There are also limitations to using driving time as a measure. Its simplicity means
that it addresses only a very specific question. For following up the Swedish national
transport policy objectives, however, this measure is insufficient on its own. A further
drawback is the use of travel time without weighting. For personal transport measures, it
is common to add weights to the points of attraction and to use distance decay functions
for the travelling. Here the logic is that the larger the city, the greater the attraction, and
conversely, the farther away, the greater the resistance. This procedure is supposed to
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Figure 3: Accessibility in terms of driving time to the nearest terminal

make the analysis more realistic in relation to travel behaviour. The problem in freight
transport calculations is lack of knowledge (mainly due to lack of primary data) of how
goods actually move and of the criteria for the choices made. More knowledge of the
“travel behaviour” of freight would be needed in order to determine whether, for example,
the nearest terminal is actually a valid measure in real everyday situations.

4.3 Measures based on potential accessibility and catchment areas

While the measure used in Figures 3 and 4 illustrates accessibility from a transport
buyers’ perspective, the logic can be reversed and instead used to investigate the potential
catchment areas of terminals, measured as the number of destinations reachable within a
specific time. In this case, we have chosen 60 minutes of driving time.

The main advantage of this measure is that it connects infrastructure and space
via potential, providing a clear basis for assessing what areas meet a certain objective
or minimum requirement level. This measure is also relatively easy to communicate.
Compared with the driving time indicator, catchment areas permit us to follow up
municipalities’ and regions’ competitive potential in terms of how well they are situated
in the terminal landscape.

However, one important limitation is the fact that the measure considers all destinations
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Figure 4: Accessibility in terms of driving time to the nearest large terminal, defined as
having annual turnover exceeding SEK 100 million

equally valuable regardless of driving time. A terminal located a 60-minute drive away
from the starting point is given the same value as a terminal located 5 minutes from the
customer. Again, it is important to set driving time and distance parameters based on
empirical data, to reflect real behaviour as well as possible.

Transferring the concept of travel behaviour to freight transport is complex, since the
choice of route or terminal is usually not determined by the driver, but instead results
from the commercial need to transport a product. The choice of starting point (e.g., firm)
and destination point (e.g., terminal) then depends on several factors, such as business
arrangements limiting what terminals to use and goods requiring special treatment (e.g.,
frozen foods). This brings the discussion to the question of constructing weights for
destinations and travel distance to model accessibility more realistically.

4.4 Weighed measures

Some form of weighting is traditionally used in transport models (de Dios Ortúzar,
Willumsen 2011) to create better theoretical approximations of actual travel behaviour.
Destinations located farther away then become more costly to reach, while the more
important the destination is, the more attractive it becomes. Translated into the terms
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Figure 5: Cumulative share of food industry companies within different driving-time
intervals from all terminals and large terminals

of Figure 3, accessibility would not be determined solely by the travel time in minutes,
but the minutes would become “longer” the farther one travels due to distance decay. In
addition, the importance of each terminal in terms of, for example, size and turnover,
would further influence the degree of attractiveness.

However, this approach has at least two important limitations. As noted above, we
currently know very little about the “travel behaviour” of freight and therefore have
limited empirical data with which to weight both distance decay and the relative influence
of destinations. What we know is that transportation to and from terminals is part of
increasingly complex supply chains. This means that the choice of terminal for a single
shipment is determined by decisions much earlier in the process than when the transport
is performed. A second limitation is the usefulness of the calculation results. Since both
the distance and target point affect travel time based on various often nonlinear functions,
the end result cannot be interpreted in minutes; instead, there is a need to construct
relative weighted accessibility measures.

Figure 7 illustrates the driving time to the nearest terminal weighted by the terminals’
annual turnovers. The weights are set using a simple linear logic in order to clearly
illustrate the effects of a weighted measure. Small terminals with large hinterlands clearly
illustrate poor relative accessibility. These results indicate that choosing the nearest
terminal is often unrealistic, as exemplified by the two terminals located in Götene (see
inset map in Figure 7). The southern terminal has a high turnover and is therefore
favourably weighted, while the northern terminal has a considerably lower weight. In
practice, there is only 1 minute of driving time between the two terminals, so all potential
customers in the northern area of very extensive “weighted travel time” can easily choose
the southern option instead. One method to solve the problems associated with treating
the nearest terminal as the default would be to calculate the travel time to the nearest
two or three terminals. A problem with this approach would arise in areas with very few
terminals where the second or third terminal could be located very far away.

It is also possible to use weighting in analysing potentials at different locations. Figure
8 illustrates this with a calculation of accessibility weighted by terminal turnover, where
higher turnover implies a higher potential service level. The map shows the aggregated
total terminal turnover accessible within 60 minutes of driving time. The actual aggregated
values for highly accessible areas become astronomical, obviously with no connection to
the real values of points in the region. The advantage of this measure is that it qualifies
the differences between areas with many terminals in absolute terms, but differing greatly
in size. The pattern in Figure 8 does not differ significantly from that in Figure 6, but
the values are much more dispersed and thus highlight the significance of being nearer
large facilities, rather than just any facility.
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Figure 6: Number of large terminals accessible within 60 minutes of driving time

4.5 Spatial aggregation of detailed measures

Analysis and measures have so far been visualized with a spatial resolution of 500 metres.
This resolution shows intra-regional variations very well, but is less suitable for follow-up
at the national level. Since national targets are already using municipalities as the spatial
unit for monitoring transport policy objectives, we propose using a method of spatial
aggregation and combining measures into one single composite measure. The following
exercise should be regarded as an example for discussion, rather than as a complete and
finished measure ready for application.

The starting point for the measure will be the municipality. The first step is to
assign a centre point to each municipality where trips start or finish depending on the
measure. We suggest that centre points should be calculated based on the spatial pattern
of logistics-sensitive industry. In this case, the weighted centre point for the food industry
is our proxy for logistics-intensive industry.

We then select three measures meant to complement each other:

1. Terminal proximity : driving time from the municipal centre to the nearest terminal
weighted by the terminal’s economic turnover – This measures the extent to which
the municipality has large terminal capacity in its immediate vicinity.

2. Terminal potential : the sum of the terminal’s financial turnover earned within 60
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Figure 7: Accessibility measured as driving time to nearest terminal, weighted by annual
turnover of terminal

minutes of driving time from the municipal centre – This complements terminal
proximity and indicates the potential attractiveness of the area for the localization
of logistics-intensive businesses.

3. Road/Rail combination potential : the total weighted value of the size of intermodal
terminals reachable within 60 minutes of driving time from the municipal centre –
This indicates the potential accessibility of good combined transport opportunities.

Each indicator is mapped in Figure 9. Indicator 1, the proximity indicator, produces
more heterogeneous results than do the cumulative potential indicators illustrated in the
two other maps. Accessibility is very good in the Gothenburg metropolitan region and
along the major transport corridors. Also apparent are single peripheral municipalities
each with a large terminal.

Indicator 2 reflects the dominance of the Gothenburg region due to the concentration of
large terminals there. Again, note that the maps include only terminals located in Västra
Götaland County, putting outlying municipalities at a relative disadvantage. Indicator
3 clearly shows the importance of Gothenburg; this particularly applies to the large
multimodal terminals in the port, which weigh heavily in this context.
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Figure 8: Aggregated terminal turnover accessible within 60 minutes of driving time

The measures are relatively straightforward in that they are related to driving time
measured in minutes. However, merging the three indicators into one is problematic
since they are weighted differently and their numerical outputs differ greatly. One way
to achieve this would be to calculate the share of each municipality based on the total
of the region and then add the relative numbers. Another method would be to rank
all the municipalities for each indicator and then merge the three ranking figures to
form a common ranking score. This method will be used here based on the simplicity of
communicating and follow-up over time.

Figure 10 shows the summary score per municipality, illustrating how the major
transportation corridors in the region have better access to logistics services than do their
neighbouring municipalities. It is also very clear how proximity to the county’s main
urban centre of Gothenburg exerts an influence. One can see an inner and an outer ring
of municipalities with very good accessibility located around Gothenburg.

5 Discussion

The main advantage of the accessibility concept in freight transport planning and policy
lies in its integration of transportation and land use. Current approaches often focus on
just one of the two. Transport planning is mostly concerned with network-related aspects
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Figure 9: Illustration of the three municipality-based indicators. Left to right: terminal
proximity, terminal potential, and rail/truck combination potential

of mobility efficiency such as speed, connectivity, flows, congestion, and parking. Land-use
planning, in contrast, traditionally addresses issues related to human activities and their
spatial outcomes, such as housing, economic development, and leisure activities. The ac-
cessibility concept offers a way to link these fields, taking a step towards a more integrated
planning process (Bertolini 2005). It supports the link between transport/mobility and
social sustainability issues (Lucas 2012), since changes in mobility always have different
spatial accessibility outcomes for different groups in society. Being able to combine two
areas of planning into one also entails potential problems. Obviously, an extra degree of
complexity results when dealing with transport and land use simultaneously. Measures of
accessibility will undoubtedly be more multi-dimensional than, for example, population
density or traffic flows. There is also an added component when evaluating accessibility
change over time, since both transportation and land use can change simultaneously over
the same period.

Given the potential for the accessibility approach to support integration in planning,
how can this approach be applied specifically to freight transport? This is an important
question since freight and personal transport differ substantially in this respect. Unlike
personal transport, freight transport is driven by derived commercial demand emanating
from the business sector. Choice of transport mode or route is the combined result
of a logistics chain comprising several frequently conflicting dimensions, such as cost,
reliability, and scale economies. Accessibility in freight transport is much more likely to
be a business matter, while in personal transport it directly mirrors the potentials of
individuals and their everyday lives in different locations. Having this distinction in mind
is important when asking questions about accessibility levels, for whom and where. On
the other hand, accessibility measures may also be used with specific planning questions in
mind, to understand how different groups in different places are, for example, influenced
by new investment in logistics terminals and infrastructure.

Even a basic travel-time map provides a wealth of information. The use of “real time”
measured in minutes without weighting or model calculations constitutes a potentially
powerful outcome due to ease of interpretation: no expert knowledge is needed to
conclude that ten minutes is twice as long as five minutes. This makes simple accessibility
measures useful tools in communication between professional groups, such as planners and
logistics business representatives, as well as with the general public in matters of spatial
planning to promote more sustainable and inclusive urban regions. This is not to argue
that accessibility should replace other well-proven methods. However, as an additional
approach, it provides views that might foster more informed debate and ultimately better
decisions.

Based on the data collection and accessibility mapping exercise described here, several
key strengths and limitations can be identified. Data availability and quality is the major
area of concern. However, specific institutional and business issues relating to the freight
transport sector are also important, as are questions regarding the context in which
accessibility measures are being used. Each of these areas will be discussed below.
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Figure 10: Illustration of the summary ranking scores per municipality

The single most pressing concern is data access and quality. Constructing useful
measures of accessibility for freight transport calls for information about points of supply
and demand and their locations. Since the industry encompasses a vast array of goods
and destinations, it is insufficient to identify just any terminal or any customer. A basic
need is business sector information in order to identify customer segments and terminal
functions and to discern service levels.

The terminal data for the example maps shown here were produced in two stages.
First, an automated search script scanned the official national company register (WSP
2013). Second, this was followed by a time-consuming manual check by the authors,
resulting in a 25% increase in the number of terminals, many reclassifications, and the
identification of multiple counting of the same terminal used by different companies. We
estimate that officially available firm-level data are insufficiently reliable for accessibility
analysis without considerable manual updating, possibly supported by enhanced models
for the automated searching of business registers.

Specific surveys offer a potential way forward. In the case of freight transport, there
is a lack of open statistical data on how goods actually flow, who is transporting goods,
and what kinds of goods these are. This information is central to building more advanced
models of accessibility in which the “travel behaviour” of the goods is taken into account.
The assumption that the nearest terminal is the one selected is unrealistic, as indicated
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by current projects collecting detailed information on freight flows (see Dablanc 2013,
Giuliano et al. 2015).

The question of terminal access is related partly to data availability and partly to
logistics chain strategies. Many transport terminals are integrated into company-internal
flows of material. For example, large retail chains or manufacturing firms employ their
own global high-precision logistics systems with large warehouses. These are unavailable
to local firms and should therefore not be part of an accessibility analysis of the general
potentials of a specific area. From a local land-use planning perspective, however, these
activities contribute to both employment and negative environmental effects.

The resolution of the maps in this study is very high. Results are presented using
500-metre cells across the region, which has proven very useful for planning problems
at the local and regional scales (Elldér, Larsson 2011). However, this resolution is too
high for following up policies and investments at the national level: technical limitations
restrict the handling of large datasets, and complementary data are lacking at such a
detailed level.

Finally, we would like to emphasize the user side of accessibility measures. So far most
of the discussion has been from the producer side, focusing on measures, data, and output.
However, if a non-expert user such as a planner or politician cannot fully understand the
maps and measures, there is a significant communication problem that seriously limits
the usefulness of these tools (te Brömmelstroet 2010). This exemplifies a wider issue
regarding the sometimes contradictory relationship between scientifically sound models
and the usefulness of their results in non-expert environments. The desire to model reality
has often resulted in attempts to create big models that quickly become so complex that
their outcomes cannot be used without expert knowledge (Lee 1973, Geertman, Stillwell
2004). This is not to say that modelling should be abandoned, but we would like to
emphasize the user and the context in which results are implemented.

6 Conclusion

The use of accessibility measures to support policy and planning for freight transport
and urban development offers a promising and long-needed potential for cross-sectoral
integration between the fields of transport and land use. However, to fully exploit this
potential several barriers must be overcome. This paper has identified a few problem
areas, such as data availability and quality as well as the complexity and communicability
of measures. Though these are definitely challenges in themselves, they are technical and
relatively specific and can be addressed with a carefully devised research programme.
Instead, we would like to highlight the wider and more complex policy and planning
context for the application of accessibility analysis, especially potential tensions between
actors and interests in the freight transport sector and its relations with society in general
and urban development issues in particular.

While personal transport and accessibility can be related directly to individuals and
their everyday activities as well as to society and planning on multiple scales, freight
transport is primarily an activity organized by the private business sector. This has
important implications for the usefulness of the accessibility concept and the methods
of implementing it. Figure 11 illustrates this as two routes from an overall national
policy objective towards more detailed planning objectives and implications in the private
business and public realms. We are aware that the distinction between private and public
is far from straightforward and binary; however, for reasons of clarity, we will pursue this
division in the following discussion.

The point of departure is the black box in the centre of the figure containing the
formulation of the overall national transport policy objective. In transport and land-use
planning, this has predominantly been treated as the downward, stepwise application of
national policy to regional and local levels of public planning. The more detailed the level,
the further from the national goal and the more important the local context is, or should
be, in terms of how to interpret and implement policies in a democratic and inclusive
way. In contrast, if we follow the upward route, policies play a much more marginal role
in the everyday running of businesses. Their main objective, emanating from commercial,
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Figure 11: How the national transport policy objective can be implemented in the business
and public planning spheres

market pressures, is to provide services that customers are prepared to pay for in order
to earn a profit and meet the company’s and shareholders’ financial targets.

We might say that from the national policy objective, the scope and impact will widen
downwards in the public planning sphere and narrow upwards in the business context.
This is not to say that the two spheres are unconnected or exist in two parallel worlds, as
urban planning is constantly interacting with freight transport and vice versa. However,
accessibility analysis and accessibility questions affect the two spheres in different ways.

Imagine, for example, an expanding international port located in an expanding urban
area. What would be the relevant accessibility question to ask in order to follow up the
national goal? From a business competitiveness perspective, it might be interesting to
know whether companies can access more and better logistics services over time in the
region or whether more companies can reach the port within the same time as an effect
of new infrastructure investment. For an urban planner or local policy maker in the same
port city, the question of the accessibility of jobs, schools, and recreation for citizens might
be at the top of the agenda. The same infrastructure that supports increased terminal
and port accessibility could create physical barriers, including noise and pollution, that
decrease the accessibility of other amenities for citizens.

The combination of transport and land-use components is the main strength of the
accessibility concept. However, for its productive use we must be careful about its
implementation context. The above example illustrates how different groups might have
conflicting interests in the same space. To better measure and follow up urban transport
land-use policies and potential conflicts, we must develop our knowledge, mainly about the
private business sphere. The “travel behaviour” of goods and locational decision making
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in the freight sector are keys to implementing the accessibility concept as a long-needed
integration tool in order to better understand the interplay between freight transport and
its urban context.
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Páez A, Scott DM, Morency C (2012) Measuring accessibility: positive and normative
implementations of various accessibility indicators. Journal of Transport Geography 25:
141–153. CrossRef.

Rodrigue J, Comtois C, Slack B (2013) The Geography of Transport Systems. Routledge,
Abingdon

Sakai T, Kawamura K, Hyodo T (2015) Locational dynamics of logistics facilities: Evidence
from Tokyo. Journal of Transport Geography 46: 10–19. CrossRef.

Sheffi Y (2012) Logistics Clusters. Delivering Value and Delivering Growth. MIT Press,
Cambridge

SOU – Statens Offentliga Utredningar (2008) Vägen till ett energieffektivare Sverige.
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Abstract. Today, one of the main challenges faced in urban logistics is the distribution of
goods. In Brazil, mid to large cities have experienced negative consequences of unplanned
urban sprawl as well as the lack of adequate transport infrastructure. As for the logistic
standpoint, the relationship between urban planning and transportation planning must be
better exploited towards the promotion of quality of life, and economic and environmental
sustainability. The attractiveness of urban activities that attract the movement of people
and goods and other component elements of urban space should be investigated. The
presence of bars and restaurants falls within this context and is therefore vital and
responsible for a significant percentage of jobs and revenue in a city. This paper presents
the results of a freight trip generation model developed for pubs and restaurants in Belo
Horizonte (Brazil). The data for the freight trip generation model were obtained by
survey. A structured questionnaire was designed to obtain information about goods,
frequency, operational time, place of performance of the loading/unloading of goods,
establishment size and the number of employees. In creating the proposed models, a
simple linear regression was applied to correlate the following variables: (i) number of
trips versus area of the establishment; (ii) number of trips versus number of employees;
(iii) number of trips versus operation day of the establishment. With the results of the
linear regression for trip generations, data interpolation was conducted based on the
standard deviation of the results to define the sample classification bands. Finally, the
resulting trip generation surface was analysed together with other geographic data such as
demographic data, road network density and socioeconomic data. Findings indicate the
importance of a mathematic-geographic model for trip generation as a feasible approach
to support transportation planning & operation for urban goods distribution. Critical
information such as the high concentration of pubs and restaurants in the same region
can reinforce the vocation of the city for trading. However, an elevated number of freight
vehicles to meet a high and growing demand becomes a problem especially in areas where
the urban road network is not efficient (not properly designed and parking spaces not
properly used). This study also highlights the need for an urban freight mobility plan
and public policies, by offering sustainable alternatives for urban goods distribution,
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which improve the urban environment. By using geospatial analysis, the study delivered
statistics data and maps to catch the attention of decision makers and transportation
managers, therefore facilitating the discussion on transportation policies in the city of
Belo Horizonte.

Key words: urban goods distribution, freight trip generation, trucking, pubs and
restaurants, geospatial analysis, Brazil

1 Introduction

Nowadays, the distribution of urban goods is one of the main challenges faced by policy
makers, transportation authorities and the private sector in Brazilian cities. These cities
present mostly a pattern of non-organized growth, lack of planning, and especially a
lack of adequate infrastructure. Other than these well known factors there is also an
increasing rate of population density. According to the Brazilian Institute of Geography
and Statistics (IBGE 2010), about 83.4% of Brazil’s population lives in urban areas.
Concomitantly to the lack of planning for the use of urban space, the increasing volume of
vehicles is also aggravating the situation. The population growth in the city increases the
demand for goods and services that potentiate the problems related to urban mobility and
urban freight transport. According to Holgúın-Veras et al. (2012), the relationship among
land use and freight represents a central issue for adequately planning investments in
infrastructure and land use policy. However, the current transportation planning process
in Brazil does not estimate freight activity to assist decision makers, which is critical
information to be considered when making infrastructure investment choices. This fact
motivated the development of this study, which presents data and models to estimate the
flow of urban freight vehicles.

In this context, we hypothesize in this investigation that a transportation model
sensitive to geographic-based context will add quality and efficiency to computing freight
trip generation by considering local characteristics. Thus, this paper’s analysis of a freight
trip generation model was computed based on a survey developed for pubs and restaurants
in the city of Belo Horizonte, Brazil. We analyse pubs and restaurants due to this sector’s
importance in Belo Horizonte (area of study); it represents 42% of the number of deliveries
in the central Area (Oliveira 2014, Oliveira, Guerra 2014). Besides that, what makes
this study distinct is its characterization of the sector and the geographical analysis of
the results, which intends to inform transport policies for the distribution of food and
beverage in pubs and restaurants. The methodology proposed in this study intends to
provide a guideline for planning of urban freight transport in order to obtain data for
freight transport policies through field surveys (this type of analysis is still incipient in
the Brazilian context).

The paper is structured as follows: Section 2 provides a brief literature review on
urban freight trip generation models in the Brazilian context; Section 3 describes the study
area; Section 4 describes the methodology and data; results are illustrated in Section 5;
and Section 6 concludes and discusses future research.

2 Brief notes about urban freight trip generation models

The estimation of freight trip generation is a critical component of traffic impact analyses
(Holgúın-Veras et al. 2013) and very important information to understand how goods move
within an urban area. To Kulpa (2014, p. 197), freight trip generation refers to different
areas or particular objects and may be estimated either by the number of vehicles (truck
based model) or by the quantity of commodities measured in tons or values (commodity
based model). Comi et al. (2012) also consider the delivery approach, which focuses on
movements of goods measured in pick-ups and deliveries (delivery based model).

Brogan (1979) used trip rate per unit of area to understand the relationship between
the number of truck-trips produced in/or attracted to an area, as well as the characteristics
of that area. The author stated that the use of these rates contributes to the analysis
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of the impact of major truck-generating activities in certain sections of an urban area.
An examination of the developed truck trip rates shows that, in general, commercial and
industrial land uses are the largest generators of truck trips.

For Ogden (1992), understanding the relationship between transport and demand
patterns is an essential component for modeling freight movement in urban areas. It
evidences the link between movements of people and goods. Ogden (1992) also establishes
a distinction between models based on movement of goods and models based on truck
trips. In the model based on the movement of goods, producers and customers in a specific
region create the demand for the movement of goods. Thus the movement of vehicles
is a response to meet this demand. As a consequence, the truck trips establish a direct
relationship with the movement of goods, and consequently the model outputs a certain
amount of vehicle travel allocation. The author also developed models of attraction of
products based on goods as well as on trips.

Tadi, Balbach (1994) estimated truck trips generated at warehouses, industrial sites,
truck terminals and building areas using a regression model. Iding et al. (2002) developed a
linear regression model that considers site area and number of employees as an alternative
to the size of a business for each trip production and trip attraction per sector of industry.

Allen Jr. (2002) developed a demand forecast model to estimate the number of trips
for medium and heavy trucks, considering the number of businesses and residences. Iding
et al. (2002) present a freight trip model, obtaining attraction/production equations
for different sectors, considering the area and the number of employees. Black (1999)
developed similar study for Indiana-USA, considering 20 different products.

Comi et al. (2012) review the state-of-the-art on urban freight transport demand
modelling and present different approaches after considering their pros and cons. One of the
main conclusions of the authors is that the “direction relation between policies/measures
and stakeholder’s behaviours has not been investigated enough in the urban freight
transport modelling literature” (Comi et al. 2012, p. 12). Anand et al. (2012) make a
contribution to this gap, reviewing the literature concerned with urban freight modelling
from the stakeholder’s point of view describing their objective, descriptor choice and
perspective towards the stakeholders’ objective. Gonzalez-Feliu, Routhier (2012) analyze
different models considering the function of the model, its scope and initial objectives,
unit, model building approaches, choice of granularity and commercial applications and
tools. An important conclusion of this review is about the relationship between goods
flows and vehicle flows: if the focus is the impact of urban freight transport on urban
traffic, the model unit must be considered vehicle-flows rather than commodity-flows
which is commonly used in freight trip models. However converting commodity-flows to
vehicle-flows is not a simple task (Gonzalez-Feliu, Routhier 2012). The authors claim that
“modeling is not possible without knowledge of the existing situation, and in particular,
knowledge about what is subject to change and what is invariable”, so they suggest the
development of procedures capable to understand the variation of data in space and time
(Gonzalez-Feliu, Routhier 2012, p. 98).

Cherrett et al. (2012) indicate that 1.77 deliveries/week/100m2 are transported in
Winchester (UK). Using secondary data, Ducret, Gonzalez-Feliu (2016) attempt to connect
a demand-estimation model and spatial modeling to evaluate the link between urban
form characteristics and freight movements. The authors found that 2.9 deliveries/day
are made by light commercial vehicles and 0.4 deliveries/day are made by single trucks,
in Angers (France).

Holgúın-Veras et al. (2016) discuss freight trip generation estimates. The authors
indicate that “freight behavior research could be either a qualitative or a quantitative
nature” (Holgúın-Veras et al. 2016, p. 45). Priya et al. (2015) investigate an improved
truck-trip model using time series, artificial neural networks and patterns of land-use.

With an innovative approach to model urban freight, Aditjandra et al. (2016) use a
traffic survey and micro-simulation modeling to identify the impacts of freight deliveries
and local service traffic at peak periods nearby the university campus in Newcastle (UK).
The authors demonstrate that traffic surveys can be useful to assess the impacts of
urban built environments on urban freight traffic. Sánchez-Dı́az et al. (2016) propose
a new set of variables that relate the establishment to its location, and assesses the
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Table 1: Trip generation models to pubs and restaurants in Brazilian context

Reference Equation
Trips per
establishment

Dependent
variable

R2

Melo (2002) T = 1.333 + 0.0019A 1.94 Area 0.797

Silva and Waisman
(2007)

T = 2.963 + 0.0455A

-

Area 0.705
T = 1.972 + 1.459E Employers 0.739
T = 2.074 + 0.017A + Area and

Employers
0.754

0.967E

Notes: T . . . Number of trips; A . . . Area of establishment; E . . . Number of employers

performance of novel explanatory variables on freight trip models. The results show that
freight trip attraction is better modeled as a nonlinear function of employment and other
geographic-based variables.

2.1 Urban freight models in the Brazilian context

Investigations of freight trip generation in the Brazilian context are incipient. There have
so far been a few studies focused in São Paulo (Silva, Waisman 2007), Rio de Janeiro
(Melo 2002, Gasparini 2008, Souza et al. 2010) and Campinas (Marra 1999). Marra (1999)
developed a freight trip generation model designed for residential and commercial areas,
based on the monthly freight flow. The model considers the area, the number of employees
or residents and the average income per capita in the area as dependent variables. Melo
(2002) developed an urban freight trip model for the city of Rio de Janeiro that considers
groceries, clothing, retail stores, pubs and restaurants, construction material and fuel.

In particular, the sector of foods and beverages (focus of this paper) is a critical
segment responsible for jobs, revenue and social activities vital to maintaining the
economic sustainability of a city. Pubs and restaurants constitute a substantial volume of
trips by attracting the movement of people and goods. Melo (2002) found 1.94 trips per
day for establishments with an area between 60 and 780 square meters. Silva, Waisman
(2007) developed a study that determined the freight trip generation rate for pubs and
restaurants to a specific district in the city of Sao Paulo. The authors conducted a survey
through a questionnaire for thirty establishments and collected information on daily
freight trip rates, area of the establishment (in square meters) and number of employees.
The authors identify the correlation between variables using multiple linear regressions.
Gasparini (2008) developed a survey that analysed the freight trip rates for supermarkets
and shopping malls in the city of Rio de Janeiro using the area, the number of customers,
the number of parking spaces and the sales area as dependent variables in the model.
The equations used in Brazilian freight trip studies to pubs and restaurants are presented
in Table 1.

The approaches undertaken from the Brazilian context rely on the use of linear or
polynomial regression and logarithm or exponential fit to determine the freight trip rates.
Findings demonstrated a good fit (R2 ≥ 0.7), with wide divergences however, for the
same variable as showed in Figure 1. Even with these good results, Souza et al. (2010)
indicate the need for different equations or rates for different classes of goods and vehicles.
This discussion demonstrates the complexity of the problem to be modelled and the
importance of this topic of research.

The use of linear or polynomial regression as a methodology is a current trend, with
Shin, Kawamura (2005), Bastida, Holgúın-Veras (2009), Holgúın-Veras et al. (2012),
Holgúın-Veras et al. (2013) and Priya et al. (2015) all using regression analysis to obtain
a freight trip model. Sánchez-Dı́az et al. (2016) incorporate locational variables and
Aditjandra et al. (2016) use a traffic survey. The concept of locational variables is employed
in the present study, which considers the importance of geographic-based information to
evaluate which Brazilian model is more appropriate to estimate freight vehicle flows.
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Figure 1: Graphical representation of Brazilian models to pubs and restaurants considering
area as variable dependent

3 Study area and object of the investigation

This study focuses on the pubs and restaurants sector in Belo Horizonte city, which
represents 42% of the number of deliveries in an area that contains the large majority of
commercial establishments and urban mobility problems as well (Oliveira 2014, Oliveira,
Guerra 2014). Belo Horizonte, founded in 1897 was planned to be the capital of the state
of Minas Gerais. The plan envisioned a modern city that in 2010 could have a maximum
population of 200,000 inhabitants living and working within the central boundary limited
by Contorno Avenue (Oliveira et al. 2016).

Belo Horizonte has about 2.4 million inhabitants heterogeneously distributed over
an area of 331 km2. The city currently has the fourth largest Gross Domestic Product
(GDP) of those in Brazil, with about 58.3 billion real (approximately currency rate: 1
euro is 3.60 real in October/2016). As a capital, commerce and public services are the
key economic activities that propel the trading vocation of the city. The revenue comes
mostly from services and commercial businesses, whereas the downtown area concentrates
the federal, state and municipal governmental offices as well as an elevated number of
commercial offices and industry headquarters. Belo Horizonte is surrounded by industrial-
based cities and small towns mostly used as dormitory cities. The infrastructure of the
capital’s downtown makes it the most attractive area to retain hotels, restaurants, cafés
and entertainment. This segment employs a substantial amount of jobs and makes an
important contribution to the city’s revenue.

In this investigation we hypothesize that a transportation model sensitive for geogra-
phic-based context will add quality and efficiency to computing freight trip generation
by considering local characteristics. Thus, this paper analyses a freight trip generation
model computed based on a survey developed for pubs and restaurants in the city of Belo
Horizonte, Brazil. The distinctiveness of this study is the characterization of the sector
and the geographical analysis of the results, which intends to inform transport policies
for the distribution of food and beverage in pubs and restaurants. The methodology
proposed in this study intends to provide a guideline for the planning of urban freight
transport in order to obtain data for freight transport policies through field surveys (this
type of analysis is still incipient in the Brazilian context).

4 Methodological approach

In theory, the data collection on movement of goods in an urban area can be obtained in
different ways. In practice, however, because of the lack of waybill records or because of
the nonexistence of registered information about trips, data about how, where the trips
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Figure 2: Geographic location of Belo Horizonte city and the study area

took place and about the volume of goods that flow in a city has been better obtained
via survey. In this study we obtained data from specific stakeholders (retailers), based
on interviews, as developed by Aditjandra et al. (2016). For the purposes of modeling
urban goods, our data is categorized as vehicle/journeys (the route), as presented in
Gonzalez-Feliu, Routhier (2012), and our model structure is defined as truck/vehicle as
presented in Comi et al. (2012). These definitions are very important to characterize our
methodology, which consists of:

1. develop a questionnaire to obtain freight flow data;

2. collect the data;

3. build and calibrate the model;

4. geographically analyse the results to understand the sector’s impact on urban traffic.

4.1 Questionnaire

We developed a standard survey designed to obtain data that enables modeling of the
vehicle journey categorized by foods and beverages. Table 2 presents the main information
in the questionnaire. The questionnaire was validated with a pilot test in 10 commercial
establishments and provides a database on the goods received in the establishments.

4.2 Data collection

The data collection was performed via interview. The interviews were conducted with
the manager of the establishment or a technical staff member responsible for logistics
operations. Unfortunately not all planned interviews were possible due to a lack of
technical information, non-authorized personnel or when the establishment showed no
interest in cooperating with the investigation.

The survey was conducted in 300 establishments. After the collection of data, the
sample size was analyzed to determine the error and, for that, we used the simple random
sample method. Other than information about the location of the pubs and restaurants,
the interviewer also asked about desired and used routes, the time of the delivery and
information about unload parking. Results are presented in Section 5.
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Table 2: Main information of questionnaire

Type of information Detailed information

Information of establishment
Location
Name and function of interview
Telephone and mail

Characteristics of establishment

Foundation time
Day and working time
Area (square meter)
Number of employment

Receipt of goods

Origin of goods
Number of trucks by day of week
Time of delivery
Unload time

4.3 Building and Calibrating the Model

The creation of the freight trip model presented in this paper was supported by a
methodology developed by the Institute of Transportation Engineering (ITE 2008).
Building a model requires a systematic comprehension of how data, tools methods and
deliverables must be organized. Thus, the development of the model adds a methodological
dimension for the approach, the data collection, the explanatory variables, the sampling
elements and the date of the survey, that can be replicated in future investigations.

Besides the large number of variables and the complexity of the model for the
development of the survey, it was also necessary to (ITE 2008):

• Consider the nature of the proposed model (type and size, geographical location,
time/day that the model will be calibrated);

• Choose establishments that have characteristics that enables their travel demand to
be modelled, such as:

– it must be possible to reach an average rate of generation of trips with at least
three elements;

– it must be possible to use linear regression equations with six elements, but it
is desirable to have at least 20 elements in the sample;

• Check the statistical correlation of the obtained model.

To define the model, we use linear regression. To validate the equations we use the
coefficient of determination (R2), which demonstrates how well an adjustment curve
represents the relationship between the dependent and independent variables; the Student’s
t-test that determines the level of significance between the variables and the size of the
sample; and the F-test that determines if the model is useful in predicting the flow. For
this study, we considered valid the equations for which R2 is greater than 0.5 (ITE 2008),
ie, which represent 50% of the sample. In addition, we consider a confidence level of 95%
for the t-test and significance level of 5% for the F-test. It is important to mention that
models are best fit when R2 is greater than 0.5, the sample size is greater than or equal
to 4, and number of trips increases as the size of the independent variable increases (ITE
2008).

4.4 Geographical analysis

Once the trip generation model was computed, the establishments were located on the
map by geocoding the addresses. We used Geographic Information System (GIS) tools
to compute a continuous surface by interpolating the discrete values of travel per day
delivered from the trip generation model. The method interpolates a raster surface

REGION : Volume 4, Number 1, 2017



24 L. K. Oliveira et al.

from points using an inverse distance weighted (IDW) technique, which determines cell
values using a linearly weighted combination of a set of sample points (travel per day per
establishment). The weight is a function of inverse distance. The surface interpolated
represents the dependent variable.

The interpolated surface represents the expected number of trips expanded to areas
where sampling was not performed. Along with other maps, such as socioeconomics and
transportation infrastructure, the spatial analysis helps to identify and understand the
shortcoming and promotes a comprehensive standpoint for approaching the solution. For
example, the solution can be applied to compute trip generation identifying areas with
major demands of goods, therefore geographically correlating these areas with patterns
of population income, age or behavior. This allows evaluation of the efficiency of the
transportation policies that regulate urban distribution. As reported in Ducret, Gonzalez-
Feliu (2016), which considered spatial categorization, urban freight modeling coupled to
a GIS was used to demonstrate that spatial modeling can help organize logistics in the
cities. In this work we aim to show the importance of integrating a robust freight trip
generation model and GIS solution for providing an improved overview towards effective
public policies for the city. Solutions in urban transportation planning must be addressed
differently according to different aspects of population density and demand for goods.

5 Results and discussion

We used the Municipal Register of Taxpayers (MRT) provided by the Municipality of
Belo Horizonte to know the total of establishments in the city. We identified 2,145
establishments as pubs, restaurants, juice houses or similar economic activity in this
sector with the MRT database. We don’t divide our sample and analyses in subcategories
due to all establishments having similar characteristics: all commercialize food and drinks.
Figure 3 shows the geographical dispersion of the selected establishments with high
concentration in the ‘Centro Sul’ Region (59%). The ‘Centro Sul’ Region encapsulates
the downtown area, and contains a large amount of jobs and a high density of residents,
which compete daily for street use, parking spaces and mobility, therefore aggravating
the problems of loading/unloading goods.

From the period July to August, 2014 we visited and interviewed three hundred
establishments in the Belo Horizonte region. The sample has an error of 5.4% compared
to the total amount of establishments, considering the simple random sample method.
Our sample contains establishments with a building area of between forty-five and four
hundred square meters, and with between one and thirty employees.

Our findings show that goods are delivered between five and six times a week in 66%
of the establishments, except meat, fish and fresh food that have daily deliveries. The
deliveries occur between 08:00 am and 10 am (71%). Beverages are delivered three to
four times a week in 49% of the establishments, without a specific standard time for this
kind of delivery. The peak day for deliveries is Tuesday (30%) followed by Friday (23%).

5.1 Freight trip generation model

After obtaining the data we applied the linear regression technique to correlate the
dependent with the other independent variables. In this study, we considered as the
dependent variable the number of freight trips and as the independent variable the area
of the establishment and number of employees. We used the Pearson product-moment
correlation coefficient to analyze the correlation between variables: when analyzing the
number of freight trips and number of employees, , = 0.74 indicates a strong correlation
between these variables. When considering number of freight trips and area of establish-
ment; n = 0.70 also indicates a strong correlation between the variables. Using regression
analysis to correlate the variables, we obtain results presented in Table 3. These models
represent the number of daily freight trips (NT) attracted by establishments, considering
area (A) and number of employees (E). It is necessary to multiply by a factor of 0.71 to
determine the number of trips in peak hour (8am-10am).
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Figure 3: The geographical dispersion of Bars and Restaurants in Belo Horizonte

Table 3: Freight trip generation model to bars and restaurants

Model Equation R2 T-Stat. F-Test

Area (m2) NT = 0,98 + 0,0016A 0.48 1.97 283
NT = 0,0076A 0.81 1.97 1,339

Employee NT = 1,04 + 0,019E 0.55 1.97 363
NT = 0,01E 0.67 1.97 605

Area (m2) and NT = 1.01 + 0.014E + 0.00049A 0.55 1.97 189
Employee

The models obtained are valid for establishments with:

• Area between 40 and 400 m2;

• Number of employees between 1 and 30.

The statistical significance of the results was tested: the squared correlation (R2)
indicates that a minimum of 48% of the variability in the “number of freight trips” is
explained by the “area”. The best model correlates the “number of freight trips” and
“area”.

Figure 4 shows the comparison of the results of this study with other Brazilian models.
The comparison indicates that the Silva and Waisman model estimates a large number of
freight trips and has lower accuracy. The results found in this study are similar to the
model presented by Melo. To check the accuracy of the model, we compare the real data
with the model outputs. Considering the model that correlates area and the numbers of
employees (model 3), the results are 0.4% overestimated than the real values.

Figure 5 shows the concentration of deliveries in Belo Horizonte, considering freight
traffic to deliver goods in pubs and restaurants between 8am-10am. These findings, when
combined with the situation of the urban transportation infrastructure and the current
transportation policies, reveals an alarming scenario. According to the numbers, in this
scenario 71% of the pubs and restaurants require their goods deliveries in a very short
time. Thus, it is easy to picture that this scenario creates a large amount of vehicles
competing for parking spaces and reducing flow efficiency of the streets.
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Figure 4: Comparison of models considering area (left) employers (center) and area and
employees (right)

These results indicate the need for efficient public policies for urban freight transport.
The pubs and restaurant sector is the only sector of the economy that generates a
significant number of trips that overloads the transport infrastructure in these saturation
times. Thus, the geographical analysis of results reinforces the results of the mathematical
model and allows us to understand the extent of the problem.

5.2 Geographic overview of the model

The model provides an outstanding source for understanding the expected number of
travels per business establishment. Based on this kind of information, urban planners and
transportation managers can see and interact with indexes that reflect the demand for
trip per business unit. However, the phenomena involved in the freight generation model
includes a spatial component, which can be well explored if the geographic perspective is
considered.

Transportation and economic development are areas intrinsically correlated in time
and space. Therefore they rarely can be dissociated, especially when the goal of the study
is to support public policies. For this reason, we introduced a basic structure, however
realistic, for geographic analysis using the resulting model.

The model outputs the expected number of trips per day per establishment. The
Municipal Register of Taxpayers data provides the addresses for the establishments.
Together, these data were combined and displayed in a map. The surface provides the
expected amount of trips per day for other regions in Belo Horizonte. It could be used,
for example, to estimate trips per establishment for establishments that were not listed
in the database or to provide an overview of the complex and delicate scenario of freight
demand.

The geographic overview allows transportation and public managers to think about
the freight in conjunction with other key factors that attract or repulse good deliveries
in different regions of the city. Figure 6 illustrates a case scenario of downtown Belo
Horizonte, which contains the majority of pubs and restaurants, a large amount of
residents and a complex transportation network.

From the economic sustainability standpoint, there is an intrinsic relationship be-
tween population (consumers), foods and beverages (economic / social activity), mobil-
ity/accessibility to these services (existence of transportation infrastructure such as roads
and public transportation) and the real demand for recharge supplies. The outputs of the
model, when geographically spatialized and overlaid with other information provide an
excellent perspective for supporting urban decision makers and policy makers.
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Figure 5: The geographical dispersion of deliveries to bars and restaurants in Belo
Horizonte (left) and the surface of expected travel per day produced from the freight trip
generation model (right)

5.3 Discussion of the results

The expected number of travels per day output from the model represents a realistic
simulation of the current situation according to the survey from 2014. In order to better
understand the results, the number of travels per day was loaded in a map containing the
addresses of the establishments. This resulted in a punctual map (discrete information)
that does not cover the whole area. Then, a geographic-based interpolation expanded the
number of travels per day to a continuous surface as shown in Figures 5 and 6.

As shown in Figure 6, there is a geographic adherence between the number of travels
per day, population and road density. The result indicates the need for an efficient urban
freight policy to regulate the urban goods delivery towards meeting the demand of bars
and restaurants.

As a recommendation, we draw attention to the importance of innovative ideas and
alternative plans to lever positive changes in the urban transportation system to be
presented and debated by specialists, authorities and the community. Holgúın-Veras et al.
(2016) suggest using forums and discussion groups to create a joint solution among the
stakeholders involved in urban goods distribution. These measures highlight changes and
can hopefully mobilize public managers, transportation managers and the population
towards the continuous process of adaptation and improvement of public policies.

6 Conclusion

Regarding the development of this study, the key points are the characterization of an
important economic sector of Belo Horizonte and especially the development of a freight
trips generation model that is still an incipient theme in Brazil.

The model developed is mathematically robust and statistically acceptable. The model
can be coupled to a GIS and provide results that support analysis in geographic contexts.
We believe that the model can be used in the creation of public policies for Belo Horizonte:
when we combine mathematical modeling with geographical analysis it is possible to
understand the road occupancy impacts, and how and where the impacts will affect the
population and economic sustainability of the region. These results can motivate the

REGION : Volume 4, Number 1, 2017



28 L. K. Oliveira et al.

Figure 6: Overview of downtown Belo Horizonte using GIS maps used to improve the
spatial analysis: the interpolated surface resulting from the trip generating model (left),the
density of road network (center) and amount of population per neighborhood (right)

implementation of a less restrictive and more efficient public policy, to consolidate the
goods and reduce the number of freight vehicles in urban areas.

The results of this study indicate differences between similar studies developed in
Brazil. To do so, it demonstrates the necessity of the development of local models
for freight demand management. Furthermore, the use of spatial analysis allows for
the identification of potential sites for the implementation of this management policy,
regarding the distances from main generators and attractors of freight trips.
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