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Preface

One of the challenges for the coming decades is to arrive at a decoupling of

economic growth and emissions of various pollutions and CO2. Transport is one

of the sectors confronted with this ambitious goal. Some 25–30% of world energy

consumption is related to transport and its share in total energy use is increasing,

making it a main factor in the global problems of energy scarcity and greenhouse

gas emissions. Present developments do not show a clear tendency towards a

decoupling of developments in transport-related energy use and GDP. Hence, it is

no surprise that transport has been identified as one of the main sectors that need a

transition. At the same time, transport systems in many countries are subject to

other problems, including lack of quality and reliability and high costs. The relevant

dimensions can be represented by means of the well-known triangle of ‘people’,

‘planet’ and ‘profit’. Clearly, the challenges that the transport system is facing call

for a broad approach, and a wide range of interlinked changes in various domains

such as technology, institutions, land use and behaviour. The aim of the present

book is to address a number of dimensions in such a transition.

This volume contains a selection of the results from the Transumo (TRANsition

SUstainable MObility) programme carried out between 2004 and 2010. Transumo

was a large Dutch innovation programme in which hundreds of private companies,

governments and knowledge institutes cooperated in the development of knowl-

edge on transitions towards sustainable mobility and a mobility system that is more

efficient, more economically competitive, of higher quality and having less nega-

tive impacts on the environment. More information on the programme can be found

on the website www.transumofootprint.nl.

Outputs of the Transumo programme have been published in a wide range of

journals in the scientific and applied field. This can easily lead to a fragmented

treatment of the broad theme of sustainable transport. Therefore, we considered it

time to bring together some of its results in one volume to illustrate the broad scope

of the theme.

We would like to thank many colleagues who have contributed to this volume:

authors, reviewers, and the support staff who have made this project possible, in
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particular Ineke Spaans (Transumo) and Ellen Woudstra (editor, Spatial Econom-

ics, VU University, Amsterdam).

It was a great shock to us that Jo van Nunen, who was the initiator of this book

and a source of inspiration of Transumo, unexpectedly passed away on May 12,

2010. Jo was scientific director of Transumo since 2004 and he has been of decisive

importance for the successful completion of the programme. He was close to his

official retirement in September 2010, and he had many plans to remain active in his

fields of interest: innovations in logistics, sustainable transport, optimisations of

port operations, and several more.

This book is just a small part of Jo van Nunen’s heritage. We hope that it will

inspire a next generation of researchers to be active in this field of transitions

towards sustainable mobility.

March 2011 Paul Huijbregts

Breda/Amsterdam Piet Rietveld
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Chapter 1

Introduction to Transitions Towards

Sustainable Mobility

Jo van Nunen, Paul Huijbregts, and Piet Rietveld

1.1 Sustainable Transport

Transport plays a major role in the world economy, both within countries and

between countries. Button (2010) mentions several basic reasons why transport is

needed. First, the heterogeneity of the earth’s surface means that resources avail-

able at one place have to be transported to other places. Second, as already indicated

by Adam Smith, specialization strongly contributes to productivity and quality, but
inevitably leads to transport flows. This holds even more because of the existence

of economies of scale. In addition to these production-related reasons, there are

reasons related to personal travel. Trips are needed for social interaction with

friends and relatives, for activities such as recreation, culture and sports, and
also for work (commuting), given the desire to separate work and residential

activities. These reasons make clear that transport demand has become increasingly

fragmented in space as well as in time, and that transport serves a broad range of

needs of people and companies. Hence, transport is strongly linked to activities in

other domains of consumption, production, and land use, implying that solutions of

transport problems not only have to be sought in the transport domain itself, but also

in these other domains. This need for a broad orientation makes transport such a

fascinating field of research.
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The problems that transport systems are facing have been summarized in many

ways, ranging from congestion, high costs, high energy use, local pollution, green-

house gas emissions, to traffic accidents, and lack of supply of services at certain

places or for certain groups. The term ‘sustainable transport’ has been introduced to

represent a transport system where these problems have been reduced to much

lower levels such that they do not threaten the long-term welfare of people in a

broad sense. In the context of this volume we will discuss the notion of

sustainability by means of the well-known triangle of the three P’s: people, planet

and profit (European Council of Ministers for Transport 2002).

1.1.1 People

As already noted above, transport is essential to satisfy the demands of people for

all kinds of consumption goods, and for various types of activities. Despite the

problems mentioned above, transport has been remarkably successful in achieving

these goals during the past centuries. The low cost of long-distance freight transport

makes it possible to import products from everywhere in the world against very low

prices so that people have access to a broad variety of products. Also in terms of

activity patterns, there is now a very large range of mixtures of activities in which

people can be involved. These broad varieties of material goods and of activities are

important, because as people get richer, they tend to attach higher priority to quality

and variety in their consumption activities and activity patterns, than to quantities

per se (Button 2010).

This demand for quality also applies to people’s transport activities themselves.

Thus, increasingly, passengers demand travel alternatives that are affordable,

reliable, non-delayed, convenient, comfortable, accompanied by high level

services, and that have experiential value. These trends cannot only be observed

in the developments of the private car, but also in collective forms of transport,

where public transport operators do their best to try and follow the developments of

the private car. One of the trajectories followed to improve the quality of travel is

the increasing use of ICT as an accompanying element of trip making. Another

dimension of the ‘people’ element in transport is traffic safety. Here too, we observe

that in many countries the overall tendency is to make the transport system safer,

resulting in an absolute decrease of casualties, even when traffic volumes continue

to grow.

Technological and economic developments have strongly contributed to improve-

ments of the ‘people’ component of sustainable transport. Many people have

become richer so that motorized transport has become affordable for a large share

of the world population. And technological developments have led to many quality

and safety improvements in transport systems. At the same time, the transport

system is threatened by its own success, as witnessed by severe congestion

problems in virtually all dynamic economies in the world.
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A final dimension of the ‘people’ component in transport concerns the theme of

social exclusion: certain groups in society have less opportunities to participate in

social networks due to handicaps, lack of income, etc. Part of this exclusion may be

due to lack of access to transport, for example in the case of citizens without driving

license who live at places where public transport is poor (see for example Church

et al. 2000; Preston and Raje 2007). Social exclusion is among the main reasons for

public transport subsidies.

1.1.2 Planet

One way to address the planet level of sustainable transport is to consider the notion

of decoupling. Is it possible to realize an increase in total transport volumes and at

the same time have a reduction in certain emissions such as NOx or CO2? The

experiences are clearly mixed. For certain types of emissions the transport sector

has been very successful in reducing the environmental burden. For example, the

introduction of the catalytic converter has led to a strong decrease of NOx, and the

introduction of unleaded fuels has strongly reduced Pb emissions in transport.

Clearly, in parts of the environmental spectrum, a clever mixture of technological

improvement and fiscal measures led to successful examples of decoupling. Thus,

transport provides in some respects a nice example of the Environmental Kuznetz

curve, which says that for many emission types, a phase of increasing emissions is

followed by a phase with decreasing emissions (Mills and Waite 2009).

However, it appears difficult to achieve this decoupling for some key elements of

transport related emissions – just like the environmental Kuznetz curve is not

unchallenged. In particular, use of fossil fuels and the related CO2 emissions do

not show a decoupling tendency in transport yet (Rothengatter 2003; Rietveld

2006). Long-run trends in global transport indicate that energy use is about propor-

tional to gross domestic product (GDP). Several decades of efforts to improve the

energy efficiency in transport did not yield substantial results in terms of reductions

in CO2 emissions. Among the countervailing mechanisms are the increasing ten-

dency towards using faster – and more energy-intensive – transport modes such as

aviation, and the use of more comfortable and safer and hence heavier cars. It is

notable that where in the safety domain it appeared relatively easy to convert the

increasing trend in casualties into a decreasing one, this appears to be a much more

difficult challenge in the field of CO2 emissions.

One of the reasons why the decoupling of transport and its greenhouse gas

emissions is so much more difficult compared with traffic safety must be the so-

called social dilemma. Individuals benefit themselves considerably from a safe

vehicle and safe driving style. With CO2 emissions this direct benefit does not

exist since global warming is a global phenomenon. This will stimulate free rider

behaviour, implying that many individuals will not change their behaviour in a

direction that would be good for the society and the planet at large.
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1.1.3 Profit

The third dimension of sustainability refers to efficiency. In a competitive setting,

suppliers in the transport sector will operate in an efficient manner so that they

provide services to their clients – other firms, consumers – against the lowest

possible prices. The mechanism is that a strong degree of competition in transport

would in most transport markets drive profits of transport firms down towards zero.

Low-cost transportation has in a way enabled companies to concentrate their

production and distribution activities in fewer, but larger (often specialized)

facilities to reap the benefits of economies of scale. This means that the benefits

of efficient transport systems are not so much reaped within the transport system

itself, but by the clients, implying a maximum benefit in the broader economy.

Indeed, most transport sectors are characterized by high degrees of competition

leading to very low profit margins. The aviation and trucking sectors are telling

examples (Button 2010) of transport sectors with structurally low profits, thus

contributing to the efficiency of national economies. Market imperfections like

market power due to natural monopolies and asymmetric information may, how-

ever, have adverse effects on efficiency in some transport markets, such as the rail

and taxi market.

In well-functioning markets the aim of entrepreneurs to maximize profits leads

to the remarkable result of profits close to zero and the supply of services against

lowest possible costs for the customers. Also in the domain of transport innovations

and hence that of dynamic efficiency, the profit motive will have beneficial effects,

although in this context the emergence of firms with monopoly power has a higher

probability. Such a trend can be clearly seen in the ICT domain where some firms

have been extremely successful in making large monopoly profits (Shapiro and

Varian 1999), but in the transport domain this situation has been much less the case

thus far, with the possible exception of aircraft manufacturing where the degree of

competition is very low. An important motive for R&D efforts of firms in this sector

is that a major technological breakthrough leading to large-scale market adoption,

may lead to high profits in the earlier stages of adoption.

1.1.4 Conflicts Within the Sustainability Concept

It is clear that autonomous forces in transport sectors have favourable impacts on

several dimensions of the sustainable transport concept. Technological develop-

ment, income growth and increased competition between suppliers have led to

substantial improvements of the quality of transport systems and their efficiency.

There are however, several problems that are not solved so easily. Among these

problems are congestion in urban areas, equity in the provision of transport services

and in particular also greenhouse gas emissions.
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The various dimensions of the sustainability concept may be both complemen-

tary and conflicting. For example, successful policies to improve load factors in

transport will have a positive impact on both efficiency (costs and profits), energy

use and emissions. However, optimization within the sector will gradually make

these quick wins more and more difficult so that at a certain stage the conflicts

between the dimensions will start to dominate, such as the insight that more

advanced technology will make transport more energy efficient, but also more

expensive. Optimizing transport systems so that the trade-offs involved between

the people, planet and profit domain are properly addressed, requires major efforts.

However useful these strategies may be, in the long run they will probably not be

able to address the main challenges related to energy use of fossil fuels and climate

change. This calls for an even broader approach.

1.2 Transition Towards Sustainable Transport

Arriving at a sustainable transport system is not just a matter of developing and

adopting a number of technological innovations. A broader structural and societal

transition is needed in technology, the economy, culture, behavioural patterns and

institutions. Transitions usually take one generation or even longer to materialize

because they involve putting aside barriers and routines that often are strong and

persistent. Also new infrastructures have to be developed. Among the relevant

barriers are technological, administrative, legal, political, socio-cultural, psycho-

logical and institutional factors.

Major institutional changes and regulatory reform took place in transport during

the past several decades in many parts of the world. The stronger orientation on

market forces led to a strong increase in efficiency and consumer welfare in

aviation, whereas regulatory reform in the railway sector had mixed effects, ranging

from positive in the USA – where freight dominates rail transport – to mainly

negative in the EU – where railways are predominantly used for passenger trans-

port. Similarly, in the field of eliminating trade restrictions at borders (NAFTA, EU,

etc.) we observe substantial welfare increases or benefits since transport and trade

have become cheaper. It is important to observe that these institutional changes had

a beneficial impact on the people and profit dimension of sustainability, but most

probably not on the planet side, because it meant a strong increase in transport-

related pollution. This example illustrates that it is not easy to favourably affect all

three dimensions of the sustainability concept. It also illustrates that it is probably

more difficult to achieve major improvements in the planet domain compared with

the two other domains. The changes in transport systems due to these institutional

changes have been substantial, but even bigger will be the changes in a transition

towards a sustainable transport system where energy and climate change problems

are adequately addressed.

The question is how such a transition can be realized. Free markets will not solve

the problems of sustainable transport given the market failures related to external

effects, free riding, market power or information asymmetries (Gravelle and Rees
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2004). The traditional solution of these failures is to activate the public sector to

correct for these market failures. Typical tools proposed are financial instruments

such as taxes, charges and subsidies, and command and control instruments such as

emission standards and physical restraint of traffic.

One of the reasons why this economic way of addressing market failures does

not always work is that also governments often fail (Mueller 1989). The public

sector usually does not stand out in terms of efficiency of service provision, given

the lack of stimuli from the market. Governments are subject to the temptations

related to market power and free-riding. Democratic mechanisms do not guarantee

that governments do what is best for the overall benefit. Mechanisms exist that

governments systematically underestimate the costs of projects they want to imple-

ment (Flyvbjerg et al. 2003). Governments may go for projects with a high

‘visibility’ rather than for less spectacular but more useful projects. ‘Trees don’t

vote’, so there is no guarantee that governments pay sufficient attention to environ-

mental aspects. And the temptation to give priority to the present generation above

future generations does not only hold for firms, but also for governments. Finally, it

appears that in some cases governments who have solid ideas to counter congestion,

for example, by means of congestion pricing, do not get sufficient political support

from voters. Thus, the classical hierarchical model, where the public sector takes

the lead to achieve a sustainable transport system would be a serious simplification

of empirical realities.

There is a strong need for a broader view in which neither the free market, nor

the public sector provide the unique key driving forces for the transition towards a

sustainable transport system. Nevertheless, market forces and government regula-

tion will continue to play an important role in this transition. Elements of such a

broader view are among others a multi-actor approach, where also multiple spatial

scales and multiple domains are connected. The orientation would not exclusively

be on system optimization, but on system innovation. Complexity and uncertainty

are essential ingredients. This implies among others that learning by doing is an

important ingredient of this approach (Rotmans and Loorbach 2009).

One of the features of a system-wide approach to adaptation is also that rebound

effects are properly addressed (van den Bergh 2011). Not only may innovations and

policies adopted in various domains reinforce each other, they may also conflict

with each other, and the gains achieved in one domain may well lead to unintended

losses elsewhere in the system. For example, a possible rebound effect of increasing

opportunities of telework by reducing the frequency of commuting may be that in

the long run workers reconsider their choice of residence location implying a

partial or full cancelling of the reduction in commuting distances travelled by the

workers concerned. A more general phenomenon of this is the so-called law of

constant travel times formulated by Zahavi (1979) (see also van Wee et al. 2006).

This empirical finding indicates that innovations such as faster transport or lower

frequencies of commuting travel would lead to broader behavioural adjustments so

that the initial saving of travel time would in the end lead to longer travel distances,

keeping total travel time more or less constant. It is essential to incorporate such

effects because otherwise one runs a serious risk of overly optimistic views on

future transport systems.
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1.3 Transumo

Transumo (TRANsition SUstainable MObility) was a Dutch innovation programme

in which over 300 private companies, governments and knowledge institutes

cooperated in the development of knowledge with regard to a transition towards

sustainable mobility and a mobility system that is more efficient, more economi-

cally competitive, with better quality and less negative impacts on the environment.

The activities of Transumo started in 2005 and continued until the end of 2009.

Over 35 projects have been conducted within Transumo. Research and knowledge

development activities in these projects focused on sustainable transport and

mobility concepts as well as on new organizational and governance concepts

which were intended to promote the development and implementation of sustain-

able mobility systems.

The transition approach outlined above implies that the Transumo programme

has adopted a broad multi-disciplinary approach including disciplines like traffic

engineering, logistics, economics, physical planning and policy science. An essen-

tial element is the involvement of both the private and public sector in the various

projects carried out. Also the domains involved have been broad. For example, land

use and transport have been studied in an integrated manner. And mobility man-

agement of firms has been connected to facility management and human resource

management in order to break routines that hamper innovations. More information

on the Transumo programme and the outputs can be found on the website www.

transumofootprint.nl.

Most of the applications within the Transumo programme took place in the

Netherlands. This book gives a sample of outputs in the various domains of the

programme, most of them with a focus on this country, but also relevant for other

countries facing transition challenges. In the present book we have clustered the

various contributions of the Transumo programme according to four themes:

1. Integrating transport infrastructure and land use planning

2. Experiments with dynamic transport optimization

3. Towards reliable transport systems

4. Sustainable logistics and traffic management

Integrating transport infrastructure and land use planning is a field that needs

important transitions. The two fields are rather unconnected, both in the realities of

the professional routines, and in academic research. Transport planning is strongly

model oriented, whereas land use planning is mainly a creative activity. A chal-

lenge is how to reinforce the link between the two domains in such a way that

policies in one field can reinforce developments in the other. This theme is a nice

example of the broadening of the scope of transport policy and research.

Dynamic transport optimization can be improved by means of the application of

more efficient algorithms, but a major step forward would be a stronger involvement

of a client perspective by taking into account the willingness to pay for the services

provided. Since social acceptance of users of these services may be a bottleneck
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against large scale adoption, it is important to carry out pilot projects to test the

viability of such transitions. Examples of such pilots will be reported both in the

public and private domain.

Improving the reliability of transport systems: from a supply-driven towards a

demand-driven approach. Making transport systems more reliable by achieving

pre-defined reliability standards has been a dominant aim for transport service

suppliers. However, reliability was mainly approached from a supply perspective

(trains arriving in time versus travellers arriving in time). The paradigm shift from

the supplier to the user leads to questions such as: what is the best indicator

contributing to customer satisfaction: delays of 3 min or standard deviations of

arrival times?

Sustainable logistics and traffic management: In these fields many

improvements have been made, but it is by no means clear whether they have

been broad enough to improve the planet dimension of sustainability. In this part,

again examples of pilots are discussed carried out at both the local level of city

distribution and the global level of closed supply chain loops. Also, conditions

under which improved information and communication technologies will contrib-

ute to sustainability improvements are analyzed.

1.4 Outline of the Book

Part A addresses the integration of land use and transport infrastructure domains.

The message is that by stronger links between the two, the planning of transport

infrastructure can be improved. For this purpose, new model types are needed, as

well as new planning approaches in order to adequately address the complexity of

spatial planning.

In Chap. 2, Marco Te Br€ommelstroet and Luca Bertolini discuss transitions

towards sustainable strategy making by integrating knowledge from land use and

transport domains. Empirical evidence shows that such integration is hard to achieve

in daily planning practice, due to many institutional barriers and substantial diffe-

rences. More specifically, the tools developed to support land use transport strategy

development have very low implementation rates in daily planning practice.

A transition is needed. This chapter introduces the concept of ‘knowledge genera-

tion’ as a potentially useful mechanism for closing the gap between support tools and

planning practice. Through two specific planning cases, the authors analyze the

applicability of this concept in supporting integrated land use- and transport (LUT)

strategy development. The focus in this chapter is on the developed strategies,

how these differ from current practice, and how knowledge generation supported

their development. They argue that socialization produces shared strategies, and that

effective socialization needs to be supported by efficient mutual exchange between

tacit and explicit knowledge. Such a way of working is a transition compared to the

current practice of knowledge use. The chapter is concluded by a discussion on the

implications of this argument for the wider practice of LUT planning integration.
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Another aspect of the integration of land use and transport is addressed in Chap. 3

by Ghebreegziabiher Debrezion, Thomas de Graaff and Piet Rietveld. They focus

on the impacts of accessibility on the value of office buildings. This is an important

theme, since it sheds light on the possibility to mobilize new financial resources to

finance transport infrastructure. Although the impact of accessibility on the Dutch

housing market has been examined extensively, the impact of accessibility on the

office market remains a relatively unexplored area. This study, therefore, analyses

the impact of accessibility on office property values, making use of nationwide data

on office rental records. The study also makes use of additional data on the quality

of railway stations, travel times on the road between zip code areas where the office

is located and the residential areas of the Dutch workforce. In addition, this study

considers the broader concept of accessibility in relation to offices with respect

to proximity and service quality of a railway station, the location relative to the

workforce and proximity to the international airport Schiphol. Controlling for

all other variables, all accessibility components appear to influence the value of

office buildings. The influence of railway stations appears – although large – to be

mainly local.

In Chap. 4, Ary Samsura and Erwin Van der Krabben further discuss the issue of

financing transport infrastructure by applying a game theoretical analysis. In the

Netherlands, mobility problems and the reduced accessibility of larger cities have

led to a strong call for increased public capital investments in local infrastructure.

Traditionally, such investments are based on tax revenues. Alternatively, value

capturing methods offer an additional opportunity to achieve those goals. The

increment in land and property values to be captured can be considered as positive

externalities generated from public goods provision. Externality problems can also

be seen as a failure of defining and assigning property rights. Therefore, the

implementation of value capturing should consider the clarification and assignment

of property rights. Moreover, it also suggests the importance of interdependency

and cooperation among stakeholders involved. This chapter presents the discussion

of implementing value capturing as internalization mechanisms for the externalities

by relying on concepts and notions drawn from game theory. A game theoretical

approach provides a way to formulize the interdependency and cooperation among

stakeholders (infrastructure provider, land owners, property developers) in complex

decision-making projects, as well as to examine the structure of individual

decisions with regard to the implementation of value capturing. This approach is

elaborated in this chapter to provide arguments for efficient ways of implementing

value capturing methods. To observe the applicability of the arguments, a game

theoretical model based on the Dutch context will be constructed.

The broader context of managing large infrastructure projects is analysed in

Chap. 5 by Marcel Hertogh and Eddy Westerveld. They carry out a systematic

comparison of large European infrastructure projects from the viewpoint of success

of implementation in terms of delays and cost overruns. Whereas in the past

one organization – that is, the government – was involved, the current situation

is characterised by numerous stakeholders that all have some kind of influence:

‘No one is in charge.’ At the same time, there are more requirements to be met, for

1 Introduction to Transitions Towards Sustainable Mobility 9



instance, because of the tightening of legislation and the attitude towards failure.

From numerous complexity scans at projects, we conclude that social complexity is

most prominent. Social complexity is high when the following elements are

observed: conflicts of interest, different meanings and perceptions, as well as

large impacts. Contrarily, legal complexity proved to be of less importance.

Based on experiences in various countries, the authors propose dynamic manage-

ment as most appropriate to address the complexities. Dynamic management

involves finding the appropriate balance between control and interaction, and

between top–down and bottom–up elements. This will have positive effects on

the quality of project outputs, reduce costs or speed up the project delivery.

Part B addresses dynamic transport optimization with a stronger client orienta-

tion, in particular on the possibilities to differentiate between users of transport

services with a high willingness-to-pay, and those with a low willingness-to-pay.

This is no doubt an essential element of policies to keep transport infrastructure

investments at reasonable levels, while at the same time distributing the scarce

capacities in the congested situations in a reasonable way. This approach can be

used not only for road pricing, but also in pricing strategies of logistics service

providers.

In Chap. 6, Jasper Knockaert, Jessie Bakens, Dick Ettema and Erik Verhoef

discuss the results of some pilots with price instruments in the Netherlands.

‘Spitsmijden’ (peak traffic avoidance) is a new concept developed to mitigate the

increasing congestion on the Dutch road network. Spitsmijden entails the rewarding

of car drivers or train passengers if they avoid the peak period, either by choosing

other modes of transport, or by travelling at different times. As part of the Transumo

project, a series of projects was carried out to gain experience with this concept.

This chapter summarizes the organization and results of these projects. Issues such

as recruitment of participants, reward strategy, detection and administration of

travel behaviour and communication are discussed for each project. Key findings

of the projects are that Spitsmijden may lead to a reduction of peak travel by

participants of about 50%. This reduction is primarily achieved by adjustments of

trip timing, mostly by shifting trips to the pre-peak period or choosing other routes.

Changing travel mode or working at home occur much less frequently. However,

participants in the voluntary Spitsmijden project represent only a limited segment

of the total population, in particular, those without strong constraints at work or in

the household. An important issue in the further development of Spitsmijden is how

to motivate a larger share of road users to participate in Spitsmijden initiatives.

Transport optimization and chain synchronization are addressed by Tom van

Woensel, Said Dabia and Ton de Kok in Chap. 7. They describe new concepts for

transport optimization and chain synchronization based on real-life cases. With

regard to transport optimization, due to the real-life complexities, coping with real-

life dynamic and stochastic environments is a critical and difficult problem to

handle. The authors demonstrate both theory and practice in the area of routing

trucks into a congested road network. Second, they also describe innovative

concepts with regard to supply chain synchronization from retailer to manufacturer.

More specifically, the goods flows are optimized in such a way, that the complete
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chain from retailer to manufacturer is more synchronized. The overall challenge

they consider is moving inventory as much and as soon as possible downstream the

supply chain. Furthermore, they demonstrate that transport in the largest possible

quantities – full pallets, full truck loads – has many large advantages. Throughout

the chapter, examples are used to illustrate the various concepts.

Chapter 8 is on real-time coordination in container trucking, written by Hans van

Moonen and Jos van Hillegersberg. Multi-agent systems (MAS) are a relatively

new approach to constructing information systems that have the potential to

improve (logistical) operations and therewith contribute to a more sustainable

society. Key herein is the combination of real-time information utilization and

chain coordination as primary planning instruments. This chapter discusses the

development and evaluation of a MAS prototype for the planning of road-container

transport at a logistics service provider in The Netherlands. This (design) research

is one of the first real-life try-outs of MAS in logistics. A prototype is developed

which is evaluated through four evaluation approaches, with different levels of

evaluation, levels of control and different rigor/relevance balances. The approaches

utilized are system development, simulation, expert evaluation and an in-company

field test. The use of multiple evaluation methods provides a balanced insight in the

aspects surrounding future application. The authors conclude that multi-agent

systems are a promising instrument for planning and coordination in logistics

operations that deal with dynamism, distributed information, and coordination

between multiple parties, such as the planning of road-container transport. MAS

can be a useful building block for applications for network orchestration, city

logistics, or demand management, to name three neighbouring examples. An

important next step is real implementation – this research provides several handles

to help in making this step.

In Chap. 9, Niels Agatz and Jo van Nunen further look into demand management

in transportation and logistics from the perspective of revenue management. The

key lesson from revenue management is that a company should try to use its scarce

capacity for its most valuable customers in terms of willingness-to-pay. Instead of

accepting demand first-come, first-serve, it may be beneficial to reserve capacity for

more valuable customers that may still arrive in the future. Modern ICT technology

and Internet retailing make revenue management applications available beyond

these traditional sectors. In transportation and logistics, however, the variable

operating costs often play an important role and demand management has to take

both revenues and costs into account. Delivery time windows and locations are key

input parameters for the optimization, thus determining the efficiency of the

resulting solutions. Instead of taking demand (i.e. time windows) as a given, the

Internet enables companies to dynamically manage time windows and their

corresponding prices in order to increase revenues and cost-efficiency. Demand

management may focus on other criteria than profitability alone. Global environ-

mental concern has increased the interest in more sustainable ways to do business.

Transportation and logistics activities have a direct impact on environmental and

social performance criteria, such as CO2 emissions, pollution and traffic congestion.

The authors introduce several research projects that consider the application of
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demand management ideas in transportation and logistics, including the home

delivery of groceries, automotive logistics and the supply of retailers in the city.

Part C is on the theme of reliability in transport systems. Reliability becomes

more and more important. First, congestion in networks, such as road, air and rail,

has become increasingly severe, and this makes the systems vulnerable from a

reliability perspective. Furthermore, the clients of transport services are gradually

becoming more demanding on the quality of the services delivered, one of the

backgrounds being the long-run increase in income. The emphasis in this part is on

a transition from a supply driven to a demand driven approach to reliability.

In Chap. 10, Martijn Brons and Piet Rietveld examine the issue of adopting the

appropriate measure of reliability in rail transport. Point of departure is that the

Dutch Railways are held accountable by the Ministry of Transport for the so-called

‘punctuality’ of trains, measured at 35 important rail interchange points in the

Netherlands. A train is considered to be punctual if it arrives within 3 min of

delay. It is questionable whether such a process-oriented approach of reliability

corresponds very well to the customer-oriented ambitions of the Dutch Railways.

The punctuality indicator does not account for the size of the delay, nor for the

travel time variation. Furthermore, unreliability on departure is ignored. This

chapter addresses these issues by identifying and comparing six different indicators

and specifications. Based on a correlation analysis, two clusters of indicators

could be identified: those that place specific weight on extreme delays and those

that do not. Results from a series of regression and correlation analyses indicate that

the two indicators in the latter cluster, i.e. the punctuality indicator as used by Dutch

Railways, and an alternative indicator based on the average size of the delay, are

most closely related to the customer experience of travel time unreliability, in

particular, when an arrival-based specification of unreliability is used. For the other

four indicators, which do place specific weight on extreme delays, a departure-based

specification leads to better results.

The follow-up of this chapter is presented by Leo Kroon and Dennis Huisman,

who analyse decision support systems for railway disruption management in Chap. 11.

A disruption of a railway system usually leads to longer travel times and much

discomfort and uncertainty for the passengers. The authors argue that a stronger

passenger orientation in the disruption management process – facilitated by power-

ful algorithmic support – will lead to a mitigation of these adverse effects for the

passengers. The latter will contribute to an increased service quality provided by the

railway system in terms of a higher seating probability and less cancelled trains.

This will be instrumental in increasing the market share of the public transport

system in the mobility market, and thereby the sustainability of mobility. Since

disruptions of railway systems are inevitable, such systems must be prepared to deal

with them effectively. However, in case of a disruption, rescheduling the timetable,

the rolling stock circulation, and the crew duties is usually so complex, that solving

these problems manually is too time consuming in a time critical situation, where

every minute counts. This may lead to unnecessarily cancelled trains. Therefore,

algorithmic support in such situations is badly needed. To that end, models and

algorithms for real-time rolling stock and real-time crew rescheduling are currently
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being developed in close cooperation with Netherlands Railways (NS). These

models and algorithms are to be used as the kernel of decision support tools for

disruption management.

Part D of the book is on sustainable logistics and traffic management. The

Transumo theme ‘Transition towards Sustainable Mobility’ asks for inspiration

and the dare to come with stimulating, new ideas. The sustainability challenge

ahead of us will need such input.

In Chap. 12, Hans Quak and Lori Tavasszy discuss the theme of sustainable city

logistics from an empirical perspective, using a case study. Urban freight transport

is well known for its negative sustainability impacts. To organize urban freight

transport in a more sustainable way, customized solutions – based on logistics,

policy and technological innovations – are necessary that take all actors’ stakes in

account. An example of such a solution is Binnenstadservice (BSS), operating since

2008 in Nijmegen. The clients of these urban consolidation centres are local shop-

owners, who receive the basic service (receiving goods and bundled delivery) for

free. After 1 year, a slight decrease in the amount of truck kilometres in the city

centre was observed, as well as a nuisance reduction. BSS extends to other Dutch

cities; carriers can save considerably on costs and CO2 emissions, due to the growth

of BSS branches in Dutch cities. Cost savings of over 60% per delivery are within

reach if goods are no longer delivered directly, but via a BSS branch. The main

challenge is to secure the positive effects of BSS for the future, by creating a

business model that will be self-supporting in time. This requires that BSS also

receives incomes from carriers, since these actors profit most from BSS. This asks

for a behavioural transition of carriers; they have to share their savings with BSS, so

that this sustainable urban freight transport solution will become a win-win situa-

tion for both the carrier and BSS.

In Chap. 13 – on ‘Closing the Global Supply Chain’ – Erwin van der Laan aims

at empirically identifying the main barriers and facilitators for efficient and effec-

tive global (that is cross-border) recovery supply chains. The bundling of waste

streams and the successful recovery and integration of these flows in the forward

supply chain contributes to sustainability in the reduction of emissions, energy use

and demand for material need. In this chapter, first a framework for possible

barriers is built from various literature sources and subsequently validated through

the analysis of a number of case studies. Based on empirical findings, the author

suggests a number of actions that may remove the identified barriers to succeed in a

transition towards a truly sustainable system of freight transport.

In Chap. 14, Ben Immers and Rien van der Knaap discuss the transition towards

sustainable dynamic traffic management. They argue that several paradigm shifts

in the field of traffic management are inevitable and necessary. One of them is to

recognize that the traffic system needs to be seen and treated as a ‘living system’.

This has far-reaching implications for current thoughts on how a traffic system

should be ‘managed and controlled’ and might be of fundamental importance in the

search for sustainable mobility. In this contribution, the authors explore some of

these implications, more specifically, those that deal with the relationship between

the degree of complexity and the type of management and control that should apply.
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The basic question explored in this contribution is when and how interventions in

the traffic system should take place, under what conditions, and in such a way that

the quality of the system improves in terms of traffic performance, sustainability,

safety, comfort for the end users, etc.

Hans van Lint, Albert Valkenberg and Arjan van Binsbergen give an analysis of

advanced traffic monitoring for sustainable traffic management in Chap. 15. In the

context of sustainability, traffic monitoring entails not just observing or estimating

‘classic’ traffic data and information such as average speed, volume, or delay and

travel time – but also more diffuse concepts – such as travel time reliability, traffic

safety and environmentally related quantities. This requires the development of

new hybrid methods and models for traffic and travel time prediction, online traffic

simulation models, and new travel time reliability measures, to mention a few. The

authors argue that bridging the gap between science and practice in the field of

traffic monitoring requires entrepreneurial academics, sharing of data and results,

and tailor-made post-graduate courses and education. In this chapter, special

attention is paid to three areas where progress is made: travel time prediction;

travel time reliability; and real-time monitoring of vehicle emissions.

The last chapter, written by Luc Wismans, Eric van Berkum and Michiel Bliemer

is on the optimization of air quality, noise and other aspects of the planet dimension

of sustainable transport. The optimization of traffic systems by expanding or

improving an existing network is often referred to as a Network Design Problem.

The optimization of dynamic traffic management measures can be seen as a variant

of this network design problem. Traditionally, this type of optimization is focussed

on improving accessibility, given particular boundary conditions for traffic safety

and liveability (set by law). Yet, the quality of traffic systems is not only a matter of

accessibility, but also of externalities such as traffic safety, air quality and climate.

This chapter describes the results of research on optimization of dynamic traffic

assignment measures to improve externalities. The formulation and calculation of

the objective functions are described, using a dynamic traffic assignment model and

also three solution approaches are presented, using genetic algorithms and com-

pared in a case study. Furthermore, the authors present an analysis of objectives

being opposite or aligned when a traffic system is being optimized using these

measures.
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Chapter 2

A Transition Towards Sustainable Strategy

Making: Integrating Land Use and Transport

Knowledge Types

Marco te Br€ommelstroet and Luca Bertolini

2.1 The Struggle for Land Use and Transport Integration

As extensively discussed by other scholars, there is a growing awareness that

the integration of land use and transport (LUT) planning is a crucial prerequisite

for the transition towards more sustainable transport patterns and urban develop-

ment that foster interaction between people, support a sustainable business climate

and reduces negative effects on the environment and climate (see, for example,

Banister 2002, 2005; Cervero 1998; Meyer and Miller 2001; TRB 2004). However,

in the Netherlands (and in other countries), such integration is scarcely present

in daily planning practice (see, for instance, Hull and Tricker 2006). If anything,

one can speak of policy coordination rather than ‘integration’; i.e. it is dialogue or

information exchange which is geared at avoiding conflicts between projects, but

does not seek to establish similar policy goals (Stead et al. 2004). Achieving

integration in earlier phases of planning (for example, strategy development, goal

orientation or visioning) can potentially produce shared policy goals, which would

promote mutually reinforcing (instead of obstructing) land use and transport

measures. However, for this to happen, a transition on its own is needed.

A wide variety of barriers block such early integration, for example: distinctive

budgets, different procedures, weak/contradictory incentives for cooperation, reluc-

tant departmental culture or the lack of efficient management mechanisms (see

Cabinet Office 2000; Hull and Tricker 2006; TRB 2004). Besides these institutional

barriers there are large substantive differences between the domains of land use and

transport planning in: planning objects (places vs. networks/flows); tools and

instruments (e.g. spatial GIS vs. mathematical transport models); operational
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modes (holistic visioning vs. optimizing problem solving); and educational carriers.

Hence, the two professions speak different professional languages (a point further

elaborated in Te Br€ommelstroet and Bertolini 2008; see also van der Bijl and

Witsen 2000; Wachs 1985). In early planning phases, focusing on the development

of new (and shared) knowledge and group learning, this lack of a common lexicon

is particularly problematic (Couclelis 2005; Jones and Lucas 2005; Klosterman

2007). Tennøy recently used the concept of conflicting reference frames (Sch€on and
Rein 1994) to analyze the conflicting views of different parties (e.g. land use and

transport planners) on the issue of sustainability (Tennøy 2009). These conflicting

views result in two different sets of planning languages, which are hard to integrate.

Although we recognize the great importance of institutional barriers to LUT

integration, in this chapter we focus on these substantive barriers, which have

been addressed much less extensively in the literature.

Many (computer-based) tools and instruments have been developed to try and

provide such a common LUT language for integrated visioning or strategy devel-

opment, for example, UrbanSim (Waddell 2002) and MARS (Emberger et al. 2006)

(for extensive overviews see Wegener 2005; Wilson 1998). However, these

instruments face serious implementation problems. Recent research shows that

the gap between instrument development (by consultants and/or universities) and

daily planning practice creates the main implementation bottlenecks. The present

technology- rather than user-focus produces unsuitable instruments: focused

only on scientific rigour rather than also on practical relevance; not adapted to the

complex and dynamic planning context; not transparent; not user friendly, and

inflexible. Therefore, such instruments cannot link up with the context specifics of

early LUT integration (Te Br€ommelstroet 2009). These findings mirror the wider

academic debate on implementation bottlenecks of these so-called Planning Sup-

port Systems (PSS) (see for example Geertman 2006; Uran and Janssen 2003; Vonk

et al. 2005) and on the role of transportation models in an increasingly communi-

cative planning practice (see e.g. Timms 2008; Willson 2001). In the light of the

potential importance of such tools from a sustainability perspective, we need to

search for potential solution directions. A transition towards a different way of

working for both PSS developers and their potential users seems necessary.

2.1.1 A Transition Towards Improved Support

Similar problems are addressed in the knowledge management literature. In recog-

nition of the limited role of scientific and technical information in decision-making,

it introduced concepts which addressed the personal and softer dimension of

knowledge. In their seminal study on innovations in Japanese companies, Nonaka

and Takeuchi (1995) introduced the concept of knowledge generation. Innovating
companies designed enabling environments, in order to provide a confrontation

between technical information and the personal dimensions of knowledge. Itera-

tively going through these confrontations produced new knowledge and thus
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innovative potential. This provides useful insights for successfully linking the

technical information of LUT PSS with personal knowledge.

To assess this potential, we have used the concept of knowledge generation to

structure two exploratory cases, where a group of planners engaged in integrated

LUT strategy-making in the Netherlands on a regional (Amsterdam) and local scale

(Breda). This chapter will (1) describe these applications, focusing on their diver-

gence from existing practices, and (2) analyze the contributions of the knowledge

generation concept.

Our research methodology followed the logic of realistic evaluation (Pawson and

Tilley 1997), which seeks to identify a solution for a particular class of problems, or

a ‘technological rule’. A technological rule follows the general form: “if you have a

context C, use an intervention type I, to achieve outcome O through the mechanisms

M” (Denyer et al. 2008; Pawson and Tilley 1997). In Sect. 2.2, we will introduce a

division of knowledge and elaborate on the concept of knowledge generation,

exploring its possible applicability to LUT strategy-making. Sections 2.3 and 2.4

will provide detailed examinations of the two cases, including the context (LUT

planners in LUT strategy design processes on the local/regional scale in the

Netherlands), the intervention (the concept of knowledge generation) and the out-

come (integrated strategies). Section 2.5 will further analyze the general relationship

between the identified mechanisms and outcomes. Finally, we will present the

conclusions, followed by a discussion of possible implications for wider planning

practice and support.

2.2 Knowledge, Knowledge Generation and Planning Support

The differences in knowledge used in LUT planning are a substantive barrier,

which hinders integrated LUT strategy-making. The academic domain of knowl-

edge management offers useful insights for overcoming the gap between these

professional languages.

2.2.1 Explicit and Tacit Knowledge

In the field of knowledge management, Polanyi (1967) introduced the distinction

between explicit and tacit knowledge. Explicit types of knowledge are formal (e.g.

data, scientific formulas and general/universal principles and theories) and are

therefore easily codified with a wide validity. Explicit knowledge usually resides

within certain (planning) disciplines, following institutionalized rules about: the

manner of creating new knowledge, conducting analysis or surveys, and the validity

of evidence or argumentation. Recently, Healey used the term systematized to refer
to similar knowledge in strategy-making processes (Healey 2007). The second

dimension is tacit knowledge, sometimes referred to as invisible knowledge. This
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is personal and hard to formalize, which makes it difficult to communicate or share

with others (for example practical know-how, intuitions and hunches). In the words

of Polanyi: “one can know more than one can tell” (1967, p. 138). Tacit knowledge

and information are not necessarily related to particular disciplines, but rather to

people’s (e.g. planners) individual experiences (Gibbons et al. 1994). Nonaka and

Konno asserted that, “tacit knowledge is deeply rooted in an individual’s actions

and experience as well as in the ideas, values, or emotions he or she embraces”

(1998, p. 42). Polanyi introduced the concept of tacit knowledge to conceptualize

the knowledge that (by definition) cannot be described or talked about (writing it

down would make it explicit). Here, we will use the term less strictly to broadly

conceptualize the experiential knowledge of planners in order to assess its relation-

ship with the explicit (or systematized) knowledge of for instance transport models

(an argument also made by Healey 2007).

Several authors (Gibbons et al. 1994; Innes 1998; Khakee et al. 2000; Scharmer

and Kaufer 2000) emphasized that tacit knowledge plays an increasingly important

role in formal decision-making, and should be duly recognized in planning pro-

cesses. If planners want to address complex socio-economic planning problems

(and thus cope with the many associated uncertainties), explicit knowledge and

information should play an important role; however, it is pivotal to realise that the

explicit should be combined and confronted with the tacit. If explicit information is

not made understandable and more transparent, and if it remains disconnected from

daily practice, the practitioners will not use it. In addition to satisfying academic

rigour, scientific knowledge should thus also be relevant, useful and understandable

for the planning actors. This was already one of the key elements of Friedmann’s

transactive planning (Friedmann 1973). Interestingly, instead of highlighting the

‘democratic’ motives for improving inclusiveness, “the argument for transactive

planning is that expert knowledge should be wedded to experiential knowledge to

achieve a greater rationality in decision-making” (Friedmann 1973, p. 378).

2.2.2 Knowledge Generation

At the end of the last century, Western and Japanese research on knowledge

management arrived at similar insights concerning knowledge generation, describ-

ing it as a social process. Creating rigorous and relevant knowledge required linking

the explicit with the tacit through interaction (Gibbons et al. 1994; Nowotny et al.

2001). In their seminal work on knowledge creation in Japanese companies,

Nonaka and Takeuchi conceptualized four key modes of knowledge conversion

in their SECI model (Nonaka and Takeuchi 1995, pp. 61–71):

• Socialization (tacit with tacit) – sharing experiences to create new tacit knowl-

edge, observing other participants, brainstorming without criticism;

• Externalization (tacit with explicit) – articulating tacit knowledge explicitly,

writing it down, creating metaphors, indicators and models;
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• Combination (explicit with explicit) – manipulating explicit knowledge by

sorting, adding, combining, looking to best practices; and

• Internalization (explicit with tacit) – learning by doing, developing shared

mental models, goal-based training.

Figure 2.1 shows the resulting matrix of knowledge generation. The spiral

represents a process of knowledge generation within a group, iteratively acting in

all four modes of knowledge conversion.

Various authors criticized the model due to its methodological inconsistency

(tacit knowledge per definition cannot be made explicit) (Tsoukas 2003) and the

limited empirical support for the model (Gourlay 2006). In spite of these short-

comings (also recognized by Nonaka et al. [2006]), the SECI model has enjoyed

enthusiastic acceptance in organizational science and practice, and also has a

paradigmatic status in the field of knowledge management. We use it to provide a

conceptual framework for linking different kinds of explicit scientific knowledge

with strategic urban planning processes.

2.2.3 Knowledge Management to Support Strategy-Making

LUT strategy-making is a social learning process, in which actors use not only

explicit information but also earlier experiences, concepts from their educational

careers and personal feelings (Healey 2007; Mintzberg and Waters 1985; Simon

1993). The concept of knowledge generation can be a useful guiding principle for

improving this learning process in integrated LUT strategy-making. In this, it links

to, and attempts to further articulate the concept of the reflective practitioner, as

originally developed by Donald Sch€on (1983).

By experiencing the four knowledge conversion modes, planners can develop a

shared explicit language and use it to develop integrated strategies. Socialization
provides a platform where people can interact and learn from each others’ concepts

of reality, views of the planning object, working modes and professional languages.

In this first important step, the participants build a common understanding of each

others’ tacit foundations. In Step 2, Externalization, the planners are challenged to

formalize this in a shared working process (including a planning problem, planning

steps and a preferred outcome) and in a shared set of indicators, information and

Fig. 2.1 The SECI model of

knowledge generation

(Adapted from Nonaka and

Takeuchi 1995, p. 61)
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models. Externalization takes place in dialogue with PSS developers, who can

explain the available explicit LUT knowledge and its possibilities/shortcomings.

The end result is a contextualized professional LUT language, combining the

planners’ preferences and the available PSS. In the third knowledge conversion

step, Combination, the PSS developers link different models and indicators (based

on a mutual LUT language), which provide support for the different steps of the

externalized strategy-making process (e.g. designing or choosing alternatives).

Internalization occurs when the PSS output is presented to the planners (e.g.,

demonstrating the effects of alternative strategies). In order for this explicit LUT

knowledge to be useful for the planners, it has to be explained and discussed. The

PSS developers have to provide transparency by explaining the assumptions and

uncertainties in the modelling, thus enabling the planners to internalize these results

and to discern their cause-effect relationship. After these four steps, the planners

have a mutually understandable and applicable set of explicit knowledge. Through

the use of this language, some of their tacit knowledge has changed (land use

planners incorporate new transport insights and vice versa), thus adding value to

other strategy-making processes. Also, new shared LUT strategies have been

developed. After the four steps are finished a new round can start, when the planners

use the internalized knowledge to discuss new interventions.

This knowledge management approach to planning support shares elements of

other normative methods that aim to support the use of explicit knowledge in

collaborative working. Joint Fact Finding aims to facilitate the use of technical or

scientific knowledge in a contested environment (Ehrmann and Stinson 1999, p. 2).

However, its aim is to fill information gaps and explore uncertainties and does not

explicitly give guidelines for the use of this information and the iterative (and

reciprocal) exchange with the tacit knowledge of participants. Group Model Build-

ing facilitates the development of a shared view on reality, often a conceptual

framework of a problem (Vennix 1996). This important first step in many collabo-

rative endeavours does still not mention how to organize the full circle of knowl-

edge generation. The SECI model emphasizes – in addition to these methods – the

importance of going through at least one full circle of tacit-explicit-tacit. It

identifies four specific phases of knowledge transition with unique dynamics and

thereby adds to our understanding of how such processes work and can work.

To explore if and how the SECI model can support real-life integrated LUT

strategy-making processes, we applied it in two Dutch cases: the Amsterdam region

and the city of Breda. In both cases, planners from the municipality approached

the University of Amsterdam to guide them in a process of integrated land use –

transport strategy making. Together with these planners, potentially relevant

providers of explicit planning support knowledge were selected and asked to support

this process. The authors of this chapter were involved in both cases as organizers

and chairs of the sessions. Both experiences were made possible by the Dutch

national government sponsored research programme TRANSUMO (“Transition

to Sustainable Mobility”). While addressing real-world issues with real-world

stakeholders, they had no formal relationship with the political decision-making

process.
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From a methodological point of view, we followed the realistic evaluation

approach of (Pawson and Tilley 1997) as described above. Following this approach,

below we will describe the context, intervention and outcome of both cases and

how these differ from existing practices. Based on data obtained from direct

observations, questionnaires and in-depth interviews, we will then explore the

link between the outcome and the concept of knowledge generation (the

hypothesized mechanism).

2.3 Facilitating Growth in the Amsterdam Metropolitan Area

2.3.1 Context: Substantive and Institutional

The Amsterdam metropolitan area (Fig. 2.2) is facing substantial land use and

transport challenges in the coming decades. As one of the few Dutch regions where

economic and population growth is foreseen in all future scenarios, the region has to

plan for a large number of new high quality jobs and houses (both around 150,000

until 2030). However, mainly due to nature preservation and airport noise

regulations, space for new urban development is scarce. In addition, the region is

facing dramatic growth in traffic flows and congestion in the near future. Instead of

seeing these as separate challenges needing separate strategies, the municipal (and

regional) land use and transport planners are looking for ways to develop integrated

strategies.

Fig. 2.2 The Amsterdam metropolitan area (Adapted from Noordvleugel 2008)
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Many planners (especially in Amsterdam) already work together in several

(thematic or geographical) project teams. The Municipality of Amsterdam is also

known for its strong strategic capacity and close collaboration with the university

(Healey 2007). However, the planners experienced that it was sometimes difficult

to develop strategies together. In this case, not so much due to separated institu-

tions, but because of difficulties in using information that was understandable and

meaningful in both planning domains.

Since the 1980s, Amsterdam has been using its own in-house transportation

model (GenMod), a static and multimodal four-step transportation model based on

household surveys and mobility counts. GenMod is capable of calculating trans-

portation impacts for both land use and transport developments in the Amsterdam

metropolitan area. Despite the fact that it is considered one of the best transporta-

tion models in the Netherlands, it is not being used to support strategic planning

processes in early phases (let alone integrated land use and transport planning

endeavours), but only to assess and detail already developed strategies. This is

felt as a missed opportunity to develop more LUT integrated strategies.

2.3.2 Intervention: The Sessions

In 2006 and 2007, six sessions were held in the Amsterdam region. In these

sessions, land use and transport planners from the Municipality of Amsterdam

and the Amsterdam Metropolitan Area (Stadsregio Amsterdam), transport

modellers and a strategic planner from the Dutch Railways set out to develop

integrated LUT strategies for the region up to 2030. We used GenMod to support

this effort. The sessions were designed to allow the different phases of the SECI

model to take place (see discussion in Sect. 2.3.4).

In the first step, the participants discussed and agreed on the framing of the LUT

planning problem – to foster economic growth up to 2030 (and thus create space for

150,000 additional jobs and houses) with supporting LUT strategies. The second

step involved a discussion on how to shape the planning process for developing

integrated strategies. The iterative strategy-making process chosen had three steps:

first diverging (developing alternative urbanization and [later] transport inter-

ventions), then converging (assessing and comparing effects) and, finally, selecting

(identifying strategies). The participants also agreed that they did not want to

develop a ‘final LUT plan’, but rather wanted to develop common insights into

‘no regret’, or ‘robust’ strategies (strategies that can work in different future

scenarios) and in LUT interdependencies (“if. . . then. . .” statements, improving

the understanding of the implications of the options available). In the third step, the

PSS developers introduced information deemed useful for this planning process.

The participants discussed it and consequently selected: (for diverging strategies)

spatial accessibility and sustainability maps, based on cumulative opportunity

measures and measured in travel time and distance; (for converging strategies)

network maps of the effects of strategies on the road and transit networks; and a

number of indicators for the effects of strategies (overall accessibility indicators for
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the region). By using it, the information was also transformed, namely made more

simple and transparent. In the fourth step, spanning three separate sessions, they

developed shared LUT strategies. After two design sessions, the effects on the

indicators of the developed strategies were presented. They supported the final step,

the selection of ‘no regret’ strategies (using different sets of assumptions on future

conditions in the region) and interdependencies (“if we do A. . ...than we should be

aware of effects such as B”). All the steps are synthesized in Fig. 2.3 below:

2.3.3 Outcome: Integrated LUT Strategies

Through the steps discussed above (extensively described in Te Br€ommelstroet and

Bertolini 2008), the group of participants developed a list of ‘no regret’ strategies

and LUT interdependencies. These are specific outcomes of this groups’ learning

exercise and should be interpreted solely in this context. The following examples of

‘no regret’ LUT strategies highlight how they differ from current practices:

• Land use choices, due to their marginal influence on accessibility, can and

should be based on existing accessibility characteristics (instead of trying to

influence accessibility characteristics through land use choices). Land use

planners reported gaining new insight that the influence of the existing regional

urban fabric on the cumulative opportunity measures is very strong and

minimizes the effects of new land use strategies.

• A polycentric ‘network city’ (centred on multiple public transport nodes) is not

less accessible or less sustainable than a ‘compact city’. One of the alternative

urbanization strategies based on this concept scored high (or even higher than

the other alternatives) on sustainability indicators, which was a surprise for

many of participants.

• Spatial programs should be developed in existing transit corridors. During the

exercise, it was discovered that some of the existing transit corridors offer

Fig. 2.3 Intervention steps

to support integrated LUT

strategy-making
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additional opportunities for developing new station areas (notwithstanding

existing restrictions, such as nature reservation).

• The orbital bus rapid transit system should be extended to link several existing/

upcoming housing developments with working areas. This is not a new idea, but

during the exercise it was more widely shared and supported by explicit

information.

• Once the currently planned extensions are completed, development of the

highway network should stop. This highly controversial idea was supported by

the indicators which showed that by implementing demand related interventions

(i.e. road pricing) the current road network will retain sufficient capacity, even

with increases in houses and jobs.

• Transit travel speeds towards the new town of Almere and capacity towards the

airport Schiphol should be increased. The planners learned that job accessibility

for Almere was contingent on reducing the travel time to Amsterdam within

acceptable limits (in addition to direct job creation in Almere). On the other

hand, Schiphol is already close to other important locations (also in travel time),

but the number of tracks will become a bottleneck in the (near) future.

Based on the strategy design process and the effects shown in maps and

indicators, the participants identified three important LUT interdependencies:

• Ifmore housing is developed in and around Almere, then it has to be on the west
side and a direct and fast transit link to Amsterdam (south and central) is crucial.

• If there is development around transit stations, then especially working (rather

than housing) functions can have a significant effect on the modal split. Based on

their research, the Dutch Railway planner explained that people are more likely

to commute by train, if the transit nodes are close to their destination. There is a

sufficient number of acceptable travel options to the station on the origin side

(including own bike or car); however, opportunities are lacking on the destina-

tion side. Many of the participants had not explicitly recognized this issue before

the sessions.

• If the housing targets in the western part of the region (Bollenstreek) cannot be

met, then regional growth figures have to be reduced. One of the land use

planners emphasized the crucial position of this area, a completely new notion

for the other participants.

Overall, the outcomes were not entirely new to the planners. However, the

participants did find the concepts more thought-out, jointly deliberated, and

supported by relevant information. On the individual level, some planners gained

more confidence and insight into the use of the supporting model. As a result,

participants stated that there is an increased chance that such similar integrated

strategy development processes will be used in the Amsterdam metropolitan area in

the future. The questionnaires revealed that most planners felt that they had a more

constructive attitude towards the need and possibility of strategy integration, due to

the focus on collectively accepted explicit knowledge. This made it possible to

discuss land use impacts of – at first sight – irrelevant transport strategies and vice
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versa. Especially the platform, provided by the accessibility maps, seemed to allow

a free, and yet structured flow of tacit knowledge.

2.3.4 Mechanism: Knowledge Generation

The organized sessions helped the LUT planners to develop integrated strategies.

The participants considered that process as an improvement to existing practices,

especially in its enhanced sharing of insights and its providing improved support for

concepts. To illustrate the mechanism behind this improvement, below we will

discuss the four components of the SECI spiral of knowledge generation, and how

these supported the development of integrated strategies.

2.3.4.1 Socialization

In the first step (see Fig. 2.3), defining a shared LUT planning problem, the planners

had to link together the specific issues of their domain, and to arrive at a definition

of the overarching shared problem – how to facilitate growth in the region. Also,

during the first step of designing alternatives, they exchanged tacit knowledge;

experience and personal knowledge about the area. In turn, they increased their

understanding of its strengths/weaknesses and produced individual strategies for

intervention.

In the second step, the participants discussed their view of current planning

processes and how to improve them through integration. This resulted in a shared

view on the reasons why it is difficult to develop an integrated LUT strategy in

practice, and how to organize a process bridging these difficulties. Although one

land use planner stated that, “with the current area-based approach [. . .] there is

already an integral way or working,” another land use planner addressed that this

open start, “without a presumption about which planning domain is leading,” was a

positive change compared to common practices.

Finally, socialization occurred when the participants identified and shared their

viewpoints regarding ‘no regret’ strategies and LUT interdependencies (in the words

of one transport planner, “especially the interactive way of working was positive”).

2.3.4.2 Externalization

In the third step, participants translated their tacit into explicit knowledge, dis-

cussing different indicators suitable for the defined planning issue and thereby

describing the issue in terms of explicit information. In the fourth step, designing

scenarios, the planners externalized their strategies in concrete interventions on

the map. This was a crucial trigger for dialogue between land use and transport

planners; they had to explain to each other their preferred choices and the LUT

strategy suitability of the particular choice.
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2.3.4.3 Combination

Sometimes planners used a combination of different forms of model outputs to

assess the effects of specific planning interventions in the fourth and fifth steps. The

planners preferred having a large number of impact maps at their disposal,

categorized in a digital environment. Such a system enabled them to access and

combine several maps and indicators, thus articulating complex trends in multiple

comprehensible maps.

2.3.4.4 Internalization

The participation of the modellers during all of the steps was crucial for internali-
zation; they formed the essential bridge between the explicit information of

GenMod and the tacit knowledge of the planners. In the last two steps, where the

effects of certain interventions were presented, the planners asked the modellers

many questions about the assumptions behind the information and the meaning of

the presented indicators. Through dialogue, they could use the information to first

optimize their own strategies and later to develop shared strategies. One transport

planner emphasized the importance of making the indicators useful by providing

“good explanation and clarification”. Simple (understandable) explicit information

provided a necessary platform for exchanging tacit information. At first, the

modellers provided information (distance decay, competition and congestion

effects) that was too complicated to be internalized and used, but through dialogue

the information and its understanding were improved.

Due to this well-supported internalization, the planners could start a second

knowledge generation cycle aimed at further strategy development. The

participants’ questionnaire responses highlighted the value of socialization, for

example: “as a land use planner, I am now more aware of the different ways of

using accessibility measures than before” and “although the information is often not

exactly what you want, you are more aware of the information that is used.”

2.4 Integrating Station Development and Land Use Plans

in Breda

2.4.1 Context: Substantive and Institutional

The city of Breda aims to develop a peripheral railway station on an existing

railway line, located between its urban centre and the neighbouring city of Tilburg.

The station should function as a Park and Ride facility (located near the A27

highway) and it should create opportunities for more public transport oriented

development in the future (see top of Fig. 2.4). This idea fits in the regional
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perspective of an intensified regional railway network (Brabantstad 2003). Parallel

to this transport concept, Breda developed a strategic land use plan for the eastern

part of the city as an extension of the existing urban fabric, illustrated in Fig. 2.3.

The distance between the proposed railway station and the leisure centre (projecting

two million visitors a year) is about 1½ km. The distance to the new housing and

working areas is over 3 km (while the A58 highway is only 500 m away!). This

evidently disjointed land use and transport thinking inspired a group of planners to

approach us to explore the scope for an improved integrated strategy for this area.

Basically, this group of planners was less used to work across disciplinary

boundaries than the Amsterdam group. In interviews prior to the sessions, the

planners stated that overall there is limited cooperation between the land use and

transport planning domain and that, in contrast to Amsterdam, they have very

limited in-house modelling capacity (relying instead on input from consultancy

firms hired for specific projects).

Fig. 2.4 Spatial structural plan of Breda and the new railway station; black for housing, grey for
working functions and shaded for a leisure centre (Adapted from Gemeente Breda 2005, p. 4)
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2.4.2 Intervention: The Sessions

In Breda, four sessions were facilitated in the period between April and November

2007. Land use and transport planners from the municipality of Breda and the

neighbouring municipality of Oosterhout (potentially affected by the proposed

railway station) deliberated how to integrate the train station with land use pro-

posals that had recently been approved by the municipality. As a key stakeholder

who determines the feasibility of the station, two strategic planners of the Dutch

Railways facilitated the process with their Circalex model (calculating potential

new train users based on land use around the station), along with the transport

consultant Goudappel Coffeng (who calculated the cumulative opportunity

measures [accessibility] for different travel modes).

In the first step, the framing of the planning problem (see Fig. 2.3), the participants

decided to split the group, because they realized that there were two (related but

distinct) planning issues which needed specific attention: (1) how to optimize the user

base of the railway station by maximizing functions in its catchment area and (2) how

to integrate the recent land use proposals into the public transport system. In the

second step, determining the appropriate planning process, both teams chose to work

according to the three step design approach used in Amsterdam (diverging, converg-

ing, selecting). Again, they emphasized that the preferred outcomes were shared LUT

insights (‘no regret’ or ‘robust’ strategies and LUT interdependencies) and not a LUT

plan. In the third step, the teams chose different supporting information. The railway

station team decided to base their design on the Circalex model; considering devel-

opment opportunities near the station, its support for train use was optimized by

adding jobs and housing. The other team assessed and optimized the public transport

strategies by using maps of the current networks and comparing them with sophisti-

cated accessibility maps (which show the most accessible locations for car, transit,

slow modes and combinations based on a cumulative opportunity measure). These

maps illustrated the potential for a specific strategy to effectively change the accessi-

bility of an area from car-oriented to public-transport oriented. Thanks to the prepa-

ratory interviews, these three steps could all be performed in one morning session.

The fourth step, using the information to develop strategies, took place in the second

and third sessions, during which the group also developed a list of ‘no regret’

strategies and LUT interdependencies (the final step). These steps follow the ordering

presented in Fig. 2.3.

2.4.3 Outcome: Integrated Strategies

Examples of ‘no regret’ LUT strategies in Breda were:

• Even if the new station is unlikely to be feasible at present, future spatial plans

should always keep the option to develop high-end offices or housing near the

proposed station open, and thus realize emerging opportunities. For example, if
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the region decides to invest in a regional rail network, the possibility of locating

high-density developments at the station would be very beneficial.

• Basic public transport (a regular bus travelling to the city centre every half hour)

has to be provided in the new housing and working areas. It would significantly

increase the accessibility by public transport, although it would not make Breda-

Oost a top public transport location. In the present context, the latter is not a

realistic option (an important point to be communicated to the municipal

councilpersons).

• Do not develop a Bus Rapid Transit system only for this area, as there are

insufficient numbers of inhabitants and jobs to support it. Despite the politicians’

drive to develop Breda-Oost into a top public transport location, the strategies

demonstrate that it would be an expensive investment yielding weak results.

Such an analysis increases the politicians’ awareness of costs and benefits.

• As the new areas in Breda-Oost will not become a top public transport location,

it is necessary to also plan for car accessibility. If this is neglected, the area will

probably face problems in the housing market and in the realm of mobility.

• Developing mixed living and working areas would increase employment

opportunities in the near vicinity of housing and would encourage a more

balanced use of (public transport) infrastructure. The accessibility maps showed

that accessibility is not only improved by mobility, but also by such land use

measures.

Besides these strategies, the group learned about LUT interdependencies:

• If all the spatial opportunities in the vicinity are filled, then the railway station is
feasible (for construction and exploitation by Dutch Railways); however, given

the rural character of its surroundings this is hardly realistic.

• If there is no clarity about the exact spatial program, then the station should not

be developed. All of the available land use potential needs to be developed in

order for the station to be viable; therefore, uncertainty about the surrounding

developments is not acceptable;

• If public transport is going to play a big role in this area, then it should focus on

improving access to shopping activities in the city centre (in combination with a

‘Park and Ride’ near the leisure centre and pricing incentives for inner city

parking). The additional volume of users would make an enhanced bus service to

Breda-Oost feasible.

• If the leisure centre focuses on big single national events and on young people

(rock concerts) then the station can play an important role. If the focus is on

regional/local events, on mixed public and on continuous visitors (e.g. skiing

hall) then the train will play only a marginal role.

The participants acknowledged that they gained new insights into LUT

interdependencies and recognized that such an integrated process “should have

been included in the development process of the land use plans.” They also agreed

that similar processes “should have taken place in early stages of future projects.”

Especially the exchange of the previously one-directional land use or transport
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views of an area was seen as an added value (i.e., the exchange of tacit knowledge).

Similar to the Amsterdam case, the initial discussion and agreement on what was

relevant explicit knowledge for the issues at hand, proved a starting point for a

structured substantive exchange with more depth than usual. In the words of one

transport planner: “although it makes the process more complex at the start, it will

show its advantages in the end.” On an individual level, the participants stated that

they learned more about the useful applications of explicit information in providing

support to LUT projects.

2.4.4 Mechanism: Knowledge Generation

Below, we will again review the four elements of the SECI spiral and analyze how

they supported the process of LUT strategy development.

2.4.4.1 Socialization

Even though socialization was included too late in the planning process; it did

provide valuable insights for future projects in the case of Oost-Breda. The interac-

tion with planners of the Dutch Railways was of particular significance, as the

planners could better understand the company’s position regarding the financing of

new railway stations. By explaining and openly discussing their line of thinking, the

Dutch Railways planners could link up with the knowledge and planning processes

of the land use and transport planners and vice versa.

In the fourth step, designing strategies, the planners discussed the balance

between the ideal and the feasible development around the station. The land use

planners explained their concerns regarding nature preservation in the area to the

transport planner.

2.4.4.2 Externalization

Selecting and discussing an appropriate process and indicators (Steps 2 and 3) were

a crucial part of the first session. Due to a lack of modelling capacity in Breda,

primarily the railway planners and the consultant provided the information; this

involved a greater leap for all planners as they had no significant prior experience

with this type of information. For instance, the Circalex model was not seen as

useful at the start; however, while using information later to develop strategies

(Step 4), the model was seen as more appropriate and had a central place in

designing the interventions (a ‘learning by doing’ mechanism). Again, the evident

difficulty of bridging tacit and explicit knowledge surfaced in the perception of the

accessibility indicators as too complicated and insufficiently detailed. It seemed

that the absence of the PSS developer (who did not attend all workshops) was an
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important barrier hampering the effective use of the information. In a following

workshop, this was overcome through a dialogue between planners and the PSS

developer in between workshops, which clarified the information demand.

2.4.4.3 Combination

Clear examples of combinations are found in the maps showing the current plans

and possible intervention effects. The municipality provided the former, while the

latter came from the Dutch Railways (in the station team) and the consultant (in the

public transport team). As a result, the inconsistencies and (missed) integration

opportunities were clearly identified.

2.4.4.4 Internalization

As in Amsterdam, the importance of modeller participation during the entire

process was crucial. In the fifth step (during the third session), with the consultant

absent, there was little internalization of the results, and the public transport group

was unable to develop a shared list of strategies. A fourth session was prepared,

where the consultant could present and clarify the assumptions and reasoning

behind the accessibility maps. Only then, the group was able to compose a full

and shared list of strategies.

2.5 Conclusions

The chapter started by introducing the difficulties of integrated LUT strategy

development and the low implementation rates of associated planning support

tools. We presented knowledge (specifically through the process of knowledge

generation) as an important mechanism, which can bridge the substantial diffe-

rences between land use planners and transport planners. The cases of Amsterdam

and Breda analyzed if and how knowledge generation (through socialization,

externalization, combination and internalization) can support integrated LUT

strategy-making. Based on the results, we can conclude that (1) integrated LUT

strategy-making is still not commonplace practice in the Netherlands; (2) land use

planners and transport planners have different sets of tacit and explicit knowledge;

this gap hampers providing support with explicit knowledge; (3) the concept of

knowledge generation and its application in a step-by-step iterative planning

support development process offers useful guidelines for improving the link

between tacit and explicit knowledge through a process of knowledge interactions;

(4) through such a process, planners can develop shared knowledge and ultimately

integrated strategies; and (5) this means a transition for the working approach of

PSS developers and their potential users.

2 A Transition Towards Sustainable Strategy Making 35



We set out in this chapter to explore the functioning of the mechanisms behind

the intervention (knowledge generation) and its outcomes (shared LUT strategies)

in a specific context (land use and transport planners participating in strategy-

making processes at the local/regional scale in the Netherlands). Based on a

literature study and on observations, questionnaires and interviews of two explor-

atory cases, we can conclude that:

• Both cases showed that accessibility measures are a central part of the profes-

sional lexicon that both land use and transport planners can relate to.

• From knowledge management literature, it can be concluded that socialization is

an important process which creates shared LUT knowledge, because it increases

insight into the working methods and the underlying assumptions in both domains.

• From knowledge management literature, we learn that for socialization to be

constructive, both processes of externalization and internalization are crucial.

The planners are stimulated to express their tacit knowledge in a shared explicit

language of indicators and information. The socialization process is steered

beyond mere discussion into designing and testing of alternatives.

• Our cases confirmed these general findings. In addition, they emphasized that

both the planning problem and the supporting information (content of the PSS)

have to be discussed and selected in an open dialogue between planners and PSS

developers. The result is a contextualized PSS connected to the planner’s

specific needs and sets of tacit knowledge. It also takes into account what PSS

developers can deliver in practice.

• The cases also indicated that PSS developers (modellers) need to be present

throughout the process (from problem definition to strategy selection) to support

externalization and internalization of the explicit LUT knowledge provided by

their tools.

• Finally, the cases seem to show that for such an integrated strategy-making

process to be useful for the planners, it has to be set up as an environment in

which they can learn about important LUT relations. The absence of an imme-

diate link to the formal political decision process seems part of this (for instance,

when at one point in Breda an attempt was made to capitalize on the unfolding

dialogue with the railways and elicit a deal, the free exchange of knowledge

abruptly stopped). The goal is not to develop a final LUT plan or vision, but

rather to develop shared insights (in robust measures [no regret] and tradeoffs

[LUT interdependencies]). This common knowledge can be used in future

situations and can be communicated to politicians and other actors.

2.6 Reflection and Discussion

This study shows that socialization of knowledge might be an important element in

integrated LUT strategy-making. However, simply placing the practitioners in one

room will not produce the desired results; communication alone is not enough. To
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bridge this substantial barrier (linking their different sorts of tacit knowledge), they

have to be systematically supported with relevant explicit LUT knowledge through

processes of externalization and internalization. On the one hand, these processes

provide structure and content for debate, enabling learning effects; while on the

other hand, they trigger participants to share tacit knowledge, develop new

combinations of explicit knowledge and internalize a common language. When

we compare this with other research about the caveats of collaborative planning

(Innes and Gruber 2005), we see that in our cases, there was more distance between

the meetings and actual decision making. Also, the meetings comprised mainly

what Innes and Gruber call ‘staff’. This distance and composition allowed for

more focus on learning instead of negotiation, although this focus had to be made

clear from the beginning, and re-established on occasions. Innes and Gruber see

conflicting planning styles as a major reason for the failure of collaboration. In our

cases, the styles of planners differ somewhat, but they all seem more or less to

employ a technical/bureaucratic style. This is of course related to the closed

composition with only limited involvement of external stakeholders. The lack of

conflict also has to do with the history of cooperation among the planners. Although

in Breda there were two municipalities involved, the focus on a relatively abstract

level of strategy making prevented a focus on conflict.

The two cases seem to show that full benefits of acquiring new shared knowl-

edge can be obtained only by going through the entire knowledge generation cycle.

The research methodology of practice-oriented experiments does not allow for a

control group; however, the examples of ‘normal’ daily planning practices where at

best just socialization takes place (little or no systematic externalization, combina-

tion and internalization of knowledge) show that these processes do not generate

new LUT knowledge or strategies most of the time. This point was also confirmed

by the participants. The same argument could be made for processes of simple

combination; i.e. scientists or PSS developers building new models and

instruments, based on combinations of scientific insight and without interaction

with planners’ tacit knowledge (and thus no internalization).

Although the concept of knowledge generation provides a useful analytic frame-

work for analyzing new learning by artificially dividing the process in categories, in

the real world the four modes of knowledge conversion overlap and dynamic

shortcuts occur (see also Gourlay 2003). In both cases, there were moments

where several (or even all) four steps were taken at the same time (simultaneous

internalization and externalization during design steps). Also, some steps occurred

more often than others and in different sequences. Thus, although all steps are

important, the framework should be applied with some flexibility.

A social learning process seems important for successful LUT strategy-making

(or other strategy-making which concerns separate planning and/or knowledge

domains). The planners face complex planning environments, in which they are

only one of many actors who try to shape the future of a city or region. They are

involved in planning processes, marked by many uncertainties and the unpredict-

ability of shifting conditions in daily practice. For them, it seems much more useful

to develop better, and more shared knowledge about crucial relationships, than to

2 A Transition Towards Sustainable Strategy Making 37



develop a final vision or plan. Also, if the participants realize that it is a learning

process, they are more open to sharing their tacit knowledge and discussing their

assumptions. In Breda, one participant explicitly stated that he only joined the

process because it did not aim at negotiation, which would have hampered learning.

At least for the initial, strategy identification phases of planning processes, the

prevalence of a learning mode seems essential.

The research described here, is based on observations, (qualitative) question-

naires, and interviews. However, more detailed analysis of the exact nature of what

tacit knowledge was exchanged between the participants and how this impacted on

the practical outcomes is still underway. This has to do with the different time

scales of different kinds of outcomes. Direct learning effects can be analysed on the

spot (accurately measuring them is a whole different matter), but the translation of

these learning effects in concrete plans or other follow up (e.g. more regular

interaction between land use and transport planners in the organization) can take

some time.

This idea of strategy-making as social learning also has an impact on the

development of relevant planning support. As the cases show, in the early phases

of planning, the selection and contextualization of a common language is a crucial

part of knowledge generation; PSS which are developed on the basis of generic

views of planning and models are therefore difficult to apply. For a PSS to be

relevant, it seems that the developers (modellers) have to be open to engage in the

learning process as well and be open for implementing changes in their instruments

(even if this implies sacrificing some scientific rigour for the benefit of practical

relevance). In the world of land use and transport planning, this would imply a

different way of using transport models (more as communicative instead of predic-

tive devices), and recognizing their limitations and subjectivity (as also argued by

Timms 2008). This chapter focused on developing support for planners from two

domains; however, more research is needed specifically on the position of the PSS

developer (modeller) in this process.
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Chapter 3

The Impact of Accessibility on the Value

of Offices

Ghebreegziabiher Debrezion, Thomas de Graaff, and Piet Rietveld

3.1 Introduction

Accessibility is becoming an increasingly important issue in the Netherlands, not

only for policymakers but also for daily workers on the road and employers, who

have to deal with a growing uncertainty of their staff being on time. Not only the

access via roads is important; but also the unreliability of public transport (as

experienced by passengers), and the lack of parking areas in many places contribute

to the importance of accessibility in society.

The above indicates that accessibility is not a clearly defined concept. Accessi-

bility depends on mode of transport, destination, and the travellers themselves.

Thus, the experience of accessibility for people who are shopping in the centre of

Amsterdam can be different from people who work there. Similarly, the value of the

accessibility of Schiphol is different for people who go on a holiday, people who are

visiting friends and family, and business travellers. Furthermore, research shows

that congestion in public transport is clearly a different experience than congestion

on the road.

Geurs and Ritsema van Eck (2001) distinguish four different components of

transport that play an important role in the value of accessibility (see Bos 2005).

These are: (1) a transport component that describes the travel time, travel cost and

travel inconvenience; (2) a spatial component that relates to the size and spatial

distribution of activities; (3) a time component that relates to the time constraints of

activities (e.g., opening hours and working hours); and (4) an individual component

that reflects individual needs, capacities and capabilities. All the components can be

seen from different angles for example, from an economic utility maximization or

infrastructure optimization point of view.
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Due to these different components, it becomes difficult to assign a value to

accessibility. As a result, many studies focus on special cases, such as uncertainty

in the public transport and road congestion. However, we can measure the value of

all different aspects of accessibility collectively by assuming that the monetary

impact of accessibility is capitalized on property values. Specific examples include

housing near railway stations, which are typically valued higher than similar houses

away and highly esteemed locations of offices near the highway ramps.

In the Netherlands, however, this has never been done exclusively for office

buildings (for housing, see e.g. Debrezion Andom 2006 and Visser and van Dam

2006). This study focuses on the value of office buildings, where we focus on the

(monetary) values that we can assign to the different forms of accessibility. Does it

matter if such an office is located close to Schiphol Airport or a train station?

Answers to this type of question can be used to improve the benefits of infrastruc-

tural projects, to identify where costs can be better distributed over the interested

parties, etc.

While in the present paper we focus on the accessibility via various transport

modes (in particular road versus rail), it is clear that this is closely related to notions

of sustainable transport with its underlying dimensions of people, profit and planet.

The ‘people’ aspect is covered since accessibility is defined in terms of activity

patterns of individuals, who try to make use of transport networks in order to achieve

their aims. The ‘profit’ aspect is addressed, among others, via the impacts of transport

networks on real estate values. In this way, our paper sheds light on the profitability

of real estate developments on various locations. The ‘planet’ dimension receives

less explicit attention in the present study, although there are clear links. In particular,

our study can be used to mobilise resources for improvements in rail transport

systems in terms of speed, frequency and number of stations. These quality aspects

of public transport services have a direct impact on accessibility values and our

contribution is to compute the implications for real estate values. This can then be

used to determine the potential contribution of real estate owners near railway

stations to covering the costs of the additional railway services and the associated

reduction of environmental pollution. This chapter is therefore closely linked to two

other chapters in the present book. The first one is the chapter on Integrating Land
Use and Transport Knowledge in Strategy-Making (Chap. 2). The present paper

clearly contributes to this chapter by informing decision makers on the potential

changes in prices of real estate under various network configurations. The second one

is the chapter on Funding Transport Infrastructure Development through Value
Capturing: A Game Theoretical Analysis (Chap. 4). Here the participants in the

games can improve their strategies when they are well informed on how the real

estate market will respond to changes in transport infrastructure networks.

This chapter is organized as follows. In the next section, we start with a brief

literature review – nationally and internationally – about what is already known

regarding the relationship between accessibility and property values. Then, we

discuss the methodology for measuring the different types of accessibility.

Section 3.4 contains the description on the data used, and the operationalization

of the results. The final section presents the conclusion.
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3.2 Literature Review

3.2.1 Value of Accessibility in an International Context

In general, in the international (mainly American) literature, we see two approaches

in assessing the impacts of accessibility, namely examining effects accessibility on

land use changes, and examining the impacts of accessibility on property values. In

this respect, we review some of the studies on the effect of railway stations on

commercial properties from the perspective of both approaches.

In one of the earliest studies, Quackenbush et al. (1987) studied the impact of the

Red Line in Boston on land use. He found that the largest effect was on commercial

properties, with a slight increase on residential properties. In addition, Weinstein

and Clower (1999) indicated that, due to the announcement of Dallas Area Rapid

Transit (DART), the occupancy rate of commercial properties within one quarter of

a mile of the station increased on average by 5%.

In the literature, various studies have been undertaken on the effect of railway

station on commercial property value. The study on the effect of proximity to metro

station on commercial property value in Washington D.C. was among the early

studies in this regard (Damm et al. 1980). The study found that the value of

commercial properties declines with distance. Proximity to a metro station results

in a steeper effect on commercial property value as compared with the effect of

proximity on residential property value. The elasticity of proximity to the railway

station on property value was around four times higher for commercial properties

than residential properties. This shows that in the immediate neighbourhood the

premium of closeness to a station is greater on commercial properties.

Commercial land value premiums were also found by Fejarang (1994). They

found that commercial spaces in Los Angeles city that are located within half a mile

of a rail transit station, had an additional $31 increase in mean sales price over

comparable parcels outside the corridor. In addition to the land use changes as a

result of the announcement of the opening of DART, Weinstein and Clower (1999)

observed an increase in the rent of three classes of offices within one quarter of a

mile of a station ranging from 20.9 to 47.4 compared to similar offices outside that

range. Similarly, the study conducted by Hickling Lewis Brod, Inc. indicates the

price per square foot of commercial space decreases by about $2.3 for every 1,000 ft

further from a railway station. This value accounts for approximately 2% of the

value (Hickling Lewis Brod 2002). Furthermore, Nelson (1998) found that the price

per square metre in Atlanta falls by $75 for every metre away from a transit station.

In an effort to present background information against the lawsuit brought by

private property owners in Santa Clara County, claiming a burden due to the

existence of light rail transit (LRT), Weinberger (2001) tested several hedonic

price models on the rental rates of commercial property. The finding reveals that

commercial properties within one quarter of a mile of the station are rented 10%

higher than commercial properties beyond three quarters of a mile of a light rail

station. When controlling for highway access, the rail proximity benefit was
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maintained, and it was shown that highway coverage in the county is so dense,

that there are no particular locational advantages associated with highway

coverage.

A similar study was also undertaken by Cervero and Duncan (2001) in the same

county. They found that commercial properties within one quarter of a mile of a

light railway station were sold 23% higher than commercial properties outside this

range. The capitalization on property values even becomes even pronounced in the

case of proximity to commuter railway station. Commercial properties within one

quarter of a mile of the commuter railway station sell more than 120% above

commercial properties outside this range.

Contrary to the above positive effects of proximity to railway stations, Cervero

and Duncan (2001–2002a,b) found a mixed effect of proximity to railway stations

on commercial property values. The study in Los Angeles county shows that, for

commercial properties located within one quarter of a mile of a station, the impact

of different stations range from a negative effect as big as 30% to a positive effect of

16% compared to the values of properties outside the one quarter mile range.

Similarly, the study in San Diego County reveals the impact of proximity to a

railway station within one quarter of a mile on commercial property value ranges

from a negative effect of 10% to a positive effect as big as 90%. Landis et al. (1995)

found no premium for commercial land. However, the lack of finding a positive

impact is attributed to a data and methodological problem, instead of the lack of a

real value premium.

3.2.2 Location Factors in the Netherlands

The price of real estate depends on the attractiveness for decision makers to choose

a site for their activities. Besides hedonic price models, different types of studies

can be distinguished that aim to identify and rate the location factors that underlie

the attractiveness of locations. Most common studies are economic-geographic

surveys, in which an importance ranking of location factors is provided, based on

questionnaires. These surveys typically take account of a large number of location

factors and are, therefore, very well suitable to attain an overview of the field.

For the Netherlands, a great number of researches of this type have been conducted

(see e.g. Pellenbarg 1985; Jansen and Hanemaayer 1991; Sloterdijk and Van Steen

1994; and see Healey and Baker 1996 for an international study that includes the

Netherlands). Besides questionnaires, other more advanced quantitative methods

can also be used. Examples in the Netherlands include stated choice studies (e.g.

Rietveld and Bruinsma 1998) and advanced rating studies (Berkhout and Hop

2002). The number of location factors in these studies is normally smaller.

Little uniformity exists in the specification of location factors. Still, when

examining these studies four general categories of location factors can be

distinguished:

44 G. Debrezion et al.



• Accessibility-related: includes proximity to actors or infrastructure, and the

availability of personnel;

• Properties of the building: availability, representativeness, possibilities for

expansion;

• Properties of the surroundings: type of environment, representativeness;

• Other regional factors: working mentality, quality of life, investment subsidies.

The analysis in this study looks into the effect of the first three factors on the rent

levels of office spaces in the Netherlands. However, the discussions focus on

accessibility-related factors, which are of main interest in this study. Accessibility-

related aspects are among the most important location factors. Aspects of accessi-

bility in location studies are, on the one hand, the connectivity to the network

(access distance or travel time to a network node, or the level-of-service of this

node) and, on the other hand, potential accessibility (relates to the possibility to

reach destinations, e.g. the availability of potential personnel). In general, accessi-

bility by car can be seen to be more important than accessibility by public transport

(e.g. Jansen and Hanemaayer 1991).

However, the link with the value of real estate is not always clear. Therefore, this

study focuses on the effects of accessibility of both railway and highway on the

values of real estate.

3.3 The Effect of Accessibility on Property Value: Theory

This section consists of two parts. The first part deals with the theoretical frame-

work for a price analysis of property values. The second part focuses on how to

measure accessibility in the Netherlands effectively.

3.3.1 Hedonic Price Analysis

The real estate market is characterized by similar but heterogeneous products. This

means that, although properties may look similar, they are not exactly identical, so

they are imperfect substitutes for each other. This market can also be seen as a form

of ‘monopolistic competition’: the providers of properties are in competition with

each other, but each provider of a specific variant has a monopoly on that exact

version. This means that suppliers have a form of market power and thus the

opportunity to set their prices individually. They could not do so indefinitely, because

the properties, in this case the offices, are to a certain extent, substitutes for each

other, allowing tenants of high-priced office buildings to seek an alternative landlord.

Because the offices are not exactly identical, it is difficult to compare the

prices of these firms directly. An alternative is to valuate the separate components

of these offices, and then to compare the offices, based on the number and type of
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components that they consist of. This form of price analysis is called hedonic price

analysis.1

Suppose that each office in the Netherlands can be described by a fixed number

of features, let’s call it X; one can think of the most diverse characteristics such as

age of the office, number of elevators, location of the office, image of the

surrounding area, etc.. Let us suppose that – according to the classification in

Sect. 3.2.2 – we can divide the characteristics into four distinct groups, namely:

• Accessibility factors (Xa): How close is the office building at a railway station,

bus station or highway? Are there parking areas nearby? Is the area hard to reach

by congestion?

• Characteristics of the property/tenant (Xk): does the building have a cafeteria,

elevator, similar equipment? When was it built? What is the size of the property?

Etc.

• Environmental factors (Xe): Where is the property located? How is the environ-

ment used (business area or city centre)? What is the surrounding of facilities for

employees? And so on.

• Regional factors (Xr): What are the regional characteristics? How open or

closed is the regional economy? What is the average education level of the

region and what is its image?

An essential assumption of the hedonic price analysis is that the value of an

office building is a function of these characteristics and thus, we can compare office

buildings based on these characteristics. Therefore, if tenants’ average accessibility

by car is important, then office buildings that are easy to reach are higher priced

than office buildings that are difficult to access by car, ceteris paribus. We can also

write this relationship in a mathematical form as:

ln p ¼ f ðXa;Xk;Xe;XrÞ; (3.1)

where p is the rent of the office property and ln is the natural logarithm.

An important underlying assumption is that the market price correctly reflects

the real value of the office building, but this is not always the case. Although

this theory works in practice, the data must meet some conditions. First, the office

market must be in equilibrium to allow the price p to reflect the proper value for an
office. With a real estate market that requires a long time from planning to building,

this is often not the case. Furthermore, it is important that the market is not

segmented, so there is a price p for each combination of characteristics.2

1Rosen (1974) is probably the first to publish this theory in an economically fully developed

manner and, therefore, can be taken as a good starting point for the interested reader.
2Good, but somewhat technical, papers on the latest situation in hedonic price modeling can be

found in, for example, Palmquist (2003) en Bajari and Benkard (2005).
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The formulation of (3.1) does almost automatically remind us of a regression-

based approach, where different features are additional, but have different weights.

This is a usual practice in the bigger part of hedonic price literature (Malpezzi 2002).

3.3.2 Accessibility

Accessibility by itself is a difficult concept to operationalize. In any case, it does not

mean that the areas with the least congestion have high accessibility. Accessibility for

a given site can be defined as the potential interaction with sites in the vicinity. This

interaction increases with the volume of activities in different locations, and decreases

the cost of interaction. Accessibility is specific to a particular activity (e.g. work).

In general, accessibility can be divided into accessibility by road and accessibil-

ity by public transport. In this study, public transport is mainly represented by

railway. Road accessibility can further be enriched by looking at the access to the

potential employees and business clients.

In this study, we are mainly interested in three types of accessibility:

• Access to potential employees on the road during peak and non-peak hours

• Access to potential employees by public transport, particularly travelling by train

• Access to Schiphol airport as a measure of accessibility to foreign destinations

In addition, the accessibility by road can also be divided into trips and parking.

Namely, to many people the effort needed to park a car appears to be a major

component of accessibility. However, because of the lack of correct information,

we could not include parking in the analysis of this paper.

The main scientific contribution of this paper is the coverage of the accessibility

dimensions and the detailed way in which accessibility has been measured. In

particular, we pay attention to the level of services on the railway system. This

aspect has not been taken into account in the literature thus far. Our approach allows

us to study the consequences of changes in the level of service on certain links for

the accessibility and the real estate prices near stations at the link, or further away in

the network. This implies that the paper makes an important step forward by

appropriately linking land use to transport systems. It also makes the model we

have estimated of high relevance for the assessment of policy proposals.

3.4 The Effect of Accessibility on the Rents of

Office Buildings

The previous section dealt with a theoretical and methodological framework for

measuring the value of accessibility on property values. It also gave a breakdown of

the various forms of accessibility that are potentially relevant for property values,

or, in our specific case, for office buildings.
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This section shows that the above described importance of accessibility by an

explicit attaching value to these forms. We do this as follows. The next subsection

first describes the data used for this the estimation used in this paper. Then we

implement our accessibility variables, as measured by (Xa), namely: accessibility

by road (during peak and non-peak hours), accessibility by railway, accessibility to

Schiphol airport and accessibility to other offices. Then we find the real effect of

measurement, as described above, hedonic price analysis. We conclude this section

with a brief discussion of the results.

3.4.1 Description of the Data

The most important variable for a hedonic price analysis is the (transaction) price of

an office building. As the measure of price, we use the rent of office areas per m2 the

Netherlands since 1983. These rental record data are collected by DTZ real estate

broker. DTZ processes the larger part of the office rental transaction in the

Netherlands, and can, therefore, be considered fairly representative of the national

real estate market. In addition to information on the rent level, the records include

postcode address (4–6 digits), size of the rental area (in m2), time of the rental

agreement, type of contract, building status, and business characteristics of the

tenant. Information on the type of contract relates to whether the contract is a first

hand contract between the owner and the tenant, an extension of previous contract,

or a sublease. The information on the status of the building relates to whether the

office area occupied by the tenant is in a new building, the office area has been

occupied previously, the office area has just undergone renovation, the office area is

under construction, or the building has yet to be built.

The postcode data are important, because we use them to link to other databases.

The data, which relate to the characteristics of office buildings (as measured byXk),

are taken from the DTZ rental contract records, other features stem mainly from

other databases. As mentioned in this paper, subsequently we will discuss the three

main accessibility characteristics (accessibility by rail, accessibility by road and

accessibility to the airport).

3.4.1.1 Accessibility by Rail

For many firms it is important to locate close to a railway station. Especially for

haulage firms, it is important to locate within walking distance of a railway station.

Furthermore, the service quality of a station is of interest. Especially the number of

routes, frequency and number of stops prove to be of great interest to railway

passengers. That is why we introduced a Rail Service Quality Index (RSQI) for

each railway station as a measure of the important level of a railway station (as a

destination station).
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We consider the station from the destination point of view. The RSQI of a station

j as an arrival station depends on three components:

• Oi: The size of departure station i, i.e. the total number of departures from station

i. This shows how important the connections to other stations.

• GTJij: This is the generalized journey time between each origin station i and

destination station j. The generalized journey time depends on the average

waiting time, the actual travel time by train, transfer time, and a “punishment”

for the number of steps.

• GTJij/dij: This gives the ratio of the generalized journey time and distance for

each origin station i and destination station j. If the value for the ratio is high, this

indicates that the train takes a considerable detour and, therefore, in many cases,

it can be more attractive to use other alternative transport modes, like the car.

Details on the exact way of measuring RSQI are given in the appendix.

The stations with the highest RSQ indices lie in the Randstad, close to the big

cities. The first ten railway station with the highest values for RSQI as arrival

stations are: Utrecht Centraal (RSQI ¼ 1.46), Leiden Centraal (RSQI ¼ 1.29),

Duivendrecht (RSQI ¼ 1.27), Den Haag HS (RSQI ¼ 1.12), Amsterdam Centraal

(RSQI ¼ 1.06), Amsterdam Sloterdijk (RSQI ¼ 1.06), Schiphol (RSQI ¼ 1.05),

Rotterdam Centraal (RSQI ¼ 1.04), Dordrecht (RSQI ¼ 0.96), en’s Hertogen-

bosch (RSQI ¼ 0.95). A complete list of RSQI for the stations in the Dutch railway

network is found in Debrezion Andom (2006).

3.4.1.2 Accessibility by Road

We interpret the accessibility to the workforce (20–65 years) by road as the

accessibility of a firm occupying an office location to (potential) employees.

Indeed, one can assume that an office location will be worth more, if the potential

for workforce in the immediate vicinity is high. Therefore, we construct a variable,

bi, for each office location i that defines the aggregate working population in the

vicinity (weighted by travel time by road) from this office location:

bi ¼
XR
j¼1

WorkingPopj � f tij
� �h i

; (3.2)

where R is the total number of postcode areas in the Netherlands and f(tij) is the so-
called distance decay function. The latter indicates that the influence of postcode

areas located further away is less important compared with those, which are close to

the office location. However, an assumption has to be made on the shape of the

decay function. In this paper, we use the following specification3:

3This specification was suggested by the simulation results of Goudappel-Coffeng (see

www.bereikbaarheidskaart.nl).
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f tij
� � ¼ 1

e2tij
3 : (3.3)

tij is here measured in hours. Compared with the more common specification,, tij
�1,

this specification places more emphasis on nearby locations.

3.4.1.3 Distance to Schiphol Airport

From previous studies (see e.g. Debrezion Andom 2006) and expert interviews,

we know that office locations are more expensive as they are located closer (in

kilometers) to Schiphol airport. In fact, office locations at the airport are among the

most expensive locations in the Netherlands (together with those of the Amsterdam

South Axis). Therefore, we include an explicit measure of distance to the airport in

our specification.

3.5 Estimation Results

Table 3.1 gives the estimated results using linear regression for the hedonic price

model (given by [3.1]) for the main variables, namely the accessibility variables,

characteristics of the building and environment characteristics.

The accessibility characteristics give intuitively plausible coefficient values.

First, if the accessibility by road (as measured in [3.3]) of the workforce is increased

by 100%, then the rental level of the office location increases by about 1.5%. This

effect, although statistically significant, is rather small. However, it could explain

the differences in rent levels between the major cities.4

The distance from a railway station to an office location appears to be very

important. To illustrate this, the coefficients from Table 3.1 are converted into

Fig. 3.1.

The biggest effect of proximity on a railway station is found to be for offices

located within 500 m of a station. This is not surprising since at the egress side,

workers and visitors often depend on foot for access the offices. Table 3.1 and

Fig. 3.1 assume that the RSQI is exactly one. The line in Fig. 3.1 indicates the

increase or decrease in the percentage of office rent for the same percentage increase

or decrease in the RSQI.

The final accessibility measure – the distance to the airport – appears to have, as

expected, a negative sign and statistically significant effect on office rent level. The

value of �0.06 in this case indicates that doubling the distance between the office

4This is mainly due to the specific log-sum approach used to measure accessibility by road. This

makes a direct interpretation difficult.
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Table 3.1 Estimation results: hedonic price analysis on ln (rent) per m2 (number of observations ¼
11.298)

Variables Coefficient T-value

Constant 4.912 75.643

Total surface area 0.000 1.822

Accessibility

Distance to NS station (reference category: distance > 7,000 m)

Distance to NS station < 250 m 0.159 8.988

Distance to NS station 250–500 m 0.171 10.714

Distance to NS station 500–1,000 m 0.118 8.580

Distance to NS station 1,000–2,000 m 0.068 5.157

Distance to NS station 2,000–4,000 m 0.072 4.996

Distance to NS station 4,000–7,000 m 0.036 1.588

Log (road accessibility) (bi) 0.015 8.447

Log (distance to Schiphol airport [km]) �0.069 �16.516

Building status (reference category: first user)

Second user �0.132 �15.969

Renovation �0.075 �4.818

Under construction 0.022 0.579

Yet to be built �0.017 �0.296

Type of contract (reference category: rent)

Rent extension 0.036 1.265

Sublease 0.050 2.548

Sector tenant (reference category: industries and public works)

Building and civil engineering �0.042 �1.993

Trade and repairing companies �0.081 �5.044

Transportation and storage �0.029 �1.431

Communication companies 0.002 0.098

Credit and insurance services 0.092 5.392

Financial business services 0.054 3.428

Other business services 0.005 0.382

Computer companies �0.006 �0.400

Public administration, defence or social security �0.010 �0.619

Education and health care �0.105 �6.703

Other institutions and companies �0.089 �6.536

Land use (reference category: agricultural sites)

Residential area-high density 0.018 0.893

Residential area-high/medium density �0.042 �2.528

Residential area-medium density 0.103 3.913

Residential area-medium/low density �0.328 �5.101

Residential area-low density 0.067 0.465

Firm sites �0.152 �7.144

Social-cultural sites 0.004 0.067

Seaport �0.537 �10.049

Recreational sites 0.240 7.928

Nature areas 0.125 3.536

Other �0.004 �0.086

(continued)
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location and Schiphol decreases the rent of the office location by 6%, while the

other factors are held constant.

The effects of the remaining variables also correspond to the literature and many

are statistically significant. User type, contract type, status of the building and

surrounding land are all characteristics of interest.5 Striking example is the high

coefficient for infrastructure of surrounding land use. Offices that are located close

to highways are valued higher, which may indicate the importance of office sight

from the highway lines. Furthermore, office locations in Amsterdam and The Hague

are structurally valued higher, compared to other locations in the Netherlands. This

probably indicates the presence of image effects.

Table 3.1 (continued)

Variables Coefficient T-value

Infrastructure 0.181 3.046

Water �0.156 �2.902

remaining land use 0.020 1.352

Cities (reference category: rest of the Netherlands)

Amsterdam 0.229 18.901

Rotterdam 0.099 9.084

Utrecht 0.104 7.921

Den Haag 0.138 10.502

Eindhoven 0.072 5.376

R2
0.360

Year dummies are not reported

Fig. 3.1 The relationship between rent levels of office locations and distance to nearest railway

station

5Land use is defined here as the percentage of a particular land use type in a four-digit postcode

area. They are based on a grid size of 25 by 25 m.

52 G. Debrezion et al.



3.6 Conclusion

Accessibility in all its facets is becoming an increasingly important issue in the

Netherlands. Not only the increasing congestion on the road plays is of key

importance in policy making, but also other accessibility issues play a role, such

as the uncertainty in the public transport, the increasing importance of (interna-

tional) nodes such as Schiphol, the growing cluster of companies in business

services and parking issues.

However, little is known about the (monetary) value of these different forms of

accessibility. How important are train stations to office buildings? Do employers

attach importance to accessibility to the potential labour force? How important is it

for offices to be located near Schiphol? This study gives answers to these questions

by linking measurable aspects of accessibility statistics to property value of offices.

Indeed, accessibility has a significant impact on the value of real estate offices.

However, the impacts of the effects differ for the different forms of accessibility:

• The location of an office in relation to Schiphol airport plays a major role. Each

doubling of the distance between a firm and Schiphol decreases the property

value of that office by 6%.

• The average distance to the surrounding working population also plays a signifi-

cant role. Even though the parameter specification used for this variable makes it

difficult to give a summary of the effects, our research shows clearly that, the

availability of a large potential employees nearby increases the property value of

an office.

• If an office is located within 500 m from a railway station, then the value is about

16% higher compared to similar offices located more than 7 km from the

stations. This effect is clearly smaller as an office is located more than 1 km

from a train station. The latter can be explained by the fact that egress to the

office location is usually done by foot.

Besides the accessibility factors, we also examined the effects of factors

associated with the region, the specific office, or the tenant. Most results are

consistent with the results found in the literature. However, it is important to

point out the fact that values of offices in cities like The Hague and Amsterdam

seem to be structurally valued higher than comparable firms elsewhere are. This

fact points to image effects. Apparently, many companies attach much value to a

particular postcode on their business card.

The present study has taken its point of departure in the accessibility concept.

This means that it is based on behavioural parameters on spatial interactions of

commuters in labour markets. This is a reflection of the ‘people aspect’ of the broad

sustainability concept. The ‘profit’ aspect has been addressed via the profit making

of real estate developers in the office market. They find that office values are

positively affected by proximity to railway stations, and by the level of railway

services. The ‘planet’ aspect has not received explicit attention, but is directly

related to environmental effects since office developments near railway stations

would have effects on modal choice, and hence on environmental pollution.
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The major contribution of the present paper in terms of transitions towards

sustainable mobility is, that it offers convincing insights into new ways of mobilis-

ing funds for the financing of transport projects. The findings enable public actors to

better understand the potential value of a property after improvements of infrastruc-

ture. This provides them with a motive for a portion of the costs to be recovered

from developers active in the neighbourhood (for example by a so-called ‘value

capture’ scheme). The model developed here provides an operational tool for public

actors that want to be active in mobilising additional financial resources to finance

infrastructure projects.

Appendix A

The estimation of the Rail Service Quality Index (RSQI) of a station is based on the

doubly constrained spatial interaction model, given as follows:

Tij ¼ AiOiBjDjf ðGJTijÞgðGJTij=dijÞ expðxijÞ (A1)

Oi ¼
X

j
Tij (A2)

Dj ¼
X
i

Tij (A3)

where Tij is the number of trips between stations i and j; Oi is the total number of

trips originated in station i; Dj is the total number of trips attracted by station j. Ai

and Bj are the balancing factors which ensure that the constraints on origins and

destinations (given by [2] and [3A3]) are met; GJTij is the generalized journey time

between origin station i and destination station j; dij is the Euclidian distance

between origin station iand destination station j; and xij is the error component of

the model which follows an independently and identically normal distribution. We

specify the functions f and g as follows:

f ðGJTijÞ ¼ exp
XC
c¼1

bcDGJTc
ij

 !
(A4)

gðGJTij=dijÞ ¼ GJTij=dij
� �g

(A5)

where, DGJTc
ij is a dummy variable, which is equal to 1, if GJTij falls in the

generalized journey time category cand 0 otherwise. Thus, the doubly constrained

gravity model we estimated is given by:
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Tij ¼ AiOiBjDj exp
XC
c¼1

bcDGJTc
ij

 !
GJTij=dij
� �g

expðxijÞ (A6)

This equation can be linearized by taking the natural logarithm of both sides:

ln Tij=OiDj

� � ¼ lnAi þ lnBj þ
XC
c¼1

bcDGJTc
ij

 !
þ g ln GJTij=dij

� �þ xij (A7)

The coefficient of the generalized journey time categories, the ratio of

generalized journey time, and the balancing factors will be estimated from the

above equation. Thus, in the estimation, the logs of the balancing factors in the

equation represent the coefficients to be estimated. This requires that the logs of

the balancing factors are multiplied by the dummy variable for the corresponding

station. Therefore, the equation for the estimation is given as:

ln
Tij
OiDj

� �
¼
XN
~i¼1

lnA~iS~i þ
XN�1

~j¼1

lnB~jS~j þ ln
XC
c¼1

bcDGJTc
ij

 !

þ g ln
GJTij
dij

� �
þ xij: (A8)

where, N is the number of railway stations in the railway network; and S~i and S~j are
dummy variables for departure station ~i and destination station ~j. They assume the

value 1 when i ¼ ~i and j ¼ ~j, respectively, and 0 otherwise. Given the assumption

on the error components above, (8) can be estimated using ordinary least squares

(OLS). The estimated coefficients are then used in determining the Rail Service

Quality Indices (RSQIs) for each station. The RSQI of any departure station i is
determined as the aggregation sum of the quality measures over all the destination

stations (j’s). Thus, the RSQI of a given departure station is given by:

RSQIi ¼
X
j

B̂jDjf̂ ðGJTijÞf̂ ðGJTij
dij

Þ

¼
X
j

B̂jDj exp
XC
c¼1

b̂cDGJTc
ij

 !
GJTij
dij

� �ĝ

; (A9)
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Chapter 4

Funding Transport Infrastructure Development

Through Value Capturing: A Game Theoretical

Analysis

Ary Samsura and Erwin van der Krabben

4.1 Introduction

As already mentioned in Chap. 2 of this book, the development of major transpor-

tation infrastructure and location development (i.e. residential areas, industrial

estates, office and retail parks) increasingly takes place in an integrated way. An

integrated approach may not only contribute to a better, more sustainable spatial

outcome of the development process (from the society’s point of view), but it might

also be more efficient, although the increased complexity may have an unintended

counter effect on efficiency as well (Van der Krabben et al. 2007). Moreover, in

financial terms, the integrated approach also provides new opportunities. Tradition-

ally, the public investments in transportation infrastructure are based on tax

revenues. Usually, the according budgets available for transportation infrastructure

development are limited and – almost by definition – not sufficient to develop all

desired infrastructure. In looking for alternative funding for transportation infra-

structure development, governments should try to find a way that allows for

efficient economic performance, financial justice, and social facility. When trans-

portation infrastructure and location development are combined, value capturing

methods may, to a certain extent, offer an opportunity to achieve those goals

(Banister and Berechman 2000; Batt 2001). Here, we define value capturing as a

process by which all or a portion of increments in land value, that resulted from

the installation of special public improvements or any other actions attributed to the

‘public effort’, are recouped by the public sector and used for public purposes

(Smolka 2000; Smith and Gihring 2006). In Chap. 3, Debrezion et al. paid attention

to the issue of value capturing especially on how to calculate the increment in

property values caused by the infrastructure development, or to be specific a train
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station. However, there are still questions about whether value capturing might be a

feasible method to finance infrastructure development projects and also about the

explanation of decision-making process with respect to the implementation of value

capturing methods.

The increment in land and property values can be considered as positive

externalities, generated by public goods provision, that should be internalized

(Webster and Lai 2003; Van der Krabben and Needham 2009). Referring to the

new institutional economics framework, externalities problems are generated by a

‘failure’ in the definition and assignment of property rights (see e.g. Coase 1960;

Barzel 1997). Therefore, the implementation of value capturing should take into

account the clarification and assignment of property rights, which suggests the

importance of interdependency and cooperation among stakeholders involved.

From the new institutional economics perspective, there are some difficulties in

implementing value capturing. One of the problems is the difficulty of capturing the

increasing land value, especially when the land owners refuse to give it up, because

the property rights over the increment in land value had been assigned to them

initially. As mentioned by Barzel (1997), property rights of individuals over assets

consist of the rights or power to consume, obtain income or benefit from, and

alienate their assets. It means that land owners have the right to enjoy the increment

in value themselves without any obligation to give it back to the community.

Therefore, in a situation where the property rights are well assigned – i.e. to the

land owner in the Netherlands, who will receive the increment in land value

(Munoz-Gielen 2008) – it will be problematic to apply value capturing unless the

institutional arrangements with respect to the assignment of property rights over

the increment in land value will be changed, or the parties involved will start a

bargaining process to reallocate the increment in land values among them.

Real-life bargaining processes to reach a consensus and agreement between a

transportation infrastructure developer and a location developer are often muddy

and obscure. In this chapter, we offer an analysis of bargaining processes in the

implementation of value capturing methods as internalization mechanism for the

externalities, by relying on concepts and approaches drawn from game theory.

A game theoretical approach provides a way to formulize the interdependency

and cooperation among stakeholders (infrastructure provider, land owners, property

developers) in complex decision-making projects. Moreover, it can be used to

examine the structure of individual decisions (Samsura et al. 2010; Te

Br€ommelstoet and Bertolini 2009, and Chap. 2 of this book by the same authors).

This approach is elaborated in this chapter to provide an analysis in implementing

value capturing methods. The institutional setting of land development related

to infrastructure development and funding in the Netherlands will be used to

provide an empirical context to the analysis. The transition that we analyze in

this chapter is the integration of infrastructure and location development and the

related financial opportunities of value capturing. Thus, we aim to contribute to the

development of a new generation of financial tools for integrated infrastructure and

area development.
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The structure of this chapter is as follows. In Sect. 4.2, we will discuss value

capturing and externalities problems in detail. Section 4.3 provides an introduction

to game theory and a discussion of the supposed advantages as well as limitations of

applying this approach to analyse the bargaining process in implementing value

capturing methods. Section 4.4 presents a brief description of issues related to value

capturing within the context of location and infrastructure development processes

and its funding mechanisms in the Netherlands. In this section, the stakeholders

involved will be introduced along with their strategies and the institutional context

in which they operate. In Sect. 4.5, the bargaining model, based on a game

theoretical approach will be constructed with respect to the implementation of

value capturing methods in the Netherlands. Finally, Sect. 4.6 discusses the useful-

ness of bargaining game theory for modelling the implementation of value captur-

ing processes and suggests the next steps for further analysis.

4.2 Value Capturing and Externalities Problems

As mentioned above, the increment in land and property values to be captured can

be considered as positive externalities generated from public goods provision. From

an economic perspective, attempts should be made to solve the externalities

problem (see e.g. Webster and Lai 2003; Van der Krabben and Needham 2009).

Therefore, value capturing can be considered as a set of tools to internalize the

increment in land and property values and thus as the solution for externalities

problems.

In any economics textbook, the discussion about solving externalities problems

almost always refers to the works of Pigou (1920) and Coase (1960). Pigou’s

approach on externalities focuses on the market equilibrium outcome, which has

to be Pareto efficient. The presence of externalities will break down this equilib-

rium, because the externalities will make the private marginal costs diverge from

the social marginal costs associated with each party’s actions. The result is that

parties will face the ‘wrong’ price, which will lead to an inefficient allocation of

resources. Pigou’s solution for this situation is to levy taxes, to force private

marginal costs to meet social marginal costs. However, this solution will raise

some problems. First, it requires an omniscient and also benevolent tax authority,

because it should know the exact tax level to reach marginal social costs. Moreover,

this tax authority will be insensitive to rent-seeking behaviour. Second, there is a

problem of fairness with the Pigouvian tax concept, because it does not necessarily

consider the damage done to parties when they are being taxed and induced to

produce at social optimum efficiency.

Coase’s approach tries to deal with these problems. He argues that the market

itself is able to solve the problem of externalities: when property rights are well-

assigned and transaction costs are zero, resource allocation is efficient and inde-

pendent of the pattern of ownership (Coase 1960). This principle is well known as

the Coase Theorem. Based on this principle, the producers of negative externalities
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or the receivers of positive externalities should not be taxed, instead they should

bargain to decide how and to what extent the externalities could be reduced (see

among others Calabresi 1968; Dahlman 1979; Varian 1994).

Considering value capturing, taxes, fees, and regulatory instruments are often

used as its main tools (see e.g. Smolka 2000; Batt 2001; de Wolff 2007). However,

using Coase’s terminology, land and property owners have the right to enjoy the

increment in values of their land and properties, while at the same time the

infrastructure developers also have the right to take benefit from it. Therefore,

bargaining and negotiation should take place among the parties involved to arrive at

the agreement upon the efficient allocation of the increment in land value as well as

the compensations to reach such agreement. In this chapter, the cooperative game

theoretic approach is applied to analyse the implementation of value capturing

based on the Coase Theorem. The main assumption in cooperative games is that the

parties can make binding agreements about the distribution of payoffs without any

cost and the solution will be the most desirable coalition structure for all parties

involved.

However, Coase’s approach goes not without problems, especially, because the

prerequisite of zero transaction costs is a very strict one, which is often not fulfilled

in real situations.1 Moreover, the ability of parties to make a commitment upon the

ex-ante agreement to share the outcome in the end is doubtful (Samuelson 1995). In

this kind of situations, the non-cooperative game theoretical approach should be

taken into account. The main assumption in this approach is that the parties

involved choose strategies separately to get the most desirable outcomes of

bargaining for each of them. However, in this chapter, we make use of the cooper-

ative game, because we have reasons to believe that in the case of spatial planning

in general and infrastructure and location development decisions in particular the

parties involved will be able to make a commitment.

4.3 Bargaining Game: A Brief Description

In general terms, bargaining can be defined as a process to reach mutual agreement

or a contract between two (or more) parties upon a choice of one specific alternative

from a given set of alternatives available to them. Bargaining also involves the

exchange of consideration among the parties involved. Problems in bargaining

arise when the parties involved have conflicting interests over the available set of

alternatives. Hence, the main issue that confronts the parties in a bargaining situa-

tion is the need to reach an agreement. A main focus of any theory of bargaining

is on two intertwined properties, namely, efficiency and distribution. Efficiency

1Coase was fully aware of this, when he defined the theorem. In fact, what Coase wanted to show is

the reverse of the Coase Theorem: “when transaction costs are positive it doesmatter how we have

defined an attributed our property rights” (Buitelaar 2007, p. 22).
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relates to the possibility that the agreement can be reached by the parties involved

after some costly delay, while distribution relates to the issue of how the gains from

the outcome of the agreement are divided among the players.

Ourmain tool in analyzing bargaining situations is game theory, or, to be specific,

cooperative game theory. Game theory has been applied widely to analyze collective

decision-making situations in which the decision makers involved – or, in game

theoretical terms, the players – have conflicting preferences or interests (Samsura

et al. 2010). It provides a bag of analytical concepts to study the situations in which

the conflicting decision-makers interact. Game theory uses mathematics as its main

language, although the theory itself is not necessarilymathematical (Myerson 1991).

A game is called cooperative, if the players are able to form binding commitments,

and are called non-cooperative, if otherwise. In general, the cooperative game theory

approach is used to analyse situations in which the players find and implement the

solution jointly or by forming a coalition. There are two main focuses in a coopera-

tive approach. The first is to find out the coalition structure which gives most benefit

to all players. And the second is to observe how the members of a coalition will

distribute the outcome or revenues available to the coalition among themselves. In

game theoretical terms, this is called the payoffs. One of the basic questions in the

cooperative approach is “How will the payoff be distributed among the players?”
There aremany solution concepts for this problem, amongwhich is the core concept.
A core payoff vector is a payoff distribution among the players that can not be

improved by any coalition. That is, no other coalition can be formed in which the

individuals gain more payoffs. Clearly, the core is a strong equilibrium concept and,

as such, a powerful predictor for games in coalition form. Note that the core may

consist of many core payoff vectors and hence need not be unique. However, there is

also a possibility that a game has an empty core. In fact, any constant-sum game, in

which the sum of the payoffs to the players is a constant, always has an empty core.

Therefore, other solution concepts have been developed to predict the payoff

distributions for this kind of game such as stable set and Shapley value (see e.g.

Kahan and Rapoport 1984; Owen 1995; we will discuss it in more detail in the next

section). Mainly, cooperative game theory uses the characteristic function form as

its descriptive frameworks. In characteristic function form, a game is given as a pair

(N,v), where N denotes a set of players and v: 2N ! R is a characteristic function in

which a value is assigned to each coalition (called the value of the coalition). The

basic idea in coalitionmaking is that each player can gain more payoffs; hence arrive

at a better outcome, by forming or joining a coalition.

In the case of value capturing implementation, cooperative game theory is

applied to analyse the situation in which infrastructure developers and location

developers agree to cooperate in pursuing their development goals by forming a

joint venture, but it is still not clear for them how they are going to cooperate. Value

capturing implementation in the form of distribution of increment in value is one of

the considerations that all the parties involved will take into account in deciding the

form of cooperation. Therefore, this formulation will reflect the bargaining situation

among the parties involved in the infrastructure and location development process,

especially in relation to how they are going to divide the increment in land and

property value when they want to make a partnership or a joint venture.
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However, like any modelling exercise, inescapably, game theoretical modelling

indeed implies a simplification and abstraction from the real world. Moreover, the

game theory approach is usually claimed to be too abstract and its underlying

assumptions too unrealistic, including complete information, rational behaviour of

players, and the unitary character of players. Onemight claim that these assumptions

are violated in real-life situations. With regard to complete knowledge, stakeholders

might not know exactly in which game they are playing and moreover, they might

lack information on the preferences of their opponents. The assumption of rational-

ity has also met criticisms. First, are stakeholders able to make a consistent ranking

of their preference? And secondly, if stakeholders are capable of defining their

preferences, do they indeed act in an optimal way? Another question is whether

stakeholders are indeed unitary actors, or whether they them selves are a collection

of decision making actors who cannot speak with one voice. Several authors have

discussed problems with these assumptions (see e.g. Aumann 1990; Hargreaves-Heap

and Varoufakis 2004). Also, experimental evidence shows how people might make

different choices than theory would predict (e.g. Goeree and Holt 2001; Plous 1993).

However, as discussed by Aumann (1985), the assumptions in game theory

should not be attacked, but instead the theorems and conclusion resulting from the

modelling. A complete rejection of the assumptions in game theory is indeed not

useful, but repairing several assumptions in particular setting of the game can make

the theory better applicable and more relevant. In addition, game theory has been

capable of developing more realistic solutions in the last decades for several of the

assumptions that are discussed above (Camerer 1991; Goeree and Holt 2001).

Incomplete information has been modelled in Bayesian games (Harsanyi 1967).

Myerson (1998) developed a general theory of cooperation under uncertainty and

Aumann and Mascheler (1995) also worked on the issue of incomplete information.

A reply to the rationality assumption has been the idea of bounded rationality (Simon

1978). Although no formal version of Simon’s idea has been developed, Aumann

(1997) reviews some of the approaches that game theory has used to deal with

rationality, such as evolutionary dynamics and the use of computer simulations.

However, here we stick to the more traditional game-theoretical methods with

the underlying expected utility maximising model and rational behaviour. The

advantage of this approach is that it structures the situations to be studied in a

simple and clear way. As a first step, it therefore provides insight into the decision

problems at stake, which in a later stage may be refined and extended into a more

sophisticated or realistic model. As we shall see, even the classical methodology of

game theory creates useful insights into the case of value capturing implementation.

4.4 Spatial Development Process and Value Capturing

in the Netherlands

From a policy perspective, the main concern of this study is the possibilities for

value capturing in cases that the development of infrastructure is integrated with

property development. In those cases, it is assumed that property developers benefit
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financially from the increased accessibility of the location as a result of the public

investments in infrastructure: end users (companies or households that will buy or

rent the property) will accept higher prices or rents, because they prefer locations

with high accessibility. On the other hand, the public authorities that are responsible

for the infrastructure development are often confronted with substantial gaps in the

available public budgets for infrastructure development. In such situations, there

seems to be room for negotiation or bargaining: when property developers benefit in

financial terms from the public investments in infrastructure, it makes sense that the

public sector asks the private sector for a financial contribution to the necessary

investments.

The next section presents a game theoretical model focusing exactly on these

negotiations for value capturing. In the present section we pay attention to the

context in which those negotiations take place. What is the rationale for value

capturing? How much value can be captured? And how is the development process

for those integrated developments organised?

4.4.1 Rationale for Value Capturing

The Dutch national government aims to reduce mobility problems by, among other

things, large public investments in new road infrastructure and public transport, but

struggles to find the resources to finance these plans. To resolve the financial

problems, innovative financial arrangements with respect to both road infrastruc-

ture and public transport development are being investigated. The Raad voor
Verkeer en Waterstaat (RVW), the advisory board to the Minister of Transport,

has suggested to implement improved instruments for value capturing in projects

that combine large infrastructure development with location development (RVW

2004). This proposal is supported by another influential advisory board, the VROM

Raad, which advises the Minister of Spatial Planning (VROM Raad 2004). The

assumption underlying those proposals is, that the public investments in infrastruc-

ture and/or public transport will improve the accessibility of (development)

locations connected to the new infrastructure or public transport link, which will

result in higher property prices and rents (Van der Krabben et al. 2007). The RVW

defines value capturing as:

A group of instruments that enable capturing, directly or indirectly, the increased value of

land and property as a result of public investments in transport infrastructure, and to use it

for financing the activities that are responsible for the increased values. (RVW 2004, p. 47;

translation by the authors)

It is clear that financing infrastructure projects or public transport plans would

be made easier, if the government body involved could capture value increases. One

of the issues here is, however, what the rationale is for value capturing. For a better

understanding of this issue, we refer to the distinction, made by Van der Krabben

and Needham (2009), between the concepts of cost recovery, creaming off
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development games, and value capturing. ‘Cost recovery’ refers to a situation

where the costs of public works in a plan area are recovered from the property

owners in that area. In the Netherlands, the municipalities’ legal powers for the

enforcement of cost recovery have improved considerably since July 2008 through

the introduction of a new Spatial Planning Act that involves new legislation on

planning processes as well as on cost recovery (Tweede Kamer der Staten Generaal

2008). The second concept concerns ‘creaming off’ the development gain (or:

betterment), caused by changes in the land-use plan (in the sense of the 1942

Uthwatt Report on compensation and betterment for the UK). The supposed

development gain is based on increased property values in the area. Internationally,

there is much discussion on the legitimacy and the feasibility of this. The other

reason why property values might increase is public works – in particular, transport

infrastructure, but new open space also might have a similar effect – which enhance

the value of properties near to them. In those situations, ‘value capturing’ may be

considered. Van der Krabben and Needham (2009) state that: “when a project
includes both changing the land-use plan and improving infrastructure, it can be
difficult to distinguish between the value increase caused by betterment and that
caused by improved services”. In the Netherlands, both instruments for creaming

off development gains and value capturing are missing. However, the contribution

of property owners to the financing of plan-related costs of public works – based on

cost recovery by the government body responsible for the plan – usually involves

part of their development gains. And moreover, the government body involved and

the property developers may still come to a voluntary agreement regarding captur-

ing the increased value of land and property as a result of public investments in

transport infrastructure.

4.4.2 How Much Value Can be Captured?

A substantial body of literature exists discussing value capturing. Many studies,

mainly based on US-based experiences, have demonstrated the positive impact

of public sector infrastructure investments on property prices (e.g. Church 1990;

Batt 2001; Riley 2001; Enoch 2002; Rybeck 2004). To illustrate how much value

can be captured, we refer to a recent study by Van der Krabben et al. (2007) in

which the potential for value capturing has been calculated in Dutch station areas.

The value to be captured in those cases concerned the (expected) value increase of

new properties in the station areas, as a result of public investments in the railway

stations and the rail connections (upgrading to high speed train rail services). For

each of the areas, it was estimated how high the office rents would be in the vicinity

of the station both without the (new) transport infrastructure and with the new

infrastructure. The difference can be attributed to the investment in transport

infrastructure. These estimates were made, using a property value model that was

discussed extensively in Chapter 3 by Debrezion et al. The case study analysis for

three Dutch station area redevelopment projects shows that between 15% and 20%
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of the rents for office space in the vicinity of a railway station can be ascribed to the

accessibility by public transport (Table 4.1). It means that in the case of a new

railway or light rail station, the infrastructure developer could in principle claim

15–20% of the values of the properties that will be developed in the station area.

4.4.3 Development Model

Finally, the (outcome of) negotiation processes about value capturing will depend

on both the project type and the development model that has been applied to the

integrated development of both new infrastructure and property. We distinguish

between two project types: line infrastructure development (for instance, a new

motorway combined with the development of industrial estates near the motorway)

and node development (for instance, station area development combined with

public transport development). Usually a national (or provincial) government

body is responsible for the infrastructure development, while municipalities

together with property developers take care of the location development. Until

recently, separated financial schemes were used for both the infrastructure and the

location development project. Consequently, the national government body respon-

sible for the infrastructure development did not negotiate with the location

developers for a financial contribution.

So, until recently the national infrastructure developer used to have almost no

bargaining powers to negotiate about value capturing. However, the above men-

tioned introduction of a new Spatial Planning Act in 2008 also changed this status

Table 4.1 Increase in office rents, based on estimations from the property value modela (van der

Krabben et al. 2007)

Office rents in station areas

Breda Arnhem Schiedam

Present situation (without
positive impact station
area)a

Annual office rents per m2 181.52 € 178.91 € 205.14 €

Present situation (before
station area
redevelopment)a

Annual office rents per m2 208.39 € (+14.8%) 208.79 € (+16.7%) 240.22 € (+17.1%)

Improved situation (after
station area
redevelopment)

Annual office rents per m2 210.56 € (+16.0%) 210.04 € (+17.4%) 240.83 € (+17.4%)
aThe rents predicted by the model under ‘present situation’ are not necessarily equal to the actual

rents in the ‘present situation’, due to the fact that the variables related to the characteristics of the

building/tenant are left aside. This means that the model predicts rents for ‘average’ office space,

specified for the locations involved
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quo. Under the former Spatial Planning Act, provincial and national government

bodies were not allowed to develop land use plans, which led to the situation that

has been explained above (municipalities were responsible for location develop-

ment). Under the new Spatial Planning Act, however, national and provincial

government bodies may develop land use plans and can decide to take charge of

the location development as well. It is assumed that national and provincial

government bodies will make use of this right in case of supra-local projects (like

line infrastructure projects). This will bring them in a much better position to

negotiate directly with the location developers for value capturing.

4.5 Bargaining Game for Value Capturing

The bargaining game presented in this study models part of the decision-making

process with regard to the integrated development of both new infrastructure and

property, in the Dutch planning context (under the new Spatial Planning Act).2 The

part of the decision-making process that will be simulated in our game concerns the

negotiations about value capturing between the infrastructure developer (usually a

government institution) and the property developer(s). The model excludes other

parts of the decision-making process, including decisions regarding for instance

location choice, the desired accessibility profile of the location, the real estate

programme and the partnership construction.

4.5.1 Cooperative Game Model

As mentioned earlier, in this study we have restricted ourselves to the analysis of a

game in cooperative approach, more specifically, in characteristic function form, in

analyzing the bargaining process regarding the implementation of value capturing,

as well as its solution concept. By applying this approach, we aim to analyse the

bargaining process between the infrastructure developer and the location developer,

assuming that there is an increment in value of land and properties caused by the

development of infrastructure to be captured. The solution concept for the game is

utilised to find the equilibrium for the payoffs disbursement, i.e. the distribution of

the increment in value among players involved. This will allow us to analyse

the amount of increment in value that can be captured by the infrastructure

development from the bargaining process. In this experimental game, we consider

2The national planning context probably influences for a great deal the outcome of the bargaining

processes. When we would model a similar bargaining game for instance within the context of the

British planning system, the outcome would be influenced by the concept of planning obligation in

the Town and Country Planning Act. The concept of planning obligation means that the local

authority grants permission only, if the developer pays for related works, like infrastructure and

open spaces (Cullingworth and Nadin 2002).
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a situation with three players: one Infrastructure Developer (ID) and two Location

Developers (LD1 and LD2). This provides us with a basic situation for analyzing

the games with an infinite number of players which are often called as n-person

games (Luce and Raiffa 1957). These three players bargain to form a deal about the

contribution of the location developers to financing the costs of the infrastructure

development. The deal is, in game theoretical terms, to agree on how to divide the

outcome of a coalition.

The game is based on a number of assumptions regarding the strategies of the

players, their bargaining powers and the planning context. Those assumptions

are mainly derived from development practice in the Netherlands, as explained in

the previous section.

1. First, we assume that there is no institutional restriction for the infrastructure

developer to capture the increment in land value throughout the formation of a

joint venture or coalition with the location developer(s). This is related to the

new legal powers for national and provincial government bodies to develop land

use plans under the new Spatial Planning Act. On the other hand, the infrastruc-

ture developer does have legal powers for the enforcement of cost recovery, but

does not possess any legal powers to enforce value capturing. It is assumed that

full cost recovery takes place, but that the development gains for the location

developers exceed the costs that are recovered.

2. The second assumption is that the existing land use plan allows both the planned

infrastructure and planned location development project.

3. The infrastructure developer holds the land for infrastructure development; the

location developers own all the land that is available for location development. It

implies that land owners are not involved in the game.3 And, since the infra-

structure developer will be responsible for the land use plan, the municipality is

also not involved in the game.

4. In the game we distinguish between situations in which the bargaining process

takes place before the infrastructure development process has actually started

and situations in which bargaining starts after the infrastructure has been devel-

oped (see below).

5. The game concerns new infrastructure development, because the increment in

land and property values will be more substantial in this kind of projects

compared with projects intended to improve the existing infrastructure.

6. In line with the empirical evidence of the amount of value that can be captured in

station area development projects we found in Van der Krabben et al. (2007), we
assume in our game that the development of new infrastructure will increase

land and property values by 20%. Suppose each LD has 100 units of land and

3A different game can be played when the game starts at an earlier point in time, before the

location developers had acquired the land. In that case, the (original) landowners should be

involved in the game as well. However, in Dutch planning practice, the bargaining about value

capturing will usually take place between ID and LD’s.
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properties, and each unit will be worth 1,000 €. Then, ceteris paribus, the value or
profit of LD’s land and property developmentwithout infrastructure will be 100,000

€ and the development of infrastructure will add as much as 20,000 €. The analysis
is focused on how to divide these outcomes among the three players involved.

7. It is also assumed, in addition to the previous point, that location development

will still be profitable, in case the maximum of 120,000 € will be captured (in

that case: profit will be low, but still acceptable for the location developer).

8. Finally, like in any kind of game in game theory, the solution for this game will

be focused on the determination of the outcome which can be expected to occur

if the game is played by rational players.

In cooperative games, the concept of rationality diverges into individual ratio-
nality and collective rationality. The concept of individual rationality implies that a

player in a coalition will not accept any payoffs less than what he could obtain, if he

acts alone or without forming any coalition with anyone and without making any

bargaining at all. Formally, this concept is given by the inequality:

xi � vð�iÞ ði ¼ players involved ¼ 1; 2; . . . ; nÞ (4.1)

The concept of group rationality, on the other hand, implies that no subset of

players should get less than they can get by joining a coalition or in a formal way:

vðSÞ �
X

i2S xi for all S ðS ¼ coalitionÞ (4.2)

We also might say:

Xn

i¼1
xi ¼ vðNÞ ðN¼grand coalitionÞ (4.3)

When these two rationalities apply, or in another words, those three equations

are fulfilled in a set of payoff structure, then that particular payoff structure is called

the core of the game: the equilibrium of the coalition. The core is a very appealing

solution concept, because it is relatively easy to apply.

As mentioned earlier, the core of the game might be empty. Basically, the non-

emptiness of the core can be investigated from the characteristic function of the

game. As discussed by Kahan and Rapoport (1984), for N ¼ 1, 2, 3, the core is not

empty only, if vð123Þ � 1
2

vð12Þ þ vð13Þ þ vð23Þ½ � Furthermore, this condition

also implies that the game must be superadditive and the core will always be found

in the coalition structure {123} or the grand coalition. The core solutions for the

grand coalition can also be visualized in a geometrical representation (see below).

For this game, we consider three situations in which the players can form a

coalition:

1. ID will build the infrastructure only, if it can form a coalition with LD. Along

with that, LD will not be able to build the land and properties, if there is no

infrastructure to be built by ID. The bargaining process is assumed to take place

before the infrastructure development process has started.
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2. Similar to Situation 1, ID will only build the infrastructure, if it is able to form a

coalition with LD. However, unlike in Situation 1, LDs are able to develop the

land and properties even, if the infrastructure is not provided by ID. However,

the new infrastructure will increase the value of LD’s land and properties. In this

situation, the bargaining process is also assumed to take place before the

development process has started.

3. ID is able to build the infrastructure without making any coalition with LD.

However, a coalition would provide more benefit to ID. In this situation, the

bargaining process will take place after the infrastructure has been developed.

Based on the assumptions and concepts above, we are able now to analyze the

bargaining process in the implementation of value capturing, for each situation

where ID, LD1 and LD2 can form a coalition. Each location development can

create a value of 100,000 € (without infrastructure development) or 120,000 € (with

infrastructure development). Infrastructure development can also create a value of

20,000 €, without location development. The costs of the infrastructure and loca-

tion development are left outside the game, because they are not part of the

bargaining process.

4.5.1.1 The Game for Situation 1

Under the first situation, no player alone can realize a profit, so v(ID) ¼ v(LD1) ¼
v(LD2) ¼ 0. ID and LD1 together will create a value of 120,000 €, if they form a

coalition, because LD1 can create 100,000 € and the extra 20,000 €will be added to

it as the increment in value caused by the infrastructure development. It will be also

the case for a coalition between ID and LD2. However, the coalition between LD1

and LD2 alone will be worth nothing, because both developers cannot build their

land and properties if the infrastructure is not provided. The grand coalition,

consisting of ID, LD1 and LD2, will create a value of 240,000 €, because LD1

and LD2 will each create 100,000 €, while for both of them 20,000 € will be added

because of the infrastructure development. For ID ¼ 1; LD1 ¼ 2, and LD2 ¼ 3,

we summarized this information by the characteristic function:

v 1ð Þ ¼ v 2ð Þ ¼ v 3ð Þ ¼ 0;
v 12ð Þ ¼ v 13ð Þ ¼ 120; 000;
v 23ð Þ ¼ 0;
v 123ð Þ ¼ 240; 000

9>>=
>>;

8>><
>>:

In this game, there are several payoff divisions which satisfy both individual and

group rationality, i.e. the core. One such division is (80,000; 80,000; 80,000). We

can see in this structure that ID, LD1 and LD2 get more than they would have

received, if they would have acted alone. Therefore, it satisfies the individual

rationality. It is also obvious that in this payoff structure, each pair gets more

than they would have received in a coalition and all three get as much as they can
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in this game, which means that the requirement for group rationality has been

fulfilled. However, this payoff structure is not the only one that satisfies the two

concepts of rationality. Figure 4.1 shows all the cores of the game for the first

situation.

Figure 4.1 shows that the core payoffs (all points in the shaded area) are within a

convex polygon bounded by four points: (120, 120, 0); (120, 0, 120); (0, 120, 120);

and (240, 0, 0).4

Although these boundary points satisfy the two concepts of rationality and hence

can be considered as the core, these particular payoff structures may still seem to be

unfair. The fact that the core in this situation might not be unique and fair, makes

it difficult to apply as a predictive tool. The best outcome of the game would be to

find a solution concept, that predicts a unique expected payoff allocation for the

players. Shapley (1953) approached this problem axiomatically. He was looking for

properties we might expect to satisfy such a solution concept. For that purpose, he

characterized the mappings ’ that satisfy these properties.

In the game, assuming the players to be rational, the players can foresee that the

grand coalition will eventually form, since all three players can get more by

working together than in any partition into a separate coalition. The question that

each player is then considering, is how to bargain as the grand coalition will be

formed.

In this game, suppose ID approaches LD1 with the proposition to form a

coalition. At the most, ID could ask 120,000 from LD1, because the joint venture

between ID and LD1 will exceed LD1’s prospects when acting alone (LD1 gets

nothing if it acts alone). It will be the same if ID approaches LD2. Of course, ID

cannot expect that LD1 or LD2 will immediately agree to this proposition. In fact,

the same proposition can also be brought forward by LD1 to ID or LD2 to ID. The

other possibility for ID is to approach LD1 and LD2 together at the same time. ID

could ask, at the most, 240,000, because the coalition of LD1 and LD2 only would

(0, 240, 0)

(240, 0, 0)(0, 0, 240)

(0, 120, 120) (120, 120, 0)

(120, 0, 120)

Fig. 4.1 The core of the

game for the first situation

4To calculate the boundary points, consult Kahan and Rapoport (1984).
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get nothing at all. Therefore, ID is worth 240,000 to them as the third member of the

coalition. Here we can see that the players’ bargaining power depends on which

coalition he or she is about to join.

To generalize the situation, let us suppose that the grand coalition will eventually

be formed by increasing from one to two to three members. Without any specific

information on the order in which the members will join, let us suppose that all

orders are equal. Therefore, the following orders of joining may arise with the

probabilities as noted:

(ID, LD1, LD2) with probability 1/6

(ID, LD2, LD1) with probability 1/6

(LD1, ID, LD2) with probability 1/6

(LD1, LD2, ID) with probability 1/6

(LD2, ID, LD1) with probability 1/6

(LD2, LD1, ID) with probability 1/6

It is clear that each player – when he took the initiative – was not approached by

anyone in two of the six circumstances. In that case, the value will be zero.

Therefore, with a probability of 1/6 + 1/6 ¼ 1/3, each player can expect to get 0.

Let us continue to analyze ID. With a probability of 1/6, ID can expect to get

120,000 from LD1 or from LD2. Then there are two circumstances that ID is

approached by the coalition of LD1 and LD2. In this case, with the probability of

1/3, ID can expect to receive 240,000. In sum, ID’s expected prospect is:

’ID ¼ 1=3�0þ 1=6�120; 000þ 1=6 � 120; 000þ 1=3�240; 000 ¼ 120; 000

This expectation is called the Shapley value of the games to ID. This value does

not only represent the expectation, but also the bargaining power of ID in the

coalition. In general, by designating the Shapley values by ’i (in which i is the

players involved) and for ID ¼ 1; LD1 ¼ 2, and LD2 ¼ 3, we have:

’1¼
1

3
½vð123Þ��½vð23Þ�þ1

6
½vð12Þ��½vð�2Þ�þ1

6
½vð13Þ��½vð�3Þ�þ1

3
½vð�1Þ��½vð �6oÞ� (4.4)

’2¼
1

3
½vð123Þ��½vð13Þ�þ1

6
½vð12Þ��½vð�1Þ�þ1

6
½vð23Þ��½vð�3Þ�þ1

3
½vð�2Þ��½vð �6oÞ� (4.5)

’3¼
1

3
½vð123Þ��½vð12Þ�þ1

6
½vð13Þ��½vð�1Þ�þ1

6
½vð23Þ��½vð�2Þ�þ1

3
½vð�3Þ��½vð �6oÞ� (4.6)

We can then calculate the expected prospects of LD1 and LD2:

’LD1 ¼ 60; 000

’LD2 ¼ 60; 000

It is obvious that the summation of the expected prospects of all players is equal

to the value of the grand coalition.
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4.5.1.2 The Game for Situation 2

In Situation 2, ID alone cannot build the infrastructure and create any profit, while

LD1 and LD2 still can develop their land and property and create 100,000 € each, if

they act alone. Like in the first situation, if either LD1 or LD2 agrees to create a

coalition with ID, the pair (LD1,ID or LD2,ID) will create a value of 120,000 €,
because the infrastructure will then be developed creating an extra value of 20,000 €
for LD1’s or LD2’s initial value. However, unlike in the first situation, here the

coalition between LD1 and LD2 will create a value of 200,000 €, because it will

combine their initial value. The value of the grand coalition will be the same as in

the first situation, because it will combine the value of the coalition of ID and LD1

and also ID and LD2. Then, for ID ¼ 1, LD1 ¼ 2 and LD2 ¼ 3; this information

can be summarized by the characteristic function as follows:

v 1ð Þ ¼ 0;
v 2ð Þ ¼ v 3ð Þ ¼ 100; 000;
v 12ð Þ ¼ v 13ð Þ ¼ 120; 000;
v 23ð Þ ¼ 200; 000;
v 123ð Þ ¼ 240; 000

9>>>>=
>>>>;

8>>>><
>>>>:

Using the same method that has been applied for the first situation, we can also

conclude that the core for the game in the second situation is non-empty and it can

be drawn using the geometrical representation as shown in Fig. 4.2.

Here we found that the core is lying within a convex polygon bounded by three

points: (0, 120, 120); (20, 120, 100); and (20, 100, 120). Similar to Situation 1, these

core structures also seem to be unfair. Therefore, again, we look for the solution

concept that predicts a fair and unique expected payoff allocation for the players,

i.e. the Shapley value. Using the (4.4), (4.5), and (4.6) we can find the Shaply

Values for ID, LD1 and LD2 in Situation 2. They are:

’ID ¼ 20; 000

(0, 120, 120)

(20, 120, 100)
(20, 100, 120)

(240, 0, 0)(0, 0, 240)

(0, 240, 0)

Fig. 4.2 The core of the

game for the second situation
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’LD1 ¼ 110; 000

’LD2 ¼ 110; 000

4.5.1.3 The Game for Situation 3

In Situation 3, ID can build the infrastructure without making any coalition with

LD1 or LD2. Then, when ID develops the infrastructure alone, this development

will increase the value of LD’s land and property ‘automatically’ by 20%. Using the

same figures as in the first and second situation, both LD1 and LD2 will have a

value of 120,000 € due to this development. Suppose ID and LD1 agree to form a

coalition. The value they create will also be 120,000 €, because there is no

additional value brought into the coalition by ID due to the fact that this has already

been delivered to LD1. The coalition of ID and LD2, consequently, will also give

the same outcome. While the coalition of LD1 and LD2, in this situation, will create

a value of 240,000 €, as the summation of their initial values. And the grand

coalition will also create a value of 240,000 €, again, because ID gives no

additional value to the coalition. This information can be summarized by the

characteristic function as follows for ID ¼ 1; LD1 ¼ 2, and LD2 ¼ 3:

v 1ð Þ ¼ 0;
v 2ð Þ ¼ v 3ð Þ ¼ 120; 000;
v 12ð Þ ¼ v 13ð Þ ¼ 120; 000;
v 23ð Þ ¼ 240; 0000;
v 123ð Þ ¼ 240; 000

9>>>>=
>>>>;

8>>>><
>>>>:

Unlike in the first and the second situation, we found here that the core is in a

single point (0, 120, 120). The geometrical representation of this core is given in

Fig. 4.3.

(0, 120, 120)

(240, 0, 0)(0, 0, 240)

(0, 240, 0)

Fig. 4.3 The core of the

game for Situation 3
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Interestingly, using the analysis of Shapley value, we also found the same result:

’ID ¼ 0

’LD1 ¼ 120; 000

’LD2 ¼ 120; 000

4.5.2 Discussion

Based on the analysis of the bargaining process for capturing increment in land

value as performed above, we found three different outcomes for three different

situations in which the players can form a coalition. Based on these outcomes we

can investigate howmuch value can be captured, if the players involved can bargain

to divide the increment in value of land and property within the process of coalition

formation. In Situation 1, the infrastructure developer could obtain 120,000 € based

on its bargaining power. It means that the value that can be captured by the

infrastructure developer is more than the increment in value it creates from the

development of the infrastructure. Using our experimental figures, the increment in

value caused by the infrastructure development for one location developer is 20,000 €.
Since in our experimental game there are two location developers, the total incre-

ment in land and properties value will be 40,000 €. The infrastructure developer

might be able to obtain 120,000 €, because its bargaining power is very strong in this
situation due to the fact that the location developers cannot develop their land unless

the infrastructure is developed. The increment in values of location developers’

property caused by the infrastructure development in this situation is therefore not

40,000 € but 120,000 €.
In Situation 2, the infrastructure developer can expect a result of 20,000 € from

the bargaining process in the coalition formation with location developers. It means

that the value to be captured by the infrastructure developer is lower than the total

increment in values it creates. Here the bargaining power of the infrastructure

developer is not as strong as in the previous situation, because the location

developers still can develop their land even though the infrastructure developer

does not build the infrastructure.

And for Situation 3, the bargaining power of the infrastructure developer is even

lower than in the second situation. The expected payoff in forming a coalition is

zero for the infrastructure developer. This situation can be explained as follows: the

fact that the infrastructure developer can build the infrastructure without forming a

coalition with the location developers, makes the option of forming a coalition

become unattractive for the location developer. The location developer can get the

increment in value automatically when the infrastructure is built by the infrastruc-

ture developer. Based on the concept of rationality, forming a coalition is only

attractive if it brings added values for the coalition member. In this case, the

76 A. Samsura and E. van der Krabben



attractiveness of forming a coalition is related to the possibility of acquiring the

increment in land and property value. In this situation, the infrastructure developer

has therefore no bargaining power, because there is no added value for the location

developers to form a coalition with the infrastructure developer. The coalition that

will be formed will then only have a payoff distribution that is equal to the initial

value of its member.

From the analysis above, we found that the equilibrium amount of increment in

value caused by infrastructure development that can be captured varies from one

situation to another. Therefore, we can learn that the policy of value capturing that

endorses the infrastructure developer to recoup the increment in land and property

values, without any consideration of the situation in which the infrastructure

development process interacts with the land development process, will be problem-

atic because it may result in an inefficient allocation of resources.

4.6 Conclusion

In this chapter, we analysed the bargaining process between the infrastructure

developer and the location developer(s) regarding the implementation of value

capturing, by making use of a cooperative game theory approach. We have argued

that bargaining is a ‘natural process’ to solve externality problems. We have also

brought forward that, like in everyday life, bargaining quite often plays a decisive

role in decision-making processes for spatial development. The outcome depends,

of course, to a large extent on the institutional planning context in which those

decisions are made. Negotiations about contributions to plan-related costs,

creaming off development gains and value capturing almost always involve a

process of bargaining. Modelling those bargaining processes may help to improve

our understanding of the outcome of it. In this study, we aimed to demonstrate the

usefulness of game theoretical modelling for this purpose.

The games show how game theory can be used to increase our understanding of

bargaining processes. We found from the analysis, that the amount of increment in

land and property values caused by the infrastructure development – which can be

captured from the bargaining process – varies. This is due to the situation or context,

in which the players can form a coalition which will affect the bargaining power of

the players involved. We also found from the analysis that the Infrastructure

Developers’ bargaining power is stronger when the Location Developer is depen-

dent on the infrastructure to be built and also when the decision to build the

infrastructure can only be taken by the Infrastructure Developer, if the Location

Developer agrees to cooperate beforehand. Our advice to the Infrastructure Devel-

oper in the game would be to wait with infrastructure development until (one of) the

Location Developers is willing to make a coalition. To convince the Location

Developers to form a coalition, it will help when the success (or: profitability) of

the location development heavily depends on the infrastructure development (for

example, in case of the development of a new transport node). Contrarily, our advice
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to the Location Developers would be to start location development (and even

acquiring land) only after the infrastructure has been completed (though they

probably would have to pay more for the land). The recent changes in Dutch

planning law and the possibility for the national government body, that is responsi-

ble for the infrastructure development to develop its own plans and enter the

negotiations about value capturing directly – as we did in our game – is believed

to influence the (outcome of the) bargaining process. Because the experiences with

the new planning law and the changing roles for national and provincial government

bodies are still very limited, we do not know yet how the status quo will change.

We are aware of the analytical problems of this approach. Since every model is a

simplification of the real world, its reliability depends on basic assumptions that are

used as the basis for its construction. In the games that we have constructed in this

article we have assumed that the transaction costs of the bargaining process and the

coalition process are zero. We referred to the Coase theorem to explain that a

situation of zero transactions costs cannot easily be fulfilled in the real world.

Therefore, the next step for this research should be an analysis that takes transaction

costs in forming a coalition into account. It means that we must bring in the

institutional context into the model, which is in fact the argument made by Coase.

We believe that – as the next steps in the construction of the model – at least part of

this complexity can be brought into the model. Second, the figures regarding the

value of the coalition still should be validated empirically, although we use the

results of earlier studies to draw those experimental figures. This can be done as well,

for instance by surveys amongst all stakeholders. Moreover, the outcomes of the

games and the equilibriums that we have found must be tested. For this purpose, the

games can be ‘played’ in a laboratory situation by real stakeholders. Another aspect

that must be analyzed is, in the case of value capturing, the impact of the ‘captured

value’ on both the financial budgets of the infrastructure developer and the location

developers. In our game, the profits of the location developers will drop with 20%,

which is quite substantial. However, in case of a major infrastructure development,

the value captured most likely only adds a small percentage to the financing scheme

of the infrastructure developers. Finally, the model we developed in this study does

not take into account the possibility of the free-rider problem. Here we consider that

free rider behaviour gives no benefit to all players involved. The reality may not be

like that. However, in the case where the free rider problem may occur, the model

can be extended into the so-called partition function formwhich is the generalization

of the characteristic function form that we employed in this study.
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Chapter 5

NETLIPSE: Managing Large Infrastructure

Projects

Marcel Hertogh and Eddy Westerveld

5.1 Large Infrastructure Projects: Introduction

5.1.1 European Ambition

Transport networks are needed for modern economies to create wealth and employ-

ment. But the current networks of infrastructure are not considered to be sufficient.

To meet rising and changing demands for interregional and international mobility,

infrastructure projects are being developed, for example, High Speed Links, Rail

Freight Lines and motorways. On a European scale, 30 trans-national axes

have been identified by the European Commission which cross the borders of the

European Union. In 2005, the total remaining investment required to complete

the 30 priority projects and axes in 2020 was estimated to be 252 € billion. If all the

other projects of so-called common interest are included that are not on the priority

list, the total cost of completing and modernising are much higher. Mr Barrot, Vice

President of the European Commission, and responsible for transport, wrote in 2005

(European Commission 2005): “In view of growth in traffic between Member States
the investment required to complete and modernise a true trans-European network
in the enlarged EU amounts to some € 600 billion.”
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5.1.2 Insufficient Performance

The implementation of transport networks and infrastructure projects is an enor-

mous task. This becomes visible when we look at activities necessary to design

and construct the new infrastructure: Often, for construction, participants rely on

different kinds of new technology, which can be very complex. Also stakeholder

networks active within large infrastructure projects (hereafter abbreviatied as LIPs)

is a complicating factor: Often with lengths of hundreds of kilometres, these

projects have a big impact on the landscape, environment and, generally, on the

numerous stakeholders that are involved. This challenge seems to be a difficult task,

since the performance is disappointing. The performance fails to meet the expecta-

tions in terms of (1) time, (2) costs and (3) stakeholder satisfaction.

In 1994, the European Commission initiated 14 priority projects (since 2005 this

number has been increased to 30). What were the results after 10 years of priority

projects? Mr. Jacques Barrot, reflected on the progress made so far in 2005

(European Commission 2005): “After 10 years, however, it is clear that the results
fall short of the overall ambitions. In 2003, barely one third of the network had been
built. And only 3 of the 14 specific projects endorsed by the European Council at
Essen in 1994 has been completed”.

Projects are not only failing in terms of time performance. Flyvbjerg studied 258

transportation infrastructure projects worth US$ 90 billion (Flyvbjerg et al. 2003;

Flyvbjerg 2007). Using his database, he studied the reliability of cost estimations

and found that:

• Cost overruns of 50–100% in real terms are common in mega projects, overruns

of more than 100% are not uncommon;

• Inaccuracy in cost forecasts is on average 45% for rail, 34% for bridges and

tunnels, and 20% for roads (see Table 5.1).

Apart from the disappointing performance in terms of money and time, we

notice general dissatisfaction of involved stakeholders with the development and

realisation of large infrastructure projects (Teisman 1992; WRR 1994, and more

recently, Hertogh et al. 2008).

In the Netherlands, cost overruns of two big projects were the immediate cause

for the parliamentary enquiry, executed by the Temporary Committee for Infra-

structure (TCI) that carried out a thorough investigation into the decision-making

process concerning the Betuweroute and the High Speed Line South, two projects

that also are part of the TEN-T priority axes and projects (TCI 2004). One of the

conclusions the TCI reported was that LIPs generally fail to meet the demands of

Table 5.1 Inaccuracy of transportation cost estimates by type of project

Type of project Number of cases Average cost overrun (%) Standard deviation

Rail 58 44.7 38.4

Bridges and tunnels 33 33.8 62.4

Road 167 20.4 29.9
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society, not only regarding the delays and overruns, but also in other areas, where

stakeholders involved are often not satisfied with the final results of a project in

terms of the added value (benefits) and with the way of dealing with the protection

of ‘negative interests’. LIPs often seem to be ‘out of fit’, causing a democratic

deficit (Nijssen 2006).

5.1.3 Rising Demands

Whereas in the past one organisation – that is, the government – was dominant and

able to implement a project, using their own planning, the current situation is

characterised by numerous stakeholders that all have some kind of influence, but

not one has decisive power. In short: ‘No one is in charge.’ At the same time,

legislation has become tighter. The big influence of all kinds of stakeholders and the

diminishing acceptance of flaws, result in a severe challenge for the project delivery

organisation that tries to realise a large infrastructure project, but also for the other

stakeholders involved. What was considered ‘good’ 10 or 20 years ago, is not good

enough anymore.

5.1.4 Enormous Challenge

The demands for and expectations of LIPs have increased rapidly during the past

two decades. Ambitions are high and the performance is disappointing. It is now

time to address the challenge we are facing. The TCI (2004) reported that the

development of new infrastructure projects is greatly hampered by inadequate

policy-making, as well as by the management of the projects. Are management

and administration able to cope with these challenges? Or is it a ‘mission impossi-

ble’? We are convinced that it is possible, as long as the management and adminis-

tration improve their performance in line with the added requirements (Fig. 5.1).

5.1.5 Transition Towards Sustainable Mobility

The need to increase management performance of LIPs means the following in

terms of People, Planet and Profit:

Quality
of management 

Requirements
to management ↑ ↑

Fig. 5.1 The requirements to the management of LIPs
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People
People have great need of mobility. This is illustrated by the enormous growth of

recreational traffic to which society has to respond. By increasing the opportunities

for mobility, infrastructure projects indirectly contribute to the development of

people (talents, abilities). It will lead to shorter travel times and, at the same time, to

a higher service level. This will increase customer satisfaction. On the other hand,

by adding competences to project managers, the quality of the solutions will

improve. For example, this could mean less inconveniences for neighbouring

people along the line, and a higher safety level with the participation of fire

brigades.

Planet
The last decade, there has been a further increase in environmental requirements

nationally, as well as internationally from the EU, Kyoto, habitat legislation, fauna

legislation (e.g. birds), compensation rules, the Malta agreement on archaeology,

and so on. These regulations are an expression of the concern about the environ-

ment, but also make the development of infrastructure more difficult and complex.

The challenge for project managers and decision makers of infrastructure projects is

to meet these environmental requirements as formulated in the great many new

rules and laws.

Many of the projects under research were aimed at the improvement of the

environment (e.g. transition from car or airplane towards public transport, as is the

case at West Coast Mainline and Gotthard and L€otschberg) (Schalcher et al. 2007
and Hertogh et al. 2008). By improving the management, themes like sustainability

and environment, can be better incorporated in the projects, and moreover, take an

important role in the initiation of these projects.

Profit
Infrastructure is very expensive. We suppose that a more advanced way of

management and organisation will reduce the costs and, by this, also consumer

fees. By decreasing the costs of mobility, the economic sector spends less money,

leading to a rise in productivity. The European Union and her members have

stressed, that the quality of mobility is important for the social and economic

development of Europe, and that this quality doesn’t fit our needs today. In other

words, if we do not succeed in improving mobility, Europe will lose its competitive

position. The costs of traffic jams for the economy amount to billions of euros.

These costs will rise if we are not able to realise high-quality infrastructure.

Looking at sustainability, the added value of the PhD study is largely indirect, as

will be clear when looking at the results of the study and the description of the three

P’s. This indirect relationship is illustrated in Fig. 5.2.

Figure 5.2 shows that the ambitions in terms of sustainability can only be

realised by effectively combining measures (i.e. 80%) and increasing management

capability (i.e. 20%) or governance. The developed management approaches con-

tribute to the latter category. The intention was to develop more sophisticated

management approaches, suited to meet the demands formulated, in such a way

that interests (for example, environmental) are better incorporated in the
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implementation and operational phase of LIPs. And, thus, to contribute to a

sustainable society.

5.2 Methodology

The challenge described in Sect. 5.1, was tackled by setting up two related studies:

1. PhD research on the management of complexity

2. NETLIPSE programme for the European Commission

The results shown in this chapter are a summary and selection of the conclusions

of both these studies. Please note that not all references in the list at the end of this

chapter are referred to in this chapter.

5.2.1 PhD Research on the Management of Complexity

In 2004, two practitioners started a PhD study to find suitable ways to improve the

management of the implementation process of LIPs (Hertogh and Westerveld

2010). The main question of the thesis was:

How does the implementation process of large infrastructure projects in Europe

evolve, how are the characteristics of complexity visible in the implementation of

large infrastructure projects, how is this process managed and what are suitable

ways to improve the management of the implementation process?

Time
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Direct 
measures

Management
capabilities

Shortage

Desired

development

Independentdevelopment

Fig. 5.2 Role of management capability in stimulating sustainability
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To answer the research question, the viewpoint of methodological pluralism was

adopted. This means that the methodology was specifically tailored to answer this

question, and that no universal methodology was applied. The research relates to of

the field of public administration as well as management science, because the

central objects of study were the ‘project delivery organisations’ and stakeholders

that are concerned with the implementation of large infrastructure projects. In

addition to studying these issues, we have described and analysed the implementa-

tion processes of LIPs.

Since the researchers are, in practice, working in the field of LIPs, the research

was a specific case of action research (Reason and Bradbury 2001). This means that

the researchers are an important part of the studied subject. The researchers

operated as ‘reflective practitioners’. The aim of this study was both practical and

scientific. The goal was to develop ‘substantial theory’. The theory developed can

be helpful in solving practical dilemmas in the management of complexity in large

infrastructure projects. This means that the developed theory consists of heuristics

to be used by stakeholders in the field of LIPs, which are based on the analysis of

empirical data.

In this thesis comparative case studies were used, combined with some of the

principles of grounded theory (Glaser and Strauss 1967) as the primary research

strategy. This research contained an explanatory approach to generate theory. This

means that the study is performed in the context of discovery, where the aim is to

construct new theory from practice, with a mainly qualitative focus.

For this research a case study protocol was used to structure the research. This

protocol contained the conceptual model and the research design. The conceptual

model contained the theoretical framework used to collect and analyse the case

study data. In order to answer the primary research question, six cases were studied:

The Betuweroute, HSL-South, RW73-South, Gotthard, L€otschberg and West Coast

Mainline.

5.2.2 NETLIPSE Program for the European Commission

In 2006, the European Commission financed the initiative NETLIPSE, in which 15

large projects have been studied by a consortium of eight organisations throughout

Europe (ministries, knowledge institutes/universities and private companies)

(Hertogh et al. 2008). NETLIPSE and the PhD study are closely related. In fact,

NETLIPSE originated when the Commission showed their interest in the outcome

of the PhD study and challenged the involved scientists to write a proposal fitting

their sixth framework proposal.

The NETLIPSE project was to set up an interactive and dynamic network for

LIPs in Europe for the dissemination of experience and knowledge, specifically

focussed on the management and organisational aspects of these projects. At the

core of the project is a knowledge capturing methodology that has been used to

assess the quality of 15 LIPs (see Fig. 5.3) that have been reviewed in order to
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identify best practices for other projects. Through the network, partners can benefit

from the experiences of other LIPs by sharing the knowledge gained.

5.3 Main Findings

5.3.1 What is Complex in the Management of LIPs?

In (1) the PhD thesis we developed a complexity scan, and (2) in NETLIPSE

research programme we looked at management themes.

5.3.1.1 Complexity Scan

To answer the question ‘What is complex in the management of LIPs?’ for the PhD

thesis, we developed a complexity scan. In this scan we distinguished six types of

complexity:

• Technical complexity

• Social complexity

• Financial complexity

• Legal complexity

• Organisational complexity

• Time complexity

Projects (mode):

1. Betuweroute (rail)
2. Ring road Bratislava (road)
3. Gotthard Base Tunnel (rail)
4. HSL-South (rail)
5. Lezíria Bridge (road)
6. Lisbon - Porto (rail)
7. Lötschberg Base Tunnel (rail)
8. Maaswerken (water)
9. Motorway A2 (road)
10. Motorway A4 (road)
11. Motorway E18 (road)
12. Nuremberg - Ingolstadt (rail)
13. Øresund bridge (road & rail)
14. Unterinntalbahn (rail)
15. West Coast Main Line (rail)

Fig. 5.3 The 15 projects studied by NETLIPSE
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We used the complexity scan in two ways, first, by analysing the answers of

interviewees on the question: “What makes your project complex?” (direct

approach: blue columns) and also by analysing 14 crucial events in the six projects

(indirect approach: red columns). The results are shown in Fig. 5.4. The figure

shows the relative importance of each complexity: the total of the six complexities

for each project is 100%.

By looking at the answers from respondents and analysing our cases, we

conclude that the most dominant form of complexity experienced by practitioners

is social. Social complexity is high when we observe the following elements:

conflicts of interest, different meanings and perceptions, as well as large impact.

Dealing with social complexity can be done by applying the strategies from

‘interactive management’ (Fig. 5.5).

Legal complexity proved to be of less importance. This is interesting, because

many recent initiatives trying to stimulate the successful implementation of LIPs

have focussed on legal aspects.

Organisational complexity was mainly visible in the relationship between the

project delivery organisation and its parent and principal organisation. Two main
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Average Interviews 20% 33% 14% 5% 19% 8%
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Fig. 5.4 Results complexity scan

Fig. 5.5 Four approaches

to complexity management
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examples of technical complexity are: dealing with new innovative technology; and

technological uncertainty. Financial complexity is, for example, related to the

distribution of costs and benefits, the perception of cost developments; different

perceptions about definitions and agreements; optimism bias and pessimism bias

etc. We found that the Betuweroute was a best practise in dealing with financial

complexity in the realisation phase (Flyvbjerg and Westerveld 2007).

In our analysis, time complexity turned out to be the exceptional dimension,

since it is heavily related to the nature of change which affects the other five

elements of our framework. Each project has a unique history and is strongly

influenced by unique events. As a result, the implementation of LIPs can often be

characterised as a non-linear implementation process. For managers, this type of

complexity means that a unique, tailor-made approach needs to be developed in

order to meet the challenges faced by a specific LIP.

5.3.1.2 Eight Management Themes

The NETLIPSE research focused on eight themes: Objectives and scope; Stakeh-

olders; Financial Management; Organisation and management processes; Risks

(threats and opportunities); Contracting; Legal consents; Knowledge and technol-

ogy. For each of these themes, many best practises and lessons learnt have been

found.

From a quantitative analysis, we have drawn the following main conclusions for

the 15 projects researched:

1. In general, Scope & Objectives, Finance and Legal consents are organised best.

2. In general, Stakeholder Management lacks measurement, Knowledge & Tech-

nology are less organised, and Human Resource matters appear to be neglected.

3. The ‘hard factors’ are better organised than the ‘soft factors’.

4. The ‘control’ part is better organised than the ‘interactive’ parts.

5. The projects are not very open to optimisations, opportunities and new ways.

6. Projects are open to research, knowledge management and new technologies

only to a limited extent.

In both the PhD study and the NETLIPSE research, the question was asked

to what degree the conclusions on the management of LIPs are valid in each

country. At first, it appeared that national context and culture would be a key factor,

which would make drawing general conclusions on an international level highly

difficult. But, throughout the studies, it quickly became clear that management

themes and challenges faced in projects are highly similar across the studied

projects. So there is a sufficient basis for knowledge exchange. On the other

hand, it was also concluded that simply copying best practice from one case to

another, without paying attention to the local context, could lead to disappointing

results. So, while management themes are similar, project managers always need to

take the local context into account when developing their own, customised,

practices.
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5.3.2 Management Approaches

5.3.2.1 Four Approaches

‘How can managers responsible for the implementation of LIPs manage the com-

plexity inherent in these projects?’. In our answer to this question, we have

developed a framework of four management approaches, that are graphically

presented in Fig. 5.5.

Detail complexity can be seen as the traditional view, in which the number of

elements and relationships form the basis. Dynamic complexity, on the other hand,

can be linked to a perspective where the relationship between cause and effect is

diffuse, and coincidences play an important role. This dynamic complexity has

broken with the traditional view on systems as being knowable and predictable.

According to Senge (1994), dynamic complexity occurs when the same action has

totally different effects in the short and the long run; when an action has one set of

consequences locally and a different set of consequences in another part of the

system; when obvious interventions produce non-obvious consequences.

5.3.2.2 Content Focused Approach

The first approach is the internal and content-focussed approach (Hertogh 1997). In

our case analysis, it quickly became clear, that there was a frequently used approach

which was not a part of our theoretical framework. We labelled this ‘the internal &

content focussed approach’ because it involves a lack of clear management

strategies, but relies on a pure focus on finding a technical solution to a perceived

problem, without paying too much attention to strategies of control and interaction.

The approach is highly internal: the satisfaction of involved stakeholders is not

regarded a major concern.

It was striking that we often observed the content-focussed approach. We found

that the success rate of this approach in the management of complexity is very low.

Factors that we have observed that proved to be a stimulus for the content-focussed

approach are:

• Lack of attention and low priority;

• Experts in the role of project manager with an underlying focus on content;

• Financial tensions and ‘imperatives’, e.g. budget or cost overruns, that may lead

to decisions unpopular with (main) stakeholders, without (sufficient) interaction

with them;

• Organisations that are unfamiliar with each other’s characteristics, causing

decisions to be made without sufficient attention being paid.

• A limited internally focused group in charge leading to ‘groupthink’.

The content-based approach may lead to premature convergence, which

removes the possibility of exploring other, possibly promising, alternatives. This
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proves the extreme importance of the starting conditions. In addition, the negative

impact of the approach, animosity, may last long after the approach has been

changed to a more control- and/or interaction focussed approach.

While the content-focussed approach might possibly be successful in situations

of low complexity, the likelihood of success of this approach in situations of high

detail and dynamic complexity turns out to be fairly low. Overall, the approach has

very limited scope for dealing with both detail and dynamic complexity. In addi-

tion, it may lead to dissatisfaction amongst stakeholders.

5.3.2.3 Systems Management

Detail complexity is linked to strategies of systems management, in which

strategies are focussed on control. Systems management can be classified as an

approach based on a ‘deterministic’ perspective: tight monitoring and steering of

costs, time and scope (Turner 1997). The aim of this approach is to make sure that

the project will be delivered according to the set specifications, and within the set

boundaries of costs and time. Tools and techniques have been developed to

structure the collection of information so as to minimise the chances of unpleasant

surprises (Westerveld and Gayá Walters 2001).

From our research, we conclude that, although systems management is often

regarded a hygiene factor in the management of LIPs, its application is certainly not

a given. Systems management within LIPs is a time-consuming task, often

supported by sophisticated tools, that requires continuous attention in the set-up

and use of appropriate instruments of project control.

5.3.2.4 Interactive Management

The strategies control described in the previous section has proved to be less

suitable in dealing with dynamic complexity, especially the dynamic development

of the stakeholder system in LIPs, but this is where our third approach, ‘interactive

management’ comes into play (Teisman 1992; Hertogh 1997 and de Bruijn et al.

1998). Interactive management was originally developed as an alternative or

supplement to systems management. Traditional systems management strategies

turned out to be not capable of dealing with the dynamics of (local) stakeholders,

often found in LIPs. Interactive management essentially focuses on interests of

all stakeholders, so as to improve their support of the project. But interactive

management goes further than creating support for a decision that already has

been made: it also covers joint initiatives, co-production and co-financing. The

strategies of interactive management have an external focus – looking at stake-

holder satisfaction – and also focus on the flexibility required to deal with the many

changes within LIPs. This makes these strategies better suitable for dealing with

dynamic complexity.
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The case analysis proved convincingly that interaction pays off. It can improve

satisfaction for both the civil principal, project delivery organisation, and the

external stakeholders. An open approach towards stakeholders has more chances

of success in the management of high complexity than an internal approach.

But be careful. An over-application of interaction might lead to false expecta-

tions and time- consuming processes that, in the end, offer no benefits to those

involved. So, interactive management is not the only necessary condition.

5.3.2.5 Dynamic Management

The fourth and final approach is called ‘dynamic management’. This approach is

based on a synthesis of our findings in the successful management of complexity. It

is our answer to the question: ‘How to manage complexity in LIPs’. Dynamic

management is based on: (1) Balancing control and interaction and (2) Doing the

extraordinary.

Balancing Control and Interaction

In major projects, there is a fine balance to be drawn between the need for control

(with the use of traditional systems management techniques) and constructive

interaction between the parties. Strong control helps to prevent purpose and scope

‘creep’. Constructive interaction can help projects to accept new, and often exter-

nal, changes or delivery methodologies. These changes might potentially improve

the project outputs, reduce costs or speed up the project delivery.

De Bruijn et al. (2004) concluded that control and interaction are complemen-

tary. Both are needed. The challenge is to balance both approaches. Because LIPs

show both the characteristics of high detail and high dynamic complexity, strategies

of control and interaction need to be balanced in order to be successful (Fig. 5.6).

Doing the Extraordinary

We saw that one key to successful management in LIPs is clearly the effective

combination of the strategies of control and of interaction. But is that all there is?

Fig. 5.6 Balancing control

and interaction
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When looking at our case material, we found that, in order to be truly successful in

the management of complexity, we need ‘extraordinary efforts’. This is the second

element of our dynamic management approach.

These extraordinary efforts can be made at the following levels:

1. Stakeholders system – achieving a higher degree of cooperation

2. Level of the ‘actor’ or ‘player’ – going the extra mile, the project delivery

organisation working as project champion

3. Personal level – competent people making a difference

Apart from working at these levels we also need:

4. Extraordinary new management solutions

5. Participants in LIPs to recognise and use momentum in projects. They need to

use the apparent windows of opportunity that occur within the lifespan of LIPs.

Many times events perceived as threats may lead to ‘golden opportunities’.

An illustration of the elements of the dynamic management approach was

observed at the West Coast Mainline.

Case West Coast Mainline

The West Coast Main Line (WCML) (Hertogh et al. 2006; and Teisman et al. 2009)

is Europe’s busiest mixed-use railway (see Fig. 5.7 for an illustration). It connects

London with major urban areas in the northwest. More than 2,000 trains a day

use the line, transporting both passengers and freight. The train services consist of

long-distance, regional and local (short-distance) commuter trains, along with

substantial freight traffic. The latter represents around 40% of the total rail freight

traffic movements in the UK. The WCML relates to the 650 km main line between

London Euston and Glasgow, which also serves the West Midlands (Birmingham),

the North West (including Manchester amd Liverpool) and North Wales (with

connections to and from Ireland). Presently, there are some 22 million passenger-

train km a year and six million freight-train km a year.

Until 1993, theWCMLwas totally located within the public monopoly of British

Rail (BR). Due to the inability of BR to innovate the line, a new approach was

adopted, mainly based on private interference and private, market-oriented decision

making. Government officials thought that they were relieved from the burden of

improving the WCML. The private approach, however, led to huge cost overruns

and, finally, to the bankruptcy of Railtrack, the private successor to BR. The Rail

Administration took the responsibility back (2001) and a new combined arrange-

ment on the edge of public and private domain was developed. Even though this

institutional dynamic is exceptional, the shifts between public and private stage

setting and direction is not unique at all. WCML can be seen as a large-scale

reproduction of the difficult combination of public and private interferences with

large infrastructure projects. WCML shows, better than any other case probably
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could do, that neither the pure private responsibility, nor the pure public responsi-
bility leads to a successful implementation.

In the BR period, the renovation was neglected, and in the RT period the reality

of the existing assets of a highly integrated and complex rail system was neglected.

In the last period of joint responsibility between public and private partners, a new

balance between public leadership and private realisation power was found. This

Fig. 5.7 West coast mainline
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hybrid management context is needed for high-quality upgrading, but also requires

really high-quality management, able to deal with two quite different value systems.

It was one of our striking insights that some managers in the area of WCML mainly

dealt with public values, some with private values and at least two dealing with

public values but understanding private values or the other way around. This chain

of managers seems to be an important part of mature management of large infra-

structure projects.

Furthermore, it is fascinating to see that there seems to be a clear formal

distinction between public (DfT, Office of Rail Regulation) and private domain

(Network Rail, Virgin and other operators) but that, in fact, the whole rail industry

is operating as a network of partners. The degree of maturity does more depend on

the quality of the network of managers, than on the formal structures themselves.

As in every formal structure unable to deal with the complexity of a project

like WCML, there are tensions between participating formal bodies like DfT, ORR

and NR, and between Virgin and NR and so on, but since the network management

and the network of management has developed, for instance in terms of joint

sessions and joint documents, the parties involved act with more knowledge

about the reality of the rail systems as well as the possibilities for renovation,

innovation and return on investment. The parties have also been brought together

by the common objective of achievement: it was clear to the whole industry that the

£5.6 billion that the UK Treasury was willing to donate in 2002 – on top of the £2.5

billion already spent – was a last chance for the whole industry to demonstrate its

ability to achieve strong results from investment. Many observers felt that if the

project had failed again, the whole network would be starved of investment.

5.3.3 The Level of Shared Perceptions

We identied four levels in conceiving, managing and operating LIPs. The first level

represents the design and realisation of a physical project. The second level

describes this project within the stakeholder network of cities, NGO’s etc. The

third level is the project fulfilment of the needs of the transport network. And,

finally, the fourth level is reached when a project meets the requirements of society

(see Fig. 5.8).

Fig. 5.8 Four distinctive

levels of goals of LIPs
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From the NETLIPSE research, we concluded that too many projects remained

on the lower levels. We recommended that projects must be managed as an integra-

ted whole, with the prime purpose being the user, social and economic benefits

derived from a new or improved transport link, rather than the completion of a

physical project as an end in itself. Because the success of the outputs depends on

operational interfaces as well as on infrastructure construction, they must be

managed from the outset and integrated into the programme management of the

whole project. The case of the Øresund Crossing illustrates this finding.

5.3.3.1 Øresund Crossing

The construction of the Øresund Crossing is aimed at enhancing economic and

cultural cooperation in the Øresund Region, which comprises Zealand, the smaller

island of Lolland-Falster and Bornholm in Denmark, and Scania in Southern

Sweden (Westerveld et al. 2007). The region has 3.6 million inhabitants. The

location of the crossing is shown in Fig. 5.9.

An agreement for the crossing was set out in the Treaty between Denmark and

Sweden signed in 1991. This treaty defined the strategic economic, cultural and

social objectives for the scheme, on a national and regional basis. This was a key

step. It provided the formal legal framework for the scheme; the vehicle for political

support; assurance in relation to financing; the mandate for ØSK and; the vision

for the public and stakeholders. The focus solely on high-level objectives and

outcomes at this early stage, with better transport links seen as a driver for these,

also provided ØSK with greater freedom to develop the optimum scope and

Fig. 5.9 Location of the Øresund crossing
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delivery plans for the crossing. Overall, success was founded on a clarity of

objectives, roles and responsibilities – within governments, within the project

and with the wider stakeholders, from a societal point of view, right from the

start and throughout the project.

During the project, citizens from both sides discovered the mutual advantages

of Denmark and Sweden. In Skane, house prices are lower than in the Copenhagen

region, taxes for cars are lower, and there ismore natural habitat around the houses. In

Denmark, wages are higher and there is more demand for employees. This combina-

tion of facts makes people willing to commute. The Swedish people tend to use the

train, and the Danish people who have moved to Sweden tend to use their car.

Some examples of the benefits of the project are: a GDP increase – increases

in Skåne have been higher than anywhere else in Sweden and it was lagging

until then. Unemployment changes – dropping unemployment from 1999 to 2007

due to new employment in Skåne and movement to Denmark. The area is being

established as a logistics distribution centre. There have been large increases in

location of Nordic headquarters in the Malm€o area, some of which have been new.

G€oteborg, Copenhagen or Stockholm to Malm€o transfers have been the main

changes of location.

5.4 Conclusions

The main objective of the NETLIPSE project was to set up an interactive and

dynamic network for LIPs in Europe for the dissemination of experience and

knowledge, specifically focussed on the management and organisational aspects

of these projects. In January 2010, more than 15 countries are involved. Partners in

the network come from the member states of the European Union and other European

countries. The group of participants consists of clients/sponsors, project delivery

organisations, specialists, politicians, civil servants, academics and consultants.

The NETLIPSE research shows unambiguously that knowledge exchange in

Europe is scarce. When comparing the projects, we found that often similar

challenges are faced. The chance to learn from other projects is a field yet to be

developed. Dissemination of results was the key of NETLIPSE. We are proud that

organisations in almost every country of the EU are involved in the network.

Through the network, we found that partners do benefit from the experience of

other LIPs and scientific developments, and from knowledge institutes – such as

infrastructure research and project management organisations – by sharing their

knowledge and experience.

The development of the NETLIPSE network will be an ongoing and evolving

process. One of the key objectives is to link organisations and stakeholders respon-

sible for developing and introducing new transport policies. This should be done

both locally and internationally in Europe for the dissemination of experience and

knowledge, specifically focussed on the management and organisational aspects of

Large Infrastructure Projects (LIPs).
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Chapter 6

Rewarding Peak Avoidance: The Dutch

‘Spitsmijden’ Projects

Jasper Knockaert, Jessie Bakens, Dick Ettema, and Erik Verhoef

6.1 Introduction

The Dutch road network is becoming increasingly congested. In late 2006, a group

of companies, universities and government institutions established the Spitsmijden

project. ‘Spitsmijden’ is the Dutch term for ‘avoiding the peak’. This joint initiative

aimed to identify and assess a short-term solution that could extend the portfolio of

transport policy instruments that may be used to manage temporal peaks in trans-

port demand.

A first evidence-based Spitsmijden experiment was conducted in the autumn

of 2007, as part of research into demand management concepts within the frame-

work of the national transport research programme Transumo. This reward trial on

the A12 motorway between Zoetermeer and The Hague proved the effectiveness of

positive financial stimuli: the 340 participants reduced their number of morning

peak trips by half. The results of this first Spitsmijden experiment demonstrated

the concept to be innovative and promising, which made it eligible for further

development.

In the international arena, there are relatively few comparable evidence-based

experiments or experiences. With this in mind, the second Spitsmijden trial was

developed. The aim of this experiment was to test the durability of rewards as an

effective transport demand management tool over a longer time period. The reward

trial was conducted from September 2008 to May 2009, on the A12 motorway
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stretch between Gouda and Den Haag. About 750 regular morning rush hour drivers

participated in this experiment.

The phenomenon of peak demands for infrastructure capacity is, however, not

limited to road transport. Also in public transport a morning and evening travel peak

is usually observed. A question that arose was to what extent the Spitsmijden

concept is effective in managing public transport demand. A third experiment

was designed to answer this question. This public transport reward trial focused

on the Utrecht-The Hague rail link, where travellers were offered an off-peak travel

pass which allowed them to realise a reward by travelling off-peak. The experiment

was held during the spring of 2009, and was extended by a country-wide survey

conducted with regular peak hour train travellers.

This chapter presents these three experiments, and discusses the choice

behaviour of rush hour travellers under different reward schemes. The focus of the

analysis concerns the temporal, modal and spatial travel preferences. Furthermore,

we study if (and how) travel behaviour evolves over time. Through their very nature,

experiments are at the heart of the Transumo research on demand steering. Both in

terms of the design of the instrument – tailored to reduce peak demand by seducing

travellers to seek alternatives – and in terms of the research priorities set out for

these projects – in which demand analysis is central – the projects have primarily

contributed to this line of research in Transumo. In a broader sense, the Spitsmijden

projects contribute to the objective of the Transumo programme to attain progress

toward more sustainable forms of transportation. Spitsmijden includes the three

dimensions (people, planet, profit) of sustainability central to the Transumo

programme. The focus on behavioural change and stimulating individuals to explore

behavioural alternatives to avoid congestion addresses the ‘people’ component.

The project adds to the ‘planet’ component through stimulating the use of more

sustainable travel modes and more fuel efficient ways of driving (i.e. at uncongested

time). Also, the final objective of reducing congestion improves accessibility, which

has positive economic effects (the ‘profit’ component). The Spitsmijden project is

unique in that attention is given to the development of the concept as such, including

embedding it in an open consortium of governmental, commercial and academic

partners who exchange knowledge and experiences about the concept. At the end of

this chapter, we briefly discuss some lessons from simulation models that were

designed on the basis of behavioural analysis.

6.2 Contribution to Existing Literature

With the rapid growth of traffic congestion in most modern societies, and the

emergence of technologies that allow the implementation of electronic road pricing,

transport pricing is receiving increasing attention both in policy circles and in

academic research. This academic literature started with seminal contributions by

Pigou (1920), Walters (1961), Vickrey (1963, 1969) and Beckmann et al. (1956), all

of whom emphasized, from different angles, the economic inefficiency inherently
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present in unpriced traffic congestion. The inefficiency stems from the existence of

an unpriced external cost of travelling, which arises because an additional trip raises

transport costs for other road users as a result of increased travel times. A massive

body of literature has emerged afterwards, building on these fundamental insights,

addressing various aspects of transport pricing.

One line of literature that is relevant for a better understanding of the pro’s and

con’s of using rewards rather than taxes in the regulation of traffic congestion,

concerns studies into second-best aspects of road pricing. This can be loosely

defined as the study of pricing schedules that are designed so as to optimally satisfy

certain constraints – on the tolling instrument itself, or on prices on related markets –

that prevent theoretically optimal pricing from being possible. In the case of

Spitsmijden, an important constraint is that ‘prices’ be negative; so subsidies,

where taxes would be optimal given that congestion entails an external cost (not

a benefit). This literature on second-best pricing is reviewed in Small and Verhoef

(2007), and includes – among many other topics – contributions on pricing on just a

part of the network (e.g., Lévy-Lambert 1968; Marchand 1968); and contributions

on ‘step tolling’ where continuously varying tolls would be optimal (Arnott et al.

1993). Because this chapter deals with the behavioural impacts of Spitsmijden, we

will not address the second-best aspects of the policy here; the interested reader is

referred to Rouwendal et al. (2010).

A second line of literature concerns studies into the (behavioural and traffic)

impacts of transport pricing. Various reviews have appeared over the past decades,

all off which typically report potentially strong behavioural impacts of transport

pricing, depending on the exact design of the policy, the level of the prices, and local

circumstances. Some reviews can be found, among many others, in Small and

Gómez-Ibáñez (1998), Santos (2004), Small and Verhoef (2007), and Jensen-Butler

et al. (2008). These reviews cover examples from all around the globe, including

well-known cases in Singapore, London, Stockholm, California, and Norway.

Despite the originality of the Spitsmijden projects, focussing on rewards, the experi-

ments thus fit in amuchwider international trend in experimenting andworkingwith

price incentives to reduce peak congestion.

A third line of literature concerns the behavioural effects of rewarding versus

tolling or punishment. Since rewarding measures are new in transport policy, this

literature addresses a variety of other domains such as education, health etc. Psy-

chological literature on voluntary behaviour stresses incentives such as rewards or

punishments. However, also socialization factors (e.g. communication, influence,

conformity, persuasion and identification) are mentioned to play a role. Cognitive

response theory asserts that individuals are most likely to respond to a reward if they

recognize they have personal stakes in the matter, information provided is precise

and triggers concordant thinking (Petty and Caciappo 1986). Literature on voluntary

travel behaviour change has also reported that providing exact information

influences the probability of change (Ampt 2003; Stopher 2004). For example,

Eriksson et al. (2008) and Jakobsson et al. (2002) note that habit, plan formation,

normative and motivational issues, but also economic (dis)incentives play a role in

structural behavioural change.
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The contribution of this paper in the context of the existing literature is that it

provides empirical insight in the effects of rewarding in the specific domain of

travel behaviour. In particular, it describes how travellers’ activity scheduling

decisions (departure time choice) and mode choice are affected by various reward

schemes, and what (potential) consequences this bears on traffic flows and

congestion patterns. These empirical results provide a first insight in the effects

of rewarding relative to the effects obtained from pricing policies.

6.3 Methodology

The Spitsmijden experiments study the travel behaviour of the individual commuter and

how this behaviour changes after a reward is offered to avoid the morning peak hour.

The methodology applied in the different experiments described in this chapter

is to a large extent identical. Central to each Spitsmijden iteration is a field experi-

ment where a group of commuters is selected, based on their reference travel

behaviour. The participants to the different experiment are then offered a reward

that correlates to their change in rush hour travel behaviour.

In each experiment, the observation of rush hour travel behaviour is to a large

extent automated. For the road experiments, cameras with licence plate recognition

technology are installed, whereas for the rail experiment, a customised e-ticket is

developed. Additional information on travel behaviour, such as trip motive and use

of other modes, is logged using a web based travel diary.

Travel behaviour is registered in a period before the experiment, during the

experiment and in a period after the reward ends. This leads to a set of observations

that covers both rewarded and unrewarded behaviour of the same group of individuals.

The information on travel behaviour is supplemented with one or more surveys,

in order to be able to answer specific research questions that are important to study

our experiment. A specialised survey format is the conjoint choice experiment in

which participants are presented with a series of fictitious choice sets. The partici-

pant indicates for each choice set his or her preferred alternative. The conjoint

experiment allows to collect choice information for situations which were absent in

the field experiment.

The analysis of travel behaviour can be conducted by applying a myriad of

methodologies, going from techniques as simple as frequency tables to estimating

advanced mixed logit choice models.

A common theoretical framework in the analysis of travel behaviour is discrete

choice theory. Discrete choice theory describes how in a choice situation the

probabilities of each choice alternative are determined by an alternative specific

utility representation. The utility Ui of each choice alternative i is the combination

of a deterministic term Vi (function of observed variables) and a randomly

distributed term ei (representing unobserved choice variables):

Ui ¼ Vi þ ei
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The traveller then chooses the alternative providing him or her with the highest

utility Ui. An in-depth discussion on discrete choice theory can be found in Ben-

Akiva and Lerman (1985), Train (1986/1990), Anderson et al. (1992) and Train

(2003).A common representation for utility in the study of peak hour travel

decisions is based on the bottleneck model, where a traveller chooses between

departure times (and potentially also between travel transport modes) by trading off

schedule delay efforts for differences in travel time (congestion) and monetary

stimuli (charges or rewards). Throughout the different experiments, this is the

behavioural reference model used to analyse observed travel choices. For a discus-

sion of the bottleneck model we refer to Arnott et al. (1993).

For the simulation of policy scenarios, two modelling frameworks are applied. A

first one is that of the bottleneck model, which is a stylised representation of travel

behaviour on a single congested road link. The advantage of this modelling

approach is that it allows for optimisation of the reward specification under various

policy constraints. A second modelling framework is that of the INDY model,

which carries a network representation and hence allows to cover a broader scope of

impact dimensions when simulating reward implementations.

6.4 The First Experiment: Spitsmijden

A12 Zoetermeer-The Hague

This section introduces the first reward experiment that was carried out. For a

more detailed discussion, we refer to the Spitsmijden project report (Knockaert

et al. 2007).

6.4.1 Overview

The trial was launched on October 2, 2006. The test area was the Dutch A12

motorway corridor from Zoetermeer towards The Hague. On weekday mornings,

this stretch of motorway is heavily congested with vehicles heading towards The

Hague. There are relatively few alternative routes, and relatively few on- or off-

ramps on this stretch of motorway, which made the trial relatively easy to control.

The morning rush-hour was defined as lasting from 07.30 to 09.30 a.m., since

this period has the highest reported traffic densities. The participants in the trial

could earn a reward for not travelling by car from Zoetermeer to The Hague during

the morning rush hour.

Upon registration, the participants chose one of two types of reward. The first

type of reward was an amount of money for each morning rush hour that the

participant avoided. The second type comprised credits that, when a sufficient

number were earned, allowed keeping a (‘Yeti’) smartphone at the end of the
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trial. This Yeti was available to the participants already during the peak, but with

insufficient credits earned, it had to be returned.

The objective was to recruit 500 participants. To this end, we organised three

recruitment waves. The first two waves were based on license plate observations,

where we approached frequent rush hour travellers on the A12 motorway stretch

(minimum three trips per week). These two rounds delivered 283 participants to the

experiment. To further increase this number, a last recruitment wave was organised,

using a member get member approach and a renewed invitation to vehicle owners

that had not reacted in the first two waves. This resulted in a final sample of 341

participants, who completed the full experiment.

Before the start of the experiment, the participants had an electronic device

installed in their cars, allowing for the registration of their car travel behaviour

on the corridor under consideration. The registration system was further completed

with licence plate recognition cameras in order to extend the coverage of the

study area.

The trial lasted for 10 weeks. Observation in the 2 weeks preceding the trial as

well as the week after the trial covered reference behaviour under unrewarded

conditions. The participants had to complete a daily logbook providing additional

morning commute information during the full period of the experiment.

6.4.2 Reward

Upon registration, the participants were asked which type of reward they preferred.

There were two options. The first type of reward was an amount of money for each

morning rush hour that the participant avoided. At the moment of registration the

premium was indicated to amount to about 5 €; later it was explained how different

reward levels would apply over the course of the trial.

The second type of reward was saving for a Yeti smartphone. These participants

received a Yeti smartphone at the beginning of the trial. The Yeti provided them

with traffic information during the trial. If the number of credits earned over the

duration of the experiment exceeded a predefined number, the participant would be

allowed to keep the Yeti at the end of the trial. If the participant failed to meet the

threshold, he/she would have to return the smartphone at the end of the trial. Thus, it

was an all-or-nothing scenario.

The majority of the participants chose a monetary reward. As the trial was set up

to test both reward types, the remainder of the participants (including those who had

said that they did not have a preference for one reward type over the other) were

assigned to the Yeti variant. However, to prevent participants ending up with an

unwanted and hence lowly valued reward type, we allowed them to switch to the

other type until the start of the trial.

During the 10 weeks trial period, different levels of the reward were tested. The

monetary reward amounted to 3 € or 7 € to avoid the entire morning peak interval

(7.30–9.30 a.m.) and a more refined scheme made the participant receive 7 € to
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avoid the entire morning peak, which was reduced to 3 € if travelling in the

shoulder periods (7.30–8.00 and 9.00–9.30 a.m.). For the Yeti reward, two schemes

were tested, one scheme where the participant could save credits to obtain the

smartphone, while in another period no credits could be earned but traffic informa-

tion was still provided via the smartphone; this allows the researcher to distinguish

the effects of information from the effects of the reward. All users faced each of the

different schemes corresponding to their preferred reward option for the same

amount of time, but in a randomised order to minimise possible biases.

Although we recruited among frequent rush hour car travellers, the observations

from the unrewarded pre-trial weeks revealed differences in trip frequencies. To

bring overall reward levels in line with reference behaviour, we customised

the reward conditions for each participant. For the monetary reward, this meant a

weekly maximum number of rewards ranging from one to five, whereas for the Yeti

reward the threshold level was set between 15 (infrequent travellers) and 25

(frequent travellers) credits over the 5 week reward period.

The unit of behaviour rewarded was the use of the participant’s car (by the

participant or someone else) in combination with the place and time of driving. In

the logbook (an online travel diary), the participant could indicate if the registered

car was exceptionally used by someone else, or the converse situation, where the

participant used a different car. We did not include this information in the reward

algorithm, in order to remove any stimulus for the participant to provide incorrect

information in the logbook.1

To calculate reward levels, the observation data were checked for peak hour

travel (by the respondent’s own car), applying a 5 min tolerance. For days on which

no observation was available in the 6.00–11.00 a.m. period, the logbook informa-

tion was used for verification, in order to correct for any possible failures in the

observation technology. In case of ambiguities, the available data, together with

any comments by the participants, were processed manually.

6.4.3 The Participants

The participants of the experiment had to complete a number of compulsory

surveys. Most surveys were conducted before the experiment. In this section, we

will provide a summary overview of selected results; for an in-depth discussion we

refer to the project report (Knockaert et al. 2007).

1Upon recruitment the participants were also asked for the licence plate of any other cars in the

household. The camera recognition technology allowed to track these cars as well. Together with

the logbook information we periodically checked during the trial for participants who are too eager

to receive rewards for using another car rather than avoid car travel during the rush hour, in order

to exclude them from further participation.
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Upon recruitment, the participant completed a first survey about their daily

commute, followed by another survey on socio-demographic characteristics and

the organisation of work and household.

Of the participants, 64.7% were male. About half of all participants were aged

between 35 and 49. About 25% were younger than 35, while 25% were older than

49. The majority of the participants held a higher professional education certificate

or a university degree. Most of the participants were married or cohabiting; most

had children.

Of the participants, 98% lived in Zoetermeer; the remaining participants lived in

the surrounding municipalities (e.g. Benthuizen, Berkel en Rodenrijs, Bleiswijk).

Most of the participants worked in The Hague, although some worked in Delft,

Leidschendam, Rijswijk or Voorburg.

Asked for the motivations for participation, the most frequent raised reason was

the reward itself, although the majority of the participants also had at least one other

motivation. Both the contribution to more insight into congestion and experimen-

tation with alternative travel options were relevant motivations.

Of the participants, 62% commuted at least five times per week towards The

Hague, using the A12 motorway; 26% commuted four times per week.

6.4.4 Behavioural Analysis

The first, and probably most important, source of behavioural observations

concerns the vehicle passages registered by automated roadside equipment. Two

networked observation systems were installed. A first system used license plate

recognition cameras. A second system used Electronic Vehicle Identification (EVI)

beacons that were connected with an on-board unit (OBU) installed in the

participant’s car. Both the EVI beacons and recognition cameras were installed at

the exit of Zoetermeer on all roads belonging to the corridor studied.

Although the dual setup introduces redundancy, both systems have specific

advantages. The EVI/OBU system proved to have an extraordinary reliability of

99.99%, but is, of course, limited to equipped vehicles. The reliability of the camera

system is in the 94–98% range, but the camera system is more tamper-proof (no

OBU in the participant’s car) and allowed to follow up the use of other cars

available to the participant (as far as they were registered in our database). For

our analysis, we use – in the merged table of both observation systems – the

observation (if any on a specific day) that is closest to 8.30 a.m. as an indication

of the participant’s behaviour during the morning rush hour.

A second source of behavioural information is the logbook (a travel diary). The
participants completed for every working day (Monday-Friday) a web form

presented on a personal webpage. The form collected information on trip motive

(commute or other), transport mode used (or telework), and possibly the use of the

participant’s car by a different driver, or the participant using a different car. The

data were automatically coded and saved in a database.
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In our study of travel behaviour we focus on commuting behaviour. Figure 6.1

presents the travel decisions made by participants that opted for a monetary reward

stimulus. The number of rush hour trips is roughly cut by half. As an alternative,

most trips were rescheduled to take place before the rush hour or, to a lesser extent,

after the rush hour.

Figure 6.2 provides more details on the share of different departure times. There

is a clear shift away from the rush hour mainly towards time intervals immediately

before or after the rush hour.

The main conclusion from the first experiment is that there is a group of flexible

car travellers who, when offered rewards, whether monetary or in the form of a

Yeti, can substantially decrease the number of car trips during the rush hour. Both

variants result in a decrease of 50 per cent of the total number of car trips. The most

important behavioural adjustment is departure time adjustment. Next comes the use

of public transport, the use of which doubles as indicated by the respondents, but

remains small, given the low reference value.

Another important observation is that a relatively low reward (3 €) results in a

significant effect in avoiding traffic. The additional value of higher rewards is

relatively small.
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Fig. 6.1 Travel decisions for commuting trips as a function of monetary reward scheme
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6.5 Spitsmijden 2A: A12 Gouda-Den Haag

A second reward experiment was conducted in order to study behavioural effects

over a longer period of time. The route on which rewards were offered was the

section of the A12 between Gouda and The Hague (Fig. 6.3). For the trial, the route

was divided into two separate zones, with Oostweg in Zoetermeer (exit 7) marking

the boundary between them. The peak period was determined before the com-

mencement of the trial, again based on travel times measured in both zones. The

peak period determined for the Gouda-The Hague trial is 06.30–09.30 a.m. for zone 1

(Gouda-Zoetermeer) and 07.00–09.30 a.m. for zone 2 (Zoetermeer-Gouda).

A total of 567 drivers participated in the experiment on the Gouda-Zoetermeer

route. On the Zoetermeer- The Hague route, 705 drivers took part. Of these, 505

participated on both routes. Most participants had a baseline level of three trips per

week or more. As in the first experiment, financial rewards were used as a positive

incentive to encourage drivers to avoid the morning peak period. This reward was

based on the behaviour of participants measured during the reference measurements

(April to June 2008), prior to the trial. The participants were rewarded with 4 € per

zone for each ‘avoidance’ compared to their reference rush hour travel frequency.

In analysing changes in travel behaviour, we look at how behaviour during the

trial differs from when there are no rewards. We also investigate whether behaviour

changes during the trial itself: is there a difference between the short and the long

term?

The main part of our analysis is based on the camera observation records. We

selected the best measurement data (meaning the best ‘days’), in order to effectively

analyse behaviour. This selection is based on a comparison of the intensity data
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Fig. 6.2 Share of departure times
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from the cameras on the A12 with the observation data from the induction loops

built into the road.

A first examination concerns the number of trips made by participants both

inside and outside the morning rush hour. Figure 6.4 presents the count statistics at

the Nootdorp observation point (zone 2).

We observe a sharp cut in the number of rush hour trips by roughly 50%,

coinciding with the reward trial. During the reward period, behaviour is remarkably

stable. Observations at other camera locations confirm this picture.

More details on the choice of departure time are presented in Fig. 6.5, covering a

selection of weeks before and during the reward experiment. The behavioural

response to the reward is similar to what we observed in the first experiment.

Moreover, we found that the response was stable throughout the experiment.

As with the first experiment, participants were instructed to complete a web

based travel diary (but now for a selection of weeks only). The picture revealed by

this information is in line with the earlier experiment, and confirms that modal

choice contributed only to a modest degree in avoiding the congested roads

compared to the contribution of departure time adjustments.

The larger geographical scale of the second experiment enabled a spatial alter-

native that was practically unavailable for participants in the first experiment. By

choosing for a detour on the main road network, participants could realise a reward

without temporal or modal behavioural change. Lacking observations on parallel

Fig. 6.3 The Spitsmijden area (the first experiment was limited to the western zone)
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main roads make it difficult to establish exact figures on the contribution of this

travel alternative. But indirect derivations, based on return trips, provide us with an

indication that detouring likely constituted a secondary alternative in abating A12

rush hour travel, with a contribution that may be about 20% of the avoided rush

hour trips on the A12.
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The second Spitsmijden experiment confirmed the results by the first one, and

leads us to the conclusion that also over a longer time period Spitsmijden remains

an effective transport demand management tool.

6.6 Spitsmijden 2 C: NS Utrecht-Den Haag

A third and final reward experiment in the framework of the TRANSUMO research

programme focussed on public transport travellers.

Past research on behavioural aspects of transport infrastructure congestion

traditionally focuses on demand for capacity on road networks. The reference

behavioural paradigm is the bottleneck model introduced by Vickrey (1969), that

describes how in a user equilibrium queuing occurs, when travellers trade off travel

time for rescheduling efforts that come with less-than-ideal arrival (or departure)

times.

The strictly scheduled nature of rail public transport results in minimal variation

of travel times between peak versus off-peak. Therefore, for the study of prefe-

rences of rush hour train passengers, a different behavioural model needs to be

developed. Moreover, with the train operator a new player enters the game, where

travellers buy services from the operator, which in turn buys capacity from the

infrastructure manager. The different nature of supply and demand for rail services

was a key motivation in setting up a separate experiment to explore the opportunities

for using a reward to manage temporal peaks in demand.

The study of rail travellers’ behaviour is based on two sets of observations.

A first set is obtained from a rail travellers panel based survey, and focused on the

variables that determine passengers’ choice for peak hour travel. A second set is

obtained from a field experiment, where travellers were invited to trade in their

travel pass for an off-peak one. For both experiments, the reward system considered

concerns a discount on a season ticket (monthly or yearly pass), which turns it into

an off-peak travel pass with the restriction that it is no longer valid during the peak,

but that it is possible to buy a day-specific upgrade to travel during the peak after all.

6.6.1 Panel Survey

The first part of the experiment consisted of a conjoint choice experiment. The

choice experiment was developed to allow for the design and estimation of a

quantitative behavioural model, to be used for the analysis of Spitsmijden as a

public transport demand management tool. The conjoint choice experiment was

included in a web based survey. The survey started out with registering usual travel

behaviour of the respondent, after which the respondents were asked to assess a

number of fictitious choice situation. Each choice situation presented the situation
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where an off-peak travel pass would be available, with its characteristics varying

over the choice sets.

The different off-peak travel pass variables included in the choice sets, covered

time of travel, rebate (compared to an unrestricted travel pass) and cost of a 1 day

upgrade of the off-peak travel pass to allow for peak hour travel. If choosing for the

off-peak travel pass, the respondent was asked to indicate how she/he would adapt

the originally stated travel behaviour.

The respondents were sampled from the 100 k + passengers panel managed by

the Dutch railways (NS). Sampling was limited to panel members having a travel

pass covering a 30–70 km travel distance (one way). A 40% response rate was

registered.

The dataset obtained by the conjoint choice experiment allowed for the estima-

tion of a series of discrete choice model specifications. Analysis of the choice

behaviour identifies a selection of travellers that are able to avoid peak hour travel,

if there would be a financial stimulus to do so. Within the range of attribute levels

presented in the choice experiment, about 20% of the choices made concerned the

off-peak travel pass.

The model coefficients allow determining the trade-off that rail travellers make

between different choice variables. Respondents to the survey indicated that they

were willing to shift one trip an hour earlier or later in exchange for a 4 € rebate on

the travel pass nominal tariff. At the same time, the same individual would accept

to pay only 2.30 € for an upgrade that relieves the discomfort linked to a 1 h

rescheduling of the trip. The difference in willingness-to-pay may well reflect the

transaction costs associated with the purchase of an upgrade.

In a next step, the model was used for a serious of simulations, where the share of

the off-peak travel pass as well as the amount of trip rescheduling, was studied as a

function of attribute levels of the off-peak pass. The simulations revealed that the

off-peak pass would potentially allow for a rescheduling of up to 5,8% of the

original peak hour trips. On a 30–40 km trip this would cost the operator about

1.90 € per rescheduled trip (in lost revenue), or 0.05 € per seat kilometre. In the

evaluation of a business case the operator would need to assess how this figure

compares to peak hour production, assuming that off-peak marginal production

costs are close to zero.

6.6.2 Field Experiment

A reward trial was conducted with travel pass holders on the Utrecht-The Hague

railway line in the spring of 2009. 2,500 travel pass holders were approached using

direct mail with the offer to exchange their traditional pass for an off-peak version.

The off-peak pass came with a cash reimbursement amounting to roughly 20% of

the nominal pass tariff. It would not be valid for peak-hour travel, defined as

Monday to Friday between 7.30 and 9.00 a.m. Outside this period, the validity is
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identical to the original pass. The off-peak restriction applied to the rail part only in

case of mixed bus-rail passes.

The participants had the option to upgrade the off-peak pass on a daily basis to

match the validity of the original pass. The upgrade was priced such, that upgrading

over the full period would result in an amount equal to the original reimbursement.

As a result, the participant could never be worse off financially by participating.

E-ticketing was used for the sale of the upgrades. An off-peak pass holder travelling

during peak period and defaulting to produce a valid upgrade (or another valid

transport title) upon inspection would be considered as travelling illegally and be

eligible for a hefty charge (35 € plus regular ticket cost).

About 125 participants entered the experiment. One of the most obvious results

(see Fig. 6.6) of the trial is that practically all trips by participants occurred in the

off-peak period: only a very limited of upgrades was sold.

This behavioural observation can partly be explained by the travel behaviour

before the trial started. Indeed: regular peak hour travel was not a requirement to

enter the experiment, the proposition hence being very attractive for off-peak

travellers whose only behavioural adaptation would be to cash the reimbursement.

Nevertheless, also the selection of peak hour travellers that entered the trial,

nearly fully adapt the timing of their travel to avoid the defined peak period. It is

observed that their regular time of travel was closer towards the start or end of the

peak period, compared to what would be expected of the full population of peak

hour travellers. For this group of peak shoulder travellers, a relatively small

rescheduling effort suffices to time their entire trip outside the peak hour.
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The first public transport deployment of the Spitsmijden concept proved that

there is a group of time-flexible rail travellers. A stated preference survey allowed

for the qualitative assessment of responses by travellers to financial stimuli.

A difficulty related to the rail application and that is unresolved in the first experi-

ment, is the selection of regular peak travellers. Failing to do so risks the participa-

tion of travellers that already travel outside the peak and who cannot contribute to

the goal of relieving peak demand levels.

6.7 Even More Spitsmijden: Lessons from Traffic Model

Simulations

The conclusions of the first successful Spitsmijden experiment led to the decision to

enhance and extend the understanding of the impact of rewards on transport

demand by developing transport modelling tools. The experiment – limited both

in time and space and with a limited focus on the congestion externality – had raised

more questions than it answered. How would issues, related to scalability or

geographical location, impact the tool’s effectiveness? And how should the reward

be positioned to abate different externalities?

A working group of different science institutes was established to conduct

research and to develop and apply the required modelling tools. We will here

only mention the main conclusions of the working group and refer to its report for

the full story (Knockaert 2009). The different modelling exercises consistently

identified the effectiveness of rewards as a transport policy tool. The transport

models relate significant traffic impacts to a scaled up implementation of reward

stimuli.

Comparing positive financial stimuli (rewards) to negative ones (charges), the

models tell us that rewards are probably less effective and less efficient an instru-

ment in taming transport demand. Differences in performance of both tools increase

with the demand elasticity (here a measure for latent demand). But, obviously, one

might prefer a reward as a policy instrument, in particular when acceptability or

flexibility is an issue. Furthermore, the modelling exercises demonstrated that

positive and negative stimuli can coexist when budget neutrality is a condition;

the efficiency of such an arrangement naturally falls between that of pure rewards

and pure charges.

The models provide us with an important understanding of edge impact that arise

both in time and space. A key determinant of these effects is the definition of the

peak period and the level of the corresponding reward. A peak period that is too

small (compared to the original timing of congestion) may result in an ineffective

instrument. A reward that is too high, results in congestion outside the defined peak

period. The uniform character of the reward stimulus implies a rather small range

beyond which the reward looses effectiveness and efficiency.
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6.8 Conclusions

Within the framework of the TRANSUMO research programme, an extended series

of Spitsmijden experiments was conducted. The different studies, applying both

stated and revealed preference approaches, all focussed on the same objective of

identifying the aspects of using positive financial stimuli to influence rush hour

travel behaviour.

A key empirical lesson from the experiment is the identification of a group of

flexible travellers who are able to reschedule their trips and are willing to do so in

exchange for a relatively modest reward. In road applications, the observed reduc-

tion in peak hour trips amounted to roughly 50% when a reward was used.

The primary response to avoid rush hour travel is the rescheduling of trips.

A secondary response may consist of rerouting trips conditional upon implementa-

tion variables (obviously the availability of parallel routes is a key variable here).

Modal choice, in contrast, does not contribute significantly to the reduction of peak

hour travel, an observation implying that modal shift should not be a primary focus

of supporting measures that aim to increase the reduction in peak hour trips. The

reward instrument proved to be relatively easy to implement, but the effective

recruitment of participants in public transport applications is still an uncharted area

of the concept.

The design and application of simulation modelling tools has extended the

understanding of the reward instrument and revealed potential performance hits,

when the scale of the reward passes beyond a threshold or when the reward

conditions are poorly defined.
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Chapter 7

Managing Supply Chains: Transport

Optimization and Chain Synchronization

Tom Van Woensel, Said Dabia, and Ton de Kok

7.1 Introduction

Transport optimization is part of the broad area of physical distribution and logistics

management. Physical distribution involves the handling, movement, and storage

of goods from the point of origin to their point of consumption or use, via various

channels of distribution. Logistics management involves the management of these

operations for efficient and cost effective physical distribution (Ghiani et al. 2004).

7.1.1 Inefficiencies

Coyle et al. (1996) report that approximately 40–50% of the total retail logistics

costs are due to transportation. A UK study (McKinnon 1999) showed that almost

one quarter of all road freight movements (measured in tonne-kms) are due to the

retail sector and this share is still growing due to the increasing demands of the

customers. Moreover in the same study, it was also shown that in 22% of all cases

the trucks were running empty and the average truck utilization was only around

75%. All studies clearly demonstrate the potential operational improvements in

transportation. A major reason for these inefficiencies is due to the inability to

better represent real-life environments. In real life, accidents occur, travel times

depend upon the moment one leaves the distribution center (and on many more

factors), road networks are congested, demand varies, etc. All these dynamic and

stochastic phenomena are rarely considered or are treated as deterministic and static

in the transportation planning tools. Obviously, the world is dynamic and stochastic
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and does not fit into a deterministic and static straitjacket. Moreover, any schedule

built on these unrealistic assumptions is bound to be sub-optimal once realized. The

impact of these dynamic components will be even more important when relating the

approaches developed to urban contexts.

Furthermore, note that the last 50 m are becoming more and more dominant in

the retail supply chains. On the other hand, we observe that this last link in the

supply chain is also the weakest in terms of operational performance. Although

manufacturers manage to deliver with over 99% reliability to the retailer’s distri-

bution centers or the stores, the on-shelf availability in many cases does not even

reach 90%. One natural way to remain competitive is to reduce and/or manage costs

in key areas, which is traditionally the key focus of supply chain management/

operations management. Finally, we observed that the key player in physical

distribution and logistics management is becoming more and more the shipper of

the goods (e.g. retailers, manufacturers, etc.) rather than the transportation

companies or the Logistics Service Providers (LSP).

7.1.2 The Road Ahead

We capture the real world complexities across their logistical processes and inves-

tigate how we can optimize those models separately, thereby taking into account the

interactions between them. This chapter is organized along the different research

lines we have been working on the past years for the TRAN-SUMO project. More

specifically, we first focus on the research on transport optimization, including the

vehicle routing work and secondly, on the supply chain synchronization issues.

7.2 Transport Optimization

Due to the real-life complexities, coping with these dynamic and stochastic

environments is a critical and difficult problem, both in an offline and in an online

setting. Offline means the generation of schedules beforehand (e.g. before the

working day); Online refers to the actual realization of the schedule (e.g. during

the working day). Typically, in the offline setting, one can plan either taking into

account only deterministic and static information or one could take into account the

stochasticity and the dynamics from real-life. Bertsimas and Simchi-Levi (1996)

provide an interesting survey of static (i.e. time-independent) vs. dynamic (i.e.

time-dependent) routing problems (e.g. the travel time being a function of the time

of the day due to traffic congestion) as well as deterministic vs. stochastic routing
problems (i.e. depending on whether some of the characteristics follow a certain

probability distribution or not; typical examples are probabilistic demand quantities

or probabilistic travel times).
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The first situation (deterministic and static) has been the subject of research

for decades. More and more, the literature is shifting towards considering some

stochasticity and dynamics in the models. On a simultaneous track, some

researchers immediately go to the online setting. In the online setting, we react

to changes in the real-life environment during the execution of the prepared

schedule. Decision makers typically try to repair the (off-line prepared) schedules

considering the realizations so-far and some extra knowledge of the future. In

these repair policies, stochastic or dynamic information about the remaining

future time horizon is rarely considered. Similarly, from a governmental point

of view, policy makers aim at an equal load on the road network. Offline, this

implies that the road network configuration and the resulting traffic flows should

be optimized (e.g. closing missing links, etc.). Online, this leads e.g. to the use of

Dynamic Route Information Panels (DRIPs) to guide people through the network

to ensure a better load balance.

Within TRANSUMO, we mainly worked on the offline side, looking at vehicle

routes from a companies’ perspective.

7.2.1 Starting Point

The main starting point of the research so far, is that a good schedule before-

hand (offline) is better than to extensively repair during the realization of this

schedule (online). Despite numerous publications dealing with efficient offline

routing scheduling methods, very few addressed the inherent stochastic and

dynamic nature of reality. Consequently, we mainly worked in the offline

setting, with a strong focus on adding stochasticity and dynamics related to

traffic congestion into the company’s transportation decision problems, i.e.

Vehicle Routing Problems (VRP). The objective of the VRP is to find the

minimum cost vehicle routes such that every customer is visited exactly once

by exactly one vehicle in its designated time window; all vehicle routes start and

end at the depot; every vehicle is serving a total demand not exceeding the

vehicle capacity; and every vehicle route has a length not exceeding a maximum

length (Laporte 1992).

Traditionally, total transportation costs are calculated in terms of distances, i.e.

overall distance traveled is minimized. The routes obtained as such are sub-optimal

when applied in real-life. Clearly, if congestion occurs, the assumption of deter-

ministic and static travel times is not valid anymore. Most traffic networks in

Europe face high utilization levels, and consequently, congestion occurs. For a

sufficiently high utilization, the smallest stochastic event causes waiting, which in

the case of traffic systems, materialize in lower speeds. As speeds changes, travel

times vary with time for a given distance. So all transportation problems which

intend to minimize distance or time, are subject to these physical considerations of

congestion. It is argued that routes should thus be constructed based on minimizing

travel time rather than on minimizing distance.
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7.2.2 Towards Time-Dependent Routing Problems

A time-dependent travel time component is added to the traditional vehicle routing

formulation. The reasoning behind this is that leaving a customer a time x gives a
different travel time compared to leaving at time x + d. This reasoning is added in

the VRP and we developed specific meta-heuristics that deal with this time-

dependent environment (i.e. a time-inflated graph). Note that the VRP is NP-hard

(i.e. not likely to be solvable in polynomial time), as it can be reduced to a TSP

which is shown to be NP-hard. The time-dependency significantly adds to this

complexity of the VRP as then the solution space also grows exponentially with the

number of time buckets considered. Theoretically, for every time bucket a different

travel time distribution is needed to generate the relevant input data (e.g. expected

travel time). The more information one can take into account of this travel time

distribution, the more of the travel time stochasticity is considered.

In Van Woensel et al. (2005), both the static and the dynamic Vehicle Routing

Problem (VRP) were solved using two heuristics (Tabu Search and Ant Colony

Optimization). Results for a large number of datasets showed that the total travel

times can be improved significantly when explicitly taking into account congestion

during the optimization. Explicitly making use of the time-dependent congestion

results in routes that are (considerably) shorter in terms of travel time. The average

improvement achieved is 25.4% when looking at the Tabu Search heuristic and

22.2% when looking at the Ant Colony Optimization heuristic.

The analysis in Van Woensel et al. (2008) demonstrated the added value of adding

the variance of the travel times in the optimization. Results showed that the variability

of the routes significantly decreased depending on the weight given to the variance

component in the objective function. Not taking into account travel time variability

gave highly variable routes in all sets analyzed. A relatively small weight on the

variance component yielded already significant gains in the planning process. Compu-

tational results suggested that in a dynamic environment, it is crucially important to

explicitly consider the variability due to traffic congestion. The impact of these dynamic

components will be evenmore important when relating the approach to urban contexts.

Kerbache and Van Woensel (2005) demonstrated a similar approach for small

test sets for the vehicle routing problem with the addition of time windows.

Preliminary results showed that the total lateness of the route can be improved

significantly when explicitly taking into account congestion during the optimiza-

tion. It is clear that using the information of dynamic travel times due to congestion,

results in routes that are considerably better in terms of meeting the time window

constraints imposed by the customers.

7.2.3 A multi-objective Time-Dependent Single Capacitated
Vehicle Routing Problem with Time Windows

Consider the situation in which a vehicle is required to fill up money distributing

machines located at different places from a central bank. For security reasons, it is
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not allowed to carry a large amount of money. Consequently, the vehicle is forced

to make several short tours during its operating period (e.g. a working day) going

back and forth to the central bank. Similarly, in the case of food home delivery,

tours are relatively short as products are perishable (e.g. should remain warm) and

thus need to be delivered as soon as possible to their destinations Azi et al. (2007).

This again leads to multiple tours of the same vehicle. Clearly, a vehicle can make

several tours during its designated operating time, respecting the vehicle’s capacity

for each tour. A logistics company we are currently working with, aims at schedul-

ing its fleet such that a vehicle’s total travel time is minimized, its capacity

utilization is maximized and all customers get delivered in their specific time

windows. This illustrates the importance to consider multiple dimensions for the

objective function in the scheduling problem.

Formally, we consider a Multi-Objective Time-Dependent Single Capacitated

Vehicle Routing Problem with Time Windows (denoted as MO-TD-SCVRP-TW).

More specifically, a single vehicle departs from a central depot (denoted by 0),

performs several tours to serve a set of geographically scattered customers and returns

to the same depot. The vehicle routing problem at hand is capacitated on two

dimensions: on the vehicle capacity (truckload) and on the time capacity. Time

capacity means that the vehicle is only available for a limited amount of time, e.g.

due to drivers’ availability following the working regulations. Because of these

vehicle and time capacity limitations, it might not be possible to serve all customers.

Therefore, we need to decide on a subset of customers to be actually served. Finally,

because of road congestion, travel times are time-dependent: depending on the

specific departure time at a customer, a different travel time is incurred. Customers

have timewindows and these are considered to be hard. However, since customers are

not directly harmed by possible waiting times, the vehicle is allowed to wait if it

arrives early at a customer. Rather than using a single objective function inwhich each

of the to be optimized dimensions is weighted, we consider a multi-objective cost

function. Here, we minimize the total travel time including any waiting times (due to

time windows), while the total quantity delivered by the vehicle is maximized.

In this work, we present an exact time-dependent Dynamic Programming (DP)

algorithm (denoted as DPExact) which generates all feasible solutions in its in-

between iterations, and keeps only the non-dominated ones in its final iteration.

This rather primitive structure of DPExact is due to time-dependency of travel times.

In fact, time-dependent travel times allow constructing non-dominated routes from

dominated ones derived in earlier iterations. Therefore, optimizing the objective

function in the in-between iterations may lead to dominated final solutions. By

assuming travel costs to be positive integers, and imposing some structure on

customers’ time windows, we show that DPExact is pseudo-polynomial. However,

solving large instances by means ofDPExact is computationally hard. In practice, the

assumed time windows’ structure (e.g. non-overlapping time windows) may be

encountered when, for example, delivery companies impose their own time

windows on customers. To improve its efficiency, we make some additional

assumptions concerning the structure of travel times and enhance the DPExact into

two important directions:
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1. By assuming travel time profiles that adhere to the FIFO assumption, we develop

a modified exact DP based algorithm (denoted as DPFIFO
Exact) based on the non-

dominance principle. The FIFO assumption prevents constructing non-

dominated routes from dominated ones. Hence, in each iteration of DPFIFO
Exact,

not all feasible solutions but only the set of non-dominated ones are kept. The

complexity is considerably reduced.

2. By making one additional assumption regarding the structure of travel times, we

develop an approximate time-dependent DP based algorithm (denoted as

DPe
Approx), where e is the approximation’s worst case precision. We interfere

with the execution of DPFIFO
Exact by reducing, in each iteration, the set of non-

dominated solutions by using a trimming method. Consequently, the complexity

of DPFIFO
Exact is reduced. The worst case performance of the approximate DP is

guaranteed and its running time is polynomially bounded.

Vehicle routing problems are NP-hard. Hence, reasonably sized instances are

unlikely to be solved to optimality in polynomial time. Consequently, these types of

problems are usually dealt with using (meta-)heuristics, which deliver good

solutions in reasonable computation times (see e.g. Braysy and Gendreau (2005a, b);

Taillard et al. (1997) for some good reviews). Next to heuristics, many researchers

have adopted exact approaches to handle VRPs. In Azi et al. (2007) and

Gribkovskaia et al. (2008), a SVRP with time windows and multiple tours, and a

SVRP with pickups and deliveries are optimized based on exact integer program-

ming formulations. Other exact approaches (i.e. Branch-and-cut, cutting planes)

have been applied to deal with VRPs (Kulkarni and Bhave 1985). In Malandraki

and Dial (1996), a restricted DP heuristic is proposed to solve the time-dependent

traveling salesman problem (TSP). In each iteration of the restricted DP, only a

subset (hence “restricted”) with a predefined size and consisting of the best

solutions is kept and used to compute solutions in the next iteration. Time-depen-

dency in dynamic programming was first introduced by Kostreva and Wiecek

(1993) to solve a path-planning problem. In Klamroth and Wiecek (2000, 2001),

time-dependent dynamic programming is used to deal with single machine sched-

uling and capital budgeting problems.

7.2.3.1 Overview of the Algorithms

We developed three algorithms based on a dynamic programming formulation: the

DPExact, the DP
FIFO
Exact and the DPe

Approx. By assuming some structure on the common

band, DPExact turns out to be pseudo-polynomial. It produces the Pareto-optimal

front without assuming the FIFO property. Because of time-dependent travel times,

DPExact generates and stores all distinct feasible solutions in its in-between

iterations. By assuming the FIFO property, we formulated the DPFIFO
Exact. The FIFO

assumption prevents constructing Pareto-optimal routes based on dominated routes.

Therefore, the DPFIFO
Exact is designed in such a way that only distinct Pareto-optimal

routes are kept in its in-between iterations. DPFIFO
Exact is also pseudo-polynomial, it
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produces the Pareto-optimal front and its complexity is lower compared to DPExact.

However, to solve larger instances, the DPe
Approx is developed. The DPe

Approx has a

provable worse case performance e when an additional assumption is made with

regard to the structure of travel times. Moreover, its complexity is polynomially

bounded in the input size and in 1
e . Table 7.1 summarizes the presented algorithms

and their complexities.

7.2.3.2 The Giant Tour Representation

When the vehicle capacity Q is the binding constraint, the time used up for the first

tour might be less than the vehicle’s total time availability T. Therefore, we can still
use the vehicle for its remaining time to schedule a second tour (or more if time

allows). One could use the one tour model for the remaining set of non-served

customers and the remaining vehicle’s time availability. This second tour will be

non-dominated with regard to the new instance. However, because of time depen-

dency, the schedule consisting of both tours might be sub-optimal. Therefore, this

greedy approach will not be performing good. In what follows, we explain how we

adapt the giant tour representation to our problem. Using the giant tour representa-
tion introduced by Funke et al. (2005), we can reduce the multiple tour model to a

single tour model. As such, all results derived for the single tour MO-TD-SCVRP-

TW in the previous section can be applied.

A formal description of the giant tour representation can be found in Funke et al.
(2005). Many other researchers adopted the idea of the giant tour representation to

transform the m-TSP to a standard TSP (Laporte et al. 1988; GuoXing 1995).

Therefore, the result from the standard TSP can be applied to an extended graph

describing the giant tour representation of the m-TSP. In our case, the case of a

multiple tour single VRP, the solution is a set of Pareto-optimal schedules. Each

schedule is a collection of routes all starting and ending at the depot. The modeling

idea is to add dummy depots representing duplications of the real depot to the

existing graph. Routes of a given schedule can then be linked via the dummy nodes

into a long (giant) tour. Figure 7.1 gives the schedule {0 – 3 – 6 – 4 – 0, 0 – 2 – 5 – 0,

Table 7.1 Overview of the different DP models

Algorithm DPExact DPFIFO
Exact DPe

Approx

Assumptions 1 1 and 2 1, 2 and 3

Structure

All distinct feasible

generated and stored in

the in-between iterations

and distinct Pareto-

optimal ones are kept in

the final iteration

Only distinct Pareto-

optimal solutions

are generated and

stored in all

iterations

In each iteration not all

Pareto-optimal solutions

are stored but only those

that are considerably

distinct from each other

Complexity

O(N2TQ) Pseudo-
polynomial

O(N2min(T,Q))
Pseudo-polynomial O(N2L1L2) polynomial
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0 – 1 – 7 – 0}, after a giant tour transformation, as {0 – 3 – 6 – 4 – 0 – 2 – 5 – 0 – 1 –

7 – 0} where 0 denotes the depot.

Funke et al. (2005) showed that the order of routes is not important. However,

because of time-dependency, the order of routes is very important in our case. Since

a schedule is equivalent to its giant tour representation, the results derived for the

one tour SVRP can be directly applied to find the set of Pareto-optimal giant tours.

The maximum amount of dummy nodes that can be added to the existing graph is

N � 1. This is the case when all N customers are served and during every tour only

one customer is served. Moreover, when a schedule consists of N � 1 tour, the total

quantity delivered is bounded by (N � 1)Q. Therefore, the complexity ofDPExact in

case of the Multiple Tour Model is proportional to: O((N � 1)(2 N � 1)2T2Q) ¼
O(N3TQ).

7.2.4 Some Results

We consider three different classes of instances depending on the geographic

location of customers (R: random; C: clustered; RC: randomly clustered). The

customers’ location as well as their demand are taken from Solomon’s data sets.

However, time windows are modified in such a way that the common band structure

is satisfied. Furthermore, congestion is taken into account. This is achieved by

assuming that the speed on each link is time-dependent and derive the travel time

profile by using the relation ttijðtÞ ¼ dij
vijðtÞ where dij, distance between customers

i and j, are computed based on Solomon’s data sets. The resulting travel times

satisfy both the FIFO assumption and assumption 3, and have the profile illustrated

in Fig. 7.2. Service times are included in travel times and always taken to be 90 min.

Furthermore, we consider the following experimental design: Instances ¼
{C101, C201, R101, R201, RC101, RC201}

Fig. 7.1 The giant tour representation
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vc ¼ 50 km/hr, vf ¼ 100 km/hr

N ¼ {50, 100}

T ¼ {800, 1,550, 3,050}

Q ¼ {100, 200}

CB ¼ {20, 60}

This results in 144 experiments. A larger T allows for more tours and a larger Q
allows for including more customers in a tour.

To compare the different Pareto fronts generated, we define two measures

introduced by Zitzler: the two-set coverage metric and the average distance metric.

The choice of the metrics is motivated by their intuitive explanation.

The two-set coverage metric is defined as:

CðX � YÞ ¼ jfy 2 Y ; 9x 2 X : x dominates ygj
jYj (7.1)

in which X and Y are two Pareto curves. The two-set coverage metric calculates the

fraction of solutions in Y that are dominated by a solution in X. C(X � Y) has values
between 0 and 1. For example, C(X � Y) ¼ 1 (respectively C(X � Y) ¼ 0) means

that every (respectively no) solution of Y is dominated by a solution of X. Both
C(X � Y) and C(Y � X) should be reported since C(X � Y) does not necessarily
equal 1 � C(Y � X). However, since X corresponds to the optimal Pareto-front, we

always have C(Y � X) ¼ 0. Therefore, only C(X � Y) will be reported.
Secondly, the average distance metric is defined as:

MðX; YÞ ¼ 1

jXj
X
x2X

minfjjx� yjj; y 2 Yg (7.2)

in which ||.|| is a distance metric. In our case, we take the euclidian distance as a

distance metric. The metricM reflects how far two Pareto curves are from each other.

Fig. 7.2 Travel time profile
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The algorithms DPFIFO
Exact and DPApprox are implemented on a Intel(R) Core(TM)

2 CPU, 2.13 GHz, 3 GB of RAM computer, in a Matlab R2008b environment. All

instances and software is available from the authors upon request. Based on the

results from Tables 7.2, 7.3 and 7.4, we conclude that, as expected, the accuracy of

DPe
Approx is excellent. For all instances, on average no more than 8% of the solutions

generated by DP0:01
Approx are dominated by any of DPFIFO

Exact solutions. Moreover, on

average less than 23% of the DP0:01
Approx solutions are dominated by a DPFIFO

Exact

solution. Furthermore, the distance of the 0.01-Pareto approximate front from the

optimal one is negligible (less than two in most cases). Moreover, even the distance

of the 0.1-Pareto approximate front from the optimal one can be considered as very

small compared to the magnitude of T and Q. However, the fraction of DPe
Approx

solutions dominated by a DPFIFO
Exact solution increases slightly when randomness is

added to the location of customers.

To illustrate the different Pareto fronts, we plotted these corresponding to an

instance with a relatively bad accuracy, namely the R201.50 instance with the input

parameters T ¼ 3,050, Q ¼ 200, and CB ¼ 20. As expected, smaller values of the

worst case precision e result in a better Pareto front, i.e. closer to the one of DPFIFO
Exact.

In fact, the 0.01-Pareto approximate front practically coincides with the optimal

one. Moreover, it is more dense as more solutions are kept during the execution of

the DP. Furthermore, the deviation of a e-Pareto approximate front from the optimal

one increases as we proceed with the DP execution. However, the deviation stays

within the worst case precision e. Nonetheless, for most DPe
Approx solutions, their

relative deviation is much less than e from a Pareto-optimal solution.

7.3 Supply Chain Synchronization

Supply chains are difficult to manage within a single company, let alone when it is

managed by several companies each pursuing their own goals, as is the case with a

retail supply chain. Over the past years new concepts in the literature have appeared

on managing supply chains. Supply chain synchronization is one of them. As the

name indicates, this concept deals with coordination of supply chain members. The

basic idea of supply chain synchronization is that if stock is available in the chain,

the best place for this stock should be at the end of the chain. In practice, this means

that the manufacturer pushes its inventory as much as possible towards the retailers

and retailers should push as much as possible their inventory into the stores. Supply

chain synchronization involves thus the redesign of a retail supply chain by

synchronizing distribution to production. Right from production goods should

move downstream the supply chain at low cost in full pallets and in full truckloads,

in quantities large enough to cover the needs until the next production run. By

extending both the Newsvendor- and the EOQ-formulae to a multi-echelon diver-

gent network, it can be proved that such forward positioning of inventory indeed is

optimal and that overall supply chain inventories will drop. The suppliers
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Table 7.2 The metrics C and M for the C instances

Instances T Q CB A B C D

C101.50 800 100 20 0 0.11 0 0.98

60 0 0.1 0 1.69

200 20 0 0.11 0 1.05

60 0 0.05 0 2.11

1,550 100 20 0 0.1 0 4.28

60 0.05 0.07 0.07 7.01

200 20 0 0.2 0 7.03

60 0.02 0.16 0.04 8.76

3,050 100 20 0.16 0.33 18.9 46.84

60 0.18 0.4 0.48 22.57

200 20 0.17 0.39 0.86 33.97

60 0.16 0.39 0.29 33.81

C101.100 800 800 100 20 0 0.06 0 0.58

60 0 0.05 0 2.4

200 20 0 0.09 0 1.17

60 0 0 0 3.55

1,550 100 20 0 0 0 4.9

60 0 0.12 0 8.57

200 20 0 0 0 6.31

60 0 0.11 0 6.04

3,050 100 20 0 0.31 0 21.02

60 0.15 0.2 0 30.62

200 20 0 0.23 0 17.75

60 0.12 0.32 0.26 23.56

C201.50 800 800 100 20 0 0.11 0 2.15

60 0 0.15 0 1.9

200 20 0 0.17 0 3.44

60 0 0.05 0 1.94

1,550 100 20 0 0.07 0 4.17

60 0 0.04 0 5.96

200 20 0.02 0.13 0 5.25

60 0.03 0.26 0.03 8.9

3,050 100 20 0.05 0.47 0.45 32.5

60 0.09 0.28 0.79 21.96

200 20 0.16 0.67 0.94 36.1

60 0.21 0.37 4.48 28.17

C201.100 800 800 100 20 0 0.05 0 1.83

60 0 0.13 0 2.45

200 20 0 0 0 1.51

60 0 0 0 3.69

1,550 100 20 0 0.03 0 6.29

60 0.04 0.16 0.04 9.51

200 20 0 0 0 4.92

60 0.04 0.14 0.04 7.21

3,050 100 20 0 0,21 0 21.68

60 0 0.35 0.38 27.69

(continued)
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warehouses become stockless cross docking points, where goods from the suppliers

from various sourcing plants are brought together to consolidate them into full

truckloads. Whenever suppliers deliver lower volumes, they should better bring

these goods to the nearest retailers facility; thereafter the retailer himself should

move these goods onward to the proper destination within the retailers network.

And finally shop replenishment should be rationalized based on shelf coverage, so

as to enhance the retailers warehouse operations. Van der Vlist (2007) describes

these kind of chains in detail (Fig. 7.3).

From an integral supply chain perspective, once a manufacturer’s batch has been

produced, the costs of it are borne and one has to make this inventory effective as

soon as possible, and to move this inventory along the supply chain in the cheapest

possible way. Relating these two challenges to the phenomena mentioned above,

two solutions could be provided: (1) to make inventory as effective as possible it

should thus be moved downstream the supply chain as soon and as much as

possible. As will be demonstrated later, inventory should be moved preferably

immediately after production to achieve overall minimum costs. (2) in order to

move inventory along the supply chain in the cheapest possible way it should be

moved in the largest possible quantities, preferably in full pallets and full

truckloads.

When applying supply chain synchronization concepts, it is shown that the

inventory costs decrease, the transaction costs decrease and that the transportation

costs are decreased: a reduction up to 30% on overall transaction and inventory

costs is observed in simulations. Moreover, it is better to have more safety stock and

move it all downstream the supply chain thereby reducing most stock points to

cross dock operations, with possible additional savings. Of course this concept is

not new and has been described and practiced in different forms. It is however, an

interesting idea to push inventory all the way down the chain to the place where it

meets the customer immediately: retail outlets, etc.
Implementing supply chain synchronization is however, not trivial; several

barriers have to be faced when implementing the concept. One of the first issues

that has to be raised when implementing supply chain synchronization is the

positioning of inventory; a difficult and not trivial problem. Retailer and manufac-

turer need to be willing to collaborate and exchange information on inventory

levels, demand forecasts and production schedules. Both retailer and manufacturer

need to adapt their processes and install proper functionality on their IT systems.

Table 7.2 (continued)

Instances T Q CB A B C D

200 20 0 0.23 0 16.36

60 0 0.37 0 25.38

Total 28.05 577.53

Average 0.03 0.17

A CðDPFIFO
Exact � DP0:01

ApproxÞ, B CðDPFIFO
Exact � DP0:1

ApproxÞ, C MðDPFIFO
Exact;DP

0:01
ApproxÞ,

D MðDPFIFO
Exact;DP

0:1
ApproxÞ
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Table 7.3 The metrics C and M for the C instances

Instances T Q CB A B C D

R101.50 800 100 20 0 0.23 0 2.66

60 0 0.21 0.05 5.07

200 20 0 0.23 0 2.66

60 0 0.13 0.05 3.92

1,550 100 20 0.02 0.17 1.03 8.6

60 0.14 0.19 0.47 7.44

200 20 0.04 0.25 0.46 11.24

60 0.02 0.31 0.16 13.56

3,050 100 20 0.39 0.17 3.64 24.7

60 0.13 0.18 1.91 17.5

200 20 0.47 0.44 3.58 27.06

60 0.27 0.51 1.13 24.85

R101.100 800 800 100 20 0 0.03 0.06 2.23

60 0 0.23 0.07 3,82

200 20 0.02 0.03 0.07 2.48

60 0 0.17 0.14 6.08

1,550 100 20 0 0.29 0 9.9

60 0.01 0 0.18 11.5

200 20 0 0.21 0.02 11.54

60 0.01 0.3 0.17 12.95

3,050 100 20 0 0.31 0 18.66

60 0.17 0.33 1.5 24.34

200 20 0.1 0.29 1.02 18.58

60 0.11 0.3 0.74 26.13

R201.50 800 100 20 0 0.23 0 2.66

60 0 0.21 0.05 5.07

200 20 0 0.23 0 2.66

60 0 0.13 0.05 3.92

1,550 100 20 0.02 0.17 1.03 8.6

60 0.14 0.19 0.47 7.44

200 20 0.04 0.25 0.46 11.24

60 0.02 0.31 0.16 13.56

3,050 100 20 0.39 0.17 3.64 24.7

60 0.13 0.18 1.91 17.5

200 20 0.47 0.44 3.58 27.06

60 0.27 0.51 1.13 24.85

R201.100 800 100 20 0 0.03 0.06 2.23

60 0 0.23 0.07 3,82

200 20 0.02 0.03 0.07 2.48

60 0 0.17 0.14 6.08

1,550 100 20 0 0.29 0 9.9

60 0.01 0 0.18 1.5

200 20 0 0.21 0.02 11.54

60 0.01 0.3 0.17 12.95

3,050 100 20 0 0.31 0 18.66

60 0.17 0.33 1.5 24.34

(continued)
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And last but not least, the chain benefits need to be shared among the different

partners.

Besides the above difficulties, some specific operational issues need to be

solved: e.g. “Is there enough space at the retail distribution centers, in the retail

stores (backroom and shelves) to accommodate the extra inventory due to this

pushing downstream of stock?”; “Is the current inventory control adequate to

support the pushing of inventory downstream?”; “Are there any gains in efficiency

when pushing inventory downstream?”, etc. Clearly, all these questions concern the

last part in the retail supply chain: from retail DC to the retail stores. Focusing on

the chain from the retailer’s distribution center to the stores it is observed that

retailers create a costly chain while trying to minimize downstream inventory and

avoiding out-of-stock situations with short lead-times, high delivery frequency and

small order sizes. For more information, see Van der Vlist (2007).

7.4 Steps to Transitions

The research carried out in the TRANSUMO programme has many links to the

educational programs of the School of Industrial Engineering. Next to this, we also

have been closely involved with many retail and distribution companies to apply

the TRANSUMO research and assist companies in improving their performance.

7.4.1 Courses

Mainly two courses are directly linked to the research in TRANSUMO. We briefly

outline each of the courses.

7.4.1.1 Retail Operations

In 2005, part of the TRANSUMO research efforts were consolidated into a five

credits elective in the Master of Science programme of Operations Management &

Table 7.3 (continued)

Instances T Q CB A B C D

200 20 0.1 0.29 1.02 18.58

60 0.11 0.3 0.74 26.13

Total 32.9 594.94

Average 0.08 0.23

A CðDPFIFO
Exact � DP0:01

ApproxÞ, B CðDPFIFO
Exact � DP0:1

ApprpxÞ, C MðDPFIFO
Exact;DP

0:01
ApproxÞ,

D MðDPFIFO
Exact;DP

0:1
ApproxÞ
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Table 7.4 The metrics C and M for the RC instances

Instances T Q CB A B C D

RC101.50 800 100 20 0.2 0.31 0.38 9.28

60 0 0.11 0 1.84

200 20 0 0.11 0 1.47

60 0 0 0 1.71

1,550 100 20 0 0.04 0 3.69

60 0 0.18 0 6.52

200 20 0 0 0 3.45

60 0 0.11 0 5.81

3,050 100 20 0.05 0.21 0.53 27.55

60 0.01 0.29 0.25 22.89

200 20 0.03 0.36 0.53 32.36

60 0.07 0.35 0.36 26.8

RC101.100 800 100 20 0 0.14 0 3.28

60 0 0.04 0.05 4.4

200 20 0 0.17 0 2.67

60 0 0.09 0.11 24.42

1,550 100 20 0.02 0.18 0.19 14

60 0 0.17 0.39 11.82

200 20 0 0.04 0 9.86

60 0 0.21 0.25 9.86

3,050 100 20 0.13 0.39 1.96 12.21

60 0.25 0.32 2.75 35.38

200 20 0.22 0.19 2.81 39.15

60 0.24 0.21 2.1 31.32

RC201.50 800 100 20 0.2 0.31 0.38 9.28

60 0 0.11 0 1.84

200 20 0 0.11 0 1.47

60 0 0 0 1.71

1,550 100 20 0 0.04 0 3.69

60 0 0.18 0 6.52

200 20 0 0 0 3.45

60 0 0.11 0 5.81

3,050 100 20 0.05 0.21 0.53 27.55

60 0.01 0.29 0.25 22.89

200 20 0.03 0.36 0.53 32.36

60 0.07 0.35 0.36 26.8

RC201.100 800 100 20 0 0.14 0 3.28

60 0 0.04 0.05 4.4

200 20 0 0.17 0 2.67

60 0 0.09 0.11 24.42

1,550 100 20 0.02 0.18 0.19 14

60 0 0.17 0.39 11.82

200 20 0 0.04 0 9.86

60 0 0.21 0.25 9.86

3,050 100 20 0.13 0.39 1.96 12.21

60 0.25 0.32 2.75 35.38

(continued)
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Logistics (in the School of Industrial Engineering). Yearly, around 60 industrial

engineering students attend the course. The faculty involved in the course are the

same people as the ones involved in the retail operations research group. In total, we

have a semester of 15 weeks in which we organize 10 weeks of contact sessions (2 h

per week each).

The retail operations course aims to make the students acquainted with both the

Dutch and international retail sector. We give an overview of the relevant research

questions playing in the retail sector. The specific focus of the course is on the

operational processes in retailing rather than on different marketing issues. The

student is expected to be able to understand these processes in the retail sector and

to model them. This will be possible by studying the most important papers in

different decision areas of retailing (i.e. seminal papers on inventory control,

distribution, store operations, etc.). Moreover, the student should be able to read

and position retail operations management papers within the framework offered by

Table 7.4 (continued)

Instances T Q CB A B C D

200 20 0.22 0.19 2.81 39.15

60 0.24 0.21 2.1 31.32

Total 25.32 683.48

Average 0.05 0.18

A CðDPFIFO
Exact � DP0:01

ApproxÞ, B CðDPFIFO
Exact � DP0:1

ApproxÞ, C MðDPFIFO
Exact;DP

0:01
ApproxÞ,

D MðDPFIFO
Exact;DP

0:1
ApproxÞ

Fig. 7.3 Pareto-optimal front vs. Pareto-approximate fronts
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this course. Throughout the course, we develop managerial insights for the retail

sector and use quantitative and empirical modelling skills.

7.4.1.2 Strategic and Operational Decision Making in Transportation

and Logistics

This advanced course describes the logistics industry, logistics systems, and the

current trends in the development of advanced decision support systems. The

course first discusses the logistics industry, markets and market developments in

logistics and strategies of firms in the logistics industry. Second, emphasis is put on

modeling and solving logistics problems using state-of-the-art approaches. The

transportation, distribution and warehousing functions will be studied in detail

through lectures and case studies.

At the end of the course, students should be able to:

• Understand the logistics industry, e.g. markets for transportation and logistics

activities and the strategies of various firms that provide services in transport &

logistics.

• Understand and master the strategic role, structure and functions of distribution

systems (aiming at designing, operating and controlling the transportation,

distribution and warehousing activities).

• Design the planning and control tasks of logistics systems and formulate,

analyze and design solutions – using state-of-the-art and adequate methods –

for logistics problems, especially in transportation & distribution. Logistics

problems covered include network design, arc routing (e.g. garbage collection),

node routing (e.g. parcel deliveries), etc.

7.4.2 Master Thesis Projects

Over the years, many master thesis projects within the Master of Science program

of Operations Management & Logistics (at the School of Industrial Engineering)

have been organized on the TRANSUMO project research lines. These projects are

individual thesis work of 5 months full time, with preparatory period of 5–8 months

during which the student is in partial contact with the company. Project focus is

academic work within a specific industry context. More specifically, we did

projects with Nabuurs, Jumbo Supermarkten, Metro, etc. assessing the value of

the developed models and tools in real life. All projects were characterized by:

thorough data analysis, quantitative modeling, extensive mapping of operational

processes and solutions which are implementable and take account of the organiza-

tional circumstances.

Clearly, we have specific interest in problems that have a strong operational

component, with an emphasis on in-store operations and its upstream supply chain.

7 Managing Supply Chains: Transport Optimization and Chain Synchronization 135



Various types of projects are possible, although full access and usage of company

data is essential in all projects. More information can be found on www.

retailoperations.nl.

7.5 Conclusions and Future Outline

We described different different concepts for transport optimization and chain

synchronization based on real-life cases coming from M.Sc students and company

projects. Coping with real-life dynamic and stochastic environments is a critical

and difficult problem to handle. In this chapter, we focussed on routing trucks into a

congested road network and showed innovative concepts with regard to supply

chain synchronization from retailer to manufacturer.

Given and based on the TRANSUMO research, a number of future research lines

can be described. Without being exhaustive, the following topics can be considered:

• Real life variants of the VRP (tactical planning level): Many more variants of the

VRP need to be considered in the same environment as we discussed earlier

(dynamic and stochastic). In this research line, we focus on what is needed in

real life, rather than tackling any possible variant in the VRP. This is related to

the initial statement of being problem-motivated. Most of these variants come

from M.Sc. projects carried out at different Logistics Service Providers (LSPs).

• Green logistics (strategic and tactical planning level): Obviously, the contempo-

rary traffic prices do not reflect these external costs. In order to induce road users

to make the correct decision, marginal external costs should be internalized.

• Online repair policies and Consistent VRP (operational planning level): The

only certain thing is that any plan, once realized, goes wrong, even if the offline

schedule is perfect. Moreover, not everything can or should be taken into

account in the offline schedule. It is thus important, given the potential future

realizations, to determine the right reaction or repair policies.
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Chapter 8

Real-Time Coordination in Container

Trucking – Prototyping and Evaluating a

Multi-agent System for Real-Time Container

Truck Planning at Post-Kogeko

Hans Moonen and Jos van Hillegersberg

8.1 Introduction

In a world that is fast becoming “Hot, Flat and Crowded” (Friedman 2008) our

society and its systems have to become smarter than they currently are, and are in

need of radical innovations. “Instead of avoiding the unmanageable, we have to start
managing the unavoidable”, as Friedman formulates it.

Multi-agent systems (MAS) have the potential to be one of the radical innova-

tions that can help to organize (logistic) operations better (Fischer et al. 1996; Luck

et al. 2004; Davidsson et al. 2005; Moyaux et al. 2006), and therewith contribute to

a more sustainable society. Applied to logistics and transportation, MAS agents can

improve efficiency, and therewith reduce the costs, pollution, and lead to more

freedom for individual employees. Key herein is the utilization of real-time infor-

mation in a planning process that primarily uses coordination in intra- and inter-

organizational processes. Although logistics is often referred to as a potential

candidate for the application of MAS, little research is done focused on (future)

real implementation within logistics.

The research in this chapter is one of the first experiments with multi-agent

systems in the real practice of logistics. The research case discussed here, covers

the development and evaluation of a prototype MAS for the real-life planning

problem of road-container transport at Post-Kogeko, a logistics service provider in

The Netherlands. In Sect. 8.2 we will position MAS in the scientific literature,

Sect. 8.3 then describes the application case at Post-Kogeko, the logistic service
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provider involved. In Sect. 8.4 the system design is covered, followed by an

evaluation in Sect. 8.5. Finally, Sect. 8.6 presents the conclusion and discussion.

8.2 Multi-agent Systems in Logistics

The Enterprise Resource Planning (ERP) systems and Supply Chain Management

(SCM) software nowadays utilized in logistics and transportation are typically of a

centralized nature. Centralized information processing in supply chains results in a

minimum amount of transactions, and one single point for optimization (Lewis

and Talalayevsky 2004). However, this is not logic for operational-level decision-

making in highly dynamic environments, where many factors are constantly chang-

ing (Singh et al. 2007). Centralized solutions have difficulties in coping with a high

degree of complexity and change (Marik and McFarlane 2005). In fact, serious

doubts exist about whether the current enterprise systems are suited for today’s

SCM challenges (Davenport and Brooks 2004).

Over the past two decades researchers have been working on a different type of

information systems architecture, namely multi-agent systems (MAS) (Wooldridge

and Jennings 1995). Other than centralized information systems, such as ERP,

MAS consist of many autonomously interacting software agents. These interacting

agents are small software programmes characterized by intelligence and individual

behaviour (Schleiffer 2005). Communication and coordination (between agents)

are the essential elements in such systems. Not all agents have to be equal: each

agent may have unique capabilities and objectives, representing its real-world

counterpart. The important characteristics of multi-agent systems are (Rudowsky

2004; Caridi and Cavalieri 2004; Moyaux et al. 2006): (1) agents need each other

for completeness of information and problem solving; (2) there is no global control

system; (3) data are decentralized; (4) asynchronous computation; (5) modularity;

(6) multi-objective functions can be embedded; and (7) design can be a stepwise

process. Application domains that are likely to benefit from multi-agent systems

have the following characteristics (Sierra 2004): (1) very fast interactions; (2)

interactions are repeated with either (a) high communication overheads, or (b) a

limited domain so that learning done by the agent about user behaviour is effective;

(3) each trade is of relatively small value; (4) the process is repeated over long

periods of time; and (5) the product traded is relatively easy to specify.

Logistics and transportation are interesting domains for the application of multi-

agent systems (Fischer et al. 1996; Luck et al. 2004; Davidsson et al. 2005; Moyaux

et al. 2006). Not only do many logistic processes match with the characteristics

listed above derived from Siera (2004), but especially the inter-organizational

nature of the domain makes agents logical candidates, as the heavy interdependence

on chain partners complicates the implementation and utilization of centralized

systems. Decentralized solutions, of which multi-agent systems are an example,

seem to be suitable in situations where a classical centralized solution is less

suitable and where the distribution of information and decision-making is
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necessary. Marik and McFarlane (2005) specifically mention several characteristics

that favour a decentralized solution approach. Fischer et al. (1996) show that MAS

have the potential to perform similar to traditional centralized optimization

mechanisms. Furthermore, MAS design may provide fundamental advantages

such as increased flexibility, and real-time capabilities.

Nevertheless, MAS have not been widely adopted in logistics and transportation

yet (Caridi and Cavalieri 2004; Davidsson et al. 2005). Even papers that describe

“practical applications” (e.g. Adler and Blue 2002; Trappey et al. 2004; Lima et al.

2006; Moyaux et al. 2006) solely describe academic experiments without concrete

implementations. In fact, these are theoretical design attempts that do not validate

or test these designs, nor provide detailed plans on how to approach this – an

observation shared by Wareham et al. (2005).

Little empirical or experimental research is done to really apply MAS in

practice. The Dutch applied research institute TNO recently concluded, “that
many ideas on multi-agent systems exist, but applications and tests in the field of
logistics are hard to find” (Van Rijswijck and Davydenko 2007). Furthermore, they

state, “It appeared that the technology has not gone further than university research
laboratories and some pilot projects.” Chmiel et al. (2005) conclude that most of

the current multi-agent system research is far from realistic because the setting is

oversimplified, and designs tend only to include a very limited number of agents.

They plead to researchers to “start designing and implementing large software
systems, consisting of hundreds of agents, and study their behaviour”.

Therefore we choose to concentrate our research efforts on the application of

multi-agent system to a real-life planning problem of sea-containers, as we believe

that multi-agent systems can be an instrument to establish supply chain systems that

focus on solving problems through (real-time) synchronization of activities – by

means of communication and negotiation – rather than optimization in isolation, as

tends to be the case in centralized architectures.

8.3 Application Case for Agents at Post-Kogeko

The empirical part of this research was performed at Post-Kogeko. Post-Kogeko is a

Maasland, Netherlands, based logistics service provider active in distribution,

forwarding and transport, which employs �575 employees and operates �500

trucks. The company is growing steadily, and is referenced by the Commissie

Van Laarhoven (Van Laarhoven et al. 2006) as one of the industry’s main inno-

vators. Around 40 of its trucks and drivers are dedicated to the sea-container unit.

Post-Kogeko is specialized in conditioned transport; 95% of the containers it

transports are reefers. Reefers limit the dynamic reallocation of empty containers,

as reefers have to be cleaned before re-entering the circuit of empty containers.

Transporting containers means interacting with terminals and customers. The

interaction with the customers can be split in four different moments: (1) First, the

order intake phase takes place, when Post-Kogeko receives its customers’ orders.
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Generally these orders specify the pickup of a container the next day. (2) During the

execution day, contact about the order-status occurs. This type of contact generally

takes place by phone, and is generally customer-initiated. (3) Then the actual

delivery takes place: the driver delivers a full or empty container, and waits for

unloading/loading of the container (see the physical process depicted in Fig. 8.1).

(4) The invoicing occurs afterwards. An invoice is generally an accumulation of

several orders processes over a longer period.

What complicates matters from an optimization perspective is that only around

50% of all containers are available at the start of operations early in the morning;

either they have not physically left the ship yet, or they are delayed for administra-

tive reasons – which can be due to non-settled payments or customs. Post-Kogeko

can only transport released containers, which are allowed to leave the container

terminal. As release times are unknown beforehand, doing the entire planning a-

priori is not possible.

Potential savings in the container transportation where identified at the following

three points (Oink 2005):

• Automation of the planning processes (assignment process as well as external

information processing tasks) could result in a larger span of control for a

planner, making it possible for the planner to plan more trucks.

• Better assignments, resulting in fewer mistakes, less unnecessary waiting, and

less empty kilometres.

• Chain coordination – involving customers and terminals – enables a higher level

of optimization. It no longer solely reacts upon (last-minute) orders, but has the

potential to anticipate orders. This might result in shorter throughput times, less

unnecessary waiting, lower costs (since one can further optimize resources and

routes) and is likely to lead to more satisfied customers.

Container planning is an inter-organizational coordination problem. From

interviews we heard back that technology to support this should be focused on

coordination through communication, rather than on optimization alone. Preferably,

this should be done through processes understandable to human planners, as Krauth

(2008) showed: many companies in logistics (including our case company, Post-

Kogeko) prefer a decision support system that, while automating most of the process,

keeps the planner in final control, in this way increasing a planner’s span of control.

Container terminal Road transport - from
terminal to customer

Customer

Empty container - transported back to (same / other) container terminal

Fig. 8.1 Basic physical process flow in the transport of import sea-containers
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8.4 System Design of the Multi-agent System

The multi-agent system designed is a real-time planning (support) system, which

consists of different types of software agents monitoring their environments. This

includes TruckAgents monitoring (real-time GPS based) truck movements and

traffic jams, and OrderAgents monitoring container availability and customer

preferences. Orders are assigned in real-time to trucks, based on a mechanism

that considers the order details (minimizing lateness of orders), the movements of

the fleet, reduce empty kilometres, and potential delays due to traffic jams. The way

human planners currently work was taken as a starting point in the design. The

planning processes were modelled as agent behaviours; making the system’s

decisions relatively human-understandable.

The agent system is developed in JADE, which is an efficient and scalable agent

development platform (Chmiel et al. 2005). For more details about JADE, both

technical and functional, we refer the reader to Bellifemine et al. (2007). The

development of the multi-agent system was performed in Eclipse running under

Windows XP. The engine gets its order data from the QFreight database, and the

GPS location information from either the simulator or the CarrierWeb system

database. Both databases are Microsoft SQL Servers. The SQL Servers (version

2005) contain the order information and run on Windows 2003 Servers, and the

truck simulator on a RedHat Enterprise Linux Server. The LP-based route planning

functionality covered Benelux countries only, and was provided by AND. The web-

based user interface is developed with the Google Web Toolkit (GWT). It integrates

a map, for which Google Maps was used. Both JADE and GWT lean on develop-

ment in Java.

Four versions of the prototype system have been constructed (see Fig. 8.1). For

pragmatic reasons we started off with the most extended (and perhaps most

advanced) version, a fully automated version that runs on a simulator. Evolving

from that version onwards, we first extended to a version with a UI, in fact an in-

between, in order to visualize the working of the system, and to interact from a web

interface with the multi-agent system and the simulator. This version runs on a web

server (Apache Tomcat), and can be manually started and stopped, and furthermore

set to simulate a certain day in a particular scenario. In turn, this version was

the starting point for constructing a manually operated version that could run

on the (same) simulator, and eventually a version without the simulator, which

connected to the Post-Kogeko backend systems. The manual version was only

developed in the last week before the field-test (as it was difficult to test with

this version). The different versions, with their respective agents are listed in

Table 8.1 – note that the two first versions (from Fig. 8.2) are bundled.

In the system, there are different types of agents; the two most important:

TruckAgents, and OrderAgents. For each truck in the system a TruckAgent, and

for each order an OrderAgent. The agents in the system process the information

they receive – such as location changes, orders, order availability, customer

preferences, and traffic jams. TruckAgents store all information of importance to
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that particular truck and the calculations that need to be made by the agent. With

every status update, TruckAgents calculate their expected Estimated Time of

Arrival (ETA), estimating the moment they will be free to execute their next

order. OrderAgents encapsulate all details from an order that needs to be executed

on the particular date. An order stores information on its preferred customer

delivery time-window, the type of customer, the pickup, delivery and return

locations, corresponding kilometres, and the availability of the order at the pickup

terminal. An OrderAgent has behaviour to automatically check availability with the

system from the terminal.

TruckAgents get their order assignments through real-time negotiation with the

other agents in the system, hence that these decisions are based on the most up-to-

date situation (and the interaction between agents illustrated in Fig. 8.3). As soon as

a truck becomes available, its TruckAgent will notice and start actively negotiating

for the next job to execute. This is done by contacting the different OrderAgents and

then calculating a score for each order – through a CalculateScore algorithm which

calls four subclasses that calculate four scores for, respectively: a CustomerImpor-

tanceScore, a CustomerTimeWindowScore, an EmptyMileageScore, and a

TrafficJamAvoidanceScore. As a result, the TruckAgent gets an (ordered) array

of orders to execute with a list of scores. To avoid (very) local optimisation, the

truck agent then takes the highest ranked order and asks for a bid from the other

TruckAgents for that specific order. The scoring incorporates the time trucks are

still busy, utilizing a truck’s ETA, and the place where it will become available

again. If there is no other truck that is better capable of executing this particular

order, the TruckAgent claims the order, and the truck is instructed to execute this

specific order. A TruckAgent can be an initiator, which means that it is actually

searching for an order, as described above, or a participant. A participant responds

to other initiators, but is not currently searching for an order.

Table 8.1 Agents in the different versions of the prototype

Agents

Automatic assign./

simulator version (#1&2)

Manual assign./

simulator version (#3)

Manual assign./

field-test version (#4)

TruckAgent X X X

OrderAgent X X X

ManagementAgent X X X

LogAgent X X

TimeAgent X X

SyncAgent X X

SimAgent X

Automatic
assignment /

Simulator
version

Automatic
assignment /

Simulator
version + UI

Manual
assignment /

Simulator
version

Manual
assignment /

Real-life
version

Fig. 8.2 Different versions of the prototype
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The ManagementAgent is a supportive agent that performs several supportive

activities. The ManagementAgent is the agent that is among the first to be started in

the system; it has functionality to generate for each order an OrderAgent, and a

sufficient amount of TruckAgents. In the field-test setting this step is bypassed. In

that scenario, the ManagementAgent looks-up a database, and generates the number

of trucks (with the proper number plates, used as the ID), as listed in the system for

that day. Furthermore, the ManagementAgent keeps track of the amount of orders

still to be executed and the amount of trucks still active in the system. It possesses

the functionality (in the simulator version) to check whether a day has been

completed (that is: all orders executed), in which case it communicates with the

SimAgent that it can restart the system and simulate another day.

BG-LZ-31 BH-JX-01 BH-LV-17 4059156 4060149

GetOrderData

Get Order Data

OrderData

OrderData

CalculateScore

CalculateScore

BuildOrderList

CFP - order 4059156

CFP - order 4059156

ReturnBid

ReturnBid

EvaluateProposals

AssignOrder

CalculateScore

CalculateScore

ChangeStatus

Fig. 8.3 UML Sequence diagram – FindOrder process
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In the simulator setting we need additional supportive agents and behaviours;

more specifically, the SimAgent, SyncAgent and the TimeAgent. The SimAgent

is the agent responsible for starting and executing simulations. In fact, it sets a

particular date, starts the simulator server and initialises the agent platform. It

then starts the SyncAgent and the TimeAgent, which in turn start the Manage-

mentAgent, which then generate the OrderAgents and the TruckAgents. The

SyncAgent takes care of the needed communication with the simulator and

syncserver, which are running at a Linux server in the network. The simulator

typically simulates another date and time than the current system-time. Further-

more, it can run at a faster(or slower)-than-normal pace. The TimeAgent has

functionalities and behaviours to handle this. Other agents contact the TimeAgent

to find out the current time in the simulated world.

The TruckAgents and OrderAgents update their status for display in the GUI

in two XML files we utilised in the interface, namely trucks.xml and orders.xml.

The GUI interprets these files, and graphically displays them on a map (see Fig. 8.4

for the truck view).

In the “Manual assignment – Real-life version” (see Fig. 8.2) the GUI was used

to control the MAS running in parallel to the manual planning system. Through

buttons and screens in the GUI the user could put the agents to work, overwrite decisions,

and get back performance information from the system, mainly on operational data such

Fig. 8.4 Screenshot interface multi-agent system prototype

146 H. Moonen and J. van Hillegersberg



as KM’s driven (empty/full), and hours worked for the trucks, and details on order

hours and order availability.

8.5 Evaluation of the Design

8.5.1 Four Different Evaluation Methods

Important in design research are proper (prototype) evaluation steps. There are

many different evaluation methods possible. Prototyping can take place for differ-

ent reasons, as Fitzgerald (1998) explains: for a technical design try-out, or a try-out

of novel concepts. Documenting the development of an interactive web application,

Levi and Conrad (1996) show that prototyping can be a useful methodology. As

such, a prototype helps to get acquainted with new technologies and approaches, to

learn from these experiences, and is an ideal tool to gather (end-) user feedback.

“Evaluation means assessing the performance or value of a system, process (tech-
nique, procedure, . . .), product, or policy. As such, evaluation is accepted as a
critical necessity in science, technology, and many other areas, including social
applications” (Saracevic 1995).

Overseeing the diversity of the domain and the many different factors that play a

role in implementation of systems, as well as adoption of agent systems, we

recognize that one can never evaluate a system on solely one factor, nor is it

possible to utilize a single method. Van Hillegersberg (1997) studied Object

Orientation (OO) in information systems development. He concluded that, in

order to properly study all of the diverse aspects that came with OO, a multi-

method approach was needed. Considering this and the ideas by Saracevic (1995),

Vokurka et al. (1996), and Kaplan and Duchon (1988) – we recognize the need for a

multi-method prototype evaluation approach.

The design and prototyping process as such are already an important evaluation

approach, following Nunamaker and Chen (1990) – and therewith our first evalua-

tion method (see Sect. 8.5.2). We chose three additional evaluation approaches,

with different levels of evaluation, levels of control and different rigour/relevance

balances. These approaches are: simulation (Sect. 8.5.3), expert evaluation

(Sect. 8.5.4), and an in-company field test/case study (Sect. 8.5.5), to study

behaviour in the intended user environment – see also (Hevner et al. 2004). For

details on the methods utilized see Table 8.2. For a longer list of evaluation methods

see, Chap. 4 in Moonen (2009).

8.5.2 Evaluation I: Development and Prototyping

Few programmers are gifted enough to construct faultless software code from

scratch. Although integrated development environments (IDE), such as Eclipse,
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help in writing compiler ready code, bugs and design problems tend still to be

present. This is either due to faults in the coding, or unforeseen processes or

circumstances, but can also be caused by a different programming paradigm, as

we found out through the process of prototyping a multi-agent system. The devel-

opment of a multi-agent system requires a mental switch for classically schooled

developers.

Running, tracing and solving bugs and problems, and along that line, rethinking

(smarter) mechanisms are therefore part of the construction process of the proto-

type. The prototype has been worked on by two developers: a main developer, who

did most of the programming, and a functional designer (the first author of this

chapter) who assisted in the programming. The frequent and sometimes very

intense discussions between the developers benefited the prototype enormously,

Table 8.2 Methods for evaluation of the multi-agent system prototype

# Method

Level of

evaluation

Level of

control Rigor/relevance Short description

I

Prototype as

design and

feedback

instrument

Engineering,

processing,

use or user,

and social

level Low

A continuous evaluation

throughout the design

and build phase. Ex-

ante evaluation leads

to new insights,

which will be fed,

into a new version of

the prototype

Rigour low

Relevance high

II Simulation Processing level High

Evaluate the

performance of the

prototype in a

controlled manner –

generally, in

comparison with

other mechanisms

Rigour high

Relevance low

III Expert opinions

Engineering,

input,

processing,

output, use or

user, and

social level Low

An evaluation method in

which a group of

experts is used to

discuss and validate a

prototype. This is an

accepted method to

gather meaning,

experiences and

insights from

(domain) experts

Rigour medium

Relevance high

IV

In field case

study/

experiment

Input,

processing,

output, use or

user, and

social level Medium

A try-out of the

prototype in the field.

Does the targeted

system achieve what

was envisioned?

Generally leads to

suggestions for

improvements
Rigour low

Relevance high
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as did the contact with outsiders. Throughout the development process, continuous

testing of the code took place, for which a test set distilled from historical execution

data from Post-Kogeko was utilized. Two rather simplified days were used, 1 with

only 12 orders to be executed by 5 trucks, and 1 with 52 orders to be executed by 26

trucks. A normal day in practice generally has a larger amount of orders and trucks.

For testing purposes these simplified days made life easier – due to a reduced setup

time for the creation of agents, and easier insight in agent-to-agent communication

lines and process flow.

An important decision made relatively late in the process was not mentioned

before: the introduction of the OrderAgent. Although present from the beginning in

our initial design, we first aimed for a solution in which we only had TruckAgents

and Order Objects (along with the supportive agents as described before). The order

information was obtained from the QFreight database each time a truck initiated a

FindOrder event. The ManagementAgent performed an availability check with

the terminal, and updated the order data in the QFreight database. Although this

solution worked in principal, it resulted in a large amount of database calls at each

FindOrder event, and it complicated the creation of smart behaviours for orders.

It would be more logical, and more in line with agent principles, to construct an

OrderAgent that has its own behaviours: such as checking and updating its avail-

ability, its estimated execution time (the duration of the trip) and communicating its

details to a TruckAgent when requested. It also constitutes a basis for future

intelligent extensions. OrderAgents contacted the order database just once, only

at the setup to read all required order details. In the past, it sometimes happened that

– due to the fact that we were dealing with literally tens of thousands of database

transactions (and connections) – the system sometimes failed for hard-to-trace

reasons despite the static and synchronized methods applied.

8.5.3 Evaluation II: Simulation

Within the context of the same project, other researchers have been working on

different aspects of multi-agent systems. Mahr et al. (2008) have done extensive

research into multi-agent system algorithmic design, into the performance of MAS,

and into the comparison of MAS algorithms with more traditional Operations

Research (OR) techniques. They report on a series of simulations. It is shown that

in a context with relative high dynamism, their MAS approach chosen performs

similar to the online optimization.

Although our prototype was never designed to solve the exact same problem

they have been working on, we decided to compare our approach with theirs,

nevertheless. It gives insight into how our agents perform, and delivers insights

for redesign. We do not explain details of the competing prototypes here, but refer

the reader to Mahr et al. (2008). The dataset used for simulation is the same one, and

it is based on transaction data from Post-Kogeko.
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When comparing our results with the results reported by Mahr et al. (2008),

we see several important differences. Their results have very high “idle times”,

though those are close-to-non-existent/minimal in our approach, but they have

less “empty hours”. Another difference concerns the job rejections, which is

something they observe in their experiments, and we do not. The largest difference

however, lies in the amount of “on time” orders which is disappointingly low in

our approach. These differences all have to do with the design of the agents.

The TruckAgents in the system always try to find a new order, and, when doing

so, they select the highest scoring order. However, with deliveries spread over

the day, at a certain point the orders that have to be delivered early have been, or are

being, served by other trucks already, and the next TruckAgent selects an order

which is going to be served “too early”. TruckAgents only wait when orders are

not yet physically present at the terminal, but not for orders that are going to be

delivered (a little bit) too early. This design decision was made in the design

phase together with Post-Kogeko planners – they do not work with as strict time

windows.

Mahr et al. (2008) have already made critical remarks concerning the dynamism

of the simulation setting. The only dynamic aspect in these simulation scenarios

was the percentage of order release information known at the start of operations.

Terminal and customer processing times are constants, driving speeds are constants

and no accidents such as breakdowns occur. Simulation is always an abstraction,

but this was too abstract. Especially for a prototype that has been built from the

idea that the world changes every minute, and that real-time information makes a

difference. Hence, if there is nothing to react upon in real-time, why should one

plan or assign in real-time?

The simulations revealed two important findings. First, a serious design

issue in our design was discovered by the fact that in the largest part of our

simulation runs, a double delivery of orders was observed. A TruckAgent selects

a particular order, releases the initiator lock, the OrderAgent is signalled by the

TruckAgent, and accordingly updates it status. However, it sometimes happened

that the next initiator TruckAgent was quicker in selecting a list of potential

OrderAgents than that the OrderAgent that was claimed by the previous Truck-

Agent had updated its status, despite the delay in the generation of TruckAgents that

have been built in as a safety mechanism. This implies the need for another

mechanism to synchronize activities between agents. Due to time limitations, we

were not able to integrate this into our prototype and rerun the experiments and

field-test (although it was not observed there). It is however, an important lesson for

further work.

Second, we observed that running at six times normal speed, the agents are still

idle most of the time. This could be noticed observing the system performance

monitor tool built into the Windows 2003 server. In fact, this means that there is a

possibility to put agents to work during the time they are idle; there is a chance for

them to do more “intelligent stuff” in the time they are idling, for example

preparing future decisions, or doing re-optimization.
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8.5.4 Evaluation III: Expert Evaluation

Early 2008, we organized a 1-day event in which workshops were organized with a

total of 45 experts participating. Most participants came directly from the logistics

sector; a category that includes shippers, 3PLs, and port operators. The other

categories are ICT, Consultancy, Policy Makers and Research Institutes/

Universities.

The event consisted of four parts. The entire group of participants first were

involved in an introductory session, after which the group was split in two groups.

One workshop concentrated on the application of multi-agent system technology

within road planning – topic of this chapter – the other on multi-agent application

to plan barge rotations (see Douma 2008 and Moonen 2009). With respect to

the Post-Kogeko prototype two questions were asked to the experts: (1) What

advantages and disadvantages of the shown multi-agent system do you see for

road transport (in general)? (2) How should the multi-agent system support the

planner in his/her activities?

The answers (written on response forms, followed by a verbal group discussion)

can be roughly split in two parts: One, feedback was received concerning the

prototype – participants identified weaknesses, and gave suggestions for further

improvement. Two, feedback was gathered on the concepts that underlie the

prototype demonstrated, and its wider potential for future applications. The largest

part of the feedback concerned feedback in the second category.

Despite the perceptual nature of the feedback received, we think that it provides

useful insights. A large and diverse group of experts participated. The experts had

different backgrounds, and all had experience with either the design and implemen-

tation of logistic information systems, the inner-workings of actual operations and

processes within logistics, or managerial aspects. Furthermore, some researchers

participated that have been working on similar or related concepts and systems.

The answers received on the forms were grouped and clustered together, and

frequencies of occurrence were counted. For details we refer to Moonen (2008,

2009).

Several participants showed their appreciation for the prototype. They appreciated

the underlying MAS principles of having a system composed of autonomous agents

that derive a solution through communication and negotiation with other agents

rather than, as one participant formulated it, “uninformed optimization”. Someone

else mentioned that MAS is “well connected to the manual way of working, with
local decision autonomy”. A third participant formulated it this way: “I like this
very much; human planners cannot handle the dynamics and complexity of the
(current) reality”.

Several critical comments were made. Someone remarked that it is solely a

limited prototype, and far from a real system. A list of missing aspects in the current

prototype was created. Mentioned were the integration of smarter algorithms in the

system; the inclusion of opening times of terminals and customers in the decision-

making process; and the need for a structured way to integrate knowledge of human
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planners in the MAS. Someone else mentioned that the prototype has a highly

operational/executional nature: “How does this prototype connect with the strategic
and tactical levels of planning?” Someone else mentioned that real advantages are

only to be realized when companies start collaborating; “Despite the fact that the
shown technology might be a platform for this, the ease of implementation is
questionable.” This implied that it is an organizational behavioural issue rather

than purely technical.

As concrete extensions for this prototype, several participants mentioned

extensions within the supply chain: such a system should make it possible to

connect with terminals and customers, and dynamically negotiate timeslots for

pickup and delivery. Another extension mentioned was a connection to electronic

marketplaces, where agents (trucks/drivers) can automatically find orders. A third

possible extension was to include a driver-agent in the system: currently it is the

truck-agent who decides, and the driver lacks autonomy. Fourth, the system should

calculate and compare several decision scenarios, which it presents the planner,

rather than making an autonomous choice. Fifth, although the system does include a

multi-attribute decision-making process, human planners include still many other

factors, too.

8.5.5 Evaluation IV: In Field Case Study

A fourth evaluation method we utilized was a real-life confrontation with the

environment the prototype was developed for. Together with Post-Kogeko, we

decided to test the prototype in the daily practice of container planning, and analyze

its workings. Testing a new technology within a company is a useful idea, however,

it is not evident how to do it, and what to measure. We decided to aim for an

evaluation session, in which we connect live to the Post-Kogeko systems and let the

multi-agent system run parallel with the normal planning process. In order to do so,

the simulator-based version of the system had to be rebuilt into a version that was

able to run parallel to the real-life QFreight and CarrierWeb systems. Also, the

agents lose part of their autonomy, since the planner keeps control over the final

decision. As such, human interaction with the agents also became an issue.

Sitting down with the planners, we utilized the Think-Aloud technique to gather

evaluation data. The Think-aloud technique is pretty much what it sounds like.

Someone is asked to do a task, and to think aloud about what he/she is doing. This

method makes it possible to acquire insights and feedback that is difficult or even

impossible to reach through other methods (Nielsen et al. 2002). Wright and Monk

(1990) have proved that the think-aloud methodology not only is effective as such,

but also is a useful method to be used by the developers of a system or prototype with

their intended users. Developers have turned out to be inaccurate in predicting what

problems they will observe in the evaluation. As such, using this evaluation method

is a useful instrument in a design cycle, even when used by researchers involved in

the development. A day like this generates many results across several categories.
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First of all, such a test is an instrument to find bugs and identify missing features

in the prototype. Second, and more important from the perspective of our research,

is the question of whether the prototype and its concepts as developed hold in

real practice, and whether the planners who have to work with it “buy it”. Third,

it is a moment to discuss future extensions to the prototype and its underlying

concepts.

During the tests the two developers of the system were present. Notes were

made by both, and shared and compared afterwards. The user interaction (of the

planner) with the system, the plan experiences, and interaction about pros and cons

of the system were all documented. Two planners participated in the test: a senior

planner in the container unit, with 21+ years of experience, and a planner with 8+

years of experience (of which only a couple of months spent in container planning).

During the tests, a couple of bugs and a longer list of missing features were

collected. The feedback received on the working of the prototype was very positive.

The main conclusions from the tests were:

• The planners do not really care if it is a multi-agent system or not. They want a

system that comes with solutions for their daily problems, by giving assistance to

the daily job, automating routine work, and providing assistance in the planning

tasks.

• The prototype as tested did come with some minor bugs, and it was not feature

complete. The session, as such, resulted in a long list of suggestions for addi-

tional features. The planners evaluated the features that were present, indepen-

dent of missing features, and tried to solely consider underlying technologies

and concepts.

• The concept of a smart system that runs parallel to the manual processes, and

comes autonomously with suggestions for assignments was very much

welcomed.

• The multi-criteria order assignment mechanism, as was implemented deliber-

ately, resulted in reactions such as, “Oh yes, that would also have been an
interesting option”

• In daily practice, multiple decision criteria exist, however, be aware that there

are, for example, no fixed narrow time windows, or pertinent rules that some

customers are always served faster. Most constraints are pretty flexible.

• The largest troubles currently exist at the chain level: late customer changes,

little information from (and interaction with) the terminals, long queues. This

prototype could be a basis for a further integration with the up- and downstream

supply chains, and help in automatic checking, updating and perhaps

negotiating. This would be a real relief.

• From a technical perspective, the test was a success: all agents kept working

properly, and the UI (the part the planners interfaced with) made it easy to

interact with them.

• From a research perspective, this test was also very interesting, however, it

should not stop here. The interesting challenge remaining is to make the next

step towards real implementation.
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The field-test was followed by a workshop with Post-Kogeko and its supply

chain partners. Representatives from the two largest container terminals in the Port

of Rotterdam were present: ECT and APM terminals. Furthermore, a representative

from CoolControl, Post-Kogeko’s number-one container-customer, participated.

Also present was someone from PortInfolink. From Post-Kogeko itself, four people

were present, and three researchers from Erasmus University and the University of

Twente.

The workshop’s main conclusion was that the chain as a whole would thrive after

information exchange and coordination at multiple planning levels, and a multi-

agent system approach would be a useful instrument in this. Several weeks before

the actual arrival of the containership, an initial exchange of information could

take place: identifying the customer for a specific container, the expected modality,

and expected LSP.When the actual pickup approaches more detailed coordination –

on container availability, customs handling, and eventually an announcement of a

specific visit – should take place. The latter should also be in multiple steps, the last

step, for example, 15 min before actual arrival at the loading dock, so that the

terminal could already start container handling. The current way of working results

in many last-minute operations, leaving no space for any optimization.

In conclusion, we can state that this research project that began with the

development of a multi-agent system prototype for a single-enterprise planning

environment, eventually triggered discussion on the application of this technology

in the wider supply chain. The prototype and its real-world test became an instru-

ment to discuss future application for coordinated road planning in the port.

8.6 Conclusion and Discussion

8.6.1 Summary

This chapter described an applied research project we worked on over the past

years. A design and prototype multi-agent system for the real-time planning of

container trucks at Post-Kogeko was made, focussing on real-time coordination of

activities. Post-Kogeko was involved in the design trajectory. Prototyping the

system provided hands-on experience in not only the construction of the system,

but also the conceptually different thinking behind multi-agent systems. Several

versions of the prototype were developed; most importantly, a fully autonomous

simulator version, and a human planner-controlled real-life version. Unfortunately,

time did not allow us to construct a true cross-enterprise application in which we

could deploy TerminalAgents and CustomerAgents. Furthermore, the research did

not result in a concrete implementation (yet).

The prototype has been evaluated and validated through four methods. The

combination of different methods with another balance between rigour, relevance

and control proved useful in getting a balanced insight into the potential of MAS for
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transportation. System development provided insight into the complexities of

designing and developing a MAS: everything becomes a process flow. Simulation

was useful to test the concepts before the actual field test; the comparison with a

simulation study from fellow researchers proved the fact that one should thoroughly

design one’s simulation environment as well – something we did not do due to

limited time. The simulation setting used turned out to be too artificial. Expert

evaluation was an instrument to gather (subjective) feedback and to discuss future

extensions and eventual implementation. The in-company field-test was the most

realistic evaluation, closest to an eventual implementation. It provided direct

prototype feedback and enabled us to identify a list of bugs, design issues, and

missing features. Furthermore, it made it possible to realistically compare the multi-

agent system developed to the manual way of working, and discuss future

implementation.

8.6.2 Discussion

Our interaction with practioners showed that industry professionals are intrigued by

the idea of having information systems that find solutions by utilizing real-time

information, and coordination with other (internal or external) systems. Bold and

Olsson (2005) identified chain collaboration as the main source for further cost

savings for logistic service providers; our research revealed that MAS might be an

instrument to realize this, by enabling (real-time) coordination of activities with up-

and downstream supply chain partners. Furthermore, we found that end-users of

planning tools, or logistic professionals, are not per se interested in multi-agent

systems as a technology, rather in its functionality and potential. Krauth (2008)

found that users are influenced by the type of feedback they get on the inner-

workings of a planning system, when the system performs its calculations. We

cannot confirm nor falsify this. Rather we have ground to believe that end-users,

who are no technicians, are relatively quickly impressed by new technologies and

concepts behind a certain system. A user-friendly user interface can easily give

them the impression of a state-of-art system.

It is hard to generalize our findings, as with any (design) case-study (Eisenhardt

1989; Yin 2003). Nevertheless, this chapter showed that multi-agent systems are an

interesting instrument to approach real-time and inter-organizational coordination

problems in transportation. MAS make it possible to switch to a different planning

and control paradigm, focussed on coordination through communication and nego-

tiation rather than an isolated (single-tier) optimization. This can be done in (semi-)

real-time, and both intra- or inter-organizations (see also the list of requirements by

Sierra 2004). It makes it possible to utilize real-time sensor data in decision-making,

such as, for example, GPS or RFID information. One of the important comments

received from a series of expert workshops is that “the inter-organizational domain
is [perceived to be] the application area with the largest potential for multi-agent
systems”. It turned out that MAS are especially useful in logistic situations that
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require coordination, last-minute decision-making, and face several – sometimes

partially conflicting – objectives. From an information systems design perspective,

MAS are a different approach to establishing systems. MAS make it easier to

include perspectives of (multiple) stakeholders. Lea et al. (2005) list potential

benefits multi-agent systems bring enterprise systems. The authors are not very

critical, and it is unclear where the claimed benefits are derived from. Our field

research confirms the claimed benefits of “effective decisions through real-time
information sharing”, “less need for BPR”, “customization capability”, and to a

certain extent also “employee training” and “technology readiness”. However, with
respect to implementation – specifically “implementation time” and “implementa-
tion cost” – we doubt whether their statements hold. Consulting firms and enterprise

software vendors have large groups of implementation consultants with strong

experience in ERP implementations. Custom software development or modular

implementation can be expected to take more time, and require other skills.

Hybrid MAS architectures that integrate existing legacy, which and are not of a

fully decentralized nature, are the most likely (first) implementations of MAS in

supply chains. This statement combines two essential observations. First, few

implementations will be green field implementations. Companies generally have

existing information systems in place, and a MAS system needs to become part of

the larger information systems infrastructure within or between enterprises. Second,

MAS designs will be either part of, or have to integrate with, multiple hierarchical

control layers with different planning processes depending upon the planning

horizon. A MAS that solely performs real-time assignment as we piloted at Post-

Kogeko is of limited value. One of the experts formulated it as follows: “This (. . .)
only shows a limited application: it is highly operational. A future real-life system
should include also longer-term planning (tactical/strategic) functionality.” Hybrid
system design does not necessarily interfere with MAS principles. In fact, it might

be the only realistic way to get such systems implemented in practice.

MAS might be an interesting answer as the founding principles of supply chain

management have been, up until now, difficult to realize through (traditional)

information systems (Sharman 2003). Let’s consider a couple of examples, partly

also researched within the Transumo program. First, the rules of city distribution and

logistics are changing (Quak 2008). Local governments impose more and more

restrictions, collaboration and coordination between parties might be one of the

essential instruments to make a difference. MAS can play an essential role here, as it

involves large dynamics. Second, the stream of work presented in Agatz (2009) adds

an interesting perspective. It is shown that consumers are highly price sensitive, and

that revenue management techniques can make a difference also in logistics

operations – whereas this is until now primarily used in more expensive purchases,

such as airline tickets, hotel rooms, and holiday trips. Revenue management as a

technique can play an important role in future logistic solutions, as it is an instrument

to streamline operations driven from the demand side. Intelligent IT and capability

to interact and adjust in real-time are essential instruments here; hence the role for

MAS. Third, the concept of network orchestration – see the case of Li and Fung as

described byMargretta (1998) as an example – requires other IT architectures better
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capable of handling real-time dynamics and leveraging changes in the network to the

fullest extend. As such, innovative IT, and the corresponding innovative mindset

still do matter (Ordanini 2005) – opposed to the message of Carr (2003).

8.6.3 Sustainability

Getting back to the theme of sustainability. Sustainability deals with the potential

for long-term maintenance of wellbeing of humans, which in turn depends on the

wellbeing of the natural world and the responsible use of natural resources. There is

nowadays abundant scientific evidence that humanity is living unsustainably.

Returning human use of natural resources to within sustainable limits will require

a major collective effort (Hartmann 2001; Friedman 2008). At the other hand, the

quest for sustainability offers many challenging and promising foresights.

Nidumolu et al. (2009) come to the conclusion that the only answer to become

sustainable means a pure focus on innovation.

Our research has shown the potential for better coordination of activities in road

transport – which can lead to less idling of trucks (that generally keep their engines

running), smarter routes, and better combinations. The research in this chapter has led

to the conclusion that multi-agent systems are a possible instrument to help construct

logistic planning systems of a next generation that put real-time information

processing and negotiation and coordination at their core. As suchmulti-agent systems

can be a valuable instrument not only in the planning of logistic activities, butmight be

of good use in many more domains (including smart vehicles, smart electricity grids,

smart datacenters, and so on). See also the developments around the upcoming

Internet-of-Things (Chui et al. 2010). MAS architectures come in handy in such

environments that deal with distributed information, distributed intelligence (e.g.

smart devices), and multiple parties with diverse backend systems. Also connecting

to higher level cloud services, thus combining local intelligence with aggregated

services in the cloud, is a logical extension to any multi-agent system design. Our

world, and especially our way of living, can only become really sustainable if our

systems and we become much smarter. Influencing consumer behaviour through

revenue management techniques (Agatz 2009) might be, as discussed before, interest-

ing to steer and influence operations. MAS can contribute its share, but it is important

that we start making real steps. Let us go out, implement, and change.
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Chapter 9

Demand Management in Transportation

and Logistics

Niels Agatz and Jo van Nunen

9.1 Introduction

Demand management, or revenue management, is commonplace in many indus-

tries. In order to enhance revenues, revenue management aims to exploit differences

in product preferences between customers by prioritizing service to customers with a

higher willingness-to-pay. The key lesson from revenue management is that a

company should try to use its scarce capacity for its most valuable customers.

Instead of accepting demand first-come, first-serve, it may be beneficial to reserve

capacity for more valuable customers that may still arrive in the future. There is a

huge body of literature devoted to quantity control policies and dynamic pricing in

revenue management (for a review, see Chiang et al. 2007), Talluri and Van Ryzin

(2004) and Boyd and Bilegan (2003). Quantity-based control manages the avail-

ability of product classes, while price-based control is concerned with the price of

products. Note that pricing refers to the whole range of incentives that are available

to manage customer demand, e.g. financial rewards for peak travel avoidance

(Knockaert et al., Chap. 6). Airlines, hotels and rental car industries represent the

most successful applications of revenue management (Chiang et al. 2007). These

industries all share some similar business characteristics. In particular, their

products are perishable, the availability of capacity is relatively inflexible in the

short run, and the variable costs operating costs are small, relative to the fixed costs.

Yet, modern ICT technology and Internet retailing make revenue management

applications available beyond these traditional sectors (Quante et al. 2009, Agatz

et al. 2008c). In transportation and logistics, however, the variable operating costs

often play an important role and demand management has to take both revenues and

costs into account. Here, the vehicle assignment and the sequence of stops is often
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determined after the order-intake, which connects demand management to

transportation-optimization, a huge field of academic study with modelling and

algorithmic contributions abound (see, e.g., Golden et al. 2008, and Toth and Vigo

2001). Transportation-optimization typically aims at satisfying given customer

demand while increasing cost-efficiency. A classic combinatorial optimization

problem that often occurs in transportation is the Vehicle Routing Problem with

Delivery Time Windows. This problem considers the construction of the most cost-

efficient vehicle routes satisfying demand where the stops must occur within some

specified time-window (Braysy and Gendreau 2005a, b). Delivery time windows

and locations are key input parameters for the optimization, thus determining the

efficiency of the resulting solutions. Instead of taking demand (i.e. time windows)

as a given, the Internet enables companies to dynamically manage time windows

and their corresponding prices in order to increase revenues and cost-efficiency

(see, for example, Campbell and Savelsbergh 2005, 2006).

Demand management may focus on other criteria than profitability alone. Global

environmental concern has increased the interest in more sustainable ways to do

business. Transportation and logistics activities have a direct impact on environmental

and social performance criteria, such as CO2 emissions, pollution and traffic

congestion. Transportation requests may differ in terms of profitability, price and

service costs, but also in terms of emissions. Demand management can provide a

powerful tool to increase a firm’s triple bottom performance; people, planet and

profit. Transportation service providers could, for instance, prioritize service to

‘environmentally friendly’ customers. Moreover, demand management enables

companies to seduce customers to place more sustainable requests, e.g. for delivery

outside rush hour or in a time period together with a neighbouring customer. Note

that this links demand management to traffic management. UK-based Internet

grocer Ocado, for example, is appealing to the customers’ environmental concerns

by indicating which delivery time would minimize fuel consumption. The company

uses a ‘green van’ to indicate that a delivery van is already in the customer’s

neighbourhood at a certain time (see Fig. 9.1).

In this chapter, we introduce several research projects that consider the applica-

tion of demand management ideas in transportation and logistics, including the

home delivery of groceries, automotive logistics and the supply of retailers in the

city. All projects have been part of Transumo and are carried out in close collabo-

ration with the business community.

9.2 Demand Management at Albert.nl

Albert.nl is the Internet channel of Albert Heijn, the Netherlands’ largest supermar-

ket chain and a subsidiary of Royal Ahold, the retail multinational. Albert.nl offers

about 9,000 Stock Keeping Units (SKUs), including fresh groceries such as meat,

milk, and fruit, similar to a mid-sized Dutch supermarket. The product prices

are identical to those in the conventional Albert Heijn stores, plus a time-dependent
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delivery fee. Albert.nl has organized its warehouse and delivery operations in

two shifts per day. Currently, the company offers its attended home delivery service

in all major urban areas in the Netherlands. Albert.nl offers attended home delivery

in 2-h delivery windows, which is typical for e-grocery (see Boyer et al. 2003, Boyer

and Hult 2005, de Koster 2002, and Yrjola 2001). The booking deadline is about 16 h

before the actual delivery. After that deadline, when all the orders for the given shift

are known, the company plans the corresponding delivery routes. Subsequently, the

orders are picked in the warehouse and grouped by vehicle before actually being

delivered. A typical delivery route visits between 10 and 20 customers.

9.2.1 Product and Demand

The core product in e-grocery consists of the physical groceries and the service

involved with getting the products delivered to the customer’s home. The perceived

Fig. 9.1 Delivery time menu Ocado
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convenience of the fulfilment service is dependent on various service elements

including the lead-time, the length and timing of the delivery window and delivery

fee. Internet shopping is appealing to a wide variety of costumers, for various

reasons, e.g. a busy lifestyle or a physical disability (Hays et al. 2004). Similar

to the airline setting, these customers differ in terms of preferences and willingness-

to-pay. For example, consider a busy two income household and an elderly person

living alone. Most likely, these two segments differ considerably in their price

sensitivity and time flexibility. Albert charges a delivery fee to cover for the

additional fulfilment service component. Hence, the revenues in e-fulfilment are

made up of the margins on the physical products and the delivery fee. Product

margins might differ considerably between different orders. The size of the margin

typically relates to the order size and the product characteristics. On the e-grocer’s

website, the customer reserves a time slot before developing an order list, which

means that the total revenues are only known after completion of the order.

9.2.2 Demand Management Levers

In line with the distinction between quantity- and price-based control often used in

revenue management (Talluri and Van Ryzin 2004), we distinguish between slot-

based control and price-based control. The chosen control type (i.e. slotting or

pricing) has a great impact on the way related issues are modelled. Capacity-based

control is basically an accept-reject decision. For each time slot, one has to decide

if it is available to a certain customer or not. Consequently, rejecting a customer in a

certain time slot does not mean that the customer is actually rejected after choosing

the time slot. It simply means that the time slot is not available to this specific

customer at a given time.

The main levers to manage customer demand in such an environment are the

offered time slots and the corresponding delivery fees. The Internet retailer may

apply both of these options, slotting and pricing, at different moments in the sales

process, either off-line prior to the actual order intake or real-time as demand

unfolds.

9.2.3 Research and Results

The research in collaboration with Albert.nl resulted in several papers (Agatz et al.

2008a, c, 2011) and a PhD thesis (Agatz 2009). Agatz et al. (2011) address the

problem of assigning specific time slots to zip codes, given a set of service

requirements, the Time Slot Management Problem (TSMP). The assignment

needs to facilitate cost-effective routing of delivery vehicles. The goal is to choose

the delivery options offered to the market so as to maximize expected profit,

considering revenues (R) and fulfilment costs (C).
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9.2.3.1 Decision Variables

Service offering by region, consisting of time-window + price,

si for i ¼ 1,. . ., # zip code regions

9.2.3.2 Objective Function

Maximize expected profit per period

max
si

E R� Kjfsig½ �

9.2.3.3 Constraints

Minimum service requirements

Difficulty: estimate objective value for given service offering, i.e. scenario

analysis already difficult, even without any optimization.

Decomposing the objective function into key building blocks:

E R� Kjfsig½ � ¼
X
d

pðdjfsigÞ RðdÞ � KðdÞð Þ;

where d denotes a demand realization (i.e. set of orders with specific locations and

delivery windows) and p(.) is the probability distribution of the demand realizations

for a given service offering.

9.2.3.4 Building Blocks

p dj sif gð Þ
Modelling dependent on marketing data;

Estimating entire distribution may be infeasible, given available data;

Possibly use rough-cut indications instead

RðdÞ ¼ rjdj þ delivery fee sif g; dð Þ;

Assuming that order volumes are homogeneous across customers; all in all,

revenues seem to be the easiest part of the model

KðdÞ ¼ VRPTWðdÞ;

i.e. vehicle routing problem with time windows for given set of orders;

N.B. can be decomposed into a separate VRPTW for each shift and
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To facilitate further analysis, two fundamental assumptions are made: (1) the

total demand is known for each zip code, and (2) the total demand is divided evenly

over the set of offered time slots, irrespective of the number of time slots offered.

Historical data support the validity of these assumptions. Two different modelling

approaches are presented: continuous approximation and integer programming.
Continuous approximation relies on simple formulas to approximate routing

distances based on problem characteristics, such as vehicle capacity and demand

density. Daganzo (2005) approximates the distance between two consecutive stops

of a route through a region with a slowly varying demand density d by k=
ffiffiffi
d

p
where

k is a dimensionless constant that is independent of the region shape.

We use similar concepts to estimate the expected total distance travelled in a day

for a given time slot schedule. The approach does not rely on detailed data of

individual customer orders, but on concise summaries of “local” data.

For example, the expected distance travelled per zip code for an offered time slot

is estimated based on the density of adjacent zip codes that also offer that time slot.

The expected total distance travelled is then approximated by aggregating over all

zip codes and offered time slots. The key assumption of the continuous approxima-

tion approach is that the demand density is slowly varying over time and space. The

original continuous approximation approach divides the delivery route into two

components: (1) the stem distance to the delivery region and (2) the distribution

distance between consecutive stops in the delivery region. In our setting, we

distinguish between four components of a delivery route:

• Distance between stops within the same zip code within the same time slot;

• Distance between stops in different zip codes within the same time slot;

• Distance between stops in two consecutive time slots

• Distance between the delivery region and the depot.

Given the evaluation of a time slot schedule, local search is used to improve the

schedules.

The integer programming approach is based on a combination of two cost

approximations. Consider a delivery vehicle. The cost incurred by that delivery

vehicle is viewed as consisting of two parts. The first part consists of the costs

incurred during a particular time slot, which is determined by the ‘cluster’ of zip

codes visited during the time slot. The second part consists of the costs incurred by

moving from one time slot to the next. The former costs are approximated by

identifying a ‘seed’ zip code for the cluster and considering the distance of each

zip code in the cluster to the seed zip code. The latter costs are approximated by

considering the distance between the seed zip codes of the clusters visited in

subsequent time slots.

The computational studies on real-life data demonstrate the viability and the

merits of these methods. The results show that a more dynamic and differentiated

demand management approach can lead to considerable cost savings. The reduction

of vehicle-miles per order corresponds with considerable environmental benefits.
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9.3 Demand Management at Broekman Automotive

The new-car supply chain encompasses manufacturing, distribution and sales

(Holweg and Miemczyk 2003). For the distribution of Asian cars to Europe, the

relatively large distances, together with the inflexibility of sea-transportation, make

it difficult to match customer demand effectively while controlling distribution

costs. Because of the long lead-times, accurate demand forecasts, i.e. number of

cars, types, colours, is critical. Car importers typically outsource the distribution of

new vehicles to a third-party logistics service provider. Broekman Automotive is

such a logistics service provider, that is based in the Netherlands.

Broekman Automotive is the automotive division of the Broekman Group

(www.broekman-group.nl), an international shipping and transportation group.

The company organizes the transportation and distribution of cars from their arrival

at the port of Rotterdam to the delivery at the retailer. The port of Rotterdam serves

as the main gate of transport into Europe, from where cars are transported by ship,

river barge, train or road. The company owns a fleet of 16 trucks that can handle up

to eight cars for road transportation. The automotive division operates an indepen-

dent car terminal in the port of Rotterdam, which is specialized in the handling of

cars and other cargo, that is driven off and on to a vessel. Adjacent to the terminal is

the technical car processing centre, Rotterdam Car Centre, with a storage capacity

of about 30,000 cars, including multi-storey warehouses with capacities of

5,000–7,500 cars. On a yearly basis, the terminal handles more than 300,000 cars,

of which a third requires additional services before being transported to the

individual retailers, such as pre-delivery inspections, storage or value added ser-

vice. The pre-delivery inspection is carried out as a quality check to ensure that all

cars are fully working and not damaged during shipment. If necessary, the company

also offers reparation, cleaning and reconditioning.

9.3.1 Product and Demand

The service offered by Broekman Automotive consists of the logistic handling of

incoming cars. Car handling consists of receiving, storage, value-added services

and distribution. The demand for this service is coordinated by several car impor-

ters. The importer is a car trading company, which buys cars from the manufacturer

and sells them to car-dealers. Broekman Automotive delivers new cars to approxi-

mately 200 dealers located in 160 cities in the Netherlands. The delivery of cars

takes place during weekdays and working-hours. There is no direct communication

between the receiver of the car (i.e. the car dealer) and Broekman Automotive. The

importer’s supply to the dealers is partly on-demand and partly supply-driven. The

dealer can request cars to the importer, based on expected sales, or an actual end-

customer order. Moreover, the importer pushes slow movers into the dealer stock,

to get the cars closer to the end-customers.
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9.3.2 Demand Management Levers

Broekman Automotive can manage demand by determining the quantity of service

capacity, that is made available to a specific importer (brand) or dealer. The service

capacity consists of physical truck capacity and pre-delivery inspection capacity

(staff and space). Moreover, the company may use the price of its service to

differentiate between different customers or lead-times.

9.3.3 Research and Results

As part of a master thesis project (Van der Zwaluw 2009), we investigated the

demand management opportunities at Broekman Automotive. In particular, we

studied the differentiation of the service offering in terms of the delivery lead-

time and corresponding prices. Currently, all delivery orders have an identical lead-

time requirement of 5 days. However, from a customer-service perspective, the

actual lead-time requirement may vary from car to car. Price discounts for longer

lead-times may motivate the importer to provide more detailed information on the

desired lead-time of each car, with respect to promises that are made to the end-

consumer. This gives rise to a tradeoff between service (and corresponding

revenues) and cost. Given the lead-time requirements of the customer, we devel-

oped a simple decision support model that helps to assign cars to delivery trucks at

the right time. The results demonstrate that we may substantially increase the

number of priority cars that are delivered on-time. That is, the results show a

potential increase of customer service and production utility and a decrease in

vehicle-miles (and corresponding environmental impact).

9.4 Demand Management in Urban Distribution

Urban freight distribution involves the supply of retailers in urban areas which

involves different stakeholders including distributers, retailers, (local) authorities

and the people that live, shop and/or work in the urban area. These different

stakeholders all have their own goals and considerations with respect to the urban

freight distribution issue. While governmental organizations are typically

concerned about accessibility, traffic congestion and the reduction of environmental

impacts, the shippers, carriers and receivers are usually interested in the costs-

aspects of transportation.

Binnenstadservice.nl, established in April 2008 in Nijmegen, is a private initia-

tive to improve the sustainability of urban distribution (see also Quak and Tavasszy,

Chap. 9). The goal of the company is to reduce the transport movements in the city

centre, which potentially leads to social, economical and environmental benefits.
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They currently operate a warehouse outside the centre of Nijmegen to receive and

consolidate freight supplies of the retailer shops located in the city. From the warehouse,

Binnenstadservice.nl transports the freight directly to the shops, or stores it for later

transportation. This decreases the number of trucks that need to enter the city

centre, reducing pollution, hindrance and transportation costs, and increases the

city’s accessibility. The concept can also contribute to an overall reduction of the

number of required delivery trucks by eliminating the inefficiencies caused by

city centre restrictions such as limited time-window access and vehicle limitations.

Besides deliveries, Binnenstadservice.nl also offers services such as collecting

packaging materials, home delivery to individual end-customers and providing

storage space.

9.4.1 Product and Demand

The main stakeholders in the urban logistics supply chain in which Binnen-

stadservice.nl operates are suppliers (shipper), transport companies (carrier) and

receivers (retailer).

9.4.2 Demand Management Levers

The most important demand management lever is the price charged to the

stakeholders for the provided service. Currently, receiving, collecting and deliver-

ing the goods to the retailers in the city centre is free of charge to encourage

companies to join and create a critical mass.

9.4.3 Research and Results

Currently, the retail shops, although they are the main receivers of supply, usually

have no idea of the actual transport costs of delivery. Moreover, they have limited

impact on the transportation process. The lack of cost transparency and communi-

cation between stakeholders results in a limited visibility of the problems for each

stakeholder individually. In his master thesis, Blom (2009) identifies and quantifies

the value of the Binnenstadservice.nl solution for the different stakeholders, in

particular the transport operators, retailers and governments. The author concludes

that all stakeholders may achieve substantial benefits from cooperation with

Binnenstadservice.nl. Yet, only transport companies gain direct financial benefits

on the short term. The benefits for the carriers and national governments will

increase in the future when the idea is expanded to cover a broader range of

Dutch urban areas.
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9.5 Conclusions

This chapter has shown that the potential of demand management goes beyond the

traditional revenue management applications in the airline and hotel business.

There are many opportunities to apply demand management in sectors where

marginal costs do play an important role. Here, demand management can enhance

profitability by influencing both revenues and costs. Besides profitability criteria,

social and environmental criteria may be taken into account.

While both sustainability (e.g. emissions, congestion) and cost criteria (e.g. fuel,

time) are roughly proportional to travel distance, corporate objectives of demand

management in transportation are generally in line with environmental objectives.

Demand management allows transporters to reduce costs by providing customer

incentives that promote cost-efficient behaviour, aligning the customer’s objectives

with the system objectives (see also Immers and Van der Knaap, Chap. 14). This

implies that demand management facilitates a top-down transition towards more

sustainable transportation.
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Chapter 10

Beyond Punctuality: Appropriate Measures

for Unreliability in Rail Passenger Transport

Martijn Brons and Piet Rietveld

10.1 Introduction

Increasing levels of congestion, a growing awareness of climate change, and the

notion of peak oil constitute some of the most important global challenges today.

European policy making views the promotion of sustainable mobility as one of the

key objectives of transport policy. Railway is the natural backbone of any sustain-

able transport system, offering efficient transport built on social equity, low carbon

emissions, low environmental impacts and positive economic growth. Hence,

improving the position of the railways is one of the pillars of the transition towards

sustainable mobility. Maintaining rail service quality is safeguarded by policy

makers through concessions in which railway operators are typically held account-

able for measurable indicators of quality aspects, such as punctuality. At the same

time, the ambitions of European rail operators, including the Dutch Railways, as

reflected by company mission and media statements, aim to develop towards a more

customer-oriented focus. As the choice for rail versus other transport is ultimately

the traveller’s choice, the transition towards a customer-oriented approach seems

to provide more potential for improving the position of the railways than a pure

process-oriented focus and should therefore be adopted and supported by

policymakers. Using customer satisfaction data from the Dutch Railways, Brons
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and Rietveld (2008) analyze the relative importance of ten dimensions of the door-

to-door rail journey, based on derived importance regression techniques and con-

clude that travel time unreliability is the second key dimension, just behind travel

comfort. However, unlike travel comfort, travel time unreliability receives a low

average satisfaction score. Following the marketing literature on customer satisfac-

tion (e.g. Hawes and Rao 1985; Kristensen et al. 1992; Slack 1994; Bacon 2003),

the combination of high importance and low satisfaction classifies travel time

unreliability as a ‘problem area’ where improvements are required in order to

increase the satisfaction with the door-to-door rail journey. The question remains

to what extent improvements in the actual travel time reliability translate into an

increase in the travel time reliability as perceived by the rail passenger. A crucial

point in this context is how travel time reliability is measured.

In the Netherlands, the Dutch Railways are being held accountable by theMinistry

of Transport for the so-called ‘punctuality’ of trains, measured at 34 important rail

interchange points in the Netherlands (Dutch Railways 2006). A train is considered

to be punctual if it arrives within 3 min of delay.1 It is questionable whether such a

process-oriented approach of reliability corresponds very well with the customer-

oriented ambitions of the Dutch Railways. Brons and Rietveld (2007) formulate a

number of criticisms of the use of punctuality as a reliability indicator, including the

following. First, apart from the question whether or not the (arbitrary) punctuality

margin of 3 min is met, no particular weight is attached to the size of the delay.

One could argue that for the traveller it does matter if a train has 3 min of delay or

30. Second, no particular weight is given to the variation in arrival times of trains.

One could argue that the passenger’s perception of unreliability would include

elements of unpredictability rather than only adherence (or lack thereof) to time

tables. Third, negative consequences of delays on departure are not captured. Extra

waiting time caused by a delayed departure results in a loss of utility, even if the

train arrives in time at the final destination. Furthermore, departing late may result

in missed connections and hence to even more substantial time losses than late

arrivals. These criticisms raise the question whether the punctuality indicator fully

captures the actual disutility of the rail passengers caused by travel time unreliabil-

ity, or if certain alternative indicators of travel time unreliability may perform better

in this respect. In the present paper we focus on the key notion of reliability in the

context of railway trips. This notion has a clear relationship with the concept of

sustainability, which is the unifying element of this volume. The main dimensions

of sustainability are people, profit and planet. The people dimension is at the core of

the present paper, since we focus on how reliability contributes to traveller satis-

faction. As people get more wealthy, quality dimensions become increasingly

important in their travel behaviour and as reliability of services is an important

quality dimension, railway companies cannot ignore this issue. From customer

satisfaction it is only one step towards profit, since an improved reliability leading

1Until 1999, the Ministry of Transport adhered to the international standard of a margin of 5 min.
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to higher satisfaction levels leads to a higher willingness to pay for the transport

services and also to an increase in the number of passengers. This provides a link

with the planet dimension: when quality improvement leads to a larger number of

travellers by train, this may imply a reduction in travel by car or air, and this will

have a beneficial effect on pollution in the transport sector.

From a transition viewpoint, the present paper addresses a major change taking

place in the railway sector during the current times, i.e. the transition from a supply-

driven strategy, where the emphasis is on sticking to fixed time tables, towards a

demand-driven strategy, where customer satisfaction gets priority. The challenge is

to link the operational processes aiming at keeping trains running according to

schedule with the needs and desires of travellers who may face delays.

The main contribution of this paper concerns the broad treatment of reliability in

terms of a comparative analysis of a wide range of indicators. Most studies on this

subject just consider only one particular way of measuring this important concept,

for example, by just looking at only the probability of a delay of say 5 min or by

only considering the standard deviation in travel times. Another innovative step

made in this paper is that a link is provided between objective measures of reliabi-

lity and subjective measures, as reflected by the customer satisfaction. This is a very

promising route to take, since in the end, the issue on what is the most adequate way

of measuring reliability, depends on customer preferences.

This paper is organized as follows. Section 10.2 provides an overview of the data

and introduces the different travel time indicators used in the analysis. Section 10.3

describes the results of a series of analyses, i.e., a descriptive analysis, a correlation

analysis and a regression analysis on the determinants of travel time unreliability, in

which we explore and compare the different travel time unreliability (hereafter

abbreviated as TTU) indicators. Section 10.4 discusses the approach and results of

an analysis based on regression and correlation estimations of the statistical rela-

tionship between different TTU indicators and specifications on the customer

satisfaction with TTU. The conclusions are presented in Sect. 10.5.

10.2 Data

For the analysis in this study, we used two databases: customer satisfaction data

from the Dutch Railways and data on TTU from ProRail. We obtained data on

customer satisfaction from a survey which is conducted on an ongoing basis by the

Dutch rail operator NS. Currently, the survey consists of 70,000 forms per year

(Schreurs 2005). The survey contains inter alia 37 questions on the satisfaction with

different elements of the journey, including the satisfaction with the travel time

reliability. The satisfaction scale used is from 1 (“cannot be worse”) to 10 (“excel-

lent”). Furthermore, this survey contains data on individual characteristics of the

interviewees.

Data on TTU with respect to both arrival time and departure time were obtained

from ProRail, the organization in charge of the management of the rail network
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infrastructure (ProRail 2007). This database covers the period between June 2004

and December 2005 and contains data at the train station level on a monthly basis

(19 months). For each of the 346 stations in the database we have the following

information: (1) the number of trains with respectively <3, 3–5, 5–7, 7–9 and

>9 min of delay on arrival (departure), (2) the total number of arriving (departing)

trains, (3) the total number of minutes of delay on arrival (departure); the total

number of minutes of delay on arrival (departure) for trains which arrive (depart)

with more than 3 min of delay. The data is separately available for different parts of

the day (morning peak, evening peak or off-peak hours) and different parts of the

week (weekends or weekdays).

Based on the available TTU data, we derived for each train station six different

TTU indicators: two indicators that are based on percentages of delayed trains,

i.e. (1) the percentage of trains delayed with more than 3 min (3MIN),2 and (2) the

percentage delayed with more than 9 min (9MIN); two indicators that are based on

the size of delays, i.e., (3) the average delay in minutes (AVMIN), and (4) the

average delay of trains with a delay of more than 3 min (AVMIND); and, finally,

two indicators that are based on travel time variation, i.e., (5) the 80–50th percentile

(PERC) and (6) the standard deviation (STDEV). The data on 3MIN, 9MIN,

AVMIN and AVMIND are directly calculated from the source data. The indicators

based on travel time variation, i.e., PERC and STDEV, are estimated based on the

available data and a number of assumptions on travel time distributions. For an

explanation of the estimation procedure, we refer to Annex A. For all indicators,

both arrival- and departure-based specifications are calculated.

10.3 Explorative Analysis of Different TTU-Indicators

In this section, a number of exploratory analyses are carried out: (1) a descriptive

analysis of the TTU indicators, (2) an analysis of the correlation patterns among

indicators and (3) an exploratory regression analysis explaining the variation in

TTU among railway stations.

10.3.1 Descriptive Analysis of TTU-Indicators

Table 10.1 shows the mean and standard deviation of each of the TTU-indicators

over the 346 train stations in the database. The results are weighted for the number

of passenger arrivals and departures on each station. The mean value of 3MIN on

arrival is 15.9%. This corresponds with a punctuality of 84.1%, with a standard

2The 3MIN indicator corresponds to the punctuality measure used by the Dutch Railways, except

for the fact that it is measured as the percentage of delayed rather than undelayed arrivals

(departures), in order to facilitate comparison with the other indicators.
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deviation of 5.5. 3MIN of departing trains is slightly lower with a mean value of

14.3%. For the other indicators, it also holds that the arrival-based specification has

slightly higher values than their departure-based counterparts, the only exception

being the average delay in minutes, which is 1.40 for arrivals and 1.63 min for

departures.

Based on the results in Table 10.1, we can draw two general conclusions. First,

arrival-based and departure-based TTU indicators have rather different values.

Second, despite the fact that the average delay on arrival is smaller than that on

departure, both the variation in arrival times and the arrival-based dispunctuality

are higher than their departure-based counterparts. This paradox may be explained

by the occurrence of a small number of early arrivals, which would indeed result in

higher variation and a lower average delay, but would not necessarily reduce the

dispunctuality. The occurrence of early departures, on the other hand, is negligible.

10.3.2 Correlation Among TTU-Indicators

We carried out a correlation analysis, in order to assess the degree to which the

different TTU-indicators do indeed measure different underlying effects. Correla-

tion coefficients between TTU-indicator pairs are given in Table 10.2. The pattern

of correlation among TTU-indicators is similar for TTU on arrival (the values

above the diagonal) and TTU on departure (the values below the diagonal) in the

sense that the set of indicator pairs with a correlation of 0.500 or higher are the

same. Both on arrival and departure, 3MIN shows the strongest correlation with

AVMIN, and is only weakly correlated to AVMIND and the two indicators based

on travel time variation.

The results suggest two clusters of indicators: A cluster with indicators that do

not attach specific value to extreme results (3MIN and AVMIN), and a cluster with

indicators that do (9MIN, AVMIND, PERC and STDEV). In general, the values of

the correlation coefficients indicate that the alternative TTU-indicators measure

different underlying effects than 3MIN. This suggests that it may be good practice

to include more than one indicator in statistical analyses on TTU.

Table 10.1 Descriptive statistics with respect to TTU per station on

arrival and on departure for six different TTU-indicators

On arrival On departure

3MIN (%) 15.9 (5.5) 14.3 (6.4)

9MIN (%) 3.6 (1.6) 3.0 (1.6)

AVMIN (minutes) 1.40 (0.67) 1.63 (0.66)

AVMIND (minutes) 7.53 (1.26) 7.08 (1.18)

PERC (minutes) 2.09 (0.45) 1.71 (0.44)

STDEV (minutes) 3.64 (0.77) 3.07 (0.76)

N 346 346

10 Beyond Punctuality: Appropriate Measures for Unreliability 179



Table 10.3 shows the correlation between indicators of TTU on arrival and

indicators of TTU on departure. While the correlation coefficients are higher than

in the previous table, one might still argue that indicators of TTU on arrival and of

TTU on departure measure different underlying effects.

10.3.3 Explaining the Variation in TTU Among Train Stations

In this section, we aim to explain the differences in TTU among train stations from

differences in various station- and time-related variables. In order to do so we carry

out a correlation analysis and a series of regression estimations, each time using a

different TTU-indicator as the dependent variable, while the set of explanatory

variables (see Table 10.4) remains unchanged. We use a weighted estimation

procedure, in which we weighted according to the numbers of passenger arrival

and departures per station.

The estimation results for TTU on arrival are summarized in Table 10.5. As only

dummy variables were used as explanatory variables, all estimated coefficients

show the difference in TTU between the variable concerned and the reference

category, as indicated in Table 10.4.

Table 10.5 shows that 3MIN is higher on weekdays, than in weekends, and lower

during the morning and the evening peak, than during off-peak hours. Furthermore,

we see that 3MIN is lower in the Randstad region than outside of the Randstad, and

lower on Intercity stations than on other stations. As for seasonal differences, the

results show that 3MIN is about three percentage point higher in the winter and

Table 10.2 Correlation among different indicators of TTU on arrival (above diagonal) and on

departure (below diagonal)

3MIN 9MIN AVMIN AVMIND PERC STDEV

3MIN – 0.667 0.815 0.105 0.349 0.356

9MIN 0.716 – 0.692 0.531 0.666 0.746

AVMIN 0.748 0.696 – 0.233 0.169 0.343

AVMIND 0.200 0.552 0.411 – 0.338 0.798

PERC 0.392 0.604 0.080 0.176 – 0.641

STDEV 0.489 0.798 0.402 0.709 0.616 –

All coefficients are significant at the 0.01-level (two-tailed). N ¼ 26,296 (For each of the 346

stations we have unreliability data for each of four periods of the week (weekend, morning peak,

evening peak and off-peak hours on weekdays) for each of the 19 months in our dataset. This

results in total sample of 26,296 observations.)

Table 10.3 Correlation between TTU on arrival and TTU on departure for different indicators

3MIN 9MIN AVMIN AVMIND PERC STDEV

0.845 0.840 0.795 0.760 0.800 0.806

All coefficients are significant at the 0.01-level (two-tailed). N ¼ 26,296
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autumn then in the summer and spring, which may be due to weather effects and

leaves on the rails.

Columns 2–6 show the impact of the determinant characteristics on the other five

TTU-indicators. We limit ourselves to the discussion of a few general observations.

The direction of the impact of the set of explanatory variables on 3MIN and on

AVMIN are the same. All TTU-indicators are lower in the weekend. All TTU-

indicators, except AVMIND, are higher in the autumn and winter. All indicators,

except AVMIND are higher during the evening peak. For the morning peak, this

only holds for 3MIN and AVMIN.

Table 10.6 shows the estimation results of the regression analysis of TTU on

departure. For 3MIN, the direction of the impact of the explanatory variables

corresponds with the direction of the impact on TTU on arrival (except for the

impact of IC station status). However, the absolute coefficient values, and thus, the

impact of station- and temporal variables, is generally lower. An explanation may

be that control over departure times is higher than over arrival times. Whenever a

train arrives with delay or arrives early, it may be possible to halt the train in the

station shorter or longer than planned, in order to improve the TTU on departure.

The difference between a train’s arrival- and departure time functions as a buffer,

by which low TTU on arrival can be absorbed.

Table 10.4 Overview of

explanatory variables used
Variable Categories

Part of the week Weekdaysa; Weekend

Part of the day

Off-peak hoursa;

Morning peak; Evening peak

Region Randstada; outside of Randstad

Type of station Intercity-station; Other stationa

Season Springa; Summer; Autumn; Winter
aReference category

Table 10.5 Results of the regression estimation of TTU on arrival

TTU-indicator

3MIN 9MIN AVMIN AVMIND PERC STDEV

(Constant) 0.158 ** 0.033 ** 1.571 ** 7.079 ** 1.954 ** 3.322 **

Weekend �0.054 **�0.016 **�0.587 **�0.549 **�0.108 **�0.596 **

Morning peak 0.013 **�0.005 ** 0.093 **�0.809 **�0.027 * �0.452 **

Evening peak 0.030 ** 0.007 ** 0.288 **�0.110 ** 0.132 ** 0.072 **

Randstad �0.002 ** 0.000 �0.002 0.106 **�0.099 **�0.007

Intercity

station �0.003 ** 0.006 **�0.269 ** 1.034 ** 0.242 ** 0.670 **

Summer �0.011 ** 0.000 �0.090 ** 0.191 ** 0.028 ** 0.068 **

Autumn 0.029 ** 0.004 ** 0.261 **�0.260 ** 0.080 ** 0.038 *

Winter 0.033 ** 0.005 ** 0.302 **�0.204 ** 0.089 ** 0.056 **

R2-adjusted 0.252 0.173 0.215 0.086 0.061 0.124

N 34,272 34,272 34,272 34,272 34,272 34,272

* ¼ significant at the 0.05 level

** ¼ significant at the 0.01 level

10 Beyond Punctuality: Appropriate Measures for Unreliability 181



Regarding the other TTU-indicators (columns 2–6), there are also differences

between the impact of arrival-based and departure-based TTU. First, for all

indicators, the difference between TTU on weekdays and in the weekend is lower

for departure-based indicators. As mentioned before, the reason for this may be the

notion, that the time between arrival and departure time of a train can function as a

buffer. Departure-based indicators are, in general, higher on stations in the

Randstad area than outside this area. This may indicate that the use of the previ-

ously mentioned buffer between arrival and departure time is lower in the Randstad

area, possibly due to the higher service frequencies and more complex time table

schedule, which may limit the possibilities to halt trains shorter or longer than

planned in stations.

Based on the statistical results presented throughout this section in

Tables 10.1–10.6, we recommend, that a thorough rail passenger-oriented analysis

of TTU should not be limited to TTU, as it is currently measured by the Dutch

Railways (and in many other countries). The inclusion of alternative TTU-

indicators, based on both the size of delays and the travel time variation, may

lead to insights which would not have been gained based on the sole use of

punctuality-based indicators.

10.4 The Statistical Relationship Between Different

TTU-Indicators and Customer Satisfaction with TTU

In this section, we carry out a series of regression and correlation estimations in

order to compare the different TTU-indicators in terms of the degree to which they

are statistically related to the customer satisfaction with TTU. Higher correlation or

impact coefficients are indicative of a more appropriate measure of the TTU as

Table 10.6 Results of the regression estimation of TTU on departure

TTU-indicator

3MIN 9MIN AVMIN AVMIND PERC STDEV

(Constant) 0.156 ** 0.031 ** 1.688 ** 6.802 ** 1.841 ** 3.120 **

Weekend �0.045 **�0.013 **�0.397 ** �0.512 ** �0.102 **�0.509 **

Morning peak 0.009 **�0.003 ** 0.028 * �0.644 ** 0.016 �0.313 **

Evening peak 0.029 ** 0.006 ** 0.246 ** �0.058 0.125 ** 0.117 **

Randstad 0.001 0.001 ** 0.028 ** 0.202 ** �0.108 ** 0.012

Intercity station�0.025 **�0.001 **�0.096 ** 0.544 ** �0.165 ** 0.026 *

Summer �0.008 ** 0.000 �0.044 ** 0.151 ** 0.018 * 0.052 **

Autumn 0.022 ** 0.003 ** 0.151 ** �0.148 ** 0.071 ** 0.030

Winter 0.025 ** 0.004 ** 0.179 ** �0.097 ** 0.086 ** 0.070 **

R2-adjusted 0.196 0.123 0.140 0.040 0.049 0.052

N 34,261 34,261 34,261 34,261 34,261 34,261

* ¼ significant at the 0.05 level

** ¼ significant at the 0.01 level
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perceived by the rail passengers. Along the same lines, we compare arrival-based

and departure-based TTU specifications. Our approach is as follows. From the

customer satisfaction survey, we have observations on individual evaluations of

TTU, together with individual characteristics of the traveller, and the usual depar-

ture station of the traveller.

10.4.1 Assumptions

Assuming that an individual’s TTU evaluation is based on his/her own TTU

experience, for each observation the temporal and spatial rail travel pattern has to

be determined, i.e., for each passenger we need information on which stations are

used, and at which time, day and month trips are made. Although we do not have

such detailed data, we do have information on trip characteristics and individual

characteristics such as travel date and time, usual departure station, ticket type,

travel purpose and travel frequency. Under certain assumptions we can use this

information to derive spatial and temporal travel patterns for each traveller. Our

assumptions are as follows. We assume that the TTU evaluation is based on TTU on

the station indicated by the passenger as the common departure station at the place

of residence, i.e. the ‘home station’. If the individual travels with a weekdays or

weekend student card, the evaluation is based on TTU in the part of the week in

question. If the individual indicates to travel mainly during either peak-hours or

off-peak hours, the evaluation is based on TTU in the corresponding part of the day.

If the individual’s travel frequency is less than one rail trip per year, the evaluation

is based on the departure TTU of the train series in question. Finally, the evaluation

is based to a larger degree on more recent TTU experiences. TTU experiences

further in the past receive a lower weight. We refer to Annex B for a discussion of

the implementation of this assumption in the model.

Despite these assumptions there are some difficulties in establishing a direct link

between an individual’s TTU satisfaction score and the actual experienced TTU

based on his/her travel pattern. The actual underlying relationship between an

individual TTU experience is distorted due to the fact that (1) the TTU experience

with specific trains the individual uses is not incorporated, and (2) the TTU

experience of certain train services the individual does not make use of, is

accounted for. The estimated regression and correlation coefficients in this paper

should therefore not be interpreted as indicators of the statistical relationship

between satisfaction and TTU. However, given the size of the sample, the robust-

ness of the results, and the fact that they are based on the same underlying data, the

coefficients can meaningfully be used to compare the relationship between the TTU

indicators and customer satisfaction, and hence the degree to which they capture the

rail passenger’s TTU perception.
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10.4.2 Estimation Results for Alternative Specifications
of Punctuality

Our regression analysis is based on the following regression model

STTU ¼ aþ bTTU þ g1D1 þ � � � þ gKDK þ e (10.1)

where STTU represents the satisfaction score and TTU represents travel time unreli-

ability. D1. . .DN are dummy variables, corresponding to k individual characteris-

tics, which indicate whether or not an individual belongs to a particular passenger

subgroup.

Column 1 in Table 10.7 shows the estimation results of the model when TTU is

specified as 3MIN on arrival (3MINA), which corresponds with one minus the

definition of punctuality used by the Dutch Railways.3 The estimations are based

on the assumptions as described in Sect. 10.4.1. The estimated regression

Table 10.7 Results of a regression and correlation analysis on the statistical relation between

different specifications of 3MIN and customer satisfaction with TTU

TTU-specification

(1) (2)

(Constant) 6.282 ** 6.234 **

3MINA �1.362 **

3MIND �1.219 **

Business traveller 0.047 0.039

Leisure traveller 0.037 * 0.032 *

Car available 0.194 ** 0.199 **

Gender is female �0.027 * �0.026 *

Frequent traveller �0.192 ** �0.184 **

Occasional traveller 0.156 ** 0.162 **

Peak hours 0.119 ** 0.116 **

Off-peak hours 0.264 ** 0.267 **

Age below 20 0.003 0.013

Age over 60 0.279 ** 0.285 **

Discount ticket �0.074 ** �0.078 **

Railcard �0.096 ** �0.100 **

Randstad area �0.108 ** �0.102 **

N 57,404 57,407

Adjusted R2 0.043 0.042

Pearson correlation coefficient �0.084 ** �0.085 **

Partial correlation coefficient �0.067 ** �0.064 **

* ¼ significant at the 0.05 level

** ¼ significant at the 0.01 level

3As such, 3MIN effectively captures the ‘dispunctuality’.
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coefficient of TTU is �1.327. This means that a 10% point increase in the

percentage of delayed trains results in a decrease in the satisfaction score with

0.13. This effect is rather small, which could be explained from the limited

information about the travel pattern of the individual passengers.

This is also suggested by the low value of the Pearson and the partial correlation

coefficients between TTU and TTU satisfaction, shown at the bottom of the

column. As discussed in the previous section, we employ these coefficients mainly

as a basis for comparing different TTU indicators and specifications. The

coefficients on individual characteristics indicate the difference in satisfaction

score between different subgroups of rail passengers and their respective reference

category. As we focus on TTU, we will not discuss the results on individual

characteristics.

Column 2 shows the results of an analysis with the same specification but with

TTU specified as 3MIN on departure (3MIND). The results indicate that the

regression coefficient of dispunctuality on departure is slightly smaller. The same

holds for the partial correlation coefficient and the R2 value. This suggests that the

travellers’ perception of TTU is more closely linked to experiences with TTU on

arrival.

10.4.3 Estimation Results for Alternative TTU Indicators

Next, we performed a correlation analysis and a series of regression estimations in

which the statistical relationship between different arrival-based TTU indicators

and the customer satisfaction with TTU is estimated. All regression estimations are

based on equation (1). The results are shown in Table 10.8. For purposes of

comparison, Column 1 shows the results for the MIN3 indicator, while the results

for the other indicators are shown in Columns 2–6. Column 3, for example,

indicates that an increase in the average size of the delay by 1 min results in a

decrease in customer satisfaction by 0.10. As the indicators are based on different

units, it is not meaningful to compare the estimated regression coefficients.

Therefore, we focus on the comparison of the correlation coefficients en R2-values.

Comparing the estimated correlation coefficients, we find that the correlation

with the customer satisfaction score is the highest for 3MIN, followed by

AVMIN and 9MIN. The indicators based on travel time variation, PERC and

STDEV, show a weaker relationship with the customer satisfaction. The correlation

coefficient for AVMIND is the lowest. A similar pattern can be seen from the

adjusted R2 values.

Table 10.9 shows the results for a similar analysis, in which we focused on

departure-based rather than on arrival-based RTO-indicators. A comparison of the

indicators shows that the order in which they are related to the customer perception

of TTU, is the same as for the arrival-base indicators; the 3MIN indicator has the

highest correlation coefficients and R2, followed by AVMIN. However, the

differences with the other indicators are smaller. By comparing the results in
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Table 10.9 with those in Table 10.8, we see, that this is caused by the fact that the

coefficient values for 9MIN, AVMIND, PERC en STDEV are higher, than those for

their arrival-based counterparts An explanation may be that these indicators place

specific weight on extreme delays. A departure from home with a relatively large

delay increases the probability of missing a connection. On arrival at home, this

possibility does not apply.

10.5 Conclusion and Policy Implications

This study focusses on the statistical relationship between travel time unreliability

(TTU) and customer satisfaction with TTU. In Sect. 10.1, we introduced the topic,

discussed how travel time unreliability is measured by the Dutch Railways and

criticized some elements of this measuring method, including the exclusive focus of

TTU on arrival, the exclusive focus on delays rather than on early arrivals and

departures, and the negligence of travel time variation and the size of the delay. In

Sect. 10.2, we gave an overview of the data that we used for the analysis. In this

section, we also introduced six different TTU-indicators, two based on the proba-

bility of a delay, two based on the size of delay in minutes, and two based on the

variation in the travel times. In Sect. 10.3, we discussed the results of a series of

descriptive statistical analyses of the different TTU-indicators. Based on correlation

and regression analyses, we found that the six indicators differ sufficiently from

each other in terms of the underlying effect they measure. In Sect. 10.4, we carried

out a comparative analysis of the statistical relationship between different TTU-

indicators and specifications and customer satisfaction with TTU.

We have shown that reliability has direct links with the central notion of

sustainability and the underlying dimensions of ‘people’, ‘planet’ and ‘profit’. In

particular, we have included the ‘people’ dimension in our study by focussing on

the perception side of reliability. It is here that profit-oriented railway companies

should start, when they want to improve their quality profile, and policymakers

should start, in order to attract more passengers, possibly reducing the burden on the

environment by reducing the number of trips made by car or by air.

In terms of the transition notion, the present study addresses a key issue in the

railway sector. Traditionally the planning of railway services was strongly supply

driven, with little attention to the customer perspective. Gradually the railway sector

is becoming more customer oriented, as can be seen for example on the ample

attention given to customer satisfaction and effective policies to improve this. The

present paper focuses on reliability from this perspective. By linking objective

measures of reliability (‘trains being late’) to subjective measures of satisfaction

by travellers it facilitates the move from supply driven strategies towards demand

driven strategies. Another important transition dimension of the study is that it

provides inputs to the way contracts between the public sector and operators are

formulated. In the case of the Netherlands such contracts are based on a particular

way of measuring reliability in terms of probabilities of delays of more than 3 min,
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and that does not necessarily represent the customer’s satisfaction. It is clear that the

way in which reliability is measured in the contract will provide incentives to the

operator in terms of tactical and operational issues such as the design of time tables

and procedures on how to cope with delayed trains. Our contribution sheds light on

the issue to what extent the present reliability indicator is reflecting traveller

preferences and thus, whether the present contract produces the right incentives.

The results of a correlation analysis of the different TTU-indicators indicate that

they exhibit differences in terms of the underlying effect they measure. Based on the

pattern of correlation coefficients, two clusters of indicators could be identified. One

cluster with indicators that do not attach specific value to extreme results (3MIN and

AVMIN) and one cluster with indicators that do (9MIN, AVMIND, PERC and

STDEV). The results furthermore suggest that the arrival-based indicators and their

departure-based counterparts measure different underlying effects.

Next, we carried out a regression analysis on the impact of various temporal and

station-related variables on the TTU-indicators. As for the impact of the temporal

variables we found that TTU is higher on weekdays and during peak hours.

Furthermore, TTU is higher in the autumn and winter. The impact of station

characteristics differs, depending on which TTU indicator is being analysed.

3MIN and AVMIN are higher on intercity stations and on stations in the Randstad

area, compared to other stations. The impacts of the set of explanatory factors on

the departure-based indicators have the same sign as on the arrival-based indicators

but are generally smaller. The reason could be that departure times could be

controlled to a larger degree than arrival times. When a train is delayed or arrives

early, it could be possible to have it halt longer or shorter so as to avoid delayed or

early departure.

Finally, we carried out a correlation analysis and a series of regression

estimations, using the customer satisfaction with TTU as the dependent variable.

In each regression specification, we included a different TTU indicator as explana-

tory variable. Due to certain data limitations, we cannot draw any meaningful

conclusion about the impact of TTU indicators on customer satisfaction, but we

are able to compare the different TTU indicators and specifications in terms of the

degree to which they capture the rail passenger’s TTU experience. First, we carried

out a correlation analysis and two regression estimations comparing 3MIN on

arrival with 3MIN on departure in terms of their relationship with the customer

satisfaction. The results indicate that the arrival-based specification is more closely

linked to the rail passenger’s perception of TTU.

Next, we carried out a similar analysis in which we compared the results for the

six different TTU indicators. The results showed that both on arrival and on

departure, 3MIN is the indicator that is most closely related to the passenger’s

perception of TTU, followed by AVMIN. Incidentally, these two indicators place

no specific weight on extreme delays. The other indicators capture the rail

passenger’s experience less well, although the departure-based specifications of

these indicators perform relatively well. This may be due to the fact that these

indicators do place specific weight on extreme delays, since large delays on

departure increase the probability of missing connections.
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In the introduction of this study, we criticized the use of punctuality by the Dutch

Railways to measure TTU, as this indicator may not capture the TTU as experienced

by rail passengers. We argued that, due to the arbitrary punctuality margin, trains

with a 30-min delay count the same as trains with a 4-min delay, which may not be

realistic from the passenger’s point of view. In order to investigate this, we included

two TTU-indicators which were based on the size of the delay, i.e., AVMIN and

AVMIND. The results of our analysis showed that the statistical relationship of the

former indicator with customer satisfaction was relatively high, but not higher than

that of the punctuality indicator, and the impact of the latter indicator was even

lower. This suggests that our criticism does not seem to be a major drawback of the

punctuality indicator in practice. Furthermore, we argued that the punctuality

indicator is based on arrival times and that unreliability with respect to departure

times can also have consequences for passengers. The extra waiting time caused by

a delayed departure, may lead to a loss in utility, even if the train arrives in time at

the final destination. We found that arrival-based 3MIN and AVMIN had more

explanatory power than their departure-based counterparts. However, for some of

the alternative indicators, TTU on departure appeared to be more important.

We also pointed out, that the punctuality indicator does not capture the travel

time uncertainty as such. In order to address this, we included two TTU-indicators

based on travel time variation in the analysis, i.e., PERC and STDEV. These

indicators are specified such, that their value increased both as a result of increased

numbers and size of delays, and increased numbers of early departures. Our

analysis showed that improvements in these two indicators have a smaller impact

on customer satisfaction, suggesting that these indicators are worse approximations

of the TTU experienced by rail passengers. Hence, one might argue that the

exclusive focus on delays is not a major drawback of the indicator used by the

Dutch Railways.

Based on the results of this analysis one may be tempted to conclude that, in

order to increase the rail share, the attention should remain focussed on decreasing

punctuality and, following up on this, the Dutch Railways should continue to be

evaluated based on punctuality, perhaps including also some aspects of departure-

based reliability. Two remarks can be made in this context. First, it should be taken

into consideration that the present study has not incorporated the cost aspect in the

analysis. This means that our study does not provide a comparative analysis of cost-

efficiency of improvements in the various TTU-indicators. With respect to improv-

ing reliability, a useful approach might be a multi-criteria decision analysis, which

compares a number of alternative strategies aimed at improving TTU, taking into

account both the investment costs of each alternative, and the degree to which it

results in improvements in various indicators. Second, the results are based on

stated preference data. Whether improvements in TTU result in changes in actual

travel behaviour falls outside the scope of this study.
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Annex A: Calculation of Indicators of Travel Time Variation

As discussed in Sect. 10.3, we have the following data available with respect to

TTU:

– Number of trains with {< 3; 3–5; 5–7; 7–9;>9} minutes of delay on arrival

(departure)

– Total number of arriving (departing) trains

– Total number of minutes of delay on arrival (departure)

– Total number of minutes of delay on arrival (departure) for trains which arrive

(depart) with more than 3 min of delay.

First, we assume that arrival and departure times are uniformly distributed

within each of the five delay intervals. Standard deviation and percentiles can

then be calculated based on the centre point of the intervals. The centre points of

thee middle intervals are known. The centre point of the last interval can be

estimated according to the following equation:

�XL ¼
X5
i¼2

MiNi , M5 ¼
�X
L �P4

i¼2 MiNi

N5

where �XL represents the mean delay in minutes for delayed trains, Mi represents the

centre point of interval i, Ni represents the number of trains in category i

and �Xrepresents the average delay in minutes. Next, the centre point of the first

interval can be calculated as follows:

�X ¼
X5
i¼1

MiNi , M1 ¼
�X
L �P5

i¼2 MiNi

N1

Based on these calculations, the standard deviation can be calculated as follows:

SD ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP5
i¼1 Mi � �Xð Þ2NiP5

i¼1 Ni � 1

vuut

The 50th and 80th percentile can be calculated as follows:

PPERC ¼ M1 � 1

2
R1

� �
þ
Xk�1

i¼1
Ri þ

PERC�Pk�1
i¼1 Si

� �
SK

Rk

where PERC denotes the percentile to be calculated, Ri represents the range of

interval i, k represents the interval within which the percentile is located and Si
represents the percentage of trains in interval i.
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Annex B: Temporal Weighting of TTU

The value of TTU-indicators for each observation are specified as a weighted

average of TTU-values for the 8 months preceding the date of the observation.

The weights are estimated once based on the following model.

TR ¼ aþ bRþ g1D1 þ . . .þ gKDK þ e

R ¼ wRAH;t þ w2RAH;t�1 þ . . .þ w7RAH;t�7 þ e

wþ w2 þ . . .þ w7 ¼ 1

This results in an estimated value for w of 0.37. This indicates that TTU-

perception of an individual is based for 63% on TTU-experience in the month

and for 37% on TTU-experiences further in the past. The value of 0.37 has

subsequently been used to derive the values for all TTU-indicators in the analysis.
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Chapter 11

Algorithmic Support for Railway Disruption

Management

Leo Kroon and Dennis Huisman

11.1 Introduction

Increasing the market share of public transport is considered as one of the solutions

for the mobility problems in the Netherlands. Moreover, public transport is seen as

a green mode of transportation (“Planet”). Thus for achieving more sustainable

mobility, travellers will have to be stimulated to use the public transport system

instead of their own cars. A higher market share of the public transport system will

enable a higher efficiency and profitability of this system (“Profit”). In order to

make the public transport system more attractive, an increase in its service quality is

needed (“People”). This is especially true for railway systems. Indeed, one of the

weak points of railway systems is that disruptions seem to be more or less inevita-

ble, leading to much discomfort for the passengers.

In the Netherlands, relatively large disruptions occur on average about three

times per day, each time leading to a temporary and local unavailability of the

railway system. A disruption and the involved uncertainty often leads to much more

discomfort for the passengers than the few minutes of delay with which they are

confronted regularly (Brons 2006). In a disrupted situation, also the lack or incor-

rectness of travel information may lead to a lot of discomfort. For many people

these issues are disqualifiers to use public transport.

In case of a disrupted situation, the disruption management process should

quickly provide a modified timetable, rolling stock circulation, and crew duties,

so that as much as possible of the service for the passengers can be upheld.

However, one of the bottle-necks in the current disruption management process

is, that it is carried out completely manually, and that a large number of parties is

involved (Jespersen-Groth et al. 2009). This requires a lot of communication
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between these parties, leading to slow response times and to solutions that are far

from optimal. For example, several trains may have to be cancelled since no

appropriate train drivers could be found.

Faster response times and better solutions can be expected by the application of

algorithmic support in the disruption management process. That is, the modified

timetable, rolling stock circulation, and crew duties are generated automatically,
based on appropriate mathematical models and algorithms for solving these

models. Moreover, the application of such models and algorithms will allow to

focus in the disruption management process on the passenger flows rather than on

the railway system itself. Therefore, such models and algorithms are currently

being developed in close cooperation with Netherlands Railways (in Dutch:

Nederlandse Spoorwegen, NS). This paper describes these models and algorithms,

as well as their potential benefits.

The models and algorithms for real-time disruption management described in

this paper build to a large extent on the models and algorithms that have been

developed for supporting the planning processes of NS. These models focus on

planning the timetable (Kroon et al. 2009), the rolling stock circulation (Fioole et al.

2006), and the crew schedules of NS (Abbink et al. 2005). Based on their applica-

tion for the development of the railway timetable for 2007, NS was winner of the

2008 Edelman Award of INFORMS.

In March 2009, the advantages of using algorithmic support for rescheduling the

crew duties of NS in case of a disruption were clearly demonstrated by the

application of an automated crew rescheduling tool after a freight train derailed

near station Vleuten. This derailment damaged the railway infrastructure over 5 km,

which required the timetable, the rolling stock circulation, and the crew duties to be

rescheduled during nearly 7 days. A comparison between the automated

rescheduling process for the driver duties with the manual rescheduling process

for the conductor duties revealed the advantages of the automated rescheduling

process: it leads to better solutions in less time. This case, together with other cases

where the manual disruption management process clearly failed (for example, the

winter period of December 2009 and January 2010), stimulated the request by the

board of NS for the transition from the manual disruption management process to a

more agile and algorithmically supported disruption management process.

Algorithmic support will be needed, especially if the plans underlying the

railway system are tight. That is, there is just a small amount of slack in the system.

This will be the case if the utilization of the railway infrastructure is increased in the

near future by higher frequencies and traffic volumes. For example, there are plans

to introduce a system with six intercity trains and six regional trains per direction

and per hour on several Dutch corridors. At first sight, this increase in frequency is

beneficial for the passengers, but it is important to realize that this is only the case if

the real-time disruption management process is endowed with the right tools to

handle this increased utilization of the railway system in an adequate way.

Conversely, the application of algorithmic support will also allow to increase the

efficiency of the railway system. This is relevant since the railway world is

becoming more and more competitive. In particular, currently several buffers
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(in the form of relatively large numbers of stand-by rolling stock units and crew

members) are present in the system as a safety net in case of disruptions. However,

part of these buffers will become redundant when effective algorithmic support is

applied, thereby increasing the railway system’s efficiency.

A scientific challenge that needs to be solved for the application of algorithmic

support for disruption management is the development of appropriate models and

sufficiently powerful algorithms for quickly solving these models. This aspect is

less important for models and algorithms that are applied for planning purposes.

However, in order to be effective in real-time, the computation times of these

algorithms need to be short: an algorithm that needs hours to compute a decision

that is required more or less instantaneously is useless. Also, dealing in an adequate

way with the uncertainty and volatility that are inherent to the disruption manage-

ment process is still a scientific challenge.

This paper describes the challenges and the potential benefits of the application

of algorithmic support for the quality of the railway system. Section 11.2 starts with

a general description of disruption management. Section 11.3 describes how the

timetable is modified in case of a disruption. Then Sect. 11.4 gives a description of

models and algorithms for rolling stock rescheduling that are currently developed.

Section 11.5 proceeds with models and algorithms for crew rescheduling. This

section also describes the Vleuten case mentioned above. Passenger oriented

disruption management is described in Sects. 11.6 and 11.7 concludes the paper

with a number of final remarks and subjects for further research.

11.2 Railway Disruption Management

Figure 11.1 gives a high level view of disruption management. Disruption manage-

ment is an ongoing process that focuses both on the question whether a situation is

disrupted or not, as well as on the measures to correct a disrupted situation. For

evaluating whether a situation is disrupted, and for reacting effectively in case of a

disruption, it is essential to have real-time information on the positions of train units

and crews. Furthermore, for upholding as much as possible service for the

Fig. 11.1 A high level view of disruption management (Source Kohl et al. 2007)
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passengers during, it is necessary to have real-time information on the locations and

destinations of the passengers. Modern information technology allows this kind of

information to be more and more available, although real-time passenger informa-

tion is still scarce.

A disruption of the railway system is often caused by a blockade of part of the

railway infrastructure. Such a blockade may be complete or partial. In the first case

no railway traffic is possible at all on the blocked infrastructure, for example, due to

malfunctioning power supply. If only part of the available parallel tracks is blocked,

as in the case of a broken-down train, then some railway traffic remains possible,

but usually a number of trains have to be cancelled.

The modifications in the timetable usually make the rolling stock circulation and

the crew duties infeasible as well. Indeed, if some trains are cancelled, then certain

train units and crews cannot follow their planned duties. Thus, rescheduling the

rolling stock circulation and the crew duties is required. The railway operators are

responsible for carrying out this rescheduling process.

A complicating issue in a disrupted situation is the fact that the duration of the

disruption is usually not known exactly. As time proceeds, the initial estimate of

the duration of the disruption may turn out to be incorrect. As a consequence, the

rescheduling process must be carried out several times then. When the disruption is

over in the end, an appropriate strategy has to be selected to return to the regular

timetable. Going back to the regular timetable as soon as possible is not necessarily
optimal for many passengers.

An important difference between scheduling in the planning process and

rescheduling in the real-time operations is the dynamic environment in which the

rescheduling process has to take place. That is, while the rescheduling process is

carried out, the status of the railway system is changing at the same time. Thus,

apart from the fact that the rescheduled plans are needed as soon as possible, this is

another reason for the need for short rescheduling times. Since the rescheduling

problems that have to be solved are large and complex, the realization of suffi-

ciently short computation times of the rescheduling algorithms is still a large

scientific challenge.

A further difference between planning and operations is the fact that in the

operations the existing plans have to be taken into account. This holds in particular

when rescheduling the crew duties: the end times of the rescheduled duties should

not differ too much from the end times of the original duties. Similarly, the shunting

processes related to the rolling stock circulation must not be changed too much,

since the feasibility of modified shunting processes is hard to check. For further

differences between planning and operations, see Gr€otschel et al. (2001) and Séguin
et al. (1997).

Note that disruption management is different from online scheduling, where

events occur completely unexpectedly. Conversely, permanently monitoring the

railway processes in the real-time operations provides a lot of information about

upcoming events. Each event has at least an expected event time. Based on this

information, one may forecast whether there will be conflicts in the near future due

to the timetable, the rolling stock circulation, or the crew duties.
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11.3 Timetable Rescheduling

In case of a disruption of the railway system, usually a number of trains cannot be

operated. Thus, the timetable is modified by cancelling a number of trips. In the

Netherlands, these modifications are usually based on a disruption scenario. The
disruption scenarios have been prepared by the traffic control organization of

the infrastructure manager in cooperation with the railway operators. They describe

which trips in the timetable have to be cancelled, which trips have to be rerouted,

and in which stations short returns of trains have to be introduced.

The selection of the disruption scenario to be used in case of an actual disruption

may require a lot of – time consuming – communication between the infrastructure

manager and the railway operators. Moreover, although there may be several

hundreds of disruption scenarios, there is usually no scenario that fits exactly

with the disrupted situation. Therefore, some fine-tuning of the selected scenario

will be needed. For automatically solving this kind of problems, algorithmic

support has not been developed yet.

Figure 11.3 shows how the timetable of the 3,000 intercity line of NS may be

modified if temporarily no railway traffic is possible between Amsterdam and Utrecht

due to malfunctioning railway infrastructure. The 3,000 line provides twice per hour

an intercity connection from Den Helder (Hdr) to Nijmegen (Nm) and vice versa, via

Alkmaar (Amr), Amsterdam (Asd), Utrecht (Ut), and Arnhem (Ah) (see also

Fig. 11.2). The timetable of the 3,000 line is cyclic with a cycle length of 30 min.

Fig. 11.2 The 3,000 line runs

twice per hour in each

direction between Den Helder

(Hdr) and Nijmegen (Nm)
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The disruption between Amsterdam and Utrecht starts at 8:40 a.m., and has an

estimated duration of 2.5 h. A usual scenario for modifying the timetable is to

cancel the disrupted trips between Amsterdam and Utrecht, and to introduce short

returns of the trains in Amsterdam and Utrecht. That is, a train arriving in

Amsterdam from Alkmaar returns in the timetable of the 3,000 line to Alkmaar.

Similarly, a train arriving in Utrecht from Arnhem returns to Arnhem. Note that this

requires that the routes of these trains in Amsterdam and Utrecht must be modified.

As can be seen in Fig. 11.3, only the first disrupted trains in Amsterdam and

Utrecht are put aside at the shunt yards there. After the end of the disruption, these

trains are put into operation again. These trains belong to the grey area between the
regular undisrupted situation and the ‘regular’ disrupted situation.

As was mentioned earlier, the initial estimate of the duration of the disruption

often turns out to be wrong. If this is indeed the case, then the timetable, the rolling

stock circulation, and the crew duties must be rescheduled again at the moment that

the difference becomes clear.

Due to the described disruption scenario, the services on the 3,000 line outside

the disrupted area remain as much as possible the same as usual. In order to

compensate for the cancelled trains between Amsterdam and Utrecht, buses may

be operated on the disrupted route. Note that also several other train lines operate on

the indicated infrastructure. However, in order to keep the figure simple, these have

not been shown.

Fig. 11.3 A disruption of the railway traffic between Amsterdam (Asd) and Utrecht (Ut) starting
at 8:40 a.m. with an estimated duration of 2.5 h
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11.4 Rolling Stock Rescheduling

11.4.1 Introduction

The rolling stock circulation strongly influences the service of the railway system,

and rolling stock costs are a large part of the operational costs of a railway operator.

Rolling stock planning aims at allocating an appropriate amount of rolling stock to

each train in the given timetable. A rolling stock circulation can be expressed in

terms of the rolling stock compositions of the trains, but it can also be expressed in

terms of the rolling stock duties. Here, a rolling stock duty is a sequence of tasks to

be carried out by a single train unit on a single day. A task for a train unit is a trip in

a train from one station to another at a certain time instant in combination with a

position in the train.

Relevant papers on rolling stock scheduling and rescheduling are Caprara et al.

(2007), Alfieri et al. (2006), Fioole et al. (2006), Peeters and Kroon (2008),

Jespersen-Groth et al. (2006), Budai et al. (2010), and Nielsen et al. (2009). In

Sect. 11.4.2 we provide some details of the latter paper.

Figure 11.3 illustrates the need for rescheduling the rolling stock circulation in

case of a disruption. Indeed, since the compositions of the trains depend on the

expected numbers of passengers – which strongly vary over the day and per

direction – it is highly improbable that, after a short return of a train in Amsterdam

or in Utrecht, its actual composition is exactly the same as its planned one. This

difference will propagate to other trains and will lead to mismatches between

demand for and supply of seats later on. Furthermore, it will lead to off-balances

by the end of the day, i.e. train units ending at the wrong locations. Thus, the rolling

stock circulation must be rescheduled.

11.4.2 A Multi-Commodity Flow Model

This section describes a model and an algorithm for rescheduling the rolling stock

circulation in case of a disruption of the real-time operations. This description is

based on Nielsen et al. (2009). The model is a minimum cost multi-commodity flow

model, but it has several additional features.

11.4.2.1 Problem Description

Nielsen et al. (2009) describe a model and an algorithm for the real-time Rolling

Rolling Stock Rescheduling Problem (RSRP). Here the timetable and the available

rolling stock may change several times in case of a disruption. Real-time RSRP is

the problem of updating the current assignment of train units to trips in the

timetable whenever the timetable or the rolling stock capacity is changed. The
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latter may change, for example, due to a breakdown of one or more rolling stock

units. An instance of real-time RSRP contains the following elements:

• The original timetable T0.
• The original rolling stock capacity R0.

• The original rolling stock circulation C0.

• A finite list of changes to the timetable and the rolling stock capacity, < t1, T1,
R1 >, < t2, T2, R2 >,. . .,< tn, Tn, Rn >.

Here an element in the list is a triple consisting of a time instant ti, an updated

timetable Ti, and an updated rolling stock capacityRi. The time instants are assumed to

be distinct and sorted such that t1 < t2 < . . . < tn. Each element in the list represents

a time instant where a new situation appears, which renders the current rolling stock

circulation infeasible. At any point in time t, the changes in the timetable and the

rolling stock capacity that will appear after time t are not known yet.

The problem is then to reschedule at time ti the rolling stock circulation Ci–1 to

serve timetable Ti with rolling stock capacity Ri. The resulting rolling stock

circulation is called Ci. At time ti the rolling stock assigned to trips in Ti departing
before time ti is fixed. The objective of real-time RSRP measures several aspects of

the intermediate and the final rolling stock circulations. These aspects are described

in Sect. 11.4.2.2.

Note that the foregoing implies a “Wait-and-See” approach to the rescheduling

problem. That is, one waits until there is a certain need to update the timetable and

the rolling stock circulation, since the existing ones have become infeasible.

Otherwise, when rescheduling the timetable and the rolling stock circulation, one

might anticipate already on future changes in the environment. Also in practice it is

usual to apply a “Wait-and-See” approach.

11.4.2.2 Objective Function

The first objective in real-time RSRP is the feasibility of the new circulation where

the limitations on the lengths of the trains are the most challenging ones. In

addition, there are several other objectives to be taken into account in the

rescheduling process. The following lists several perspectives of real-time

rescheduling and the objectives associated with them.

• The service perspective. The inconvenience for the passengers should be

minimized, which means that cancelling trips due to lack of rolling stock (in

addition to the trips that are directly cancelled due to the disruption) should be

minimized. Similarly, assigning too little capacity related to the expected num-

ber of passengers should be avoided. A complicating issue here is that in a

disrupted situation it is hard to forecast the passenger behaviour and hence the

passenger demand.

• The process perspective. Deviations from the original rolling stock circulation

should be communicated to the involved parties. In particular, the feasibility of
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the modifications of the shunting plans may be hard to check in detail at short

notice. Therefore, the number of such modifications should be minimized.

• The robustness perspective. The propagation of the effects of the disruption

should be kept local. In particular, the number of off-balances by the end of the

day should be minimized, since otherwise the effects of the disruption propagate

to the next day.

• The efficiency perspective. The number of carriage kilometres driven is closely

related to the operational costs of the rolling stock circulation. Unnecessary

carriage kilometres should be avoided. Similarly, deadheading trips for solving

rolling stock off-balances should be avoided as well.

11.4.2.3 Solution Method

Nielsen et al. (2009) use a model for rolling stock rescheduling that is deduced from

the model of Fioole et al. (2006). This model is a minimum cost multi-commodity

flow model which also considers the order of the train units in the trains. The

concept of a transition graph is used to deal with this aspect. The transition graph

describes for each allowed combination of a trip and a train composition the

feasible train compositions on the next trip. Then the problem is a minimum cost

multi-commodity flow problem, where at the same time for each train a feasible

path in the associated transition graph is to be found.

Nielsen et al. (2009) adapt this planning model to the rescheduling context by

adding a number of features. First of all, the original rolling stock circulation has to

be taken into account. The original timetable is T0 and the original rolling stock

capacity R0 is assigned to the timetable as described by the original rolling stock

circulation C0. The train compositions prior to the start of the disruption are fixed.

The model is also extended with the possibility to assign an empty composition to a

trip, i.e. the trip is cancelled.

The model of Nielsen et al. (2009) is applied on a rolling horizon in order to

speed up the solution process. That is, rescheduling the rolling stock is only carried

out for a fixed time period ahead. This is done whenever the rescheduling horizon

has elapsed or at the moment that new information has become available about

updates of the timetable or the rolling stock capacity. In order to guide the rolling

stock inventories such that the off-balances by the end of the day will be low, the

model aims at minimizing the off-balances by the end of each planning horizon.

The therefore required intermediate target inventories are deduced from the

inventories in the original rolling stock circulation. The weights of the intermediate

off-balances increase as time proceeds.

To analyze the rolling horizon solution heuristic, Nielsen et al. (2009) tested it

on a set of instances of NS involving a disruption on the so-called Noord-Oost lines.

These form the most challenging cases for rolling stock rescheduling at NS. The

disruption in the described instances occurs between Utrecht and Amersfoort,

implying that no trains can run between these two stations then. The actual duration

of the disruption is not known initially, but only an estimated duration is available.

11 Algorithmic Support for Railway Disruption Management 201



In these experiments it turned out that, given the assumed passenger behaviour, this

rescheduling method is able to quickly reschedule the rolling stock circulation in

such a way that more service for the passengers is provided than in the case that a

straightforward heuristic is applied.

11.5 Crew Rescheduling

11.5.1 Introduction

Each train needs a train driver and one or more conductors. For both types of crew

members, a task is related to a trip on a train between two stations where the crew

possibly can be changed. A crew duty is the set of tasks to be carried out by a single
crew member on a single day. Thus, there are duties for drivers and duties for

conductors. Initially, the duties are anonymous, i.e. they have not been assigned to

real crew members yet. This assignment of duties to crew members is specified by

the crew rosters.
Crew scheduling is the problem of a priori generating the crew duties. In the real-

time crew rescheduling process, the duties obviously have been assigned to indi-

vidual crew members already. Thus, one must take into account the existing duties

as well as the individual skills of the assigned crew members then. For example, a

train driver is allowed to drive a particular train only if he has the appropriate route

and rolling stock knowledge.

Since crew scheduling is a highly complex and yet generic problem, a lot of

research on models and solution techniques for solving this problem in off-line

planning processes has been carried out. Abbink et al. (2005), Fores et al. (2001),

Kohl (2003), and Kroon and Fischetti (2001) describe a number of successful

applications of these models within various railway companies.

Research on models and solution techniques for crew rescheduling in railway

systems is still scarce. First results are provided by Huisman (2007), Rezanova and

Ryan (2009), Walker et al. (2005), Abbink et al. (2009), and Potthoff et al. (2010).

In Sect. 11.5.2 we present some details of the latter paper. Crew rescheduling for

airline systems has received more attention. Relevant papers on airline crew

rescheduling are Song et al. (1998), Stoiković et al. (1998), Lettovský et al.

(2000), Yu et al. (2003), Clausen et al. (2005), Medard and Sawhney (2006), Nissen

and Haase (2006), and Kohl et al. (2007).

Figure 11.3 indicates the need for rescheduling the duties in case of the earlier

mentioned disruption between Amsterdam and Utrecht. In this example, it is

common practice that there are planned duties for drivers covering the three tasks

Amr-Asd, Asd-Ut, and Ut-Ah on one of the disrupted trains. Since the trip Asd-Ut

in such a duty is cancelled, the involved driver will not be able to carry out the task

Ut-Ah in his duty. So this task must be assigned to another driver. Conversely, in

practice the driver will follow the train in its short return in Amsterdam. Thus, he is
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moving in another direction than prescribed in his original duty. Hence this duty

must be rescheduled to get this driver back in his home depot in time, while at the

same time carrying out as much as possible tasks.

Although the crew rescheduling process is mainly an internal process, it is one of

the recognized bottle-necks in the disruption management process. Indeed, it nearly is

impossible to manually reschedule tens of duties in just a couple of minutes. One of

the reasons is that for rescheduling the timetable and the rolling stock circulation,

dispatchers heavily use the fact that (the basic structures of) these plans are cyclic.

Unfortunately, the crew schedule is by definition non-cyclic, for example, because a

crewmember needs to reach his home depot after a certain amount of time.Moreover,

crew rescheduling has to take into account many complex labor constraints. And

finally, an important feature is that crews can refuse certain changes in their duties.

Currently this happens in practice mainly because crew members are not informed

about their completely rescheduled duties, but only about their next tasks. Thus, they

do not know if they will arrive back home at a reasonable time.

As a consequence, manually rescheduling one disrupted duty usually requires

5–10 min. Given the fact that it is not unusual that 50–100 duties are hindered by a

disruption, it requires a lot of time to reschedule all the crew duties in such a case.

This may have a very negative impact on the quality of the railway system.

Especially in this process, advanced algorithmic support is badly needed: a train

that cannot be provided with an appropriate crew will have to be cancelled with all

the negative consequences for the passengers.

11.5.2 A Set Covering Based Model

This section describes a model and an algorithm for rescheduling crew duties in

case of a disruption of the real-time operations of NS. This description is based on

Potthoff et al. (2010). The model is a Set Covering model, but it has some additional

features which allow it to deal with the existing duties.

11.5.2.1 Model Description

It is assumed that the disruption takes place at a certain location, starts at time t0, and
lasts until t1. The duties that are unfinished at time t0 are represented by the set D. In
addition, N is the set of tasks which have not started at the time of rescheduling, and

Kd is the set of all feasible completions for original duty d ∈ D. A feasible

completion is a sequence of tasks after time t0 by which the tasks in the original

duty are replaced such that the duty still fulfills all constraints at the duty level and

ends in the right crew depot at an appropriate time. For every duty d ∈ D and every

feasible completion k ∈ Kd we have:
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• cdk : the cost of feasible completion k for original duty d. The cost of a feasible

completion is zero if the duty is not modified. Otherwise, the cost is the sum of

the cost for changing a duty, the cost for taxis, and the penalties for short

connection times and overtime.

• adik: a binary parameter indicating if task i is covered by feasible completion k for
original duty d or not.

Finally, we define fi as the cost of cancelling task i. Potthoff et al. (2010) now
formulate the crew rescheduling problem, using binary variables xdk corresponding
to the feasible completions of duty d. That is, xdk is 1 if and only if feasible

completion k ∈ Kd is used to complete duty d ∈ D. Furthermore, binary variables

yi indicate if task i is cancelled (yi ¼ 1) or not (yi ¼ 0).

min
X
d2D

X
k2Kd

cdkx
d
k þ

X
i2N

fiyi (11.1)

s.t:
X
d2D

X
k2Kd

adikx
d
k þ yi � 1 8i 2 N (11.2)

X
k2Kd

xdk ¼ 1 8d 2 D (11.3)

xdk ; yi 2 f0; 1g 8d 2 D; 8k 2 Kd; 8i 2 N (11.4)

The objective function (1) takes into account several aspects, such as the number

of uncovered tasks, the number of modified duties, the number of used stand-by

duties, and the differences between the durations of the original duties and the

rescheduled duties. Constraints (2) guarantee that every task is either covered by a

feasible completion or is cancelled. Moreover, constraints (3) ensure that every

original duty is assigned to exactly one feasible completion.

11.5.2.2 Solution Method

The crew rescheduling method in Potthoff et al. (2010) uses an algorithm that is

based on large neighbourhood search in combination with a column generation

heuristic. It can be summarized as follows:

• Step 1. Define an initial core problem based on a set of duties to be rescheduled.

The set of duties that is considered is the set consisting of the directly disrupted

duties and some other duties either on the same route or around the same time on

adjacent routes.

• Step 2. Compute an initial solution using a Column Generation heuristic. This

heuristic is very similar to the method described by Huisman (2007). It uses

Lagrangian dual values to construct new columns by solving resource-

constrained shortest path problems. Constructive heuristics are used for

generating feasible solutions from these columns.
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• Step 3. Check if there are still uncovered tasks. If all tasks have been covered,

then stop.

• Step 4. Define a neighbourhood by extending the set of duties to be rescheduled.

The additional duties are selected based on the fact (1) that they cover tasks in the

neighbourhood of an uncovered task, and (2) that the involved drivers are able to

carry out these uncovered tasks. Finally, also a number of additional duties is

selected based on their similarity to the duties selected according to (1) and (2).
• Step 5. Explore the neighbourhood by a Column Generation heuristic. Here the

same comments apply as in Step 2. Then go to Step 3.

Computational results based on realistic instances of NS are reported in Potthoff

et al. (2010). These results show that the described rescheduling method usually

finds acceptable solutions in a short computation time on a regular PC. Especially in

the case that a number of stand-by crews are available, usually no trains have to be

cancelled due to lack of a driver or conductor.

11.5.3 Practical Application

The method described in Sect. 11.5.2 was applied by NS for rescheduling the duties

of the drivers during a major disruption. As was mentioned in Sect. 11.1, a freight

train derailed near station Vleuten (Vtn) on Monday, March 23, 2009. Due to this

accident, the railway infrastructure was damaged over 5 km, which blocked the

route between Utrecht (Ut) and Woerden (Wd) for nearly a week (see Figs. 11.4 and

11.2). Initially, this route was blocked completely.

On Tuesday, March 24, one track could be opened again, so that limited railway

traffic was possible. Therefore, it was decided that the 2,000 line (The Hague (Gvc)

– Utrecht) would be operated again on Wednesday. However, in one direction (The

Hague – Utrecht) it would use another route, namely via Breukelen (Bkl), where it

could turn in the direction of Utrecht. This alternative route was selected to have

only trains in the direction Utrecht – The Hague on the disrupted route. As a

consequence, the timetable of other trains had to be modified as well. This situation

lasted until the evening of Sunday, March 29.

Fig. 11.4 The disruption took place near station Vleuten (Vtn) between Utrecht (Ut) and Woerden

(Wd). The 2,000 line from the Hague (Gvc) to Utrecht made a detour via Breukelen (Bkl)
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On Monday and Tuesday of this week, the crew duties were rescheduled

completely manually. However, the driver duties for Wednesday and Thursday

were rescheduled by the method described in Sect. 11.5.2.2. In fact, only the first

three steps had to be carried out: all trips appeared to be covered then already. On

each of these 2 days, about 260 driver duties were directly affected by the disruption

and had to be rescheduled. The algorithm found a good feasible solution in about

1 h of computation time.

Although the solution approach might have taken into account the individual

route and rolling stock knowledge of the drivers, this information was not available

at NS in electronic format. Therefore, there were still some conflicts in the driver

duties with the actual route and rolling stock knowledge. Fortunately, these

problems could be solved relatively easily in the operations.

Unfortunately, the output of the algorithm could not be imported directly into the

computer system of the Operations Control Centers of NS. Therefore, two

dispatchers typed in all Wednesday’s duties during the night before. The same

happened during the next night for the Thursday’s duties.

The duties for the conductors were still modified manually by the dispatchers.

Therefore, we could make a comparison between the algorithmic approach and the

current manual process. During the night, four dispatchers could reschedule the

tasks in the conductor duties that started until 13:00 on the next day. The remaining

part of the conductor duties had to be rescheduled manually during the day, resulting

in many duties that did not finish at the regular time and in a lot of communication

during the day.Many conductors were not quite happy with their rescheduled duties.

For the last 3 days of the disruption (Friday until Sunday), the CREWS planning

system was used to reschedule all the crew duties. This system contains the algorithm

described in Huisman (2007) to reschedule the crew duties during planned track

maintenance. Of course, such an algorithm also works for an unplanned disruption

which is known some time in advance. The CREWS system could not be used for

rescheduling the crewduties during the first days of the disruption, since the application

of this system has a relatively long lead time. In particular, the process of rescheduling

the crew duties for Friday with the CREWS system started on Wednesday already.

Although this Vleuten case does not yet provide an example of algorithmic

support for real-time disruption management, this case is quite close to it. Anyway,

it clearly demonstrates the advantages of algorithmic support for rescheduling the

crew duties in the operations: it leads to better solutions in less time. Especially the

latter aspect will be crucial and decisive when the algorithmic support is applied in

a real-time environment.

11.6 Passenger-Oriented Disruption Management

The current disruption management process is mainly based on a standard set of

disruption scenarios, which focus on isolating the disrupted area and on keeping the

railway system outside the disrupted area as much as possible as planned originally.
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As a consequence, there is no additional railway capacity on detour routes. Service for

the passengers is not considered as a target, but is just the result of the taken decisions.

However, as can be seen in the Vleuten case described in the previous section,

sometimes more attractive alternatives for the passengers exist. In fact, the railway

network should be so dynamic and flexible that its capacity can be adapted quickly to

modified situations during and after disruptions. Algorithmic support in the disrup-

tion management process will be instrumental in achieving this flex ibility. Examples

of alternatives are: temporarily operating another timetable (for example rerouted

trains, or shuttle trains), and more or longer trains outside the disrupted area in order

to facilitate the rerouting of passengers. Indeed, for the Vleuten case, Louwerse

(2009) shows that algorithmically reassigning the rolling stock in the morning

peak, can nearly halve the number of passengers without a seat. Since longer trains

require more conductors, such a reassignment would not only result in more changes

in the rolling stock circulation, but also in more changes in the conductors’ duties.

Along the alternative routes for the passengers, passenger transfers from one train

to another with short transfer times should be facilitated. For that purpose, trains may

have to wait somewhat longer for each other than in the normal situation. This requires

permanently monitoring and controlling the delays and connections of the trains,

aiming to minimize the travel times of the passengers. The passengers should be

informed permanently in an adequate way about their alternative routes. When the

disruption is over, returning to the regular timetable should be done in a passenger

friendly way, taking into account the stranded passengers at the stations. Returning to

the regular timetable as soon as possible may not be optimal for many passengers.

To summarize, a much better service to the passengers can be provided during

disruptions, but this results in even more complex rescheduling problems than the

current ones. Since it is currently already extremely difficult for dispatchers to

reschedule the timetable and the rolling stock and crew duties in case of a severe

disruption, algorithmic support is obviously even more necessary if NS wants to

focus on passenger-oriented disruption management.

11.7 Conclusions and Further Research

In this paper we argued that the application of algorithmic support in the disruption

management process will be crucial for increasing the service level of the railway

system for the passengers. This is required to increase the railway system’s market

share in the mobility market. The improved service for the passengers will be

beneficial for the People, and the higher market share of the railway system will

be beneficial for the Planet and for the Profit. The latter will also be influenced

positively by the increased efficiency in the planning stage.

The application of algorithmic support in the disruption management process

will help to determine appropriate measures for adapting the timetable in case of a

disruption. Moreover, it will help to provide an appropriate capacity per train during

and after the disruption, and to rebalance the rolling stock by the end of the day.
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Second, it will help to reduce the number of cancelled trains due to missing crew.

This is currently one of the bottle-necks in the disruption management process.

The advantages of the application of algorithmic support for the purpose of

crew rescheduling was clearly demonstrated by the Vleuten case described in

Sect. 11.5.3. Further research into the direction of passenger-oriented disruption

management will increase the flexibility of the railway system, so that it will be able

to adapt itself to the modified situation in case of a disruption.

The potential benefits of algorithmic support in the disruption management

process are currently recognized by the board of NS, both by the inability of the

manual rescheduling process to deal with several serious disruptions, and by the

successes of the application of such tools in the offline planning processes. In 2008,

the latter lead to winning the INFORMS Edelman Award for the application of

algorithmic support for the development of the 2007 timetable of NS (Kroon et al.

2009). Now there is a certain eagerness to apply such tools in the disruption

management process as well. As a consequence, this is the right time for research

in this area, and for getting the results implemented in practice.

As a consequence, algorithmic support for rescheduling rolling stock and crews

are currently being developed in close cooperation with NS. The status quo is that

the available models and algorithms provide promising results in a laboratory

environment: in relatively short computation times appropriate solutions can be

generated for the rolling stock circulation and the crew duties. These results were

discussed with and approved by the dispatchers in practice.

A further scientific challenge is to solve these resource rescheduling problems in a

dynamic and uncertain environment, where the status quo of the system may be

changing during the optimization process of the algorithms. This also requires an

appropriate model for forecasting the status of the system during the optimization

process. Another challenge is to solve the resource rescheduling problems in an

integrated way: preferably, the rescheduling problems for the rolling stock and the

drivers are solved together. Otherwise, one may end up with a solution where one trip

must be cancelled due to missing rolling stock, and another trip must be cancelled due

to a missing driver. This solution is obviously infeasible in practice. Also the

extension of the models towards passenger-oriented disruption management requires

a lot of further research. A final challenge is to test the algorithmic support methods

also in a real-life environment. This is not only a challenge from an algorithmic point

of view, but also from an information systems point of view. In particular, communi-

cating the rescheduled timetable, rolling stock circulation, and crew schedules to all

involved parties, including the passengers, is certainly not an easy task.
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Chapter 12

Customized Solutions for Sustainable City

Logistics: The Viability of Urban Freight

Consolidation Centres

Hans Quak and Lori Tavasszy

12.1 Introduction

12.1.1 Sustainability: Challenges in Urban Freight Transport

The current way of organizing the urban freight transport system is inefficient and

generates an unsound basis for sustainable development. Urban freight transport is

widely recognized for its unsustainable impacts on the environment. The common

perception is that the current urban freight transport system has negative impacts

on all three sustainability P’s: people, profit and planet, also known as the social,

economic and environmental issues of sustainability. Urban freight transport, or

urban goods movement, is known for its unsustainable effects on:

• The planet, such as global pollutant emissions (CO2 emissions) and local

pollutant emissions (e.g., NOx, PM10).

• People, such as the effects of emissions on public health, consequences of traffic

accidents, noise nuisance, visual intrusion, stench and vibration.

• Profit, such as inefficiencies due to regulations, congestion and decreasing city

accessibility (see Quak 2008).

Which unsustainable impact is experienced most, depends on the actor, resulting

in a variety of problem perceptions in urban freight transport. Thus, urban freight

transport problems can be characterized as complex and compound, because a

solution for one actor forms the basis of a new problem for another actor (Browne

and Allen 1999). We distinguish four main groups of actors, that are involved in

urban freight transport (Quak 2008):
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• Local authorities are interested in a liveable city, which implies an emphasis on

reducing truck traffic and nuisance, and on improving air quality in city centres.

The means of local authorities to look after their interests include regulations,

such as time-windows, vehicle restrictions and low emission zones.

• Carriers try to organize urban freight transport as efficient as possible. Currently,

their efforts are frustrated by local regulations, such as time-windows that force

carriers to make their deliveries during a limited time period. Time-windows

force most deliveries to take place during the morning hours. As a result, carriers

have to travel during the morning peak periods and face vehicle utilization

problems during the other periods, resulting in a serious cost-increase (Quak

and De Koster 2007).

• Receivers (e.g., shop owners) like an attractive shopping climate, where nuisance

by supplying trucks is minimized. But they also want a reliable distribution

system, where goods are delivered at the times promised by shippers.

• Residents want a pleasant environment to live in, which includes clean air

(as little local pollutant emissions as possible), no noise nuisance or other

inconvenience caused by supplying, loading and unloading trucks.

Furthermore, the national government also has an interest, for example, the

reduction of congestion and global pollution. The shippers want an urban freight

transport system in which goods are supplied to stores in city centres at low cost

within reliable times. And finally, the shopping public desires a nice shopping

environment in the city centre.

There are many challenges in making urban freight transport truly more sustain-

able. However, our current urbanized civilization requires urban freight transport

to sustain it. Since urbanization implies people living together on one location (i.e.,

the city), which is distant from sources of food, consumer products and waste

disposal opportunities (see Ogden 1992). Next, urban freight transport is viable

for economic vitality. So, urban freight transport is both an important source of

sustainability and of non-sustainability in urban areas (Quak 2008).

12.1.2 Outline of this Chapter

In this chapter, we first discuss the many sustainability challenges in urban freight

transport. We elaborate on past initiatives to improve sustainability and discuss why

customized solutions are necessary to make a transition towards a more sustainable

urban freight transport system. Next, in the second section, we focus on one specific

solution in detail, i.e., a new form of an urban consolidation centre, coined

Binnenstadservice. First, we pay attention to lessons learned from previous urban

consolidation centre initiatives, after which we explain the business concept of

Binnenstadservice. Next, we discuss the local sustainability impacts of this centre

after 1 year. Then, we continue with the national impacts in case the concept is scaled

up to more Dutch cities. The third section concentrates on the business model for
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Binnenstadservice, since establishing a profitable (or cost-neutral) city consolidation

centre seems to be one of the most challenging problems in this transition. And a sound

business model is the main condition to embed this customized solution in practice.

Finally, in the conclusions, we focus on the sustainability impacts and its relationship

with other customized solutions for other urban freight transport problems, as well as

with other initiatives to make a transition towards sustainable mobility.

12.1.3 Major Issues in Urban Freight Transport

The local authorities have the challenging task of finding a trade-off between the

interests of people, planet and profitability. City logistics initiatives usually aim

at reducing nuisance caused by freight transport in cities, while supporting social

and economic development (Crainic et al. 2009a). In doing so, local authorities

currently focus primarily on the local issues, i.e., the ‘people’ issues and local

‘planet’ issues. The policy measures that are used most frequently, are time-access

windows, vehicle restrictions and environmental zones (The environmental zones

(or low emission zones) focus on improving local air quality. This implies that only

the local emissions (e.g., PM10 and NOx) of trucks are of interest in these

regulations. Global emissions of trucks, such as CO2 emissions, are not considered

in the regulations on environmental zones.) (see, e.g., OECD 2003). However, the

improvement of these local sustainability issues goes at the expense of the other

two Ps (mostly on a more regional or national level); it makes efficient urban goods

transport quite difficult, and increases the total distance travelled, and thus CO2

emissions and transportation costs (Quak and De Koster 2007). Carriers and retail

chains consider these governmental policies as one of their biggest problems

in supplying stores in urban areas efficiently. TNO (2003) estimates that local

authorities’ time-windows and vehicle restrictions result in a yearly cost increase

of over € 400 million for the Dutch retail sector. Another major difficulty in

efficient urban freight transportation is the decreasing city accessibility and the

increasing congestion. This problem does not only concern urban freight transport:

all traffic participants feel the impact of the increasing congestion in the

Netherlands. The yearly costs in the Netherlands due to congestion are estimated

to increase from about € 700 million in 2000 to € 2 billion in 2020. The share of

goods transport therein is estimated at about € 150 million in 2000 to € 550 million

in 2020 (Lemstra 2004, based on AVV).

12.1.4 Initiatives to Improve Sustainability

In other words, urban freight transport faces serious problems. It is therefore

no surprise, that many initiatives over the past years aimed at improving (parts of)

the problems in and with urban freight transport. Quak (2008) describes over 100
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initiatives, that focus on improving the sustainability of urban freight transport (see

Table 12.1 for a summary of the different initiatives’ categories and types). Most of

the initiatives failed in making the transition towards a more sustainable urban

freight transport system, or even resulted in other (sustainability) problems for other

actors (Quak 2008). The initiatives’ categories and types (Table 12.1) are some-

times a bit interweaved: for example, many consolidation centre initiatives

contained also local regulations (or the other way around: many governments

started a consolidation centre to offer carriers an alternative in case they perceived

the restrictions too strict).

12.1.5 Transition Aspects: Customized Solutions to Improve
Sustainability in City Logistics

Basically, we distinguish three types of solution directions to improve urban freight

sustainability: logistic, technical and policy solutions. Most initiatives only focus

on one (or, at most, two) directions. To improve overall city logistics sustainability,

a mix of solution methods is necessary. For example, technical solutions will

Table 12.1 Urban freight transport initiatives (Quak 2008)

Category Type Examples/explanation

Policy initiatives

Road pricing London congestion charge

Licensing and regulation

Time-windows, vehicle restrictions

and low-emission zones

Parking and unloading (Reservation of) loading zones

Company-driven

initiatives

Carrier cooperation

Cooperation to minimize inner city

kilometres (bundle inner city

transport)

Vehicle routing improvement

Improving vehicle routing by taking

actual traffic situation into account

Technical vehicle improvement

Cleaner engines (e.g., EURO 5) or quiet

trucks (Piek)

Physical

infrastructure

initiatives

Urban consolidation centres

Decoupling flows from outside the city

and in the city at a consolidation

centre (bundle inner city transport)

Underground logistics system

Supply goods by using a dedicated

underground system

Road infrastructure

development Improve traffic flow

Standardisation of load-units

The use of a standard box (city-box) to

make consolidation easier

Transport

reorganizing

initiatives

Transport auction

Create a market for urban deliveries

(with the idea to bundle deliveries)

Intermodal freight

Use other modalities to deliver goods

in cities
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improve air quality in time, and Intelligent Transport Systems (ITS) could be

helpful to make the transition towards a more sustainable city logistics in the near

future (see Crainic et al. 2009b).

In the Netherlands, we see positive results on transport costs and CO2 emissions

from a combination of all three solution directions; distribution during non-peak

hours. In an experiment, full-truck deliveries to supermarkets are allowed to enter

the city centre during the early morning hours in spite of time-window restrictions

(see Dassen et al. 2008). In these experiments, trucks are made quieter, to minimize

nuisance for residents in the neighbourhood in the early hours of the day (technical).

Legislation has been changed, i.e., time-window restrictions have been adjusted,

so that trucks are allowed to enter cities early in the morning (policy). Next, logistic

changes made it possible to deliver early in the morning and to receive the goods

at that time (logistic). The results show a decrease in distribution costs and CO2

emissions, because fewer delivering vehicles had to travel during the morning

peak hours. Residents did not perceive an increase in nuisance. This is an example

of how a customized solution for a specific problem can have positive effects, if all

different solution directions and actors’ interests are considered. However, this

solution is not applicable for all urban freight deliveries, since it requires goods

to be delivered outside the shop’s opening hours. Especially for smaller shops that

are not part of retail chains, it is inconvenient to receive goods early in the morning.

Another difference between the retail chains’ stores and the smaller (independent)

stores in a city centre is, how the deliveries are organized. Most of the retail chains

orchestrate the logistics to deliver goods to the stores themselves; the majority of

the volume for the retail chains’ stores is bundled at a retail distribution centre (DC)

and transported by private or dedicated carriers from the DC to the stores. For the

independent retailer, deliveries are usually delivered by for-hire carriers that deliver

the goods at the order of the shipper by whom the retailer ordered. The retailer does

not receive its goods in one package, but from different suppliers, delivered by

different carriers at different times of the day. So, the independent retailer receives

several less-than-full truckload (LTL) deliveries per day. Therefore, the supply

of the independent retailers results in many truck trips in the city, but only a limited

volume is delivered per trip. Since the organization of these deliveries is not

centrally managed, a new customized solution is necessary to enable the transition

towards a more sustainable urban freight transport system for LTL deliveries. This

transition requires a change in behaviour of carriers and the independent retailers.

12.2 Binnenstadservice : A New Type of Urban

Consolidation Centre

Binnenstadservice (BSS) could be such a new customized solution. BSS is a new

type of urban consolidation centre. In this section, we present the lessons learned

from city consolidation centre initiatives in the past. Most of these initiatives failed.
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Therefore, BSS has to differ from these initiatives and show that it has learned from

earlier failures; otherwise it won’t be a sustainable solution in the end. Next, we

discuss the business concept used by BSS, after which we discuss the impacts of

the concept after 1 year, and the simulated effects in case the BSS-concept would be

established in more cities.

12.2.1 Lessons from Previous Urban Consolidation
Centre Initiatives

There have been many urban consolidation centre initiatives in city logistics

literature for over more than three decades (see, for example, McDermott 1975).

The basic idea is, to separate the distribution activities in the city from distribution

activities outside the city. In order to do so, transhipment is necessary at the border

of the city. Transhipment at the city border makes it possible to efficiently organize

both the transport to the city and in the city. This implies that large vehicles can be

used for long haul transport outside the city, without the disadvantages of having

these large trucks in the cities. An additional advantage is, that the trucks that enter

the city can be fully loaded, since they carry the bundled load of multiple other

trucks (we elaborate further on this basic business model for city consolidation

centres in Sect. 12.3). Theoretically, a city consolidation centre has positive effects

for most actors and on most sustainability issues (see Browne et al. 2005 and

Quak 2008). However, making the transition from the current situation towards

a situation with a city consolidation centre is difficult in practice, since it requires

behavioural changes and trust from especially carriers.

In spite of the many (theoretical) advantages of city consolidation centres for

the actors involved, only a few city consolidation centres have been established in

practice, and were not terminated within a few years (Quak 2008). This conclusion

was also confirmed by Browne et al. (2005), who state that of the more than 200 city

consolidation schemes that were planned or carried out in Germany alone (in the

last decade), five, at the most, are still active. Therefore, in order to prevent BSS

from becoming the next failing city consolidation centre initiative, we will first

analyze the lessons learned from these initiatives (Quak 2008). In this chapter, we

will not deal with specific city consolidation centre initiatives (see for information

on these cases Browne et al. 2005 and Quak 2008), but we limit ourselves to

presenting the lessons learned from previous initiatives.

First of all, many store deliveries are already consolidated in some form. This is

the case for the deliveries from retail chains, that start at a retail chain’s DC, but

also for most parcel and express deliveries, that start at a consolidation centre of

a logistics service provider or express service. Often, over 50 deliveries for one city

are included in one trip. Although this way of consolidation might not be optimal

from a city perspective, it usually is from the retail chain’s or for-hire carrier’s

perspective (e.g., in case a retailer plans an efficient roundtrip, but delivers only to
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one store per city, the roundtrip is efficient from the carrier’s perspective, but not

from the city’s perspective, since a large truck enters a city to deliver only a limited

part of its truckload). Therefore, these actors do not have an incentive to change the

current situation, but they are – in many initiatives – considered to be the most

important actor. Thus, carriers usually do not perceive a city consolidation centre

as something that they can profit from (on the contrary). Therefore, existing

consolidation centres usually depend on subsidy and restricting regulations, or on

complicating circumstances (e.g., a medieval city centre with very narrow streets)

in order to be able to operate on the longer term and attract sufficient volume from

carriers (Quak 2008).

In many initiatives, the carrier-willingness to cooperate in the initiative is

estimated to be high when it starts off, but usually only a few carriers are actually

going to use the facility. This results in fewer scale advantages (less bundling) and

higher costs per delivery, since the costs for the consolidation centre are spread over

fewer deliveries than intended. The following statement of Browne et al. (2005) is

an explanation for the overestimation of the number of carriers using a consolida-

tion centre: “some urban consolidation centre trials have been based on intuition
rather than a quantified assessment and as a consequence are never likely to be
viable”. Another lesson to be learned is that, although many consolidation centres

have been set up as an alternative for carriers so that they do not feel bound by

restricting policies, the carriers often consider this process to be the other way

around. The restrictions are seen as a way to keep the unprofitable consolidation

centre alive, which results in a strong dislike to use the facility. So, in many cases,

carriers choose not to make use of a consolidation centre, even if there are

restricting policies (Quak 2008).

Furthermore, the following lessons can be learned from past consolidation centre

initiatives (Quak 2008):

• Delivering vehicles from the consolidation centre should not obstruct other

traffic, as this lowers the public acceptance of the centre.

• The location of the centre should be close to a highway and not too far from the

city centre (i.e., the location should not just be an available warehouse, but it

should be strategically well-located).

• Forcing FTL deliveries to use a consolidation centre usually leads to more

vehicle kilometres, since the full truck has to be divided over several smaller

trucks. In addition, there are no bundling advantages. Thus, the consolidation

centre should focus on LTL deliveries.

• Complex goods, e.g., frozen or high value goods, make operations in the centre

complex and cannot be combined easily with other goods in a vehicle.

• Extra services could make the centre more profitable (or less loss-making), e.g.,

storage as a pickup point for residents, return logistics, etc.

• Focus on customers for whom a centre can add value, and not only on

‘customers’ that are (or feel) obliged to make use of the centre.
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12.2.2 The concept: Adding Value for Shop Owners

In April 2008, a new consolidation centre initiative was established in the Dutch

city of Nijmegen, called Binnenstadservice (BSS). Nijmegen, with over 161,000

inhabitants, is one of the oldest cities in the Netherlands, located in the eastern part

of the country. The medieval city centre, located at a small hill and with a historical

street structure, contains many small, independent retailers. BSS’s consolidation

centre is located at a distance of about 1.5 km from the city centre. BSS in Nijmegen

differs from initiatives in the past. First of all, BSS focuses on receivers, rather than

on carriers, in order to make the transition. BSS’s clients are small and independent

retailers, and they do not have to pay for BSS’s basic service, i.e., receiving goods

(at the consolidation centre) and delivering these goods to the store at a time

preferred by the store-owner. The concept is rather easy: the retailer that wants

to use BSS’s services, informs its suppliers of a change in delivery address (i.e.,

changes its address into BSS’s address), so that carriers deliver the goods to BSS.

BSS deliberately focuses on small and independent retailers, since their deliveries

are usually not optimized or bundled, in contrast to those of retail chains. Besides,

these retailers force their suppliers to change their deliveries, which makes the

transition happen in practice. By bundling the deliveries from multiple suppliers for

the store-owner and delivering the goods at the time the retailer wishes, BSS offers

a service that saves the small store-owners time. Next to this basic service, the

retailers can purchase extra services at BSS:

• Storage (so that retailers no longer have to use their shop to store goods or rent

storage space elsewhere).

• Home-deliveries (for example, for large goods, such as fridges and computers)

• Value-added logistics including retour logistics (of for example, clean waste)

• Possibilities for e-tailing in the city of Nijmegen.

BSS does not receive conditioned goods, such as fresh food or frozen products.

BSS also offers its services to non-retail stores for money, such as hotels and the

local authorities. BSS uses clean transportation to deliver goods from the consoli-

dation centre to the stores in Nijmegen, i.e., an electronic bicycle and a natural

gas truck, in order to reduce local emissions. BSS’s mission is to provide logistic

services to local inner city stores, regional consumers, carriers and the local

government. The objective is to minimize the amount of truck trips in the city

centre. BSS started with only twenty clients in April 2008. The initiators and staff

of BSS have a good relationship with the retailers in Nijmegen, which makes

the transition easier. Normally, the retailers had hardly any contact with the carrier

delivering the goods. The number of stores that joined BSS increased to 98

after 1 year. With the increase in clients, the volume delivered to and by BSS

also increased. BSS received a governmental subsidy for 1year to start business in

Nijmegen. The intention of the subsidy is to give BSS time to find enough

customers. The idea is that BSS should be profitable in the future, but this is not

the case yet. We will discuss this in more detail in Sect. 12.3.
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12.2.3 Local Impacts After One Year Binnenstadservice Nijmegen

In this section we discuss the local effects of BSS 1 year after BSS became

operational in Nijmegen. We use three scenarios to evaluate BSS’s impacts in the

city centre of Nijmegen:

• Scenario 0, the base scenario – in this scenario there is no BSS and all stores are

directly supplied by carriers, corresponding to the actual situation before April

2008.

• Scenario 1, 1 year scenario – in this scenario BSS has 98 clients, corresponding

to the actual situation in April 2009, all other stores are directly delivered by the

carriers.

• Scenario 2, maximum potential BSS – in this scenario all possible deliveries

(e.g., no fresh or conditioned deliveries, no FTL, etc.) are delivered via BSS.

Based on available traffic data (GLV 2007), data on supplying transport (BCI

2005) in Nijmegen, and the data of 1 year BSS operations, we designed a dataset of

all relevant delivering traffic for BSS. This relevant delivering traffic contained

about 15% of the heavy trucks that were counted on an average day (see GLV

2007). Non-relevant traffic includes service related trips, FTL deliveries, fresh

deliveries, municipality services (e.g., waste, public transport, transport for green

spaces, etc.), construction transport, money deliveries, etc., since it is not affected

by BSS. We simulated the routes and trucks for all three scenarios, using TNO’s

logistics model RESPONSE™ (see, for more information, Van Rooijen and Quak

2010). Based on these routes, we determined the traffic intensity on the links in the

city centre of Nijmegen for an average day. Next, these changes in intensities are

processed in the traffic model of the city of Nijmegen (which includes all traffic, so

also passenger traffic outside the city centre and that we received from Nijmegen’s

local authorities). Next, the local impacts (noise and air quality) for the different

scenarios are calculated using another TNO-model, viz. Urban Strategy (see Van

Rooijen and Quak 2010 for a more in-depth explanation of the methodology of this

exercise).

Table 12.2 shows the logistic results for all BSS relevant traffic for 1 day in the

city centre of Nijmegen resulting from RESPONSE™. In scenario 1 (the situation

after 1 year, i.e., April 2009), the decrease in number of kilometres is limited. Many

carriers still have to deliver stores in the city centre of Nijmegen, next to deliveries

to BSS for the 98 stores that joined BSS. Because these trucks have to visit both

BSS and the stores that did not join BSS, the amount of saved kilometres is

Table 12.2 Logistic results (BSS relevant traffic) for one day

Scenario 0 Scenario 1 Scenario 2

Number of truck kilometres 475 451 323

Light (<7.5 t) truck kilometres 270 220 32

Heavy (>7.5 t) truck kilometres 205 193 7

BSS kilometres (natural gas, light truck) 0 38 284
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relatively low. Note that the number of heavy truck kilometres decreases consider-

ably in scenario 2 (maximum potential BSS). The remaining light and heavy

transport in scenario 2 can be explained by the fact that some stores that joined

BSS, still receive FTL truckloads directly from the carriers, which is in line with the

BSS concept.

Based on these results, one could argue that emissions also decrease, because the

number of (heavy) truck kilometres decreases considerably. However, the air

quality is determined by the concentration of pollutant emissions in the air, i.e.,

the concentration NO2 and PM10 (in mg / m3). Based on the Urban Strategy

calculations, we conclude that there were no air quality problems in the city centre

of Nijmegen in scenario 0. The outcomes of the other scenarios hardly show any

difference. The concentration in Nijmegen is mainly determined by the other traffic

(including passenger traffic) and natural background concentration. The improve-

ment due to BSS (in scenario 1 and 2) is very limited in comparison to these other

local emission sources (see Fig. 12.1) (the results for PM10 are not shown in this

chapter, but these results are comparable to those of NO2 shown in Fig. 12.1). We

calculated the noise levels in the city centre of Nijmegen, using the legal determined

method, which implies that we evaluated noise on an average level during parts of

the day. Based on this method, we did not find differences between scenarios 0, 1

and 2. However, loading and unloading activities take place at short periods of time,

which results in peak levels in noise. Therefore, we also decided to calculate the

noise nuisance by loading and unloading activities for residents in the city centre.

The nuisance is determined by the number of residents that experiences a certain

number of loading and unloading activities within a distance of 100 m from their

homes. Figure 12.2 shows that in scenario 1 and 2, more residents experience fewer

loading and unloading activities than before BSS became active.

Based on the decrease in the number of truck kilometres, and especially, the

decrease in heavy truck kilometres, we argue that, next to the already presented

indicators, also the traffic safety as well as the shopping climate (frequently used

indicators for city logistics) has improved in the city centre of Nijmegen due to BSS.

Fig. 12.1 Concentration NO2 (scenario 0, 1 and 2, left) en differences (right) in concentration

between scenario 0 and 2 (in Nijmegen)
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12.2.4 Scaling-up: Savings for Carriers

The consolidation centre concept that Binnenstadservice uses in Nijmegen, is also

used to set up franchise branches in other Dutch cities:’s-Hertogenbosch (March,

2009), Maastricht (July, 2009) and Arnhem (September, 2009). Other cities in the

Netherlands are also interested to start a Binnenstadservice consolidation centre.

Eco2city is the national organization that acts as franchiser for local entrepreneurs

who want to start a BSS branch in their own city. The clients of this local branch

are, similar to the situation in Nijmegen, local shop-owners. The national organiza-

tion, Eco2city, also concludes contracts with carriers; during the first year of

operations in Nijmegen, BSS learned that it added value for carriers. Now, Eco2city

offers carriers a contract. This contract states that the carrier will pay Eco2city an

agreed amount of money per delivery that is received at a BSS branch. This agreed

amount of money differs per carrier, depending on the amount of money a carrier

saves due to delivering to BSS, instead of delivering directly to the stores. In this

contract, Eco2city offers the carrier to contact all its delivery addresses in every

new city, where Eco2city opens a BSS branch, in order to ask them to join the local

BSS initiative. As more cities get a BSS branch, Eco2city will become a serious

partner for carriers that could offer considerable savings. We continue with this

change in the business model in the next section. In this section, we first evaluate

the maximum savings a carrier can expect in case more BSS branches open in the

Netherlands.
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Fig. 12.2 Decrease in the number of experienced loading and unloading activities by residents

12 Customized Solutions for Sustainable City Logistics 223



A carrier can expect several advantages from BSS branches, among other things:

• No nuisance due to local regulations (such as cost increasing time-windows,

vehicle restrictions and low emission zones, see Quak and De Koster 2007;

2009).

• One contact for all city deliveries (instead of the chaos with different regulations

in different cities or neighbourhoods, see, e.g., Dablanc 2007).

• Enough time and space to load and unload the vehicle.

To examine the effects of scaling up the BSS concept to several cities, we

designed four scenarios in which the amount of cities that have a BSS branch vary:

• Scenario 0 – no city has a BSS branch.

• Scenario 1 – 6 cities have a BSS branch.

• Scenario 2 – 20 cities have a BSS branch.

• Scenario 3 – 41 cities have a BSS branch (for more information on which cities

have a branch in the different scenarios, see Quak and Hendriks 2009).

In these scenarios, we evaluate the maximum savings for carriers as all its

delivery addresses join the local BSS branch. This is a maximum; all stores choose

individually whether they want to join the local BSS branch or not. In case they do

not want to join, the carrier has to deliver that store directly. We calculate the

roundtrip planning for two case companies for all four scenarios, based on detailed

delivery data for one week with TNO’s logistic model RESPONSE™:

• Case 1: TWI (market leader in distribution for the travel industry in the

Netherlands, i.e., travel brochures, tickets and travel documents to travel

agencies).

• Case 2: Lekkerland (a company well-known for transporting convenience

products).

TWI makes in total 3538 stops at about 1900 addresses during one week with 16

small trucks from one distribution centre (Nieuwveen). TWI normally plans about

25 stops per roundtrip. The average distance from the DC to a delivery address is

about 74 km.

In this study we only considered the non-food flows that are delivered from three

distribution centres (i.e., Meppel, Son and Waddinxveen) with 118 trucks in 7103

stops during one week. Lekkerland plans on average 14 stops per roundtrip. The

average distance from the DC to a delivery address is about 45 km.

Figure 12.3 shows the considerable savings both carriers can achieve if the number

of cities with a BSS branch increases (and all their delivery addresses in the city join

the local BSS initiative). The fact that all delivery addresses in a city join the local

BSS initiative implies, that these results show the maximum savings for carriers.

Figure 12.3 shows the total of savings on distribution for carriers (as percentage in

comparison to the situation in which no BSS branches exist), kilometres, time and

emissions of the local BSS transport are not included in these results.

In cities where a BSS branch is opened, the carriers can make fewer stops. On

average, the number of stops can be reduced by 90% in cities that have a BSS
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branch, since all delivery orders are bundled in one stop at the local BSS branch.

Obviously, this percentage decreases if not all delivery addresses join the local

BSS, or if only addresses in the city centre are allowed to join. Most delivery

addresses of TWI are located in city centres. Lekkerland also has a considerable

amount of delivery addresses outside the city centres.

The carriers show differences in the savings per scenario. However, it is impor-

tant to note that an increase in BSS branches is for both carriers a considerable

money-saver. The differences can be explained by several differences in the logistic

organization and types of products delivered between the two carriers. Based on

these differences, we conclude that (see also Quak and De Koster 2009):

• In case the length of the roundtrips is restricted by the available time (rather than

the vehicle capacity), a carrier can make more savings in distance (and therefore

in CO2 emissions) due to an increase in BSS branches, since it is able to plan

more orders in one roundtrip. The number of stops is similar, but the carrier can

deliver several orders at one stop at a BSS branch (see case TWI). Considerable

savings can be expected, especially, when the distance between the DC and the

delivery addresses is large.

• In case the length of the roundtrips is restricted by vehicle capacity (e.g., the

case Lekkerland), the savings in distance follow only from fewer kilometres in

the city centre with a BSS branch, more efficient roundtrip planning (no city

restrictions) and time-savings (bundling several orders in one stop saves stop-

ping time, e.g., parking). These savings are also made by TWI (the case where

time restricted the roundtrips).
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Fig. 12.3 Savings total distance, time, costs and CO2 emissions based on all roundtrips (in

comparison to no BSS branches)
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Table 12.3 shows that both carriers can save a lot of money per order delivered

via a BSS-branch. Delivering an order via a local BSS-branch saves a carrier

between 59% and 71% in costs per order, in comparison to the costs per order

that is not delivered via a BSS-branch (if all delivery addresses from that city join

the BSS-branch). These savings also occur if only the delivery addresses in the city

centre join the local BSS-branch; we recalculated scenario 1 for Lekkerland for

the situation in which only the delivery addresses in the city centres join the

local BSS-branch, instead of all deliveries in the city. The total savings decrease

(in comparison to the results in Fig. 12.3) to 1.6% in kilometres and CO2 emissions

and 2% in time and costs. Since the number of orders delivered via a BSS branch

decreased from 768 (scenario 1) to 214 (in the scenario with only delivery addresses

in the city centre joining), this decrease was to be expected. The savings per order,

in case only all addresses in the city centre join, are (in comparison to delivering

these addresses directly): 52% in kilometres, 66% in time, 67% in costs and 51% in

CO2 emissions.

In other words, carriers profit considerably from a BSS branch. The positive

impacts for carriers increase, as more BSS branches start their local business. The

savings per order do not increase, if more cities have a BSS branch, or in case only

stores in city centres join the local BSS; these savings are on average about 65%

in costs for one order. Although not calculated in this study, these advantages will

decrease if fewer delivery addresses join the local BSS branch. In this study we

assumed all delivery addresses joined the local BSS initiative.

12.3 Transition Towards a Sustainable Business Model

12.3.1 Basic Business Models for City Distribution

The business case for basic city distribution services, such as an urban consolidation

centre (UCC), revolves around the possible savings in transport costs of carriers,

if they can avoid the trips through the inner city, by focusing on the first tier task of

serving different cities within one tour. City distribution will be outsourced, if these

specialised services within cities can be run at lower rates and/or higher service

Table 12.3 Savings per order delivered via BSS branch (in comparison to order delivered directly

to delivery address)

Distance Time Costs CO2 emissions

TWI – Scenario 1 59% 60% 59% 59%

TWI – Scenario 2 72% 70% 71% 71%

TWI – Scenario 3 69% 67% 68% 68%

Lekkerland – Scenario 1 60% 68% 69% 55%

Lekkerland – Scenario 2 54% 65% 62% 52%

Lekkerland – Scenario 3 48% 61% 60% 47%
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levels. The viability of the distribution service depends on at least the following

(necessary but not sufficient) conditions:

1. The system viability: is there a benefit to be gained for all parties together?

2. User viability: will each agent gain a benefit from the change?

The step from situation A to situation B (see Fig. 12.4) involves the following

changes:

(a) A decrease in costs for the main (1st tier) carrier due to higher productivity

(a switch from two LTL to one FTL trip and a decrease in the number of stops).

(b) An increase in costs for the main carrier because of the outsourcing of city

tours.

If the net balance is positive, the market will enable a change in the structure of

trips by itself. Conditions for change are more favourable when (a) is high and (b) is

low, i.e., when

• Initial costs for city distribution are high due to severe congestion or long

distances

• External conditions prohibit scale economies to be gained, e.g., with time

windows or other access restrictions present

• Purpose built, clean and efficient technologies are applied for city distribution.

Besides the carriers, other agents in the system may incur additional benefits as

well. These benefits may include:

• Increased reliability of deliveries (benefit for shop-owners);

• Lower response time for stock replenishment (benefit for visitors);

• Better quality of life (decreasing noise hindrance, improved air quality, safer

loading and unloading) in the city (benefit for inhabitants).

These additional benefits provide opportunities to extend the scope of the

business model. Firstly, this may involve additional services, like warehouse

management, effectively capitalizing on the benefits for shop owners. Secondly,

the value of external benefits may be captured and internalized by means of

city A

city B

LTL (1)

LTL (2)

stops

CASE A CASE B

1st tier round trip
2nd tier round trip

city A

city B

FTL

1st tier stops

LTL(1)

LTL(2)

Fig. 12.4 Efficiency improvement in roundtrip planning due to city consolidation centres
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imposing taxes on shop owners or the visiting public (e.g., through tolls or parking

charges) followed by subsequent investments or operating subsidies to the distribu-

tion system.

The above leads to a number of alternative business models, that differ by the

degree of complexity (i.e., types of services and agents concerned) and the degree

of public involvement (Table 12.4). Depending on the type of business model, the

introduction and operation of services will require different management processes

from private and public stakeholders.

The experience with this range of business models is limited. There is a handful

of experiments with UCC’s, but none of them have extended their services to

value added services such as warehouse management for shop owners (see also

Sect. 12.1). Most UCC businesses work with operating subsidies (Browne et al.

2005; Quak 2008). Subsidies are usually provided to cover startup losses, which is

also the case with BSS in Nijmegen. However, longer-term sustainability of services

is not always an issue during the start. Experience to date seems to indicate that,

without structural subsidies, these UCC businesses are not able to be self-supporting

(Quak 2008; Van Duin 2009). In these analyses, the positive external benefits are not

taken into account, however. Internalizing them would be worthwhile, as they could

potentially contribute to a feasible business case. Also the current prices of inner-city

movements are still low and quite competitive with the current carriers, while higher

prices would allow for the UCC operations to break even (van Duin et al. 2010).

Typically, as long as no structural subsidies are possible, or no limiting

conditions exist for regular road transport operations (environmental zoning, time

windows or other access limitations) or when congestion is limited, the circum-

stances to introduce UCC operations as a purely private venture will not be

favourable. For a limited number of cities where this combination of circumstances

appears, the chances for a UCC are higher. One can compare this situation to the

Table 12.4 Alternative business models for UCC

Basic services (UCC) Extended services

No public

involvement

• Consolidation centre with own

vehicles

• Consolidation centre with

extended services (e.g.,

warehouse management)

• Carrier market based development

(Willingness to pay among shop

owners for pure UCC services is

limited, see Marcucci and Danielis

(2008) and Hofenk et al. (2009))

• Carrier/receiver interaction

• Level playing field focus • Possibly compensation scheme

required

Public

involvement

• Value capturing of external effects • Value-added service for retail

• Tax introduction • External effects of extended

services may be limited• Recycling of revenues

• Concessioning needed? • Need to separate basic UCC and

extended services to prevent

cross-subsidization
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introduction of the subway at the beginning of the twenth century or congestion

pricing around the twentyfirst century: the first city where these were introduced

was London, where circumstances were pressing. London was the first to find that

the level of service of surface transport was low enough to allow a sound business

case for innovations in the transport system. Some major cities followed the

London example shortly after (Budapest and Paris with the subway, Stockholm

with pricing); others took more time or are still not ready.

12.3.2 Development of Binnenstadservice’s Business Model

BSS and its national mother company Eco2city experienced with the business

model right from the start in April 2008. Marcucci and Danielis (2008) and Hofenk

et al. (2009) show that there is hardly or no willingness among shop owners to pay

for pure UCC services. Experiences during the first year of operations also showed

that earnings from extra services for shop owners did not match the operating costs.

In other words, to be self-supporting in time, BSS needs to make changes in its

original business model. Carrier-receiver interaction (see also Table 12.4) is lim-

ited, which implies that the receiver (i.e., the shop-owner) does not pay lower

transport costs to the shipper or carrier, even if the carrier has considerable savings

due to BSS (see Sect. 12.2). This imperfection results in the fact, that the receivers

are not willing to pay BSS for the basic service. It is important to note that the

receivers are necessary in the starting phase of a BSS branch to make the transition

possible, since they have to ‘force’ the carrier to change its behaviour, i.e., deliver-

ing the goods to the local BSS, by changing the receiving address. This action is a

necessity, because – as was shown earlier in this chapter – carriers are usually

unwilling to cooperate in UCC initiatives. Carriers usually fear that the decrease in

costs due to higher productivity, is outweighed by an increase in costs because of

outsourcing city tours to BSS (see Fig. 12.4). In BSS’s current business model, the

receivers now force carriers to cooperate with the initiative.

BSS received a subsidy to set up business in Nijmegen and find enough shops to

join the initiative. Since especially carriers profit from the services, it is of impor-

tance that BSS is able to share in these carriers’ profits. If this is not the case, BSS

can only use the business model in which there is considerable public involvement

(see Table 12.4). Structural subsidies can only be justified by internalizing the

positive impacts for society as presented in Sects. 12.2.3 and 12.2.4.

By extending to more cities, BSS becomes a more interesting partner for

carriers, that are, after all, usually also operating regionally (or nationally). For

carriers it is more interesting to arrange city logistics business with one partner for

several cities, than to negotiate with several local UCC managements (In previous

UCC initiatives, a UCC was limited to one city. When several cities start their own

UCC, a carrier is probably even less willing to negotiate with all the different UCC

managers.). Therefore, by scaling the BSS concept, the chances increase for BSS

to become a serious partner for carriers. In the autumn of 2009, BSS entered into
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contracts with the first carriers that were willing to share their savings with BSS.

Developments in this direction are inevitable and necessary for the success of the

business of BSS and the question whether they will be able to become independent

from public involvement in the future.

Next to these gains that the BSS branches will receive from the carriers (via the

national organization Eco2city), all local branches have to find other financial gains

as well. These local gains differ per branch; examples are gains from extra services,

subsidies from local governments (for example, if a local BSS branches solves

a local problem, local authorities might be willing to pay for this specific solution),

a local branch can (partly) serve as a social workplace, so some (partly-disabled)

staff is (partly) subsidized by local authorities. In this way, with different local

sources of income, every branch, as well as the national organization, should be

able to earn enough gains to be self-supporting. To become financially sustainable

in the long term, the business model is adapted to the individual requirements of the

different actors. However, it takes a lot of time and energy to actually make

the transition happen; i.e., convincing the many different actors to take part in

this customized urban freight transport solution. It requires individual contracts

with carriers, receivers and local authorities. But if BSS can arrange the financial

means for this business model, BSS really becomes a customized solution for

several urban freight transport problems.

12.4 Conclusions

Reorganizing LTL deliveries in urban areas, by using a city consolidation centre,

but especially by communicating with many actors individually (i.e., shop owners,

carriers and local authorities), as was the case in Nijmegen with Binnenstadservice,

has positive results on all the sustainability Ps. It is profitable for both carriers and

receivers. It reduces the carbon footprint of urban freight deliveries. It also has

positive effects on traffic safety and the shopping climate in urban areas. Because

of Binnenstadservice, fewer residents experience noise nuisance by loading and

unloading vehicles. The concept is already used in other cities in practice. The

main challenge is to secure this transition towards more sustainable urban freight

mobility, by creating a business model that will be self-supporting in the future.

This business model is evolving over time, but some obstacles have to be conquered

by communicating to many actors individually. Therefore, we can conclude that

it is a very time-consuming exercise to secure this transition towards sustainable

mobility for the future.

The serious sustainability issues in urban freight transportation demand

customized solutions, tailored to the specific problem at hand. Different actors

have different stakes in urban goods movement and perceive different sustainability

issues. It is, therefore, necessary to develop a customized solution that takes the

specific situation into account. Basically, there are three types of solution directions

to improve urban freight transport sustainability, i.e., logistic, technical and policy
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solutions. To improve sustainability, all three directions should be used, and the

different actors should be tempted to be involved in such a solution by offering all

of them a number of gains.

One such a solution for LTL deliveries in urban freight transport is

Binnenstadservice. In this contribution, we showed that technological solutions

(i.e., clean transportation means), logistic solutions (i.e., reorganizing the organiza-

tion of the final mile in the city), and policy solutions (i.e., the use and enforcement

of time-window restrictions and environmental zones) can result in positive

sustainability issues.

Binnenstadservice (BSS) differs from urban consolidation centre initiatives from

the past: the receivers are the main customers. This resulted in a considerable

volume of goods, transported via BSS in Nijmegen after already one operational

year. After one year, BSS already shows positive local impacts: fewer large vehicle

kilometres in the city centre of Nijmegen, less noise nuisance for residents, and a

better shopping climate. Although local pollution decreased as well, air quality –

measured in concentration PM10 and NO2 – did not change, because of background

concentrations and pollution resulting from remaining transport (e.g., passenger

transport).

After 18 months, already three new BSS branches were established in the

Netherlands. Carriers can make considerable savings in terms of kilometres, time,

costs and CO2 emissions, in case the number of BSS branches increases in the

Netherlands. Depending on the type of carrier and the type of deliveries, a carrier

can make savings that range from 5% in distribution costs and CO2 emissions

(in a situation where 6 cities have a BSS branch) to almost 25% (in a situation where

42 cities have a local BSS branch). The savings per order, delivered via a BSS

branch instead of directly by a carrier, are huge; ranging from 60 to 70% in

distribution costs and CO2 emissions.

The original business model of BSS aimed at receivers. However, the receivers

are not willing to pay for the basic service and do buy sufficient extra services to

cover BSS’s operating costs. Therefore, the business model evolved over time: on

the one hand, a local BSS branch receives money from local activities, such as extra

services for receivers. On the other, the national organization of BSS aims at

contracting carriers. Carriers save money by using a BSS branch; if the carriers

share these savings with BSS, the result is a win-win situation. The carrier saves

money and pays a fixed amount per money-saving order to BSS. Supplying all

delivery addresses located in the city centre via a BSS branch will lead to the

following effects for a carrier:

(a) A decrease in costs for the carrier due to higher productivity (a switch from two

LTL to one TL trip, a decrease in the number of stops and a more efficient

roundtrip planning).

(b) An increase in costs for the main carrier because of the outsourcing of city

tours.

If the net balance is positive, market forces will automatically enable a change in

the structure of trips. Conditions for change are more favourable when (a) is high
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and (b) is low. In practice, convincing every carrier individually turns out to be

quite time consuming. However, this is necessary for BSS in order to become self-

supporting in the future, since the gains from extra services to receivers and local

authorities do not cover the operating costs, and it is not yet possible to internalize

the external benefits, such as an improvement in sustainability.
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Chapter 13

Closing the Global Supply Chain: The Gateway

Towards Sustainability

Erwin van der Laan

13.1 Introduction

The majority of the sustainable supply chain management literature focuses on the

trade-off between economic (Profit) and ecological (Planet) impacts. The efficient

balancing between those two impacts is called eco-efficiency (see e.g. Quariguasi

2008). Moving towards more sustainable practices is generally bounded by increas-

ing costs, but the implementation of new environmentally-friendly practices could

ultimately result in increased market share and profits that cover the additional

costs (Wu and Dunn 1995). An important trade-off less often found in supply chain

management literature, is between economic and social (People) impacts.

According to Murphy and Poist (2002), logistics will only reach its full potential,

if economic and social targets go hand in hand. Carter and Jennings (2002) specifi-

cally focus on the trade-off between People and Profit, introducing the concept of

Logistics Social Responsibility (LSR). LSR comprises activities like sustainable

purchasing, sustainable transportation and sustainable warehousing, taking into

account factors like ethics, human rights, safety and community explicitly. The

authors conclude that organizational culture, top management and governmental

regulation are drivers for LSR, but there may be barriers as well: company culture,

lack of coordination and lack of resources may prohibit the transition towards

effective LSR. For example, Bloemhof et al. (2011) recently found that cultural

aspects and financing structures may prohibit the transition to more sustainable

transport modes.

Flapper et al. (2005) are one of the first to explicitly relate all three dimensions of

sustainability (people, planet and profit) to supply chain management, coining the
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term ‘sustainable supply chain management’. Through an extensive literature study

Carter and Rogers (2008) state that. . .

Firms that strategically undertake SSCM will achieve higher economic performance than

firms that pursue only one or two of the three components of the triple bottom line. (Carter

and Rogers 2008)

De Brito and van der Laan (2010) argue, though, that there still is a lack of

integration of ecological and social sustainability issues in addressing supply chain

and operations management problems.

Instead of focussing on sustainability goals in the forward supply chain, a much

more effective way of contributing to sustainability is, to substitute sourcing,

manufacturing and forward transport operations by take-back, recovery and reuse

of products and materials (Hischier et al. 2005), thereby closing the supply chain

loop. The management of such closed loops is also referred to as Closed Loop

Supply Chain Management (CLSCM, see, e.g., Guide et al. 2003; Flapper et al.

2005). A contribution to environmental sustainability is achieved through the

reduction of virgin materials, hazardous materials, energy and emissions, while

social sustainability is enhanced through the creation of more jobs (product

recovery generally requires more manpower than waste management), welfare

and a safe and healthy living environment.

Geyer and Jackson (2004) conjectured that CLSCM is subject to three types

of constraints or barriers: lack of resources, lack of recovery capabilities and lack of

demand for recovered products and materials. One of the central research questions

posed by the TRANSUMO-ECO research project was, to empirically identify the

main barriers and facilitators for global (that is cross-border) recovery supply

chains as a means to contribute to sustainability. Therefore, we performed a number

of case studies, which are presented and analyzed in Sects. 13.2 and 13.3 discusses

the main barriers we observed, that may block or delay a transition to sustainable

closed loop supply chains. Finally, Sect. 13.4 suggests a number of actions that may

remove the identified barriers to set us on a path to true sustainability.

13.2 Barriers for Transition: Case Analysis

Based on 26 in-depth interviews with purchasing, transportation and warehousing

managers, Carter and Jennings (2002) identified three possible barriers for Logistics

Social Responsibility. A company culture that embraces corporate responsibility

may be a driver for LSR, but if that culture does not exist or is not supported by

top management, it can actually function as a barrier. Lack of coordination of

activities and objectives may be a barrier if LSR initiatives somewhere in the chain

are, for instance, not picked up by other actors, if there are no administrative tools

to properly manage, or if there are no consequences for non-compliance. Also

limitation of (technical) resources is mentioned as a barrier, but this is not discussed

in detail.
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Geyer and Jackson (2004) specifically focus on closed loop supply chain man-

agement and conjecture the existence of three barriers (‘constraints’) that partly

overlap with the ones just mentioned. Limited resources in terms of reusable

products and materials that are of sufficient quality to be reused is the first one.

Lack of capabilities to reuse products and materials in a meaningful way is a

second. Finally, the lack of markets for reused products and materials prohibits a

viable closed loop supply chain. Combining the frameworks of Carter and Jennings

(2002) and Geyer and Jackson we propose the barriers as displayed in Table 13.1.

Next, we analyze three recycling chains (‘cases’) that were investigated by

the TRANSUMO-ECO project between 2006 and 2009. The supply chains cover

a variety of products (waste paper, electrical and electronic waste, end-of-life

automobiles), but have the common denominator that the forward and/or reverse

supply chain is border-crossing. After presenting the cases, we provide an overview

of the observed barriers for efficient and effective recovery supply chains.

13.2.1 Case 1: The Dutch-Chinese Waste Paper Recycling Chain

This case combines the studies of Van den Broeke (2008) and Sanders (2008).

Due to the imbalance in trade flows between Europe and China, the export of

waste paper from Europe to China to be reused as packaging material is important

and growing. The main actors in the waste paper chain are the waste paper

companies that collect, process and trade waste paper, trading companies that do

not actually handle the paper, but are only involved in trading, shipping lines, and

terminal owners that deal with the export of sea containers and paper mills that

finally turn the waste paper into the final product.

A case study at Ciparo, a waste paper trader with offices in the Netherlands and

China, revealed that several factors play an important role in order to successfully

adapt to a growing market. First of all, it is crucial to have offices in China and

reliable information systems to deal with the elaborate paperwork. The European

ordination of waste product transportation (EVOA) regulates the exports of waste

materials. Within the EU no special procedures are required for waste paper.

Outside of the EU it depends on the receiving country, but for China no special

licenses are necessary. Still, the exporter needs to declare the contents and destination

Table 13.1 Conjectured barriers for effective recovery supply chains

Barrier Interpretation

Culture Sustainability not embraced by company or top management

Lack of coordination

Lack of coordination between supply chain partners, lack of

administrative tools or protocols

Lack of resources Lack of products/materials in the right quantity and quality

Lack of recovery capabilities No access to processes for meaningful recovery

Lack of markets No access to markets for recovered products and materials
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of the shipped containers. The receiving party needs to be a recycling company

and not some intermediate party. The Dutch ministry of environmental affairs

monitors the exports from the Dutch side of the chain, but even then, there is a

substantial risk that the Chinese inspection does not accept incoming containers

and has them sent back.

Speaking the language and having Chinese intermediate buyers in place is

essential, as the Chinese paper mills will not buy directly from European traders.

One needs to be familiar with the many peculiarities of the Chinese market to run a

successful business. Finally, margins in the business are low, so even when demand

for paper increases, small changes in the waste paper price may result in a redirec-

tion towards virgin paper. This is very much a trader’s market in which there is very

little or no interaction between the forward and the reverse chain and between the

actors in the reverse chain.

As said, the export of waste paper is an important business, especially for the

main port of Rotterdam. Annually, about 70,000 containers with waste paper are

shipped fromRotterdam, which amounts to about 3% of total exports and about 11%

of all exports to China. A problem with current practice is that the container stack

at the port is often used as a cheap stocking location for waste paper that is waiting

to be shipped by sea container (Sanders 2008). This misuse of the port’s capacity

deregulates the port’s normal activities, which are already at its limits. The study by

Sanders (2008) suggests having a dedicated inland terminal to handle the loading of

the containers. As these containers will be transported by barge straight to the quay,

instead of by truck, this also is expected to ameliorate current congestions on

the A13, the main highway connection to the port, thereby lowering transportation

costs, reducing emissions and reducing noise pollution. The study shows that

a dedicated inland terminal also provides economic benefits for all parties involved

except for the truck transporters. The latter may be a barrier for implementation.

13.2.2 Case 2: The Global Supply Chain of Electrical
and Electronic Equipment (EEE)

This case combines the studies of Zuidwijk and Krikke (2008), Zoeteman et al.

(2010) and Wang (2008).

The European WEEE (Waste Electrical and Electronics Equipment) directive

imposes on all EU member states to implement legislation that enforces companies

to collect and recover the products that they introduce on the European markets.

Aim is to avoid waste and to promote recycling and reuse through collection and

recovery targets. Zoeteman et al. (2010) identify a number of issues that undermine

the effectiveness of the WEEE directive:

• It is often administratively challenging to link WEEE to the original manufac-

turer (OEM). The responsibility that OEMs have for historic waste (that is, prior

to the introduction of the directive) is perceived as unfair
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• It is often unclear who is responsible for the collection and recovery of WEEE,

as it is often unclear when and where the end-of-life stage is reached. This is

further complicated when products cross the European border.

• Although OEMs are held responsible for complying with the WEEE directive,

the implementation of the directive is left to the individual member states. OEMs

thus have to comply with 25 different implementations.

• Much of the efforts are geared towards downcycling, rather than towards high-

level product recovery, which significantly lowers the potential for footprint

reductions.

• The European ordination of waste product transportation (EVOA) aims to

regulate WEEE exports, but cannot currently prevent illegal exports and the

unsafe and unhealthy circumstances in which the waste is often processed by

developing countries.

According to Zoeteman et al. (2010), the EU25 recycles only 50% of the seven

million tons that is generated annually; the rest is incinerated or landfilled

(1.6 million tons) or exported (1.9 million tons). China (two million tons) and

India (0.9 million tons) are the main importers of WEEE of which most is landfilled.

The USA generates about 6.5 million tons annually, of which 80% is landfilled or

incinerated domestically. Recycling (0.13 million tons) is minimal. An important

threat to social sustainability is the illegal exports of WEEE, which mainly end up

in China and India.

The European WEEE and ROHS (Restriction Of Hazardous Substances)

directives, although targeted at the European market, have had a major impact on

Chinese companies (Wang 2008). Formally, the companies that actually bring

the end-products on the market need to comply with the directives, but their

manufacturers are often Chinese companies. This means that the compliance

ultimately extends to these companies as well.

As Europe is an important importer of Chinese products, the Chinese govern-

ment has introduced its own version of the ROHS directive, having direct impact

on the performance of Chinese manufacturers. A Chinese version of the WEEE

directive is also under development, but the main challenge will be the actual

enforcement of the compliance. As the first non-compliance scandals have already

occurred (for instance, Sony’s Playstation in 2001) the pressure from western

companies on their Chinese suppliers is considerable. Based on case-study research,

it appears that companies apply two strategies to meet legislative requirements:

improving internal quality inspection procedures and seeking long-term cooperation

with better suppliers.

13.2.3 Case 3: End-of-Life Vehicle Recovery

Driven by environmental concerns about the ever-growing car dump sites, the

European End-of-Life Vehicle (ELV) directive was installed in 2000, but prior to

that voluntary initiatives had already been developed in several European countries.
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Purpose (Gerrard and Kandlikar 2007) is to (1) reduce the use of hazardous

substances when designing vehicles, (2) design and produce vehicles that facilitate

the dismantling, re-use, recovery and recycling of end-of-life vehicles, (3) increase

the use of recycled materials in vehicle manufacture, and (4) ensure that

components of vehicles do not contain certain hazardous materials.

The following recovery and recycling targets are enforced at member state level:

85% (including energy recovery) by 2006 and 95% by 2015; 80% (excluding

energy recovery) by 2006 and 85% by 2015. Some 7.6 million vehicles are recycled

annually in the EU-15 countries of the 11.3 million cars deregistered (ACEA 2007).

Auto Recycling Nederland (ARN) coordinates the recycling of decommissioned

cars in the Netherlands and given the fact that the EU targets are reached and that

the recovery is almost cost efficient, ARN can be seen as a best practice (De Brito

et al. 2007). However, as each nation in the EU is free to develop its own

implementation of the ELV directive, no standardization of collection and recovery

practices exists.

Please note that the recycling targets only apply to those cars that are actually

collected for recovery. About 50% of the decommissioned cars are sold to non-EU

countries, where no financial structure or recovery capacity is in place to deal with

future waste. This makes the effectiveness of the directive half as good as the

targets suggest. Actually, the outflow of decommissioned cars has increased during

the last couple of years, which threatens the profitability of the recycling effort, as it

depends on a large and steady inflow of end-of-life vehicles.

The increasing recycling targets may also threaten profitability as the cost of

recovery tends to increase exponentially with the recovery target, while big initial

investments in new post shredder technology seem unavoidable in order to be

technically able to reach such targets. With respect to the forward chain, most of

the efforts are directed towards the production of cars that are safe, comfortable and

fuel-efficient; goals that often conflict with possible designs for product recovery at

the end of life. As there are hardly any incentives for car manufacturers to adjust the

car design for end-of-life recovery, much efforts result in downcycling.

13.3 Framework Validation: Cross Case Comparison

The main barriers for the efficient and effective reuse of materials and products that

were identified in Sect. 13.2 are summarized in Table 13.2.

All conjectured barriers where observed in at least two of the three supply chains

investigated. Lack of coordination and lack of resources were somehow present in

all three. For the waste paper chains most barriers are related to optimizing an

already effective recovery chain. More coordination between relevant chain actors

may further decrease handling and transportation costs in a business where margins

are low.

For the other two chains, it seems that the opportunities for recovery are

much higher than the ambition of current legislation. There is no natural culture
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of designing for recovery, so legislation seems necessary to provide the right

incentives. However, legislation appears to be geared towards waste management

instead of value management. As products are not designed for recovery, efficient

Table 13.2 Observed barriers for effective closed loop supply chain management

Waste paper WEEE Automobiles

Culture

– OEMs do not

typically design for

reuse OEMs do not typically

design for end-of-

life recovery

– Enforcement in China

is problematic

Lack of coordination

– Differences in culture

and language

challenges

opportunities for

coordination

– No interaction

between forward

and reverse players

(who is responsible

for what?)

– No coordination of

ELV

implementation

among member

states

– No interaction

between the

forward and reverse

chain actors

– No coordination of

WEEE

implementation

among member

states

– Lack of

standardization of

information

exchange

– Mainports are

misused as

temporary storage

space

– EVOA not effective in

directing or

preventing waste

streams

– No coordination

between Dutch and

Chinese inspection

Lack of resources

– Lack of capacity of

mainports to handle

increased waste

flows – The collective scheme

prohibits the

collection of small

WEEE and prohibits

quality

differentiation.

Leakage of

decommissioned

cars across borders

threatens steady

volume of

resources

– Small changes in

transportation costs

or waste paper

prices may redirect

waste flows

Lack of capabilities

– No reliable

information

systems to handle

elaborate

paperwork

– The heterogeneity of

WEEE makes

meaningful

recovery

challenging from a

technical

perspective

– No viable technology

available to recycle

more than 90% of

an automobile

– Limited or no

capabilities in non-

EU countries

– Limited incentives

for high level

recovery

Lack of markets

Only suitable for

packaging material

Limited markets for

high level recovery

Limited markets for

recycled material

and recovered car

parts
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recovery is challenging and markets for downcycled materials are often lacking.

The legislation is not effective in the sense that collection rates are low. Regulations

are sometimes unclear and may even conflict.

13.4 Transitions Towards Sustainable Supply Chains

Due to the imbalance in the supply and demand of container loads, a large

percentage of containers is shipped empty. This waste of resources can be partly

solved through the stimulation of alternative loads that should move in the direction

of the empty container streams. Since in Asia there is typically a large demand for

raw materials, and in Europe and (North-) America typically a large availability

of end-of-life products and materials, there is a big potential for the bundling of

waste streams and successfully integrating these into the forward global supply

chain. This integration of forward and reverse flows (‘closed loop supply chain’)

contributes to sustainability in several ways. First of all, separating and bundling

waste streams in order to find a useful new purpose for these flows in the forward

supply chain reduces the need for virgin materials and energy in the production

process and reduces the release of hazardous emissions in the production process.

At the same time, making use of the existing empty container capacity does not

pose an environmental burden, but instead an economic incentive to reduce empty

transport kilometres. Furthermore, the cases presented in this chapter show, that in

principle there is ample opportunity for the generation of economic growth through

the creation of new markets, products, and services around the practice of product

and material recovery, but also that there is a number of barriers (lack of resources,

capabilities, markets, coordination) that prohibit these opportunities to fully mate-

rialize. Although this is not the focus of the study at hand, we conjecture that most

of the barriers are due to the fact that the product recovery phase is not (well)

integrated into the product design phase and into the overall business model of the

products concerned. For all three cases, the reverse chain is almost completely

detached from the forward chain, which provides very few incentives for design for

recovery. Furthermore, for all three case regulation and legislation is geared

towards waste management and not towards value management. This again does

not provide incentives for design for recovery, but may even lead to lock-in effects,

as more investments are directed to ‘open loop’ waste management and down-

cycling than ‘closed loop’ recovery.

Considering the above discussion, for high value recovery networks to succeed,

we suggest a transition at three levels:

1. Instead of thinking in terms of waste (a problem), society should start thinking in

terms of inputs (a business opportunity).

2. Reuse of products and materials is often organized locally/nationally, where the

waste is generated, while cross-border solutions may have much more potential

(high volume, low cost). The latter then should be facilitated and stimulated by

(inter-) national legislative bodies.
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3. Reuse of products and materials often occurs at a very low level of efficiency

(downcycling). Higher forms of reuse, such as upcycling and remanufacturing

should become the norm. For that, appropriate recovery targets need to be

defined.

The case studies conducted in Sect. 13.3 show that there are opportunities to

obtain the first level. Unfortunately they also show that the second level of cross-

border solutions is currently hindered or even inhibited by (inter-)national legisla-

tion. What’s more, sometimes there even appear to be conflicts between environ-

mental legislation and import/export legislation. At level 3 it is again legislation

that forces businesses to go for downcycling (reuse at the material level, but at

a lower quality level than at the original use) rather than higher forms of reuse that

maximize ecological and economic value. European legislation on electronic waste

(WEEE) and end-of-life vehicles are only successful in the sense that recycling

(or rather downcycling) targets are somewhat met, but collection targets are poor.

In line with the barriers of Table 13.2, we propose the following specific actions

for a transition towards more efficient and effective recovery supply chains.

Supply of secondary material

– EU Governments need to increase collection rates and global enforcement of

regulation.

– Setting up infrastructure for the separate collection of wastes will facilitate

high value recovery.

Transport

– For the matching of supply and demand, it is important to achieve transpar-

ency of the location of available loads and empty containers, and to distribute

the costs and benefits fairly. An independent third party should take the lead

in setting up trading sites and portals.

– Logistic service providers should develop new services around reverse

logistics.

Recovery

– Quick scans for small- and medium-size enterprises should identify their

opportunities for waste reduction (materials, energy and labour) and product

reuse.

– Simplified directives would make recovery initiatives more fruitful and

economically more viable. Furthermore, they would facilitate enforcement.

– Stimulating investments in processing technology would facilitate recovery

initiatives and viability in the long run.

Secondary markets

– We need to create new business models, based on installed base management

and long-term customer relations that provide the right incentives for high-

quality product returns and the right outlets for those returns.
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One could argue that the current path of waste management is not the fastest road

to sustainability; there may even be dead-ends due to lock-in effects. Here, instead

of the stimulator it should be, legislation may in fact prove to be the biggest

obstacle. It seems therefore imperative that legislation is adapted to stimulate and

facilitate individual business initiatives for sustainability, rather than investing in

collective waste management schemes.
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Chapter 14

Transitions Towards Sustainable Dynamic

Traffic Management: A Living Systems

Approach

Ben Immers and Rien van der Knaap

14.1 Introduction

The Transumo1 theme ‘Transition towards Sustainable Mobility’ asks for inspira-

tion and the dare to come with stimulating, new ideas. The sustainability challenge

ahead of us will need such input. Our belief is that several paradigm shifts in the

field of traffic management are inevitable and necessary. One of them is to recog-

nize that the traffic system needs to be seen and treated as a ‘living system’. This

has far-reaching implications for our thoughts on how a traffic system should be

‘managed and controlled’ and might be of fundamental importance in the search

for sustainable mobility. In this contribution, we will explore some of these

implications, more specifically, those that deal with the relationship between the

degree of complexity and the kind of management and control that should apply.

The basic question that is explored in this contribution is, when and how

interventions in the traffic system should take place, under what conditions, and

in such a way that the quality of the system improves in terms of traffic perfor-

mance, sustainability, safety, comfort for the end users, etc.

14.1.1 TraDuVem

In the search for sustainable mobility, it is widely recognized that achieving that

aim will require major changes and, as a consequence, a transition process is
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needed. The transition includes system changes in a variety of fields, including

(dynamic) traffic management.

In the project TraDuVem1 a number of parties2 joined hands to investigate which

paradigm and system changes might be necessary in dynamic traffic management,

that would provide a substantial contribution towards the goal of a sustainable

mobility system. As a consequence of this ambition, TraDuVem can be seen as

a transition arena (Rotmans 2003), in which conceptualizing and networking take

place, in order to gain new and groundbreaking insights into an important part of the

traffic management society of the Netherlands, like governments, consultants and

scientists.

In this chapter much attention will be paid to issues related to transition theory

and traffic management. As a consequence, we will highlight one of the more

important themes in TraDuVem, i.e. we will investigate how to address the concept

of ‘living systems’ in the framework of traffic management and sustainable mobility.

In this investigation, also the relationship between the concept of ‘living systems’ and

the paradigm shifts will be dealt with.

14.1.2 Context

We see that in many countries the application of (sustainable) dynamic traffic

management on the road network is not really getting off the ground (van der

Knaap and van Wee 2004; Immers and Landman 2009). A stalemate position has

been reached at different levels. The introduction of promising new systems has

stopped, cooperation between the national government and regional authorities

and between the government and the market barely exists, the training of traffic

managers shows deficiencies, etc. etc. The situation is even more serious, taking

into consideration that the available capacity of the road network is so heavily used,

that during long periods of the day one could speak of a ‘stress situation’. If we want

to break this downward spiral, a fundamental change is necessary in the application

and interpretation of dynamic traffic management systems. And this is an interna-

tional problem, as the next section will make clear.

As said in Staley and Moore (2009), “the major cities of the United States and

most of the developed world will die by 2050 from clogged arteries – commercial

and private vehicular gridlock – unless we do something now. . ..An inevitable civic
fatality is apparent”. When impacts on lost productivity, unreliability, cargo delay

1TraDuVem: Transition to Sustainable Traffic Management is one of the five cluster projects

(Advanced Traffic Management ATMA, Advanced Traffic Monitoring ATMO, intelligent

vehicles, IV and Integrated Area Safer Traffic-GIV) under the flag of Transumo be carried out

with a new purpose, promoting sustainability developments (innovations – transitions) in the field

of traffic management work.
2These parties are TNO, Connekt, OC Mobility Coaching, Cap Gemini, Rabobank Netherlands,

Siemens Netherlands, Peek Traffic and Safety Traffic Netherlands (VVN).
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and safety are considered, the US Department of Transportation’s Chief economists

think congestion’s toll is close to 168 € billion each year (p. 13). The US transpor-

tation system and others are in dire need of transformation.

Guiding principles in this fundamentally changed vision on dynamic traffic

management are:

• Sustainability asks for an integral and multi-domain and multi-level approach,

where several, often conflicting, interests like accessibility, affordability, quality

of life, air quality, comfort and safety need to be met all at the same time

(Transumo 2004);

• A promising application of sustainable dynamic traffic management has to be

cross-border in more than one respect: national and regional, but also public and

private;

• The impact of the market (which produces intelligent vehicles) on the traffic-

flow will increase in the coming years. The government will face the question

what role it should play to ensure proper utilization of road networks;

• The government has the obligation to ensure that the collective interest of the

traveller and the public is served at all times;

• Innovations originate in many areas like technology, organization, training,

legislation, administration and finance. In traffic management, there is a ten-

dency to focus too much on technology, but technology doesn’t solve cross-

border issues and is only suitable if it meets traveller demands in a proper

way. The Erasmus University Competition and Innovation Monitor, shows, for

instance, that success in innovation is determined by technological issues for

only 25% (Volberda et al 2005), while new ways of working and organization

are responsible for the other 75%! Sustainable traffic management is becoming

too complex and it is absolutely inefficient to always circumvent administrative,

organizational and legal problems by technological solutions;

• Cooperative systems (technical, organizational, administrative) are capable of

reconciling the individual and collective interests, respectively, the public and

private interests;

• In addition to improving traffic performance, the proper application of dynamic

traffic management can serve other goals, such as improving road safety and

improving environmental quality, which are primary conditions for meeting

sustainability standards;

• The application of dynamic traffic management calls for a shift in focus from

policy formulation to a combination of policy information and implementation.

Budgeting of dynamic traffic management activities is often project based, as

opposed to structural budgets that are available for the construction and mainte-

nance of infrastructure. A promising application of dynamic traffic management

also calls for a structural allocation of budgets. This allocation needs to be based on

a long term and shared vision on the application of dynamic traffic management;

• It is important to create and promote an environment in which creative thinking

about innovation, change and the implementation of these structural changes is

stimulated.
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As a precondition for system changes, TraDuVem saw the necessity of

addressing and defining different paradigm shifts. Eleven relevant paradigm shifts

were indentified (Huisken and van der Knaap 2008; Immers and van der Knaap

2009; Immers et al 2009) as possible contributors to the establishment of a

sustainable traffic management regime.

One of the most elementary paradigm shifts is the acknowledgment, that a traffic

system needs to be seen as a dynamic ‘living system’, a system that is changing in

time in its character, structure, performance and impacts, and which contains self-

organizing properties. The shift consists in abolishing the primacy of hierarchic

control in the first place. We need to learn how to give self-organization its proper

place, but without leaving the idea of hierarchic control entirely. We need to find

out when hierarchic control is necessary and when self-organization can be the

dominant force or to find out to which extent the contradictory control situations

can be combined in one way or another. In relation to the four other Transumo

TM projects, the above analysis applies to all of them, but perhaps most to ATMA

(Advanced Traffic Management). The word ‘management’ is explicitly linked

to the control paradigm. This chapter explores and examines the implications of

a shift in the control paradigm shift for the future of traffic management. At the end

of this contribution, we will discuss the impact of our findings on the four other TM

projects.

First, some additional explanation to this paradigm shift. Although the idea of

a ‘living system’ is not beyond discussion (Stacey 2007), the assumption that traffic

is a ‘living’ system, is fundamental in the formulation of the other paradigm shifts.

This assumption is directly related to the basic question in this contribution, i.e.

when and how, and under what conditions, should we intervene in our traffic system

to achieve a higher quality of output and outcome. When we intervene in a system,

this will influence its functioning and outcomes, but very often we do not know

beforehand in which way. Preferably, we should try to anticipate these effects,

resulting in the need for predicting the future or possible futures.

Critics on the concept of living systems (Griffin 2002; Stacey 2007, pp.

228–229) indicate that the suggestion that an organization or system is ‘living’ is

incorrect, especially, if related to innovation, because it suggests a knowable future.

The idea of a living system places a greater whole, an entity, “outside the experi-

ence of interaction between people, an abstract whole to which they are required

to submit if their behaviour is to be judged ethical”. It encourages the idea that we

are victims of a system, and that we are not responsible for our own actions.

Besides, systems never are ‘living things’ on their own, without human interaction.

They are processes of communication and joint actions of people (Stacey 2007), out

of which innovation can be explained and stimulated.

In this contribution, we use the idea of ‘living systems’, however, as a metaphor

to describe the fact that the unpredictability of the outcomes of interventions or

events leads to problems, when trying to predict the future state of the traffic or

mobility system. The unpredictability reveals itself, for instance, in the fact that

people very often not behave as policy makers or traffic managers, as we believe

they would or should do (Norberg and Cumming 2008, p. 278). The latter too often

250 B. Immers and R. van der Knaap



ignore or misunderstand how people really act and react. A lot of this unpredict-

ability has to do with self- organization, a force that needs to be understood

and taken seriously, when policy makers or traffic managers want to intervene

in dynamic, self-organizing systems. As a consequence of these conditions, it is

important to realise that there should be a match between the characteristics of

a system, and the measures taken to influence this system in order to be effective.

Doing so means being prepared for unexpected and undesired outcomes by default.

We have to make it common practice to ‘expect the unexpected’ and adjust our

measures and interventions to this condition. As will be explained hereafter, this

might lead to an alternative paradigm on how to intervene in a complex system in

which self-organization of the primary actors plays an important role. This relates

primarily to one of the paradigm shifts to be found in Fig. 14.2: the management

of unexpected and irregular situations. As a result of this paradigm shift, we will

conclude that is it recommendable to change the focus from managing for a desired

future to avoid undesired situations, which also relates to pro-activity, societal

values, user needs and private responsibility.

14.2 A Systems Approach to Traffic Management

The basic ambition is to create and maintain a well-functioning traffic system. In

the case of sustainability that means not an exclusive focus on traffic flow, but

attention also for accessibility, affordability, quality of life, air quality, comfort and

safety. All these objectives need to be met simultaneously.

When considering road traffic, several parties (actors, stakeholders) with various

interests can be identified:

• National traffic centre;

• Regional or local traffic centre;

• Public service (police, fire brigade, ambulance, etc.);

• Private service providers (salvage operator, restaurant, gas station, etc.);

• Road users, travellers;

• Transit operators;

• Freight forwarders, fleet operators, truck drivers;

• Local residents;

• etc.

Which interests should prevail when deciding on the real-time control of traffic?

Apart from priorities assigned to each case, three different optimality criterions

might be considered:

1. a systems optimum where an optimum balance is sought of all collective

weighted costs and benefits at the level of society as a whole;

2. a network optimum where traffic is to be influenced (by the traffic control

centre) in such a way, that a generic target (like the total travel time in the

system) is optimized;
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3. a user optimum in which each user optimizes his own objective function (like

his own travel time).

In addition, different priorities can be used, regarding the nature, structure and

quality of the traffic flow, where each priority will lead to a different realization of

the traffic performance. We might distinguish a focus on:

• Road safety: “double your distance and half your speed”;

• Traffic on the highway; access and egress metering of traffic and/or buffers on

the underlying network;

• The quality of life: speed reduction on the highway (80 km/h with section

control);

• Target groups: construction of target lanes, influencing traffic lights signal

settings (e.g. prioritising public or freight transport);

• etc.

It is important to recognize that the interplay between the various actors leads to

the observed traffic performance. Road users, service providers, traffic control

centres, etc. interact continuously. In the field of Incident Management (IM) for

instance, this interplay is summarized by the slogan IM ¼ (CO)6: IM is the result of

an intensive interaction between the assisting organizations (the O’s), where the C’s

indicate the type of interaction (Collaboration, Coordination, Communication,

Culture, Commitment and Costs).

In an ideal situation, there would be a perfect match between the daily function-

ing of the system and our ideas about, and models describing, how the system

functions. Interventions in a system are meant to lead to a certain response that

improves the functioning of this system, but according to complexity theory, this

is only likely to happen under certain conditions. It is necessary to understand

a system and its responses in order to apply the right interventions. But in practise,

the effect of interventions and responses is seldom causal-linear nor predictable,

especially when a system has complex properties (a large number of actors, with

a large number of interactions, influencing each other continuously in an unpredict-

able way). To put it briefly, there needs to be a match between the system

characteristics and the interventions or (traffic) control system.

In Fig. 14.1, three possible descriptions of the traffic system are shown, all

describing practical situations. The difference between the three different regimes

can be explained by the nature and extent of the interactions between the

components (the users, etc.) belonging to the system, and the level of autonomy

that is assigned to the components of the system.

The traffic performance on the road (the traffic process) is considered as the

primary process of the traffic system. Characteristics of the primary process are the

speed of movement, the risk of incidents, the driving comfort, etc. The individual

road-users are considered as the primary components of the traffic system. In

addition, the road authority/traffic regulators and emergency service providers are

other key components of the traffic system.
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The figure shows that the handling of the traffic process is largely determined by

the following two characteristics:

1. The degree of interaction between the different system components, and;

2. The autonomy/‘intelligence’ of the system components.

14.2.1 Interactions Between System Components

The first important characteristic in determining a traffic system is the assessment of

its degree of interaction. Interaction means that the state (steady or dynamic) of

a system component affects the operation of other system components. A key

element is the awareness that this is very often a reciprocal relationship or inter-

dependence (van der Knaap 2006). Interactions and/or interventions can have

a different time-frame. An example of a short-term interaction is the driving

behaviour of road users, which is influenced by choices of other road-users contin-

uously. These include the choice of travel speed and the decision to overtake.

Another example is the traffic jam caused by ‘rubbernecking’ following an acci-

dent. Interactions that occur in the longer term are related to transport mode choice,

route choice and departure time choice or even the choice of where to live. When

this dimension is of interest, the scope of traffic management needs to be widened to

matters such as demand management, the provision of public transport, etc.

If the components of the system to be influenced are ‘non-living’, that is neither

autonomous nor able to choose, it is possible to organize the operation of the system
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Fig. 14.1 Systematic view of the possibilities and principles for the control of the traffic system in

the short term (Immers and Westerman 1995; Immers and Van Koningsbruggen 2001)
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by means of remote control (Fig. 14.1, column C). An example is an assembly line

with robots in a production plant, or an automated people mover with its own secure

infrastructure. Organizing or influencing such a system will be easier the lesser

interactions are taking place between the elements/components of the system and

when the interactions are easy to describe and/or generate a local impact only. Few

or no interactions and no autonomy are characteristic for its well functioning.

When the interactions between the components increase (Fig. 14.1, column B),

the traffic process needs to be seen and described as a complex, non-linear process.

The myriad of local interactions determines the final overall conduct of the process

(the operation of the system).

Possible interactions are:

• Interactions that only occur at short distance (collision);

• Interactions that are ‘easy’ to describe by laws, applying to all elements;

• ‘Neighbour–neighbour’ interactions, the elements further away are not involved;

there is no ‘collective’ interaction and no hysteresis;

• Interactions that are independent of the environment or ‘habitat’.

In this system there are still non-autonomous components, but their number, and

their number of interactions are so large (for example, the interactions occurring in

an urban inner city traffic system), that a completely different organization is

needed as compared to the remote and hierarchical situation in column C.

An important feature of such complex non-linear processes is that there is little or

no relationship between the functioning of the individual subsystems and the

functioning of the system as a whole, and this is caused by the lack of autonomy

of the individual components. Translated to the traffic process, this means that car

drivers on an individual basis optimize their decisions, but the result at a higher level

of abstraction is usually a sub-optimal performing transport system. An example of

such a system is Delta Container Terminal, Rotterdam Harbour, where automated

guided vehicles serve as the transportation link between crane, stack, etc. The

operations (transport of containers) on this terminal can be organized in various

ways, e.g. based on shortest routes, or via fixed (predetermined) paths, in this way

introducing a detour but eliminating interactions/conflicts. Model calculations of the

resulting transportation process show, that during busy periods the ‘shortest route’

approach generates an accumulation of conflicts, resulting in long waiting times.

The ‘fixed path’ approach keeps the number of interactions at a low level thus

allowing for smooth operations on the terminal even during busy periods.

Column B represents a completely different situation, despite the fact that these

systems also have a high number of (often reciprocal) interactions between the

system components. The system in Column B represents our daily, essentially

unmanaged and uncontrolled, traffic system. The essential difference between this

system and the former system (columns C/D) is that the main components of the

system exhibit a high degree of autonomy. This autonomy allows the individual

components to formulate objectives, and to set out strategies themselves, thus

establishing autonomy on the system component level. Column A represents the

most explicit form of complexity, which refers to the Monderman concept
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(Monderman 2007) of ‘Shared Space’ (in which traffic signs, etc.), may be fully

absent.

Recognition and acceptance of the characteristics of complex systems may have

a significant impact on the future functioning of the system as a whole, and may

require completely different or even non-explicit control mechanisms. See, for

instance, Vanderbilt (2009), who states that ‘dangerous roads may be the safest’

(p. 176–210). In the next section, the impact of introducing autonomy on the system

component level will be described.

14.2.2 Autonomy of the Components

A second important characteristic is the level of autonomy of the system and the

subsequent processes, which could also be described as the extent to which individ-

ual components possess intelligence and freedom to choose. At the one extreme

(Fig. 14.1, columns B and C) the components are inanimate objects, while in the

case of Fig. 14.1, column A, the components represent intelligent creatures.

The current traffic system belongs to the latter category. This characterization of

the traffic process as a complex non-linear process, where the components have

their own autonomy, will serve as a starting point for the search for suitable

instruments.

The behaviour of road users can be characterized as follows:

• It is influenced by information or behaviour of others.

• It is (on the one hand) explorative, because we are taught that active exploration

will be rewarded.

• It is (on the other hand) satisfying. Travellers are generally quickly pleased with

the choice they have made, they are not constantly optimizing their choices.

• It is retro-rationalizing. With hindsight all actions are rationalized.

• It is supported by experience. There are learning effects (experience, routine

behaviour).

• It possesses a certain degree of rationality (with large differences between road

users and even per road user, depending on time or mood).

• It is strategy oriented. Travellers often follow a certain strategy (choosing the

left lane when there is congestion). Travellers might also change their strategy.

• It is directed at avoiding conflicts. Collisions will be avoided as much as

possible.

These characteristics imply that traffic in a network, to a considerable degree,

shows the character of a self-regulating system (a ‘living system’). Table 14.1

shows the strengths and weaknesses of a self-regulating system.

Essential for the functioning of a ‘living system’ are the following two aspects:
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• The nature, extent and direction of communication between the different system

components (the organization of the information exchange between the system

components);

• The capability of system components to learn in one way or another, giving the

subsystems and, eventually, the whole system the ability to change over time

autonomously.

14.2.3 Control Options

The challenge we face with regard to the control (the management) of traffic in

a complex and dynamic network, is how to assess, given the self-regulatory nature

of traffic – if the traffic system has settled down into a state with a desired quality

(steady flow).

Based on the description of the different types of processes (Fig. 14.1) and the

characterization of the current traffic process, several options for settlement/

influencing of the traffic process can be distinguished. Essential for the success of

the application of control measures is that the people/groups to which control

applies, are willing to accept the proposed measures (a possible successful approach

could be ‘managing on the well-being of people’). The control measures can vary in

type and influence the system at various locations.

It is important to avoid treating a complex and highly self-organizing system as

if it were a system without any autonomy and with only a few, controllable

interactions. This represents a serious challenge, because it is common practise to

do so. All too often traffic professionals complain that the road-users did not

understand their measures or intentions, while at the same time, they failed to

check beforehand if people possibly could or would understand them. Preferably,

there is a match between the prevailing autonomy of the system components and the

applied control actions; e.g. control actions invite travellers to exhibit specific

driving behaviour. It might even be possible (especially in regular situations) that

Table 14.1 Characteristics of self-regulating systems (‘Swarm models’) (‘Out of control – the

new biology or machines’ [Kelly 1995])

Strong features of self-regulating

systems Weak features of self-regulating systems

Can adapt to the environment

Are not ideal, because of the extensive redundancy and the

lack of a control structure

Can evolve over time Are not controllable because of the lack of authority

Have the ability to recover Are difficult or not predictable in their behaviour

Can create new structures

Are difficult or not understand, for instance because of their

ability to create new structures and new ways to generate

solutions

Can generate new solutions for

existing or new problems

Show often delayed response to events by the lack of a

unified control structure
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hardly any control actions are required. The travellers are able to deal with such

situations without any external intervention; the system organizes itself. Sometimes

even (in specific situations) the principle of self-organization is imposed upon

a system as the only control mechanism, as is the case in the concept of ‘shared

space’ introduced by Monderman (2007). But even then, the design of the road and

its environment needs to be adjusted. It is necessary to influence conditions in and

for the traffic system in such a way that it functions according to the desired goals

and quality. It is, however, also crucial to take account of the properties of the actors

in ‘living’ self-organizing systems. There are several ways to intervene in these

kinds of systems, as we will explain in the sequel.

Many of the paradigm shifts we developed in the TraDuVem project, are related

to the insight that a better understanding of human and societal needs in traffic

management is essential to create a sustainable traffic system. In Fig. 14.2 the

paradigm shifts are visualised.

When we compare this scheme (depicted in Fig. 14.2) to current ITS (Intelligent

Transportation Systems) practise, it should be noted that the ITS industry focuses

on only a limited number of the issues. Fan et al. (2007) investigated the relation

between publications and patents in ITS. They defined nine key fields of interest

in ITS (industry clusters): managing transit (1), emergency services (2), archived

data (3), maintenance and construction (4), traffic and traffic management (5) and

commercial vehicles (6), as well as the provision of driver and traveller services (7),

vehicle monitoring and control (8) and electronic payment services (9). In academic

research, traffic management (cluster 5) is associated with all eight other ITS

clusters (1–4 and 5–9). The analysis of Fan et al. (2007) makes clear that traffic

management in the pre-deployment stage of the ITS industry is highly related to

only three other clusters: emergency services (cluster 2), driver and traveller
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Fig. 14.2 Essential paradigm shifts for realising sustainable traffic management
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services (cluster 7) and maintenance and construction management (cluster 4). The

authors conclude that there is potential for combining different technologies to

develop cohesive and cooperative ITS. This potential needs to be fully developed if

we want to bring sustainable traffic management any closer. A closer look at the

characteristics of living, self-organizing systems may illustrate this statement.

The ATMA, ATMO, IV and GIV projects (see Note 1 of this chapter) were

asked to analyse to which degree they address the various paradigm shifts (see

Immers et al. 2009) as developed in the TraDuVem project. When the scores of the

four projects are combined, it is easy to see that each issue is addressed in at least

one of the projects, except the multimodality concept, which isn’t addressed in any

of them. Furthermore, they all vary quite significantly in the way they address the

ten other issues, although there are similarities as well. One similarity is that they all

claim to address at least 5–7 issues of the total of 11, but seldom to its full possible

extent. Integrated network and infrastructure management, proactivity and societal

values are addressed strongly in three projects, surprisingly the multipurpose issue

is only strongly addressed in two projects (ATMA and GIV), and to a certain degree

in the two others. This is somewhat surprising, as this issue has the strongest and

most clear relationship with the sustainability framework of Transumo.

In a US study of Fan et al. (2007) (mentioned above), the ITS sector is divided

into nine clusters. ITS science appears to cover all these fields, while the ITS

industry seems to be interested primarily in only three of these clusters (emergency

services, driver and traveller services, and maintenance and construction manage-

ment). If we compare TraDuVeM in the same way with the four other ITS projects

in the Transumo programme, it appears that the acknowledged paradigm shifts are

even not yet fully covered by ITS science, let alone ITS industry. Although this

comparison only refers to four projects (the US study is based on a comprehensive

analysis of a large number of projects and sources), this indication seems neverthe-

less rather valid. Some paradigm shifts like co-operative systems and hybrid control

receive a lot of attention in international ITS developments and deployment, but the

others rarely get attention, if any.

If ‘patents’ are taken as a reference, the scientific attention for the various ITS

clusters appears to be much broader then the focus of the ITS industry. The analysis

of Fan et al. (2007) may suggest that science accepts and adapts new ideas

and technologies faster than the industry in the pre-deployment phase. So, if even

science hardly picked up attention for sustainable ITS, it seems reasonable to expect

that there is still a long way to go in the realisation of sustainable traffic manage-

ment. For that reason the idea of a transition seems ‘fully in place’.

14.2.4 Living, Self-Organizing Systems and Traffic Management

One possibility of control that we wish to discuss implies influencing the behaviour

of the components, without changing the characteristics of the process itself.
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In Van Koningsbruggen and Immers (2002) three possible forms of self-

regulation in traffic are discussed:

• Industrialization: In this coordination principle, a hierarchy applies to the

components making up ‘traffic’. Components higher in the hierarchy impose

objectives on components lower in the hierarchy. As an example, we give a

network made up of a ring structure, the ring structure being composed of road

sections, and the road sections being composed of intersections and links. Using

this coordination principle, the ring imposes an objective through the road

sections and then through the links and intersections that will result in a certain

division of the capacity among the traffic flows.

• Arbitration: This again involves a hierarchy that applies to the components

making up ’traffic’.With arbitration, however, components higher in the hierarchy

do not impose objectives on components lower in the hierarchy. Instead,

decisions are arrived at by negotiation among the components belonging to the

same hierarchical level. In case of conflicts, a decision is forced by means of

arbitration by a component from a higher level in the hierarchy.

• Utilitarianism: This coordination principle assumes no hierarchy applying to the

components making up ‘traffic’. The components negotiate with one another,

with the guideline being a single common higher objective (e.g. optimal traffic

safety or minimal travelling time), in addition to individual objectives. In case of

conflicts, individual objectives yield to the common objective.

The coordination principle to be applied will ultimately form the core of the safe

and careful use of the existing road network. For a further elaboration of this

approach we refer to van Koningsbruggen and Immers (2002) and Immers and

van Koningsbruggen (2001).

14.2.5 Limitation of the Autonomy of the Primary Components

If one does not fully want to hold on to the characteristics of the existing system

(self-organizing, living system, column A and B of Fig. 14.1), then other forms of

control could be considered. One of the possibilities is the limitation of the

autonomy of the primary components (road users). The extent to which autonomy

can be taken away can vary (examples are all kinds of ‘advanced driver assistance’

varying from ‘Adaptive cruise control’ to ‘Autonomous driving’). In the latter case,

it is a matter of limited autonomy of the primary component; the system controller

has taken over all major driving tasks. Secondary tasks such as monitoring can be

held on too.

If, despite of limitation in the autonomy of the components, frequent interactions

still do occur between the components themselves, the system still behaves as a

complex, non-linear system (Fig. 14.1, column C). However, it will be increasingly

possible to control the system by applying global governance and regulatory

principles from measurement and control theory. Indeed, by eliminating the
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autonomy of the components in the system, it might be possible to control the

reaction of a component on an event (for example, automatic guided vehicles in the

Delta Terminal, Rotterdam Harbour). The end result of the process, however,

remains unpredictable, because of the unpredictability of the interactions and

their impact on the overall process. In principle, one could say that the laws of

complexity apply to these processes.

If the reactions of the components (travellers, vehicles) to events are fully

controlled and the process is structured in such a way that activities take place in

a fixed sequence, then a system is created that conforms to the principles of

measurement and control theory (Fig. 14.1, column D) (for example, fully

automated metro systems or assembly lines).

14.2.6 Considering Another Level of Abstraction

In dealing with the traffic system, a level of abstraction is used where each

individual component (each with its own autonomy) is treated as a separate entity.

If the traffic system is considered from a higher level of abstraction, then all

individual components more or less behave in an identical (average) way. In

doing so, there is an opportunity to find other, additional guidance and control

instruments. At this higher level of abstraction, the traffic system is comparable to

standard production and business environments, where other measurement and

control principles are applied.

To trace these principles, it is necessary to apply the same level of abstraction.

Principles used on a high level of abstraction in manufacturing and business

processes are for instance ‘Mirroring’ or setting up a backup system, the installation

of buffers in the process and the use of order acceptance procedures, hierarchic

production planning, etc. All of these principles can also be applied to the traffic

system (buffers, ramp metering, target line, etc.). The effect of the application of

these principles will be greater (or alternatively, we will better be able to assess

which of these principles is effective), if the average behaviour of a component

shows more resemblance to the individual behaviour.

The above approach not only opens views on new control principles, but also

allows us to increase the robustness of the system (the ability of the system to

continue operating under adverse circumstances).

14.3 The Urgency of the Traffic Situation

An important aspect of traffic management is that it opens the possibility to resolve

emergency situations on the road network (incidents, bad weather conditions, etc.)

in a faster or more effective way. However, when dealing with emergency
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situations, specific conditions may prevail that require strict and rigorous behaviour

of both road users and service providers (e.g. traffic managers, police, fire brigade).

Therefore, it may be necessary to change the nature of the regime applicable

to the traffic flow conditions and traffic performance in some (critical) situations.

At the incident location, a strict form of ‘command and control’ may apply

(everyone should conform exactly to ‘Unified Command’ rules). This approach

may, because of the emergency, be preferred over an approach in which a problem

is solved via self-organizing principles.

To guarantee that such required behaviour is well understood by all parties it is

important that:

• This behaviour is communicated on a regular basis with the people possibly

involved;

• This behaviour is tested and practised by the service providers beforehand.

A possible disadvantage of this rigid approach is that it ignores one of the

important features of self-organizing systems; these systems are capable of creating

new, innovative solutions for solving critical situations themselves. The difficulty,

however, is that there can be no guarantee that a new solution is found quickly. The

chaotic approach should preferably be tried out in experiments. Experiments offer

the possibility of testing assumptions about the functioning of the system, as well

as the opportunity to examine the results in case of extensive self-regulation. The

synthesis of these two insights gives a better perspective on effective control of the

traffic system (no rules is also a form of control if applied on purpose).

14.4 The Implications of the ‘Living System’ Paradigm

for the Future of Traffic Management

In the past, we assumed that the functionality and operation of systems could be

explained on the basis of causal relationships only. Meanwhile, we (at least, some

people) now know better. The world is a complex, non-linear system constructed

out of subsystems with similar properties. The same applies to the transport system

and its subsystems (see Immers and Berghout 2000). We have to deal with living

(self-regulatory and learning) systems. Major characteristics of these systems are:

• There is a reciprocal relationship between the many elements of the system

(Gharajedaghi 1999); and therefore,

• It is difficult to predict how they behave;

• There is a delay in reaction;

• They are difficult to control;

• They do not work optimally;

• The operation of the system is difficult to understand;

Controlling a ‘living system’, however, is difficult, may not always make sense,

and will need different principles than the principles used in the past (causal,
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command and control), because of a substantial level of self-organization. In this

contribution we listed the following principles:

1. Influence the behaviour of actors by highlighting the benefits to them and try to

‘steer on well-being’ as was done in the project ‘Peak Hour Avoidance’

(travellers were paid for avoiding the peak period) that was successfully

implemented on the A12 between Zoetermeer and the Hague in the Netherlands

in 2006 for the first time, and in ‘Pay as you Drive’ in which insurance costs were

linked to driving behaviour of the participants;

2. Change the behaviour of actors by altering the environmental features (change of

habitat at different levels, like in the concept of ‘Duurzaam Veilig’ (sustainable

traffic safety; Wegman and Aarts 2006). “In a sustainably safe road traffic system,

infrastructure design inherently and drastically reduces crash risk. Should a crash

occur, the process that determines crash severity is conditioned in such a way that

severe injury is almost excluded”. ‘Self explaining roads’ should make the

transport system safer, based on the idea that the lay-out and construction of

roads should make clear which behaviour is expected from road-users;

3. Restrict the autonomy of the actors involved (if it works!) by in-car systems

(the focus in the TM project Intelligent Vehicles);

4. Restrict the interactions (in nature and number) between the system components

(if it works!); and more rigorously;

5. Influence the choices made by actors by introducing new players (e.g. private

players introducing smart navigation systems) and/or by changing roles and

responsibilities (shift of responsibilities from public to private players);

6. Influence the choices made by actors by changing the structure of the system

(e.g. by changing feedback loops or by introducing new feedback loops), which

not only applies to road users but also to traffic management centres and their

institutional surroundings;

7. In situations where self-organization plays an important role, or is thought to

have an important role, the focus should no longer be on providing solutions, but

on enabling solutions. This leads to a paradigm shift in the control area, and will

force traffic planners to involve road users in the design phase of the planning

process, instead of only in the evaluation phase afterwards.

In all cases, traffic management is still a matter of control, but then aimed more at

changing or avoiding a situation that we find undesirable, then on the realisation of a

situation that we find desirable. Characteristic for change processes in ‘living

systems’ is that it is not yet possible to predict how the system will develop and

function in the (further) future. In the past, the (predicted) futures seemed better, but

always lead to disappointments. Now we are drowning and defeatism prevails. Soon

we will know what we do not want, and life may offer many surprises once again.

This is a very interesting development: a decision-making process in which we

do not focus on the desired future but use the state we want to avoid as a starting

point. Self-organization will do the rest to a high degree.

Within the given restrictions, traffic very often functions properly or properly

enough to meet accessibility, reliability or robustness needs. Intervention is primarily
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needed, when accidents or other unforeseen or foreseen events occur, like big

conferences, trade fairs, pop concerts or large numbers of people travelling towards

the coast when it is beautiful weather, or just when weather conditions are bad.

In general, we want to avoid the consequences of these situations more than striving

for an optimal traffic flow or similar conditions.

Of course, the need for being in control is related to certain goals. When, for

sustainability reasons, control principles should apply to meet the multipurpose

ambition (see Fig. 14.2), a sustainable traffic system should favour the externalities

quality of life and air, liveability, accessibility, affordability, safety and comfort,

basically, all at the same time. It is presumed that it is not yet possible to

meet all these needs at the same time by the present state of technique, knowledge

and policy structures. Proof of this ‘incompatibility’ is to be found in the outcomes

of the ATMA analyses. One of the ATMA conclusions is that the optimization

efforts (based on modelling) did not lead to a systems optimum for the issues speed,

air quality, noise and safety. Speed and air quality had a positive correlation, but

a negative correlation showed up when compared to safety and noise.

This analysis is very valuable, as it makes clear the relevance of analyzing the

consequences of certain choices on a network level for the various externalities

(comparable to the multipurpose issue in Fig. 14.2). Looking at the results from a

TraDuVem point of view, however, some important questions remain unanswered.

Further research seems therefore a necessity. Drawing further conclusions from this

analysis should, therefore, be done carefully.

We believe that future research should also (apart from deciding how to

intervene) take into account the characteristic behaviour of a complex system,

in which primary actors exhibit quite some autonomy and self-organizing

behaviour, and in which learning effects may apply. Perhaps this can be realised

in combining the ATMA and ATMO outcomes in further analyses. The ATMO

ambition (see Van Lint et al. 2009) is to develop better methods for monitoring

traffic and its effects on a real-time basis. Permanent monitoring of traffic

management decisions (interventions) and creating feed- forward and feed-back-

loops between both disciplines is part of the sustainability challenge. However, it

can only be part of the solution. Analysis of complex systems and relevant

characteristics teach us that not only the behaviour of travellers is hard to predict,

but also that new technologies, other organizational concepts or new services can

pop up suddenly and influence the outcomes of the system in an unpredictable

way. The ITS development itself is proof for this statement, since hardly anyone

could foresee the tremendous impact of in-car systems, GPS and communication

technologies on the further evolution of traffic management. Further synthesis and

development of the TraDuVem concepts has started in the fields of traffic

management, traffic monitoring, intelligent vehicles and sustainable safety, but

there is still a long way to go. Taking up this challenge will prove to be inevitable

and valuable.
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14.5 Conclusions

This contribution had two focal points, viz. discussing the added value of seeing the

traffic system as a complex living system with important self-organizing aspects

and learning capabilities, and a brief analysis of the way the traffic management

projects in TraDuVem dealt with this paradigm.

Concerning the complexity paradigm, the main conclusions are:

• Because of the many interactions between the different system components, the

traffic and transport system should be considered as a self-organizing (living)

system. The operation of the transport system as a self-regulatory system (and

traffic as part of it) may be enhanced by enlarging the learning capacity of the

system. Communication between parties plays a crucial role. This communica-

tion should not be limited to mutual exchange of information, but should be

extended to evaluating situations and giving feedback and feed-forward loops

a clear place in the process. The potential for traffic management will have to

grow with further developments in the transport system and by developments in

society (programme needs, priorities, etc).

• Traffic management and self-organization are sometimes at odds with each

other, for example, if a quick solution to a problem must be found. In practice,

this means that, depending on the nature of the situation, other traffic manage-

ment principles may apply. It is proposed that the innovative capacity of a

self-organizing system to solve problems in critical situations (e.g. time) is

investigated in the form of experiments. In that way, the process of providing

solutions can be altered in a process of enabling solutions. This will need an

intensive involvement of other disciplines and end-users in the process. The

transition literature mentions learning-by-doing and doing via learning. Gained

insights and knowledge can play an important role in creating system

breakthroughs that may eventually lead to the desired transition towards sustain-

able mobility.

• Given the characteristics of the system, it is wise to alter the existing paradigm,

where we base our actions on a desired future, to a new paradigm. In this new

paradigm, we should focus on the features of the current system that we do not

want and try to start from there, given a global vision on the future and within

given constraints. This approach will generate more user-friendly and sustain-

able solutions, and will lead to a smaller gap between intended and actual

outcomes of our interventions in the traffic system.

Concerning the way the traffic management projects in Transumo dealt with the

complexity paradigm we conclude that:

• There was a strong focus on technological issues, and there was only limited or

no attention for the policy and political environment in which the transition

towards sustainable traffic management and mobility should take place.
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• Complexity is not yet given enough attention; for this reason mismatches

between the traffic system and control efforts may occur that could easily be

avoided;

• There is still a long way to go for sustainable traffic management to become

reality. Scientific attention seems to be a precondition for the generation of ITS

industry patents and for further deployment. When the paradigm shifts of

TraDuVem are projected on the other traffic management projects in Transumo

(ATMA, ATMO, GIV and IV), it is obvious that the first steps are taken. In the

near future, however, a closer co-operation between the themes seems necessary,

thus establishing a more systematic approach in making our transport system

more sustainable.
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Chapter 15

Advanced Traffic Monitoring (ATMO)

for Sustainable Traffic Management

Hans van Lint, Albert Valkenberg, and Arjan van Binsbergen

15.1 Overview of the ATMO Project

15.1.1 ATMO Research Scope and Objectives

In the traffic management theme within Transumo, to which the ATMO project

belongs, the focus is on road traffic networks, which are used for both person and

goods movement. Secondly, ATMO focuses on traffic monitoring for (real-time)

traffic (and demand) management, resulting in data and information. In turn, these

data could also be used for policy evaluation and ex ante research. Figure 15.1

schematically outlines the central role monitoring plays in both demand manage-

ment (e.g. information provision, pricing) and traffic management (e.g. traffic

control). Both must be conceived as dynamic control cycles with a monitoring

component, which provides both the input to all sorts of demand and traffic

management measures, as well as feedback on the (un)anticipated effects of these

measures.

Within ATMO, traffic monitoring systems are defined broadly, and ideally

encompass three functional components, these are, (1) measurement of raw data;

(2) processing, fusing and interpreting these data; and (3) predicting relevant

quantities for sustainable traffic management on the basis of these data. The

objective of ATMO lies primarily in the latter two components, that is, to develop

accurate and robust methods and models for data processing and traffic state

H. van Lint (*) • A. Valkenberg

Department of Transport and Planning, Delft University of Technology, Jaffalaan 5, 2628 BX

Delft, The Netherlands

e-mail: j.w.c.vanlint@tudelft.nl; a.j.valkenberg@tudelft.nl

A. van Binsbergen

Research School Trail, PO Box 5017, 2600 GA Delft, The Netherlands

e-mail: a.j.vanbinsbergen@rsTRAIL.nl

J.A.E.E. van Nunen et al. (eds.), Transitions Towards Sustainable Mobility,
DOI 10.1007/978-3-642-21192-8_15, # Springer-Verlag Berlin Heidelberg 2011

267



estimation and prediction. Below we briefly discuss these three functional

components.

1. Measurement and archival of raw data from all sorts of sensors

Data from traffic sensors come in many forms and qualities, but can essentially

be subdivided along two dimensions. The first relates to their spatio-temporal

semantics, that is, do the data represent local traffic quantities (flow, time

headway(s), etc.) or do the data reflect quantities over space (journey speed,

space mean speed, travel time, trajectories). The second dimension relates to the

degree of aggregation, where data may represent an aggregate or average over

fixed time periods (e.g. 1 min aggregate flows or averaged speeds), or a single

event (vehicle passage, travel time, full trajectory). Table 15.1 overviews this

classification with a few examples. Note that in the context of sustainability also

other (possibly non-traffic related) data are relevant, such as local emissions,

weather conditions, etc. Within ATMO, data from all these categories are

considered.

2. Data processing (checking, correcting, filtering, fusing) and network-wide state

estimation

Fig. 15.1 Central place of monitoring in demand and traffic management control cycles

Table 15.1 Classification of raw traffic data with a few examples

Event-based Aggregated/averaged

Local data

Vehicle passage, time

headway, spot speed

Time mean speed, harmonic mean speed, volume

(flow), detector occupancy

Spatial data

Travel time/journey speed,

vehicle trajectory

Average travel time/journey speed, space mean

speed, speed variance, vehicle fleet composition
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Data from a multitude of different traffic sensors do not necessarily mount up to

consistent, coherent and meaningful information; they are typically

characterized by different formats, semantics, temporal and spatial resolution

and accuracy, and also differ in availability and reliability both as a function of

location, time and circumstances. Both from technical and methodological

points of view, the integration of such heterogeneous data into comprehensive

and consistent information on the state of traffic in a network (e.g. in terms of

speed, flow or density) is a complex and challenging task. Within ATMO,

several data fusion and traffic state estimation procedures are developed, on

the basis of traffic flow theory and data assimilation techniques (e.g. Kalman

filters).

3. Network-wide traffic state prediction and derivation of latent variables.

Effective traffic management (and travel information provision) requires

predicting network-wide traffic conditions. A measure taken at time t on location
(or link) A will have effects on time periods > t and on other locations in the

network. Within ATMO, combinations of traffic theory based and data driven

methods for predicting travel time have been developed. In the context of

sustainable traffic management, also variables that cannot be directly measured

(e.g. travel time reliability) are required. In ATMO, new methods and models are

developed for the derivation of such ‘latent’ variables.

In sum, the objective of ATMO is the development of methods and models for

traffic data processing, state estimation and prediction, and to demonstrate and

promote how these intelligent tools can be deployed to achieve more reliable and

robust traffic monitoring systems. These advanced monitoring systems, which are

both more accurate and broad in their measures, are essential to create a sustainable

transport system that meets our access and mobility needs without damaging our

environmental, economic, or social well-being.

15.1.2 Structure and Overview of ATMO Research

Broadly speaking, the ATMO project has initiated and sponsored five 4-year PhD

projects, several shorter-term R&D projects and pilots, and various educational and

knowledge transfer projects. Figure 15.2 schematically shows the timeline from

project inception (2004) until project end (fall 2009) and the relationships between

the projects. The main rationale of the research structure chosen was to have the

short-term projects and pilots follow-up on (spin-off from) the PhD tracks as a

means to implement and test the developed ideas, and at the same time, to promote

and disseminate the research amongst practitioners (the public and private partners

involved in ATMO and Transumo). In the final section of this paper, we will discuss

some of the lessons learned during the course of the ATMO project, particularly

related to the collaboration and cooperation between academic, public and
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commercial partners. Below we will first briefly overview the PhD projects and a

selection of short-term R&D projects and pilots.

15.1.2.1 Brief Overview of PhD Projects

The five PhD tracks within ATMO all addressed different aspects of the central

ATMO theme, that is, translating raw data into usable information for traffic

management and traffic information services targeted at sustainable mobility.

In the thesis of Wendy Weijermars (2007), a general cluster method for the

determination and analysis of urban traffic patterns is proposed. The research

provides insight into within-day and between-day variations in urban traffic flow

patterns. The results of this PhD thesis can be used for the determination of typical

traffic patterns on the basis of archived flow data, which in turn can be used as a

basis for traffic forecasting, traffic management and traffic modelling scenarios.

Clearly, in all three cases, a thorough insight into the variability of flows may help

to develop new traffic control and management measures targeted, at for example,

the improvement of travel time reliability.

Three other PhD projects focused on real-time estimation and prediction of

traffic conditions and particularly travel times. In urban networks, both traffic

simulation-based (Miska 2006) and data-driven approaches (Liu 2008) were devel-

oped. Although promising results were demonstrated on the basis of both synthetic

and real data, both projects also emphasized the limits of predictability of urban

traffic patterns and travel times. Secondly, these projects also showed that there is

no single, most suitable approach to travel time prediction. In a third – and by the

time of writing still ongoing – PhD project, a Bayesian ensemble approach is

developed which allows the use of an arbitrary number of (data-driven, model-

based or any other type) traffic//travel time prediction models. The results obtained

so far indicate that this combined model leads to better and more reliable predic-

tion results than those of any of the individual models (Van Hinsbergen and

Van Lint 2008).

Whereas (predicted) travel time is a key quantity in real traffic management and

information services, travel time reliability has become one of the key performance

indicators of transportation networks and corridors. In the fifth PhD project within

ATMO a new theoretically and empirically underpinned travel time reliability

measure has been developed, which is based on basic concepts of risk analysis

(Tu 2008). The key result is that there exists a critical (reliability) flow, which under

many different circumstances appears to be much lower (30–40%) than the capacity

of any of the road segments constituting a route. This implies that there is a

fundamental trade-off between efficiency (maximizing throughput) and travel

time reliability. Beyond a ‘critical reliability flow’ more traffic may be serviced,

but at the price of steeply increasing probability of traffic breakdown and a (much)

larger uncertainty in the resulting travel times.
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15.1.2.2 Overview of Applied Research Projects, Pilots

and Knowledge Transfer

To facilitate as well as apply the methods and models developed in the PhD projects

a number of shorter-term projects and pilots have been initiated, amongst other

things:

• The (Dutch) e-book on Regional Traffic Monitoring (www.verkeersmonitoring.nl).

This handbook provides a web-based platform in the Dutch language (in the

form of a wiki) to disseminate and share both practical and fundamental knowl-

edge on (regional) traffic monitoring.

• In the city of Utrecht, an urban traffic estimation and travel time prediction pilot

(using first order macroscopic traffic flow models and extended Kalman filters)

has been set up on the basis of the PhD work of Van Hinsbergen (2010) and Liu

(2008).

• In the city of Delft, a pilot was set up in which the original goal was to develop

an integrated emissions-based coordinated intersection control algorithm.

Although this goal has not yet been achieved the pilot study has revealed a

number of important issues related to such a ‘sustainable’ traffic controller.

These will be addressed further below.

• As a final example, the traffic database developed in the Regiolab-Delft project

(www.regiolab-delft.nl) has been further extended (in terms of spatial coverage

and data heterogeneity) and has been used throughout the ATMO project.

Virtually all research in ATMO utilized the Regiolab-Delft data. In the fall of

2009, the front-end web-portal has undergone a major face-lift, thanks to

collaboration with the Portland Oregon Regional Transportation Archive Listing

(PORTAL) project (portal.its.pdx.edu), initiated by Portland State University,

Oregon.

Finally, ATMO has initiated and sponsored several knowledge-transfer projects.

We mention here in particular two successful 2-day post-academic courses on

regional traffic monitoring in both 2006 and 2008 with over 40 Dutch participants

(practitioners, such as regional traffic managers, consultants and public servants),

and the 2007 and 2008 editions of the Dutch PLATOS colloquium, a 1-day seminar

in which the Dutch ‘who’s who’ in the field of traffic modelling is involved.

15.2 Results of the ATMO Project

In this section we will summarize and discuss three subjects addressed within

ATMO. For a detailed treatment we refer to the many publications (reports, journal

and conference articles) released in the course of the ATMO project, which are

available for download at www.atmo.tudelft.nl.

272 H. van Lint et al.



15.2.1 Travel Time Prediction in Mixed Networks

15.2.1.1 Brief Overview and Taxonomy

There is an increasing need for Advanced Traffic Information Systems (ATIS) that

can provide road-users and traffic managers with accurate and reliable real-time

traffic information. Whereas many research efforts have been devoted to freeway

applications (see e.g. Van Hinsbergen et al. 2007 for an extensive overview), within

ATMO the focus was on the prediction of traffic information – and particularly on

(departure) travel time – for routes in urban or mixed (freeway/urban) networks.

Figure 15.3 provides a taxonomy of travel time prediction models in general (for

mixed networks) with a few examples under each category.

Three (overlapping) strands of approaches can be identified:

1. Naı̈ve approaches, where neither model structure nor model parameters are

deduced from (real-time) data. The term ‘naı̈ve’ is rather subjective, but can

be interpreted as ‘without any model assumption’. Naı̈ve methods are widely

applied in practice because of their low computational effort and easy imple-

mentation, but the accuracy is usually very low. Examples include instanta-

neous, measured travel time or a historical average. There are also prediction

approaches that combine naı̈ve methods with non-parametric approaches such as

regression and/or clustering (Rice and Van Zwet 2004; Nikovski et al. 2005;

Huisken and Van Berkum 2003).

2. Parametric (or model-based) approaches employ some fixed mathematical or

simulation model (such as microscopic or macroscopic traffic simulation

models) with parameters (link-capacities, free speeds or car-following/lane

changing parameters) and inputs (inflows, OD flows, turn fractions, etc.) tuned

Fig. 15.3 Taxonomy of traffic/travel time prediction models
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to real-time data. Also, simpler delay formulas and queuing models fall under

this category. Aside from model-parameters and inputs, many parametric

approaches have been put forward which ‘synchronize’ dynamic model

variables (densities or other time-varying parameters/inputs) directly with data

through, for example, Kalman filters (or one of their many variations, see, e.g.,

Zuurbier and Van Lint 2006; Wang et al. 2006; Van Lint and Hoogendoorn

2007; Antoniou et al. 2005), which can be classified as hybrid approaches that

combine both parametric and non-parametric (on-line estimation) techniques.

3. Finally, non-parametric approaches use generic (flexible) mathematical

structures with adjustable parameters. Arguably, the largest number of traffic

and travel time prediction models fall under this category. Examples include

support vector regression approaches (Wu et al. 2003), generalized linear

regression (Sun et al. 2003; Zhang and Rice 2003), nonlinear time-series (Al-

Deek et al. 1998), state-space models and Kalman filters (Chien and Kuchipudi

2003; Stathopoulos and Karlaftis 2003), feed forward neural networks (Park

et al. 1999; Rilett and Park 2001), and recurrent neural networks (Van Lint

2008), to name a few.

Depending on application and design criteria, each of these approaches has

advantages and disadvantages. Naı̈ve methods are fast, scalable and easy to imple-

ment, but usually lack prediction accuracy (lag behind and exhibit erratic

behaviour). Non-parametric methods are in general more accurate and robust (to

data failure) and are better suited to learn the non-linear traffic dynamics from data.

On the downside, non-parametric models provide essentially location-specific

‘black-box’ solutions, that is, they are not easily transferred from one application

to another. Moreover, non-parametric approaches can only perform well in

situations that are ‘visible’ in the data with which they were trained. Parametric

techniques do incorporate underlying traffic dynamics in their equations and struc-

ture and hence are better suited to deal with ‘unseen’ traffic situations, and can be

suited to incorporate, for example, traffic control. Furthermore, traffic simulation

models offer network-wide solutions, that is, they provide one travel time prediction

model for many routes and links in a traffic network. However, the number of

adjustable inputs, parameters, and variables is usually much larger than the avail-

able (real-time) data, which makes real time tuning of such model-based

approaches a complex (and often underdetermined) problem.

Within ATMO, parametric, non-parametric and hybrid techniques have been

developed. Below, two different approaches (non-parametric vs. parametric) are

briefly discussed in terms of the main rationale and some results. A more in-depth

treatment is presented in the many papers published throughout the project (see

www.atmo.tudelft.nl).
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15.2.1.2 State Space Neural Networks for Freeway and Urban Travel

Time Prediction

The SSNN Model

The underlying idea in both the work of Van Lint (2006, 2008) and Liu et al. (2006,

2007) is the development of a generic non-parametric model that combines a

powerful non-linear and dynamic machine learning technique (a so-called state-

space neural network – SSNN) with a mathematical structure that more or less

resembles a (physical) traffic network (Fig. 15.4a illustrates and explains this). The

SSNN structure consists of three layers with processing units, that is, a hidden layer,

a context layer and an output layer. The hidden layer consists of neurons which each

represent a road section. Each hidden neuron j receives its previous activation xjk-1,
and input ujk (detector data) from detectors on this road section only, and calculates

a single scalar output xjk. In vector notation the hidden layer output reads as follows

xk ¼ f w0 þ wxxk�1 þ wxukð Þ (15.1)

In (15.1) the vectors w0, w
x and wu contain adjustable parameters or weights,

and f denotes a nonlinear (sigmoid) function, which squashes the hidden neurons

outputs between �1 and 1 (or 0 and 1). The context layer does not contain

adjustable parameters and operates as a short-term memory (it stores hidden neuron

outputs of a previous time step xk-1) and facilitates learning dynamic patterns (e.g.

during congestion build-up and dissolution). The output layer consists of just one

neuron, which combines hidden and context layer outputs and calculates the SSNN

output (expected travel time)

(a) SSNN model for freeway routes (b) SSNN model for urban segments (USEG) and routes (top)

x1,k xm,k xM,k
... ...

x1,k-1 xm,k-1 xM,k-1
... ...

section 1 section m section M

yk

Output layer  consists of one
neuron, which calculates the
predicted travel time for vehicles
departing in period k, based on the
internal states.

Context layer consists of M neurons,
where M denotes the number hidden
layer neurons. It stores the previous
internal states of the SSNN. It is fully
connected to the hidden layer.

Hidden layer  (or internal states)consists
of M neurons, where M denotes the
number of sections defined on route R.

Inputs  each hidden neuron receives inputs (traffic
flow and average speeds) from detectors located
on its respective section. These include detectors
on the main carriage way and (if available) on on
and off ramps

trainable connections

fixed connections

a b

Fig. 15.4 State-space neural network for (a) freeway and (b) urban travel time prediction

(Source: Van Lint 2008 and Liu et al. 2007 [respectively])
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yk ¼ h v0 þ vxkð Þ (15.2)

in which v0, v are again adjustable parameters and h represents a nonlinearity (or

the identity function). The parameter vectors obviously need to be set such that the

SSNN model is able to predict travel time on the basis of new ‘unseen’ data. This

process is called neural network training and is crucial in developing reliable

predictors.

Neural Network Training Algorithms Used and Developed Within ATMO

Within ATMO different training methods have been extensively tested, both for

urban and freeway applications. In Van Lint (2006) and Van Lint et al. (2005, 2006)

the SSNN model is trained with a second order (batch) Bayesian regularized

(MacKay 1995) training algorithm. This method aims at minimizing the following

cost function:

C ¼ b
X
Nk

ekð Þ2 þ a
X
Nc

cnð Þ2 (15.3)

in which

ek ¼ dk � yk (15.4)

denotes the model error (desired – model prediction), and cn, n ¼ 1,2,. . .,Nc are

the elements of weight vector c of size Nc containing all SSNN weights. In (15.3),

b and a are hyper-parameters controlling the contribution of each of the two

components in the cost function. This cost function hence balances between

minimizing the sum of squared errors (first component) with the sum of squared

weights (second component), based on the notion that larger weights make the

model more sensitive and increases the risk of over fitting the training data.

MacKay (1995) argues that both output errors and weights can be interpreted as

Gaussian noise processes with prior variances of 1/b and 1/a respectively, and

shows that minimizing cost function (15.3) is equivalent to maximizing the poste-

rior probability density of the weights given the training data, hyper parameters and

all other assumptions O (e.g. model structure), mathematically

P cjD; a; b;Oð Þ ¼ P Djc; a; b;Oð ÞP cja; b;Oð Þ
P Dja; b;Oð Þ (15.5)

which in turn is equivalent to minimizing the log posterior

C � ¼ � log P cjD; a; b;Oð Þð Þ (15.6)
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where D depicts the available training data {uk,yk}, k ¼ 1,.., Nk. The benefit of

translating cost function C (15.3) into C* (15.6) is that Bayes rule (used to calculate

the posterior) automatically embodies Occam’s Razor (MacKay 1995) and that

minimizing C* thus leads to the simplest setting of c still warranted by the data D.
Within ATMO, various researchers have made extensive use of this important

insight. In Van Hinsbergen and Van Lint 2008; and Van Hinsbergen et al. 2009a, b

the Bayesian framework for training (and testing) neural networks is further

extended such that it allows combining entirely different travel time prediction

models, on the basis of the (Bayesian) evidence, which in fact is equal to the

denominator in (15.5). This Bayesian framework for model training and compari-

son enables the analyst to use ensembles of prediction models and provides a

principled data driven method of weighting the contribution of each model under

different circumstances and with different types of data. For mathematical details

on the training algorithms we refer to the articles cited earlier. Another avenue

explored within ATMO relates to incremental and online learning algorithms for

traffic and travel time prediction models and is treated in detail in Van Lint (2008).

Below we will provide the basic rationale.

Alternative Online Learning Algorithms: Online-Delayed and Online-Censored

EKF Algorithms

Generally speaking, online learning algorithms are a special class of incremental
learning algorithms. These incremental learning algorithms adapt the model

weights (parameters) c after observing a single input, output (target) pattern {uk,

dk}. In contrast, batch learning algorithms (which are used to train the SSNN

models in Van Lint 2004, 2006; Van Lint et al. 2005) adapt model weights after

observing an entire batch of input, output data {uk, dk}, k ¼ 1, 2, . . . . As a

consequence, batch algorithms can only be applied offline. In case at each time

instant k both uk and dk-1 are available, incremental algorithms can be applied

online in a so-called one-step-ahead prediction procedure. Roughly, such an online

learning algorithm reads as follows, in which yk ¼ G(ck-1, uk) depicts an SSNN

model with parameters last updated at time k-1:

1. Make a prediction yk
2. Update model weights ck-1 with error ek-1 ¼ dk-1 � yk-1.
3. Set k: ¼ k + 1 and go to step 1

In a travel time prediction context, this one-step ahead procedure is clearly not

applicable, since a realized (actually measured) travel time dk-1 is not available at
time instant k + 1 but in fact after k + dk time periods. The consequence is that no

standard online learning procedures (e.g. with ‘classic’ Box-Jenkins time series

models such as AR(I)MAmodels) can be applied to online travel time prediction. In

Van Lint (2008) two alternative incremental training algorithms are proposed.
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The rationale behind the online-delayed EKF algorithm is straightforward. A

weight update is applied only at time instants k for which realized travel times are

available. This inherently delayed learning algorithm reads as follows:

1. At time period p, determine departure time period k ¼ floor(p-dk) for which the

last (arrival) travel time dk was available.
2. Update weights based on inputs (speeds, flows) and targets (travel time dk !)

available at period k
3. Now predict travel time at time period p with updated weights

Inherently, this delayed learning method will cause the travel time prediction

model to lag behind, at least in the early stages of learning. The online-censored

algorithm, in contrast, makes use of the fact that in case no travel time measurement

is available, one does have a lowerbound estimate of this travel time. Consider that

at some time period p the last realized travel time dm is available from vehicles

departing at period m, where m ¼ p-dm. Although for periods k, m < k < p, no
realized travel times are available yet, a censored observation (in fact a lowerbound
value) is:

dk > d�k ðpÞ ¼ p� k (15.7)

Although the true prediction error ek ¼ dk � yk (where yk ¼ Gðck; ukÞ) is not

available, again, a censored observation of this error is, which reads

e�kðpÞ ¼ d�k ðpÞ � yk (15.8)

Due to (15.7), (15.8) represents a monotonically increasing lower bound of the

true error ek:

e�kðpÞ< ek; m < k < p (15.9)

At each time period p > k for which no realized travel time dk of vehicles

departing at k is available, the censored error (15.9) provides an incremental

estimate of the model prediction error. Letting

xkðpÞ ¼ e�kðpÞ � e�k p� 1ð Þ> 0 (15.10)

in which

Xmþdmþ1

p¼kþ1

xkðpÞ ¼ ek

implies that for a particular departure time k for which no realized travel time is

available, the weights ck can be updated stepwise at each p > k. Such an update is
retained if this update indeed improves model performance, that is, if
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d�k ðpÞ � G uk;ckð Þ> d�k ðpÞ � G uk;ckþ1

� �
(15.11)

which is the case if, and only if

G uk;ckþ1

� �
> G uk;ckð Þ (15.12)

In all other cases the update is discarded. The constraint (15.12) implies that if

the parameter-update results in a larger predicted travel time than before, it is

retained, otherwise it is discarded, in which case ek
*(p) must be reset to zero.

Intuitively, this procedure makes sense. For example, in case travel times (of e.g.

10 min) are of an order larger than the unit of discrete time k (of e.g. 1 min), the

lower bound of (15.7) will initially (as p is only a few time steps away from k) be
much smaller than free-flow travel times. Adapting the weights to these clearly

underestimated travel times would not improve learning at all. In situations of

congestion build-up, during which travel times tend to increase, it is clear that

according to (15.12) updates are retained only if these contribute to the increasing

trend. In case of declining congestion, during which travel times tend to decrease,

(15.12) has no effect, since in those cases realized travel times will become

available increasingly faster.

Finally, note that at any particular time period p, there will be a number of past

time periods k for which no realized travel times are available yet. This means that

per time period p possibly more than one weight can be applied with censored

errors. In this research this is done sequentially, while at each update (15.12) is

evaluated with respect to the last weight update, which could also have been applied

during p.

Brief Summary of Main Results

Figure 15.5a, b illustrates some prediction results with the SSNNmodel on the basis

of real data on a freeway route (the 10 km 3-lane A13 Motorway between Delft and

Rotterdam Airport), and a simulated 4 km urban arterial with three major controlled

intersections. In both cases the data for training and testing were obtained from

induction loops (Fig. 15.4 schematically outlines how the inputs are connected to

the SSNN). From the many results published, a number of main conclusions can be

drawn:

• The SSNNmodels appear to be stable and accurate travel time prediction models

with mean average percentage errors between 5% and 10%, depending on

application.

• Instrumental in achieving good prediction results is a training procedure which

prevents the model from over-fitting the training data. Regularization (as in

(15.3)) in combination with the Bayesian framework (Van Hinsbergen and Van

Lint 2008; Van Hinsbergen et al. 2009a, b) has throughout the ATMO project

consistently led to models which are both accurate and smooth.
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• SSNN (or any non-parametric) travel time prediction models trained off-line (on

the basis of a large historical database) outperform models which are trained

online (EKF methods in Fig. 15.5a and models 1, 2, 4 and 5 in Fig. 15.5b).

Online training takes place each time a new pair of input (flows and speeds) and

output data (travel time) becomes available. This is due to the time lag between

departure travel time and measured (arrival) travel time, which in fact equals the

travel time itself. Although more advanced online learning algorithms have been

proposed (see Van Lint 2008), this is a critical drawback of non-parametric

travel time prediction models.

15.2.1.3 Travel Time Prediction with Online Macroscopic Simulation

Online traffic simulation models have been the subject of study in recent years

(Lebacque 1996; Wang and Papageorgiou 2005; Zuurbier et al. 2006; Van

Hinsbergen et al. 2008), for various applications, such as state estimation, state

prediction or travel time estimation. However, in order to apply this model on an

urban network, extensions are required to the node (intersection) model, since

urban intersections are very different from freeway intersections. Within ATMO,

three extensions to the node model have been proposed, that is, (15.1) exponentially

decreasing turn capacities, (15.2) the separation of low-frequency and high-

frequency processes at traffic signals and (15.3) online calibration of turn fractions.

Below we will briefly discuss the first two of these.

The number of vehicles that can cross an intersection is reduced by other,

conflicting (priority) flows over a node, as illustrated in Fig. 15.6a. As the two

flows AC and BC use the same space, for one or both directions the total number of

vehicles that can make the move over the node in a certain amount of time, which

we label Turn Capacity (Gr) here, will be reduced. Figure 15.6b illustrates this

(exponentially) decreasing turn capacity on the basis of micro simulation data. A

simple solution to incorporate this in a macroscopic traffic flow model is to consider
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the turn capacity as a macroscopic and dynamic variable. The maximum number of

vehicles that can make the turn in a given time period Gr
max, is reduced by

conflicting demands Dd as follows

Gr ¼ Gmax
r � f D1; :::;Ddð Þ (15.13)

in which f depicts a parameterized exponential function. The flow over the node is

now determined by the minimum of the demand D of the upstream cell, the supply

S of the downstream cell and the turn capacity G, as schematically outlined in

Fig. 15.6c.

In case intersections are controlled by traffic lights, these traffic signals may

cause queues upstream of the node, even in under-saturated conditions, due to the

stochastic arrival of vehicles and possibly time-varying (responsive) traffic control.

This phenomenon has a large impact on the resulting travel times (up to 50%). To

make macroscopic traffic flow models suitable for travel time prediction, we

propose to separate the low frequency flow propagation process (which is ade-

quately modelled by a macroscopic traffic flow model) from the high frequency

queuing process under non-saturated conditions (see Fig. 15.7). The Van Zuylen-

Viti model (Viti 2006) provides a simple way to predict the length of queues under

free-flow conditions, given the current distribution of queue lengths, the average

inflow into the queue and the red and green phases. These extensions have been

implemented in J-DSMART, a Java implementation of first-order macroscopic

(LWR) traffic flow model and tested on the same (simulated) urban arterial as

used to obtain the results in Fig. 15.6b. For inputs and parameter calibration,

(simulated) loop data at the intersections was used. Figure 15.8 shows the results,

and illustrates how the hybrid model performs well in both free flowing and

congested conditions.
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The same model (J-DSMART) is the basic building block of fileradar.nl, an

initiative by two Transumo researchers (Chris van Hinsbergen (ATMO), Frank

Zuurbier (ATMA)) and a direct spin-off of the ATMO project. Fileradar.nl uses

J-DSMART in conjunction with advanced data assimilation tools developed in

ATMO (and partially in ATMA) to estimate and predict traffic conditions on a

network-wide scale. The website www.fileradar.nl and an associated mobile phone

application uses this traffic estimation and prediction engine to inform travellers

about the past, current and future position of traffic queues on the motorway

network. Note that Fileradar.nl was runner up in the 2009 edition of the academic

year prize (sponsored by the Dutch national science foundation). Early in 2010, a

grant for an extensive feasibility study into the further development of fileradar.nl

was awarded by the NSF.

Fig. 15.7 Hybrid first order node model, separating high and low frequency queuing processes

Fig. 15.8 Results urban travel time prediction with the hybrid first order model J-DSMART on a

(simulated) 4 km urban arterial with three major intersections
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15.2.2 Travel Time Reliability

Whereas (predicted) density, speed and travel time are key quantities in traffic

management and information services, travel time reliability has become one of the

key policy performance indicators of transportation networks and corridors.

15.2.2.1 Travel Time Reliability a La Carte and the Nota Mobility

Unfortunately, there is no undisputed quantitative measure for travel time (un)

reliability which can be deduced from raw data (e.g. travel times, flows). Van Lint

et al. (2008) demonstrate that, on a large data set, many of the popular travel time

unreliability measures used in practice (e.g. buffer and misery indices and coeffi-

cient of variation) are highly inconsistent Fig. 15.9 provides an example scatter plot

of the misery index (MI) and the so-called buffer time index (BI), which are

commonly defined as follows:

BI ¼ TT90�M

M
; MI ¼ MjTTi>TT80 �M

M

in which M denotes the average travel time and TTXX the XXth percentile travel

time on a given time-of-day/day-of-the-week period. The buffer time index

indicates the percentage extra travel time a traveller should leave earlier than on

average, to still arrive on time (in say 90% in the cases) on a given time-of-day/day-

of-the-week period. The misery index calculates the relative distance between the

mean travel time of the 20% (or 10% or any other percentage) most ‘unlucky’
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travellers and the mean travel time of all travellers on a given time-of-day/day-of-

the-week period.

In Van Lint et al. (2008) a more detailed analysis reveals that virtually all used

travel time reliability measures are inconsistent, both in terms of numerical value as

well as in selectivity. The consequence of the inconsistency between commonly

used travel time unreliability measures is that these measures are ambiguous for

policy assessment. To put it simply, an analyst could choose the measure which –

under the circumstances at hand – provides the most favourable outcome: travel

time reliability a la carte.

An example of the arbitrary nature of some of these measures comes from the

current Dutch national transport policy document, the ‘Nota Mobility’ (AVV

2004). In this policy document a number of probabilistic travel time reliability

measures is used to express explicit policy goals for the years 2005–2020. For short

routes (smaller than 50 km), AVV (2004) states that in at least 95% of all travel

times in a certain period should not deviate more than 10 min from the median

travel time, while for longer routes 95% of the travel times should stay within a 20%

margin around the median. In terms of the probabilistic measures introduced earlier

these policy goals can be expressed as

PrðTTi � 100 þ T50jTOD;DOWÞ> 95% for routes < 50 km (15.14)

and

PrðTT � 1:2 � T50jTOD;DOWÞ> 95% for routes > 50 km (15.15)

In testing these goals against the current situation (where we actually used data

from the year 2002) on the Dutch highway network, we applied measure (15.14) on

a typical short route, the 13 km 3-lane A13 Southbound between The Hague and

Rotterdam (The Netherlands) on which the free flow travel time is around 7 min.

The second measure (15.15) is applied to a longer stretch of over 40 km. This

second route, the A20 from Maassluis to Gouda of more than 40 km contains the

one used later on in this article and has a free flow travel time of 22 min.

Figure 15.10 shows the actual (that is, based on data from 2002) and the

maximum acceptable travel time reliability according to AVV (2004) on the shorter

of the two routes (the A13), that is using (15.14). Clearly, only on Sundays more

than 95% of all trips have an acceptable travel time. On weekdays, and particularly

on Thursdays, the threshold set by (15.14) is not met during the peak periods, during

which less than 90% of all trips are realized within 10 min around median travel

time. On Thursdays (Fig. 15.10, bottom) between 16:00 and 18:00 no more than

80% of all trips can be traversed within a 10 min margin around the median.

Figure 15.11 shows that on a longer route the situation according to standard

(15.15) is even worse. Even on Sundays (Fig. 15.11-top), this criterion is not met

during the afternoon peak, while during weekdays (Fig. 15.11-middle and -bottom),

in fact travel time reliability drops well below 70% during both morning and

afternoon peak hour periods.
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When one considers an expected 20% mobility growth in terms of (person car)

kilometres and a 40–80% growth in terms of commercial operations (AVV 2004)

and furthermore that

• By increasing motorway capacity in the pace envisaged by (AVV 2004)demand

elasticity alone will consume most of this extra capacity, while also a significant

amount of induced demand (growth) is to be expected;

• Enabling more travel on motorways also has immediate consequences on travel

demand on the connected (non-motorway and urban) networks, for which AVV

(2004) does not specifically allocate means nor sets criteria;

It is not very likely that the criteria set in the Nota Mobility (AVV 2004) will be

met by 2020. This is further supported by Hilbers et al. (2004) (who, like the Nota

Mobility, also use (Schrijver 2004) for their analysis). These authors conclude that

travel time reliability – in this case in terms of buffer time indices – “will most likely

Fig. 15.10 Actual and acceptable travel time reliability on a typical short freeway route (the A13

from the Hague to Rotterdam) according to AVV (2004) for 3 days of the week over 2002
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deteriorate in the coming decades and that unreliability will spread both over the
day (broader peak periods) as well as over space (increase in the number of
unreliable road stretches)”. To put it simply, AVV (2004) aims for a quality of

travel (expressed in terms of travel time reliability) which is not even met in 2002

on all Sundays, and which – unless miracles (or disasters) occur – is not likely to be

met in 20 years from now under the conservative estimate of a 20–40% increase in

(total) demand and the expected slowness in upgrading road network capacity.

The underlying point here is to emphasize the arbitrary nature of the measures

with which the criteria are quantified and their – in our view – limited value as

policy criteria. If, for example, the thresholds (10 min for short routes, 20% for long

routes – see (15.14), (15.15)) had been chosen more conservatively, obviously, a

very different picture would have emerged. In that case travel time reliability may

have looked excellent on most roads during most periods. There is no rationale

Fig. 15.11 Actual and acceptable travel time reliability on a typical long route (the A20 from

Maassluis to Gouda) according to the Nota Mobility [41] for 3 days of the week over 2002
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provided on the basis of which these criteria were set. Secondly, there are some

statistical properties of the travel time distribution which are not well represented

by current travel time reliability measures such as the ones used in Eqs. 15.14 and

15.15. These properties mainly relate to the skewness of the travel time distribution.

Finally and most importantly, none of the travel time unreliability measures

proposed in the literature (and/or used in practice) really provides insight into the

underlying traffic processes which result in travel time unreliability. As a result,

policy analysis on the basis of these measures also does not disclose which policies

and measures (e.g. traffic management or road infrastructure design policies) offer

the best solutions, i.e. yield to more reliable travel times.

15.2.2.2 A New Theory and a New Measure for Travel Time Unreliability

In the fourth PhD project within ATMO, a new theoretically and empirically

underpinned travel time reliability measure has been developed, which is based

on notions from risk analysis (Tu 2008). The basic rationale is that travel time

reliability on a route r is a function of the probability of traffic breakdown (given a

certain demand qin) times the travel time variability (the associated costs) under

either free-flowing and/or congested conditions (Tu et al. 2008). Figure 15.12
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schematically outlines this concept on the basis of a scatter plot of demand versus

travel time rate. This concept from risk analysis leads to the following travel time

(un)reliability model:

TTURðqrinÞ ¼ 1� pbrr ðqrinÞ
� �� TTfree

VARðqrinÞ þ pbrr ðqrinÞ � TT
cong
VAR ðqrinÞ (15.16)

in which:

TTURðqrinÞ Travel Time UnReliability for a given inflow level qin on route r

TTfree
VARðqrinÞ;TTcong

VAR ðqrinÞ

Travel Time Variability for a given inflow level qin on route r under
respectively free and congested conditions. Within ATMO, TTVAR is

defined as the difference between the 90th and 10th percentile travel

time (under respectively free flowing and congested conditions).

prbrðqrinÞ

Probability of traffic breakdown for a given inflow level qin on route r.
Note that this reflects the probability congestion sets in anywhere on
the route, given that the entire route is still in a free flowing condition.

The travel time reliability measure presented in (15.16) has a straightforward

and intuitive interpretation. It equals the expected amount of variation in travel time

(distance between the 90th and 10th percentile travel time) as a function of inflow

level qin. We assume essentially two contributors to travel time unreliability. The

first is the probability of traffic breakdown (which exponentially grows as the flow

approaches capacity). The second is the variability in travel time, that is, the spread

in delays incurred by drivers under the same circumstances. Since both can be

actually measured on the basis of data (or estimated as we will see further below),

this travel time reliability performance measure does provide insight for actual

solutions (policies & measures) which may improve travel time reliability

1. First of all, travel time reliability can be improved by measures which decrease

the probabilityof traffic breakdown. These measures may range from simple

infrastructure adjustments; speed calming and lane control to advanced vehicle-

highway automation.

2. Secondly, measures which aim at reducing the variability of travel time contrib-

ute to an increase in reliability, for example travel information services and route

guidance. Particularly rerouting (or rescheduling) traffic based on predicted

travel time offers opportunities to decrease travel time variability.

Figure 15.13 illustrates that – on the basis of several years of real-data – this new

formulation in (15.16) results in a monotonically increasing function for travel time

unreliability, which looks very much like the widely used BPR function (Bureau of

Public Roads 1964) for average travel time.

It is straightforward to fit such a BPR-like cost function on the basis of this

empirical relationship between travel time unreliability and inflow (as in

Fig. 15.12). This new, so-called TLZ (Tu, van Lint, van Zuylen) function, expresses

the travel time unreliability (in units time) on a route of road segments as a function of
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traffic demand and contains three parameters which can be estimated from data under

a variety of circumstances (precipitation, geometry). This TLZ function reads as

cTTUR qinð Þ ¼ TTfree
UR 1þ b

qin
lttr

� �g� �
(15.17)

where:

cTTUR qinð Þ ¼ fitted travel time unreliability for a given inflow qin
lttr ¼ critical travel time unreliability inflow

TTfree
UR ¼ free flow travel time unreliability

b; g ¼ shape parameters

The usefulness of approximating (15.16) with this TLZ function (15.17) is that

the TLZ contains – analogously to the widely used BPR function for calculating

average travel time from traffic volume – a critical (capacity) flow lttr, which in fact
is much lower (30–40%) than the capacity (maximum throughput) of any of the

road segments constituting the route of interest. This implies that there is a

fundamental trade-off between efficiency (maximizing throughput) and travel

time reliability. Beyond this ‘critical reliability flow’ lttr more traffic may be

serviced, but at the price of a steeply increasing probability of traffic breakdown

and a (much) larger uncertainty in the resulting travel times. Figure 15.13 (bottom

Fig. 15.13 Travel time reliability according to (15.16) on the basis of real data on six freeway

routes in the Netherlands under dry (strip-dotted line) and rain circumstances (solid line)
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left) illustrates that lttr– like capacity – is a function of amongst other things

precipitation (and furthermore of road geometry, traffic control, etc.). The TLZ

function in principle could be used for two purposes:

1. The TLZ function can be used as a performance measure in ex post evaluation
studies on the basis of real data (one needs flows and travel times). In that case,

the analysis consists of estimating its parameters, and compare lttr between
different situations/policies. In much the same way also the original formulation

in (15.16) could be used, in which case the probability of traffic breakdown

needs to be estimated for different situations/policies – a process which is

probably more involved than estimating the ‘critical reliability flow’ lttr. Either
way, the resulting travel time unreliability is – just like the standard deviation of

travel time for example – expressed in units time and could hence also be

coupled to a monetary value.

2. The TLZ function could also be used as a route cost function in ex ante
evaluation studies (dynamic traffic assignment) in much the same way as the

BPR function is used as a (link or route) cost function. The main difficulty is that

– unlike average travel time – travel time unreliability is not additive over

different links which constitute a route. As a result, the TLZ function cannot

be used as a link cost function, that is, one cannot simply add link unreliability to

calculate the total unreliability over a route. Instead, travel time unreliability can

only be calculated for an entire route.

15.2.3 Real-Time Monitoring of Emissions

As a final example of the ATMO research effort, we will briefly discuss a pilot

study set up in the city of Delft with the objective to investigate whether it is

possible to monitor vehicle emissions in real time. Full detail on this ATMO pilot

can be found in Klunder and Wilmink (2009). Real-time monitoring of emissions

would enable intersection control targeted at minimizing emissions rather than (or

combined with) minimizing vehicle lost time. The key research goal in this pilot

study was to assess the possibilities to estimate critical air quality indicators with

sufficient accuracy, based on limited sets of traffic data and possibly local air

quality measurements, in order to (preferably automatically) activate appropriate

control strategies.

In order to study this question, detailed traffic and air quality measurements were

carried out on an urban arterial using video-based monitoring, inductive loop detec-

tion, and high-resolution air quality and meteorological measurement equipment.

Additionally, full-day traffic activity was simulated with the VISSIM microscopic

traffic model and input to the VERSIT + microscopic emissions model. The

emissions estimates and meteorological data were also input to the HEAVEN Gauss-

ian dispersion model to estimate gaseous concentrations around the intersection. The

combined measured and modelled data were used to explore the contribution of
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various traffic data sources to the accuracy and precision of local emissions and air

quality estimates for nitrogen oxides (NOx) and carbon dioxide (CO2).

By comparing emissions estimates with measured air quality, this research

showed that localized emissions can be estimated on a coarse time scale with

sufficient local data. At the location of measurement, relative NOx emissions (in

g NOx/kg CO2) were estimated at the hourly level with a mean absolute percent

error (MAPE) of 7% over two days. At 15 min aggregation the MAPE rose to 14%,

and continued to rise at shorter aggregations, illustrating the challenges of short-

term emissions estimates, even with thorough traffic data. For short time periods

with fewer passing vehicles, the high uncertainty (un-modelled variance) of on-road

emissions from individual vehicles is more apparent, while long aggregations with

more vehicles are more easily predicted with mean values.

Figure 15.14 presents in more detail the importance of dynamic local data for

emissions factor estimation (in g/km). The left panel shows the bias of using

national average emission factors instead of local data at this location for NOx,

CO2, and relNOx (relative NOx: g NOx/kg CO2). These are compared for simple

light duty/heavy duty (LD/HD) classifications, full vehicle class information from

license plate recognition, and speed profiles from simulated trajectories. Full class

data provides important local information beyond LD/HD splits (especially for

NOx) due to the addition of fuel and emissions standard data. Local driving

dynamics in the form of simulated speed profiles revealed much lower local CO2

emissions than predicted by national average ‘urban’ driving.

The right panel in Fig. 15.14 shows the uncertainty of estimated emissions

factors due to neglecting dynamic local vehicle fleet and activity data. Again,

detailed class information captured much more variance in emissions than simple

LD/HD splits. Without heavy congestion at this location, the 15 min activity data

was less dynamic over the two days than was the vehicle class data.

In conclusion, dynamic local traffic data provides important information for the

accurate estimation of local emissions. The importance of local (and real-time)

measurement depends on the uniqueness and variability of the local fleet and local

activity. For the purposes of dynamic traffic management (DTM) strategies aimed

at reducing local air pollution, real-time local data on the vehicle fleet and driving
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dynamics (measured or modelled) are needed, as traffic flows alone are not suffi-

cient to make reliable emissions estimates. Still, with the tools currently available,

real-time emissions monitoring can only be done on coarse time scales (15 min or

more, depending on the required accuracy). This limits emissions-controlled DTM

systems to strategies (such as reduced speed limits and class-based routing or

prioritization) that are implemented over longer time scales – as opposed to short

cycle adaptive management.

As another option, direct measurement of air quality concentrations can be used

as a simple trigger for emissions-reducing traffic management, but these

measurements alone cannot be used as an adaptive system control because of

large disturbances from background concentrations and passing plumes external

to the traffic stream. Analyzing roadside air quality measurements did allow

estimation of relative emissions factors (with respect to CO2) for some individual

vehicles. While this can be used for direct identification of high-emitting vehicles,

the highly turbulent near-field environment prevents sufficient measurements to be

used for DTM control.

15.3 Lessons Learned and Further Research

In retrospect, ATMO has succeeded in achieving its main objectives, that is, to link

fundamental (PhD) research to practical and applied pilot studies and as such

disseminate and popularize research amongst public and private partners. During

the course of the ATMO project, however, it became increasingly clear that the

jump from PhD research to practical implementation was often too large. Much

‘textbook’ material in the scientific community (e.g. shockwave theory, the differ-

ence between instantaneous and departure travel time) was largely unknown or at

least not used in practice. Vice versa, many practical issues (e.g. hardware or

software limitations) were largely unknown to the researchers. The discrepancy

between what is scientifically ‘known’, and what is actually used and incorporated

in traffic management (or ITS) practice, has surfaced many times throughout the

course of the ATMO project and has been the incentive for, amongst other things, a

2-day post-academic course on traffic monitoring (addressing traffic flow theoreti-

cal, methodological and technical aspects), and an e-handbook (in Dutch) on this

subject.

The key insight for us (the ATMO project management) was that it is the

scientific community who must take (co-) responsibility for, and most importantly,

initiative in making knowledge accessible and comprehensible for practice, for

example in terms of pro-actively explaining or ex post showing why certain

measures yield certain effects on traffic processes. The most effective way of

doing so is by simply illustrating the underlying concepts (e.g. shockwaves,

spillback, the capacity drop, variability in flows/travel times, reliability, etc.) on

the basis of (large amounts of) archived data.
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This implies that, besides the direct and obvious importance of traffic monitoring

for traffic management and ITS in both planning and operation, traffic monitoring

in the broadest sense (i.e. translating raw data into usable information) also provides

the justification and the incentive for collaborative research in both traffic manage-

ment and monitoring. Solving this ‘chicken-and-egg’ problem (justifying research

requires research results) requires entrepreneurial scientists and – inherently – the

willingness of public and private partners to invest in public data archiving and

mining facilities, tools and methods. The Regiolab-Delft data server and the pilots

in Delft and the City of Utrecht are two examples of projects which illustrate that

this leads to a win-win situation for both science and practice. Other university-

driven data initiatives, such as the Portland Oregon Regional Transportation

Archive Listing (PORTAL) initiated by the University of Portland, Oregon

(portal.its.pdx.edu), and the international traffic database (ITDb), initiated by

Tokyo University (www.trafficdata.info), illustrate that traffic scientists around

the globe are successfully taking up this challenge.

There is a broad range of directions for further research into traffic monitoring,

many of which are already endeavoured in the Netherlands and world-wide. Let us

list a few, which we believe are particularly relevant in the context of sustainability:

• Traffic state estimation (data fusion) and prediction in mixed traffic networks on

the basis of heterogeneous traffic data from a combination of different sensors

(infrastructure bound and probe vehicle based).

• Real-time estimation and prediction of other quantities relevant for sustainable

traffic and travel management such as emission levels and (travel time)

reliability.

• Integrated multi-modal traffic monitoring, state estimation and prediction (i.e.

including bus, rail and slow traffic modes).

• Integrated decision support tools which incorporate the techniques and models

developed within ATMO and which enable both ex post and ex ante evaluation

and simulation of next generation sustainable traffic management and informa-

tion services.
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Chapter 16

Dynamic Traffic Management Measures

to Optimize Air Quality, Climate, Noise,

Traffic Safety and Congestion: Effects

of a Single Objective Optimization

Luc Wismans, Eric van Berkum, and Michiel Bliemer

16.1 Introduction

Traditionally, traffic problems are treated in isolation in terms of location of the

problem and the kind of problem. However, there is a strong correlation between

these problems, so clearly solving a traffic problem at one location may result in

other problems at other locations. Congestion problems on the main network can,

for example, lead to “rat-running” (through-traffic using the secondary road net-

work avoiding these congestion problems) causing liveability problems. Therefore,

measures to alleviate traffic problems are nowadays increasingly focussed on the

network level. In addition, solutions are sought for the optimization of traffic

systems and less emphasis is placed on expanding the infrastructure of the system

mainly because of financial considerations and space limitations. This optimization

can be achieved using traffic management measures. Traditionally, this type of

optimization is focussed on improving accessibility, given particular boundary

conditions for traffic safety and liveability (set by law). Yet, the quality of traffic

systems is not only a matter of accessibility, but also of externalities such as traffic

safety and liveability. Recently, there has been an increase in the attention paid to
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these problems in our society, mainly in the context of climate and air quality,

which are of increasing importance when policy decisions are made. This means

a need for multi-objective optimization of traffic systems incorporating

the externalities (Ministerie Verkeer en Waterstaat 2004; Wismans 1999 and

AVV 2002).

16.1.1 Network Design Problem

The optimization of traffic systems by expanding or improving an existing network

is often referred to as a Network Design Problem (NDP). This problem is usually

formulated as a bi-level programming problem in which the lower level problem

describes the responses of road users, optimizing their own objectives,

operationalized as solving a deterministic or stochastic user equilibrium problem.

The upper level consists of the objective that has to be optimized for solving the

NDP. Because of the non-convexity of the problem (Gao et al. 2005; Chiou 2005

and Chiou 2009) several global solution approaches are used, including genetic

algorithms and simulated annealing. The optimization of dynamic traffic manage-

ment (DTM) measures can be seen as a variant of the NDP. There are several

studies that formulated multi-objective NDP (MONDP) in which for example the

budget-constraint is formulated as a second minimization problem. We refer to

Sharma et al. (2009) for more information.

Several studies have been carried out related to the optimization of regional

traffic systems using multiple objectives concerning externalities taking traffic

dynamics into account. In 1978, Gershwin et al. had already developed a system

which could be used to optimize traffic systems by using traffic lights, ramp

metering and reserved lanes taking route choice and mode choice into account.

The optimization could be travel time, fuel consumption or a combination of the

two. More recently Lu et al. 2006 applied a bi-level multi-objective programming

model and a genetic algorithm was used as solution algorithm to determine the

optimal solution for ramp metering control. Schm€ocker et al. (2008) adopt a multi-

objective fuzzy logic approach similar to earlier studies of Anderson et al. (1998)

and Murat and Kikuchi (2007) to optimize traffic lights, taking into account both

emissions and traffic delays. They proved the feasibility of their approach. In

Mathew and Sharma (2006) the network design problem is formulated as a bi-

level optimization problem in which emission costs and travel time costs are taken

into account. They also showed the feasibility of their approach. A grid search

algorithm was used in Zuurbier et al. (2007) to determine the optimal application of

Variable Message Signs. They used an objective function consisting of a weighted

sum of the effects of the air quality and accessibility, and showed that there are

different optimal solutions for the individual objectives and for the combined

objectives. In Ahn and Rakha (2008) research is done on the effects of route choice

in terms of energy use and emissions of pollutants. This research showed that a user
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equilibrium or system optimum in terms of travel times does not necessarily result

in minimizing energy use or emissions.

16.1.2 Aim of This Research

There are more studies related to this subject; however, until now these studies have

been limited to considering only a few externalities or are focussed on local

optimization. That is why the University of Twente started a research programme

to determine how regional traffic systems can be optimized using multiple

objectives and traffic management measures taking traffic dynamics into account.

This research is about solving the multi-objective NDP in which minimizing the

externalities of road traffic using DTM measures are the objectives. This chapter

describes the results of research on optimization of the DTM measures of all

individual externalities and the effect on other externalities (e.g. what does optimi-

zation of traffic safety mean for noise) and research on objectives being opposite or

aligned when a traffic system is being optimized using dynamic traffic management

measures on the level of objectives of one stakeholder (i.e., road management

authority aiming at minimizing all externalities). This knowledge is useful for the

multi-objective optimization, because the results can possibly be used to accelerate

the multi-objective optimization process in which the Pareto set of solutions, is

searched.

16.1.3 Chapter Outline

In the next section the model framework and methodology will be described, in

which the model objectives are to optimize congestion, safety, air quality, climate

and noise. Then, the solution approach is described and applied in a case study in

which (near) optimal settings for DTM measures are determined. The last section

concludes with a discussion and directions for further research.

16.2 Model Framework and Methodology

Within this study, the optimization problem is formulated as a bi-level optimization

problem. The upper level consists of the optimization of the objectives of the road

management authorities concerning congestion, air quality, noise, climate and

traffic safety by applying available DTM measures using a genetic algorithm. The

lower level consists of the road users optimizing their own objectives (in this case

optimization of travel times) operationalized by solving the Dynamic User Equilib-

rium. In Fig. 16.1 a global overview is given of the framework used.
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16.2.1 Upper Level

The upper level consists of the calculation of the objective functions and solution

approach used, searching for global optima for the single objective functions or a

combination of objective functions. Within this section the calculation methods

used to assess the externalities and the objective functions are presented.

The optimization is focussed on the optimization of the objectives of one

stakeholder, namely the road management authority. However, there are several

road management authorities and not just one, and these can have different and

possible conflicting objectives. In this study, we assume that there is one road

management authority that wants to minimize the externalities of traffic, which

means the self-interest of the various road management authorities is not consid-

ered. The objective functions used, which all should be minimized, are listed in

Table 16.1.

Congestion is represented by the network measure total travel time. The objec-

tive function is to minimize the sum of the travel times of all trips. Because fixed

demand is assumed, minimizing total travel time is equal to minimizing total

vehicle lost hours.

Traffic safety is represented by the measure of the total number of injuries. The

calculation method is based on using the relation between exposure (number of

vehicle kilometres) and risk per road type (ratio of number of injuries per vehicle

kilometre). Important point of attention of this calculation method is that it can only

deal with the effect of the dynamics of route choice of road-users (use of different

road types) and not with the traffic dynamics on a certain road (speed and speed

differences). The objective function is to minimize the total number of injuries. In

the literature, there is typically no distinction made in injury risks between vehicle

types. Table 16.2 presents some injury risk figures from the Netherlands (Jansen

2005).

The effect of traffic on climate is represented by the measure of total amount of

CO2 emitted by traffic. The calculation method is based on using an average speed

based discrete emission function that describes for each vehicle type (passenger

cars and trucks) the relation between speed (discrete speed steps of 5 km/h) and the

emission factor (emission of CO2 per vehicle kilometre). The emission function

shown in Fig. 16.2 was fitted within Goudappel Coffeng (2007) by using the

emission factors estimated in TNO (2001) and a physical calculation of the energy

Objectives / genetic algorithm

Dynamic User Equilibrium / INDY

Solution(s)
(DTM)

Externalities

Fig. 16.1 Framework used
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Table 16.1 Overview of measures and objective functions used

Objective Measure Remark

Congestion Total travel time (h)

Because fixed demand is assumed minimizing total

travel time is equal to minimizing vehicle lost

hours

minY ¼ P
a

P
t

P
m

qamðtÞ‘a
vamðtÞ (1)

Traffic

safety Total number of injuries

Calculation based on using the relation between

exposure and risk per road type

minF ¼ P
a

P
t

P
m

P
d

qamðtÞdadRmd‘a (2)

Climate

Total amount of CO2 emissions

(g)

Calculation based on average speed based discrete

emission functions per vehicle type used within

the Dutch study Effects of speed limit

enforcement on CO2 emissions (Goudappel

Coffeng 2007)

minG ¼ P
a

P
t

P
m
qamðtÞECO2

m vamðtÞð Þ‘a (3)

Air quality

Weighted total amount of NOx

emissions (g)

Calculation based on a traffic situation based

emission model using discrete emission

functions per level of service, vehicle type and

per road type. Emission factors derived from the

emission model CAR and the study emissions

and congestion (TNO 2001). Two substances

NOx and PM10 are assessed

Weighted total amount of PM10

emissions (g)

minFs ¼ P
a

P
t

P
m

P
d

waqamðtÞdadEs
md vamðtÞð Þ‘a; s 2 NOx,PM10f g (4)

Noise

Weighted average sound power

level at the source (dB[A])

Calculation based on the standard calculation

method (RMV) used in the Netherlands

minW ¼ 10 log

P
a

P
w

daw‘a10
�Lw��w

10P
a

P
w

daw‘a

0
@

1
A; with �Lw ¼ 10 log

P
a

P
t

daw‘a
P
m

10
Lm vam ðtÞð Þ

10P
a

daw‘a

0
@

1
A (5)

with

Y : objective function congestion (¼ total travel time) (h)

Z : objective function traffic safety (¼ number of injuries)

G : objective function climate (¼ total amount of CO2 emissions) (g)

Fs : objective function air quality (¼ weighted total amount of emissions of substance s) (g)

W : objective function noise (¼ weighted average sound power level at source) (dB[A])

qamðtÞ : vehicle type m inflow to link a at time t (veh)

vamðtÞ : average speed of vehicle type m on link a at time t (km/h)

Rmd : injury risk of vehicle type m for road type d (injuries/[veh*km])

ECO2
m ð�Þ: CO2 emission factor of vehicle type m, depending on average speed (g/[veh*km])

Es
mdð�Þ : emission factor of substance s of vehicle type m on road type d, depending on average

speed (g/[veh*km])

Lm �ð Þ : average sound power level for vehicle type m, depending on the average speed (dB[A])
�Lw : weighted average sound power level on network part with urbanization level w (dB[A])

‘a : length of link a (km)

dad : road type indicator, equals 1 if link a is of road type d, and 0 otherwise

daw : urbanization level indicator, equals 1 if link a has urbanization level w, and 0 otherwise

wa : level of urbanization around link a

�w : correction factor for urbanization level w (dB[A])
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needed to overcome the rolling, acceleration and air resistances, and the engine’s

efficiency. One important point of attention is that the emission function is based on

the relation between speed and CO2 emissions that is based on data from highways.

The objective function is to minimize the total amount of CO2 emitted by traffic.

The effect of traffic on air quality is represented by the total amount of NOx and

the total amount of PM10 emitted by traffic. Besides NOx and PM10 there are also

other pollutants relevant for air quality. However, these two pollutants are the most

critical in the Netherlands in relation to the EU limit values. Although, it is

straightforward to calculate using the output of the traffic model, the real measure

of air quality is the concentration of these substances at certain locations. To

determine the concentrations, a lot of extra input is needed, such as weather

conditions, type of road surface and the location of screens and buildings to

calculate the dispersion. However, it is questionable how best to aggregate

concentrations to judge the network performance in terms of air quality; though it

is a fact that air quality is related to human health and therefore, it is of importance

what concentrations are calculated at particular locations. High concentrations in

residential areas are more harmful than high concentrations in rural areas. That is

why weighting factors are used per road section dependent of level of urbanization.

Within this research three levels of urbanization are distinguished, highly

urbanized, urbanized and rural. The weighting factors (wa, respectively 3, 2 and 1)

used are based on the dilution factor that is used in the CAR emission model which

depends on the distance and to what extent buildings are present near the road (e.g.

street canyons).

The calculation method used to determine the emissions is based on traffic

situation based emission factors. The traffic situations are operationalized by

using discrete speed intervals (representing the traffic situations) per road type

Table 16.2 Overview

of used risk figures
Road type (sustainable

safe definitions)

Risk (Rmd) injuries/million

vehicle kilometres

Through-road 0.07

Non-urban distributor roads 0.22

Urban distributor roads 1.10

Non-urban access roads 0.43

Urban access roads 0.57
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Fig. 16.2 Emission functions CO2
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and vehicle type. For highway sections also a distinction is made between traffic

force (volume > 1,000 vehicles per lane/h) and free flow traffic conditions (volume

< 1,000 vehicles per lane/h). These emission factors are derived from the Dutch

emission model CAR and research presented in TNO (2001). An example of the

emission factors used for passenger cars on a highway section with a speed limit of

120 km/h is shown in Fig. 16.3. The objective function is to minimize the total

weighted NOx emissions and to minimize the total weighted PM10 emissions.

The generation of noise pollution by traffic is represented by the average sound

power level (Lm) for each vehicle type at the source. Like air quality, this measure is

straightforward to calculate using the output of the traffic model. However, the real

measure of noise pollution is the sound power level at particular locations. To

determine such sound power levels, many extra inputs are needed, such as type of

road surface, the alignment of the road and the location of screens and buildings to

calculate the propagation of sound. Again, aggregation of concentrations of noise

pollution is not straightforward. Also, for noise pollution it can be stated that high

sound power levels in residential areas are more harmful or irritating than high

sound power levels in rural areas. That is why correction factors are used dependent

on the urbanization level. The same levels of urbanization, w, are used as for air

quality, highly urbanized, urbanized and rural. The correction factors (�w, respec-
tively �7, �10, �13) are based on the distance correction factor used in the RMV

method. The calculation method used to calculate the sound emission is the

regression function per vehicle category that is estimated within the standard

calculation method (RMV). Its function is of the form:

Lm vamðtÞð Þ ¼ am þ bm log
vamðtÞ
vrefm

� �
þ 10 log

qamðtÞ
vamðtÞ

� �
(16.6)
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where am and bm are vehicle type specific parameters, and vrefm is a vehicle type

specific reference speed. Some typical values for these parameters are 80 and

70 km/h for the reference speeds for passenger cars and trucks, and am ¼ 69:4
(76.0) and bm ¼ 27:6 (17.9) for passenger cars (trucks).

An important point of attention of this method is that it is a combination of

rolling and propulsion noise and therefore focussed on the rolling noise (which is

dominant at higher speeds, typically higher than 40 km/h for passenger cars,

depending on road surface) and not on propulsion noise (which is of interest at

lower speeds, especially when a vehicle is accelerating). No correction factors are

used for acceleration and deceleration or for road surface. The objective function is

to minimize the average weighted sound power level at the source.

16.2.2 Lower Level

The lower level consists of the road users optimizing their own objectives (in this

case, travel time). The lower level is operationalized by using the INDY traffic

model (Bliemer et al. 2004 and Bliemer 2007). The measures are modelled by

changing link attributes dynamically using specific controls (e.g. capacity and free

speed) resulting in changing traffic propagation and therefore changing route choice

of traffic. INDY is a macroscopic DTA model and uses a relative multinomial logit

model on a pre-generated route set to model route choice, and the dynamic queuing

model to model flow propagation. The output of INDY is used to determine the

outcome of the objective functions of the road management authorities using the

methods described earlier.

16.3 Solution Approach

The optimization problem is non convex (Gao et al. 2005; Chiou 2005, 2009) and it

is also impossible to assess all solutions. The application of DTM measures can be

changed continuously in time and in theory often also in application (e.g. green time

given to certain turns of a traffic signal) resulting in an infinite number of solutions.

We limit the number of design variables by modelling the different measures

changing the fundamental diagram used within the flow propagation model (e.g.

capacity and free speed) of the links on which these measures apply. We discretize

the solution space of the DTM measures in terms of time, by dividing the time

horizon into a set of time intervals (e.g., each 15 min the DTM measure application

can change), and in terms of applications of DTM measures, by identifying a

limited number of applications (e.g., capacities between 500 and 1,500 veh/h using

a step size of 100 veh/h). Each combination of a DTM measure application and a

time interval is associated with an integer, which means a solution vector of a size

that equals the number of DTM measures applications times the number of time
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intervals. Although the solution space is now finite, it can still be very large. Since

each assessment of a solution requires solving a dynamic traffic assignment (DTA)

problem, assessing all possible solutions is practically not feasible. Identifying for

example 3 measures, each with 11 applications and six time intervals already results

in 5.6 � 1018 possible solutions. The solution approach chosen, similar to other

related research, is using a heuristic. In our case a genetic algorithm is used.

Nevertheless, also these global solution approaches require many function

evaluations in order to find an optimum. Therefore, we tested three solution

approaches, presented in Fig. 16.4.

Within the first approach, the genetic algorithm searches for optima in the entire

feasible solution space. In the second and third approach, the search is divided into

two parts. First, an optimal solution is found assuming the application of DTM

measures to be constant over time, yielding a ‘static’ optimal DTM measure. This

requires searching in a space of only 1,331 feasible solutions. Secondly, the

algorithm determines an optimal application of measures over different time

intervals, which means ‘dynamic’ application of the measures. The outcome of

the first ‘static’ optimization was used to define the starting solutions of the second

‘dynamic’ optimization. Within the third solution approach, this outcome is also

used to reduce the total solution space by assuming that the optimal application of a

measure within a certain time interval lies between adjacent applications of the

DTM measures. This assumption is made because within a peak period there are no

major changes in the relative travel demand of origin destination relations, the

Genetic Algorithm

Initialization pre-optimization ‘static’ (only approach 2 and 3)
Set:
-time interval: 1
-solution area
-population size
-stop criteria

Generation: random n parents

Evaluation : DTA and evaluation objectives

Pre-optimization ‘static’ (only approach 2 and 3)

Recombination: uniform crossover

Mutation: one gene mutation

Evaluation: DTA and evaluation objectives

Selection parents: Tournament selection

Stop criteria: Iterations and improvement

Constraint: repair double solutions

Parents and fitness

Genetic Algorithm

Initialization optimization ‘dynamic’
Set:
-time intervals: k
-solution area
-population size
-stop criteria
-use best solution ‘static’as 
parent 1 (only approach 2 and 3)

Generation: random p parents

Evaluation : DTA and evaluation objectives

Parents and fitness

Best solution ‘static’

Reduce solution area: only approach 3

Optimization ‘dynamic’

Genetic Algorithm
Best solution ‘dynamic’

Fig. 16.4 Solution approach
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differences between time intervals are mainly the amount of travel demand between

an origin and destination. The starting solutions used in the ‘dynamic’ optimization

are the average best performing solution of the ‘static’ optimization and random

selected solutions only using the applications between the two adjacent possibilities

per measure. Within the mutation step, the genetic algorithm can also select an

application that is two steps away of the average best application. If for example the

‘static’ optimization concludes that the capacity of a certain DTM measure should

be set on 1,000 veh/h for the total evaluation interval, the ‘dynamic’ optimization

randomly varies the capacities of this measure between 900 and 1,100 veh/h in each

time interval when the starting solutions are built and can select capacities between

800 and 1,200 veh/h within the mutation step. This approach reduces the total

solution area to less than 0.000001% of the original solution area, but in our

example still 3.8� 1012 possible solutions remain. Clearly, the two-stage procedure

used in approach 3 is possibly to yield sub-optimal solutions as we rule out a large

part of the feasible solution space. However, we envisage to find a near-optimal

solution in a reasonable amount of computation time.

16.4 Case Study: Optimization of Externalities

A case study is used to show results when applying the framework, but moreover to

show that the different objectives can be aligned or opposite and to compare the

solution approaches. After a description is given of the case study, the reference

case is shown. Next, results of the optimization of the formulated objective

functions and three used solution approaches are presented.

16.4.1 Description

A simple transport network is hypothesized, consisting of a single origin–

destination relation with three alternative routes. One route runs straight through

a city with urban roads (speed limit of 50 km/h); the second route is via a ring road

using a rural road (speed limit of 80 km/h); the third route is an outer ring road via a

highway (speed limit of 120 km/h).

The travel demand varies with time over the simulation period. A 3-h morning

peak was simulated between 06:00 and 09:00. The travel demand (maximum of

6,300 pcu/h in the morning peak, see Fig. 16.5 for a profile) consists of passenger

cars and trucks (10% of total demand).

Within the network, there are three measures available, two traffic lights and a

VMS used to change speed limits. These measures can be used to optimize the

different objectives. In total six time intervals for the DTM measures are distin-

guished, equally divided into 30 min slices. The modelling of the traffic signals is

done by changing the capacities of the different turns. Capacities can be set between
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500 and 1,500 pcu/h. The application of traffic signal 1 can be seen as two

measures. The first consists of changing the capacity of the route through the city,

the second of changing the capacity of the route using the ring road. The modelling

of the VMS is done by changing the speed limit on the entire highway. In addition,

the capacities were changed in order to take into account the effect of homogenous

traffic streams (when the speed limit is lowered). Three different speed limits were

considered, namely 120, 100 and 80 km/h. The speed limit of 100 km/h was

combined with an increase of the capacity of approximately 2.5% and the speed

limit of 80 km/h with an increase of the capacity of approximately 5%. In total

4.0� 1021 possible solutions exist. Using the proposed framework means that in the

‘static’ optimization 3,993 solutions exist and after reducing the solution area still

2.8 � 1015 solutions exist in the dynamic optimization. The DTA problem on the

lower level is solved using a route choice time interval of 900 s and a flow

propagation time step of 5 s.

16.4.2 Reference Case

In the reference case the speed limit of the highway is 120 km/h and the capacity of

the traffic signal is 1,000 pcu/h per turn. In free flow conditions route 3 is the fastest

route and route 2 the slowest route. In the morning peak, congestion occurs due to a

lane drop, resulting in increasing travel times when using this route. Therefore,

more traffic uses the other routes through the city and the rural road. In the reference

case 78% of the vehicles use the highway route, 9% the rural route and 13%

the route through the city within a dynamic user equilibrium (DUE). As a result

of more traffic choosing the route through the city or the ring road, there is a queue

at traffic signal 1.
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16.4.3 Results Case Study

16.4.3.1 Optimization

The results of the optimization are presented in Table 16.3. Each column presents

an optimized design for a specific objective and the relative deviation is presented

from the minimum found. If for instance traffic safety is optimized, total travel time

is 37% higher than the minimum found and CO2 emissions are 5% higher. The

largest improvement in comparison with the reference case is possible for traffic

safety. Optimization of traffic safety leads mainly to an increase of travel times, but

also emissions. Optimization of emissions and congestion result in similar

situations. However, in this case total travel time can be reduced with 3–5%,

resulting in 7% more CO2 emissions and 1% higher weighted NOx and PM10

emissions. The objective which seems most opposite to the other objectives is

noise. The deviation of this objective with the optimal solutions of the other

objectives is relatively large when noise is optimized. Because most traffic use

the roads situated in the rural area, the optimized designs for climate and air quality

are almost similar. However, this will not be true in general while in contrast to

climate the location of emission is of importance for air quality.

Table 16.3 Results optimization

Optimized designs for each objective

Measure Min Reference Congestion

Traffic

safety Climate

Air

quality

NOx

Air

quality

PM10 Noise

Total travel

time (h) 4952.23 2 0 37 3 5 5 60

Total number

of injuries 0.0432 20 20 0 20 12 13 13

Total amount

of CO2-

emissions (t) 95.5 7 7 5 0 1 1 7

Weighted total

amount

of NOx

emissions

(kg) 779.19 1 1 7 0 0 0 19

Weighted total

amount

of PM10

emissions

(kg) 38.65 2 1 5 0 0 0 15

Weighted

average Lw

at the source

(dB[A]) 71.66 4 4 2 3 3 3 0
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The objectives for congestion, traffic safety, emissions and noise show different

optimal solutions, which means there is not a combination of measures resulting in

an optimal situation for a combination of all objectives. Optimizing congestion

aims at avoiding congestion using full capacity of the three available routes.

Maximizing traffic safety aims at maximizing the use of the relatively safe highway

route and avoiding use of the urban route. Minimizing emissions aims at avoiding

congestion and high speeds and searches for the best trade of between minimizing

traffic using the urban roads and the level of congestion on the highway.

Minimizing noise aims at lowering the driving speeds as much as possible and

avoiding traffic using the urban routes.

In Fig. 16.6 all solutions that are assessed in all 18 optimizations (optimizing six

objectives using three approaches) are plotted of the objective congestion related to

the other objectives. The efficient frontier or Pareto Set is also shown. If the

efficient frontier is large the objectives are mainly opposite. This figure confirms

that the objectives congestion and air quality are aligned and that these objectives

are opposite to traffic safety and noise. Although not all solutions are calculated, it

is possible to draw this conclusion, because if for example noise and congestion

were not opposite, both individual searches would not result in this large efficient

frontier. In addition, similar results were found in Wismans et al. (2009) in which a
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Fig. 16.6 Objective functions solutions related to congestion
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grid search was carried out. For climate, it cannot be concluded that the objectives

are aligned or opposite.

16.4.3.2 Comparison of Solution Approaches

Next to the used genetic algorithm, a grid search was done for the ‘static’ optimiza-

tion to check whether the results of this optimization would yield the optimal

solution. The results presented in Table 16.4 show that the static optimization

Table 16.4 Results optimization approaches

Static

Reference Grid search Approach 2 Approach 3

Objective Measure Min – Min Iterations Min Iterations

Congestion Total travel time (h) 5,028.43 4,963.95 4,963.95 12 4,963.95 3

Traffic

safety

Total number of

injuries 0.052 0.044 0.045 6 0.044 10

Climate

Total amount of

CO2-emissions

(t) 102.55 95.56 95.56 2 95.56 7

Air quality

Weighted total

amount of NOx

emissions (kg) 789.43 781.81 782.04 20 781.81 20

Weighted total

amount of

PM10 emissions

(kg) 39.25 38.80 38.80 8 38.80 14

Noise

Weighted average

Lw at the source

(dB(A)) 74.23 72.17 72.38 13 72.17 19

Dynamic

Reference Approach 1 Approach 2 Approach 3

Objective Measure Min Iterations Min Iterations Min Iterations

Congestion Total travel time (h) 5,028.43 4,952.23 75 4,961.20 89 4,963.95 20

Traffic

safety

Total number of

injuries 0.052 0.046 90 0.045 98 0.043 79

Climate

Total amount of

CO2-emissions

(t) 102.55 95.57 93 95.55 25 95.55 78

Air quality

Weighted total

amount of NOx

emissions (kg) 789.43 779.19 66 779.68 97 780.66 83

Weighted total

amount of

PM10 emissions

(kg) 39.25 38.71 2 38.65 92 38.67 99

Noise

Weighted average

Lw at the source

(dB[A]) 74.23 71.66 49 71.92 85 71.71 92
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used in approaches 2 and 3 do find the optimal solutions for the static case. The three

different approaches within the dynamic optimization find similar results. It can not

be concluded that the pre-optimization improves the speed in which optima are

found (the 20 iterations of the pre-optimization are included in the number of

iterations shown for approaches 2 and 3 for the dynamic optimization). The

approach finding the best solution is different for the different objective functions.

However, there is no reason to believe that approach 3, in which the solution space is

reduced, yields sub-optimal solutions. Especially, because the improvements found

in the dynamic optimization are relatively small in comparison with the optimal

solutions found in the static optimization. Although tests with approach 1 in which

the number of iterations is substantially increased (quadrupled) did not result in

major improvements (less than 1%), it remains uncertain if better solutions exists.

In Fig. 16.7 the results per iteration are plotted for approaches 1 and 3 for the

objective noise. This figure shows that reducing the solution space does bound the

outcome of the objective function. However, within approach 1 the genetic algo-

rithm used results in a similar figure as approach 3. The expected gain in the first

iterations by determining the static optimal solution is negligible. This conclusion

holds for all investigated objectives. The genetic algorithm used in approach 1

pushes the search relatively fast in the correct direction. The pre-optimization is

therefore not accelerating the search.

16.5 Discussion, Conclusions, and Further Research

This research has presented a framework for the optimization of externalities using

DTM measures, provides insight into formulating objective functions and showed

an application of this framework using three solution approaches. The objectives

for congestion, traffic safety, emissions and noise show different optimal solutions,

which means there is not a combination of measures resulting in an optimal

situation for a combination of all objectives. However, it was found that the

objectives concerning emissions and congestion are aligned and that these

objectives are opposite to noise and traffic safety. The three solution approaches

all using a genetic algorithm differ in the way starting solutions are determined,

random or using a pre-optimization, and if the solution space is reduced, using the
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Fig. 16.7 Results optimization process approach 1 and 3
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results of the pre-optimization. The pre-optimization consists of optimizing the

application of DTM measures, but assuming the application to be constant over

time. The results show that there is no reason to assume that reducing the solution

space results in sub-optimal solutions. However, the results also show that using a

pre-optimization does not lead in finding better solutions or finding the optimal

solutions faster. The genetic algorithm used is effective enough to find the optimal

solutions and a pre-optimization is not accelerating the search in our test case. The

optimization using the approaches presented needs large computational efforts,

which will be increasing when larger networks with more measures are assessed.

It is therefore recommended to further improve the solution approaches presented

by incorporating knowledge of traffic systems to reduce the solution space more

effectively.

This research is part of a research programme to determine how regional traffic

systems can be optimized using multiple objectives applying traffic management

measures. Our research will proceed on investigating solution approaches that can

be used in practice and will be extended by actually performing the multi-objective

optimization finding the Pareto set.
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