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For the use of the following material:

The aim of PORTAL is to accelerate the take up of EU research results in the field of local and
regional transport through the development of new education and training courses and teaching
materials. The beneficiaries of the project are higher educational institutions.

Due to the size and (in some cases) the number of individual projects, it is not possible to
explain each single result in detail and include it into these written materials.

The following set of material should rather act as a PORTAL and facilitate the access of single
projects and detailed results by the lecturers.

Therefore the material in hand doesn't lay claim to completeness.

Since the expectations of the lecturers regarding these materials are quite diverse - the
expectations run the gamut from 'providing a survey of the result of the EU-research to a
specific topic' to 'providing special results of a single research-project in detail' -, the attempt
has been made to make a compromise and (more or less) come up to the expectations of all user
groups.

The following compendium contains results of EU research-projects and complementary results
of national research-projects. PORTAL thanks the partners and collaborators of the following
projects. A complete list of the projects, consortia, and cited literature is given at the end of the
material.

This material of project results for the topic “Pricing” was compiled by Margaret O'Mahony
(from Transport Study and Research Group, Trinity College Dublin) in 2001.
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1. Introduction
The topic of pricing covers a wide breadth of topics and issues. Given the volume of material in
existence, this material introduces the broad topic area in summary at the start and focuses on
one element of it which has been of particular relevance in terms of EU R&D i.e. road pricing.

1.1 Overview of broad topic 'Pricing' Powell (2001)
The overall objective of a Government’s transport policy should be to maximise the utility that
its citizens obtain from the resources available to them. Transport economics can help determine
how this can best be done within the transport sector. The key objective of a transport policy
should be to provide a transport system that enables the optimal quantity of passenger travel and
freight transport to take place using the most cost-effective mode of transport. This is often
called the least cost mode.

The term least cost mode is used extensively in the literature of transport economics. The
demand for travel depends upon the relationship between the benefit derived from travel and the
generalised cost to the user of travel. Travel will take place where, but only where, the benefit
the user obtains from travel exceeds the generalised cost to that user of travel. However, travel
may also generate costs and benefits to others as well as the traveller. These include costs and
benefits to suppliers of transport, to Government and to others, the so called external costs and
benefits. The least cost mode is the mode which has the lowest combined total cost to society as
a whole, defined as the sum of the generalised cost to the user, the net cost to the supplier (cost
less receipts), the net cost to the Government and the net external costs (external costs less
external benefits).

The best way to encourage users to choose the least cost mode is to eliminate as much as
possible of the difference between their generalised cost and the cost to society of using each
mode. This requires that, so far as is possible, the price charged for the use of any element of the
transport system should be equal to the sum of:

• The marginal cost to the supplier of providing the supply

• The excess of the marginal external costs over the marginal external benefits of its use
(including any costs or benefits to the Government from changes in indirect tax receipts

The policies that will help a Government meet this requirement include the following:

• Base prices on marginal costs.

• The decision as to whether prices should be based on short run or long run marginal costs
may vary depending upon the particular demand and supply characteristics of the market.

• Internalise externalities.

• If a Government estimates that there are significant external costs or (benefits) resulting
from the use of a component of the transport system, it should impose a tax on use or (offer
a subsidy for use) which equals its estimate of the external cost or (benefit)
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• Ignore fixed costs which do not vary with demand when setting prices.

• A Government needs to make sure that it has an appropriate policy for charging for
infrastructure. Users should not normally be expected to pay for the sunk costs of
infrastructure, or for the fixed costs of keeping infrastructure open which do not vary with
demand. This may require the Government to provide subsidies to the infrastructure owner.

• Charge for the use of infrastructure if more capacity is required and can be provided cost-
effectively.

• If the demand to use infrastructure exceeds its capacity but extra capacity cannot be
provided cost-effectively the demand should be rationed by price. If this leads to excessive
profits for the infrastructure owner the excess profits should be taxed away.

1.2 Focus on Road Pricing (Road Use Pricing)
Use of the car as a transport mode, particularly in urban areas at peak period times, is
considered to be expensive per person per km, particularly when the external costs to society of
such travel are taken into account. Traffic demand management measures are usually adopted in
urban situations to address excessive demand for car use in urban areas at peak times.  One of
the methods commonly mentioned as an efficient traffic demand management measure is road
pricing.

External costs are those costs for which the transport user does not pay e.g. environmental costs,
the delay caused to other vehicles etc. While many car owners consider that the current taxation
levels applied to car owners/users is excessive, there have been several studies, one of which is
the TRENEN EU project (Proost et al, 1998), that find the marginal external costs of car
transport, including those relating to congestion, air pollution, accidents and noise are
significant and are not currently internalised.  (Internalised means ensuring that the costs are
paid – e.g. applying a road use pricing charge for using a road to offset the costs of delay which
the car imposes). There is a strong argument, when one relates the external costs of private car
transport to that of public transport on a per person basis, that the two transport modes are not
on a level playing field in terms of the charge applied for their use.  In many cases, public
transport has considerably lower external costs per person km than car travel e.g. due to high
occupancy of vehicles etc.

1.3 Definitions
There are a number of key definitions that are central to this topic. They are as follows:

• Road use pricing is the means by which road users are charged for use of a particular piece
of road infrastructure. The incentive for charging for its use may be purely with the aim of
revenue generation or to manage traffic congestion. Other terms which are also commonly
used are road pricing and congestion pricing.

• Private cost is the cost that a transport user incurs when making a trip. Typically it includes
fuel cost, time cost, depreciation of the vehicle and maintenance costs. (Transport users
when making a trip generally only perceive the fuel cost and time cost to be significant,
particularly the time cost if the trip is conducted in the peak period).
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• Value of time. This is the concept by which a person's time is costed. More and more,
people consider time costs to be higher than the monetary costs they bear when using
transport. This suggests that time is valuable. In terms of modelling the mode choice
decisions of transport users, the concept of Value of Time is commonly used. This is a
monetary value placed on time. Typically business time i.e. during office hours is priced at
a relatively higher rate compared with leisure time or commuting time, when looking at the
concept from the point of view of the transport user.

• External cost (externality) is the cost for which a transport user does not pay such as the
delay his/her vehicle imposes on others in the traffic stream, the pollution costs imposed on
society, the noise costs and the accident costs (those not covered by insurance).

• Internalisation in its broadest sense means including all costs in pricing for transport i.e. if
a vehicle or transport user imposes costs on society, in whatever form, the user should pay
for those costs.  The concept of Fair and Efficient Pricing as put forward by the EU
proposes that transport users pay the costs they impose.

1.4 Objectives and skills
What students should obtain from covering this material is as follows:

• An understanding of the basic knowledge and the theory of road pricing

• To demonstrate how road use pricing can be done practically using case studies such as the
Norwegian Toll Rings and the Singapore Electronic Road Pricing scheme.

• The results from technical projects funded by the EU will also be examined in relation to
helping the student to understand the key issues.

1.5 Challenges
Two main challenges exist in relation to the introduction of road pricing and they are as follows:

• Technological

• Political

In the case of the technological challenge, dedicated short range communication is currently
used for electronic road pricing payments. However, the use of GPS or cellular are the targets
for the future. They offer the flexibility of road pricing in urban areas without the gantries
normally associated with cordon pricing systems or toll booths. More flexible payment methods
are also likely to result from the use of innovative technology if cellular is used e.g. combining
road charging and telephone payments.

The political challenge is perhaps the most difficult one to address. Although the theory of road
pricing was put forward 75 years ago, there are still very few examples of it across the world
reflecting the difficulties associated with political and public acceptability.

The EU has taken on to address both challenges at an R&D and political level. Research has
been commissioned by the EU on the technical aspects of road pricing, the prediction of the
likely impacts of road pricing and the political and public acceptability obstacles that remain.
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1.6 Relevance to EU policies
The official transport policy of the European Union, and the EU contribution to the public
discussion on such policy, is expressed through three different media: the Green papers, the
White papers and the Legislation.

Green papers, typically, provide background and set out a range of ideas within a defined policy
area. The Green papers, therefore, are primarily intended as initial invitations to interested
parties to participate in a process or debate on the topic.

The White papers are more definite than the green papers. They contain specific proposals (and
the background to those) for actions within the policy area. Thus, the White papers are used as
vehicles for the definition and development of a common official policy. The Legislation,
finally, is the Community law, as it has been agreed and decided by appropriate bodies within
the Union. The major part of Legislation is binding for the member states and their citizens
(either directly, or indirectly as the national governments are obliged to implement appropriate
national legislation in consequence of EUdirectives taken). However, Recommendations and
Opinions are also parts of the Legislation, although they are not binding for individual member
states.

All three kinds of documents may be found in electronic form on the EU website. The Internet
address for the English version of Green and White papers is
http://europa.eu.int/comm/off/index_en.htm. The Legislation may be found at
http://europa.eu.int/eur-lex/en/lif/index.html.

EU tranport policy - what does it say about transport pricing?
Much of the official discussion around a common transport policy within the European Union,
has focused on issues around financing and pricing - i.e the topics covered in this document.

In 1995, a EU summit in Cannes asked that “measures should be taken to establish fairer
competition between modes of transport”. The same year, the commission published a green
paper called ”Towards fair and efficient pricing in transport”. That paper concluded that one of
the major reasons for the competition between modes being unfair, was that there was “a
significant mismatch between prices paid by individual transport users and the costs they
cause”.  A special focus was put on the externalities of road transport, which were shown to
represent very large costs. In the Green paper, it was assumed that if those external costs were to
be properly reflected in the price structure of road transport, it would give individuals incentives
to modify their transport behaviour in a desirable direction. Thus, the 1995 Green paper trusted
proper, differentiated, pricing of road transport to be the most relevant measure for obtaining a
sustainable transport system.

In 1998, a White paper within the same topic area followed: “Fair payment for infrastructure
use”. This paper suggested steps towards practical implementation of a common pricing system
for transport. The major motivation for the proposal, was a discussion along the lines introduced
in the 1995 Green paper - to give individuals proper incentives to behave in a way that would be
efficient from the perspective of society as a whole. However, the 1998 White paper also
focused additional effects of transport pricing. It notes that not only the competition between
travel modes, but also the competition between countries and companies, may be distorted by
improper pricing for transport. Thus, a revised policy for transport pricing may also be used as a
mean to obtain the general integration and harmonisation of economic activity within Europe
that is one of the central aims of the European Union.

In line with this additional aim, the detailed suggestions in the White paper are primarily related
to goods traffic. A special focus is put on the need for common track charging principles for
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rail, and a common system for km- charging for heavy goods vehicles on road. Here, the
connection to commercial competition is obvious. For light vehicles, on the other hand, only
few detailed intermediate measures are suggested in the 1998 White paper. There is a long run
optimal solution presented,  that would cover all road modes: electronic charging of
differentiated fees. The White paper does however foresee that the technical development
needed for the implementation of such a system, would be several decades.

Recently (2001), a new White paper on transport policy has been published: “European
transport policy for 2010 - time to decide”. Although the basic aim of obtaining a sustainable
transport system remains, the 2001 White papers suggests a much wider set of measures to be
taken. The focus on marginal cost pricing seem to be rather reduced compared to those earlier
declarations of common European policy, which are mentioned above. It is now suggested that
pricing measures have to be combined with active “revitalisation” of those transport modes that
are presently less favoured. This is presented as an “integrated approach” to transport policy.

Never the less, also the 2001 White paper puts substantial emphasis on the potential benefits of
a flexible road charging system. The detailed proposals concerning charging are however
limited to commercial vehicles, and only refers to proposed pricing structures. Decision about
price levels, and decisions about extending the proposed system to cover also private traffic, is
left to the member states for reasons of subsidiarity.

1.7 Summary of contents
The topic of pricing covers a wide breadth of topics and issues. Transport economics can help to
determine how to maximise the utility that the citizens obtain from the resources within the
transport sector.

This study material commences with the theoretical explanation of marginal social cost pricing
in relation to road use charging. The economic theory by Pigou, on which the principle of road
use pricing is based, is included in this report. One of the barriers of the implementation of
marginal cost pricing is public acceptance. The key conclusions from the EU AFFORD project
on the issue of acceptance are elaborated in this material. The EUROTOLLL project provided
interesting views on the behavioural aspects of road use pricing. The reasons behind acceptance/
non-acceptance or urban road pricing schemes are discussed.

To implement and assess pricing policy options, a set of strategic models of urban and inter-
urban passenger and freight transport are explained. The basic premise of road pricing is to
charge an appropriate economic fee for the driver’s use of the road-space. Several charging
techniques (manual, automatic road charging systems and other payment options) are reported
in the last paragraph of chapter 2.

A detailed case study of the Norwegian Toll Rings gives the reader a good example of
implementation in a EU country. Recommendations for further reading and information is
provided. Chapter 6 presents a list of exercises to help students understand the basic knowledge
and theory of road pricing. Used terms and definitions are explained in the glossary list.
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2. Economics & pricing

2.1 Marginal social cost pricing

Simplified analogy
The inequalities relating to the fact that transport users do not pay all costs associated with their
transport activities is the basis on which the principle of road use pricing is founded. The
principle is strongly endorsed by the EU White Paper on Fair and Efficient Pricing. Road use
pricing is seen as a means of curtailing car transport by pricing for the use of road space,
particularly when it is at a premium in peak periods. This analogy is no different to that of
property pricing. If a residence is located in an area of high demand it can be priced at a
significantly higher level per unit of area than if located in an area perceived to be inferior. The
interesting difference between road use pricing and property pricing is that the former is
generally not considered acceptable whereas the latter is the norm in many cities throughout the
world.

Economic theory
The economic theory, on which the principle of road use pricing is based, was first put forward
by Pigou in 1920. There has been a considerable amount of work on the basic theory since then
including that by Vickrey (1969), Small (1992) and Verhoef et al, (1997). However, Pigou’s
(1920) theory is still considered to be the basis for the road pricing principle and as such is
included in this chapter as a means of introducing the subject.

Consider a road link with no junctions, on which the vehicles travelling are considered to be the
same in technical terms. Road users are assumed to be similar except in terms of how much they
are willing to pay for a trip. This is represented by a demand curve (D) on Figure 1. The
marginal private cost (MPC) curve on the Figure represents the marginal costs that the car user
pays for a trip. If one assumes, for the sake of simplification, that the only externality is
congestion, the marginal social cost (MSC) curve represents the marginal congestion costs
imposed on society by the car trip. Other externalities (external costs) include pollution,
accidents and noise. In urban areas, congestion more than likely predominates but on interurban
corridors, other externalities may be more significant.

The equilibrium between D and MPC is the current equilibrium in many cities where car users
only pay for the marginal private cost (also referred to as the average social cost). The social
optimal equilibrium represented by B on Figure 1 is reached if a Pigouvian charge of c is
imposed; the road use price. In effect the road use charge offsets the externalities associated
with a trip.
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Figure 1: Theory of road use pricing (Pigou, 1920)

External costs
The external costs associated with transportation include the following:

• Congestion

• Damage to infrastructure

• Noise

• Accident

• Emissions

Congestion costs
External congestion costs are a function of the total value of time losses that transport users
impose on each other. O’Mahony, et al (1997) determined the marginal external costs of
congestion in Dublin using estimates of volumes and corresponding delay from transportation
network model runs. This work was done for the TRENEN II STRAN project. The function
type derived was used to estimate the marginal external costs of congestion in the TRENEN
model development (Proost et al, 1998), a model developed to prioritise transport policies on
the basis of welfare. For the purposes of this topic-report, congestion is considered as an
externality.
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Infrastructure damage
Damage to infrastructure refers to the costs of wear and tear caused by vehicles to road
infrastructure. These costs are imposed upon the operator of the piece of infrastructure. Not all
users impose the same level of damage to transport infrastructure. In terms of road usage,
damage is normally related to the weight on the axle under the vehicle in a relationship. A
common method for estimating damage is  referred to as the Fourth Power Law (O'Flaherty,
1967). This law states that damage increases with increased axle weight to the power of four
e.g. if you double the weight on an axle the damage increases sixteen-fold.

Accident costs
External accident costs are those costs which motorists impose upon each other in accidents.
They may include damage to vehicles, transport infrastructure, personal property, costs incurred
by legal, policy-related and emergency services, financial costs of injuries and fatalities, such as
medical and funeral costs, psychological costs of pain and suffering, values associated with
lives and production losses. Small (1992) suggests that accident costs appear to be higher than
those of pollution and are comparable with those of congestion costs. Newbery (1988) estimated
total 1984 accident costs in UK at 41 billion Euro. Valuing safety improvements is now done by
means of aggregating the individual's willingness to pay to reduce the risk of injury or death
from accidents (Small, 1996). Kahn (1986), Jones-Lee (1990) and Viscusi (1993) have reviewed
the empirical measurement of willingness to pay, particularly for death risk reduction. Estimates
range from 1.66 – 9.98 million Euro per statistical life.

The problem with accident costs is identifying what part of the costs are externalities. The
relationship between traffic volumes and accident rates is difficult to determine. It may be a
simple relationship or a complex one, depending on the interaction of vehicles in the traffic
stream. The other important issue relates to how much of accident costs are borne by non-
motorists. Pedestrians and cyclists appear to account for more than half of motor-vehicle deaths
in the UK (Jones-Lee, 1990). Governments normally pay for some medical expenses. This
represents an externality if the motorist is not made to pay the costs.

Noise
Noise is considered to be an important external cost, especially in urban areas. Determining the
marginal value of external noise costs is inherently difficult but is exacerbated by the fact that
when a car is added to a road on which there is already a high volume of traffic, that car may
cause less extra noise annoyance than when the same car is added to a road where there is no
traffic. Monetary valuations of the hedonic housing market is the most widely used method for
evaluation of the social costs of noise. The idea behind this method is that the value of a house
depends not only on its intrinsic characteristics but is also a function of accessibility, proximity
to schools, shops and pollution. It is reasonable to expect that houses in noisy locations are of
less value than those in quiet areas. Mayeres (1993) conducts an evaluation of the marginal
external costs of noise for transport in Brussels.

Emissions
The marginal cost of emissions is exhibited in terms of health and the environment. Pollutants
emitted by the internal combustion engine include NOx, CO, VOC’s, CO2, SO2  and particulate
matters. Different methods are available for evaluating the external costs of pollutants. Mayeres
(1993, 1994) found the marginal social costs of NOx,  VOC and SO2 emissions by road transport
were determined on the basis of revealed preference of policy makers. Small and Kazimi (1995)
used a direct damage approach. There are three steps to the latter method. The first involves
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establishing a relationship between a change in the emissions and the resulting concentration of
pollutants requiring information from dispersion models. The second step involves relating the
change in the concentration level to its effects on health, vegetation, materials, visibility and
ecosystems. The EU DGVII ExternE project (Bickel et al, 1998) gives an overview of the
required dose-response relationships required at this stage in the process. Finally, a monetary
value for the different effects of air pollution is required and is obtainable from the ExternE
model (Bickel et al, 1998).

1.8 Public acceptance and behaviour aspects
One of the barriers to the implementation of marginal cost pricing is public acceptance. One of
the key objectives of the AFFORD project was to examine the issue of acceptability. The
project studied acceptability in terms of the key-groups, the public, politicians and business
representatives. The project identified the following:

• Identified major issues and problems

• Aimed to obtain quantitative results concerning the level of acceptability in different
contexts

• Considered reasons for low acceptability of marginal cost-based pricing and

• Made conclusions concerning what could be done to improve acceptability.

A public acceptability questionnaire survey was conducted in Athens, Como, Dresden and Oslo
in the AFFORD project focusing on two pricing packages – the strong or best practice second-
best package (strategy A) and the weak or acceptable package (strategy B). The questionnaire
reflected the different variables outlined in the underlying acceptability model, in which
problem awareness, perceived effectiveness and acceptability were key elements.

The overall evaluations in the cities of strategies A and B are presented below (AFFORD Final
Report, 2001). The subjective information levels for both strategies are very low. This is not
surprising because the strategies are new.  However, there are differences between the sites.
There is very little knowledge in Dresden and Oslo and better knowledge in Athens and Como.
The gap could be due to the fact that a) in Oslo the question is likely to be interpreted to refer to
objective knowledge of the details of an already existing pricing system (rather than subjective
knowledge of government pricing as a general concept) and that in b) Dresden as part of a
former socialist country, the knowledge about pricing instruments is in general low.

The effectiveness-evaluation of the two strategies with respect to the reduction of inner city
traffic is much higher than the information level.  Thus, respondents may believe that demand
management is to some extent capable of successfully addressing current transport problems,
and accordingly, that the public is prepared to trust these measures even if they are new and
unknown. In Athens and Como the perceived effectiveness of strategy B is higher than of
strategy A, in Dresden it is the same and in Oslo the stronger strategy A is perceived as more
effective than strategy B (AFFORD Final Report, 2001).

In terms of personal outcome expectations, it can be said that for the total sample there are no
significant differences in the expectations about personal (dis-)advantages between the two
packages. Generally, the majority of respondents rather expect disadvantages following from
the introduction of the two strategies. However, there are differences between the sites.
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(AFFORD Final Report, 2001). In Athens, Como and Dresden respondents expect more
advantages of the strategy B than of strategy A. In Athens, the personal outcome expectations
tend to be generally rather positive with a majority expecting advantages from the 'acceptable'
strategy. Only the Oslo repondents expect more personal advantages of strategy A than of
strategy B, a finding that cannot be explained yet.

In general, both strategies are rejected by the respondents. As expected rejection is stronger for
strategy A. There is a significant gap between the acceptability levels of the two strategies
although strategy B is still considered unacceptable. In Dresden, rejection of both strategies is
strongest. In Como, the attitudes towards both pricing strategies are also very negative. In Oslo,
strategy A is considered unacceptable but strategy B is coming closer to acceptability levels. In
Athens, the attitudes towards both strategies is in general less negative.

Strategy Information Perceived
Effectiveness

Personal
outcome

expectations

Acceptability

Average for
total sample

A

B

1.5

1.48

2.39

2.34

-0.21

-0.16

1.8**

2.22

Athens A

B

1.7

1.69

2.51

2.56

0.07*

0.3

1.96**

2.29

Como A

B

1.92**

1.72

2.23*

2.38

-0.39*

-0.28

1.8**

2.17

Dresden A

B

1.32

1.39

2.37

2.37

-0.6

-0.37

1.65**

2.07

Oslo A

B

1.23

1.27

2.5**

2.15

0.16**

-0.11

1.85**

2.38

Table 1: Attitudes to perceived effectiveness and acceptability – results from afford project

Scale is from 1 to 4:  1 – knows nothing at all, absolutely unacceptable.  4 – knows a lot, totally acceptable.

Personal expectations range –1 (expected disadvantages) to +1 (expected advantages)

* Difference between strategy A and B is significant at the 0.05 level

**Difference between strategy A and B is significant at the 0.01 level

A political acceptability survey was conducted in AFFORD by means of a phone survey.  The
questions focussed on problem perception and on the evaluation of the various policy packages.
A business acceptability survey was also conducted.  Respondents were asked to rank policy
packages on the basis of various general assessment criteria.

The conclusions relating to public acceptability found that there is a high problem awareness,
both general and personal. The perception of effectiveness of the two strategies to reduce inner
city traffic was high. This may be as a result of respondents believing that demand management
is to some extent capable of addressing current transport problems. It was also found that road
pricing, as expected, is not popular amongst motorists. In Dresden rejection of both strategies
was strong. In Oslo, there was strong rejection of strategy A but strategy B was considered more
acceptable. Even when a transparent revenue hypothecation is included the packages are still
considered acceptable to motorists.
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Both the politicians' evaluation of the effectiveness and their personal acceptability of the
strategies was surprisingly positive. Business representatives stated that urban transport suffers
from severe problems such as lack of parking space, congestion, air pollution and inadequacy of
public transport.

Another EU R&D project, entitled EUROTOLL looked at behavioural aspects of road use
pricing. The impacts on road user behaviour were found to be as follows:

Some of the results of Eurotoll include the following:

• A subtle finding was the issue of dividing road users into Essential Road Users (ERU) and
Targeted Road Users (TRU). TDM strategies, including tolling,  are targeted towards a set
of road users who in principle have the possibility to modify their behaviour (route, time
schedule, etc.). Some  users react by shifting while other react by staying (and paying if toll
is used). By their behaviour the latter implicitly define themselves as ERU (Essential Road
Users), while the former are Targeted Road Users (TRU). The definition of TRU depends
on the specific TDM measure implemented. TRU are the users that the transport authority
or operator would like to shift in time, route or mode of travel, given the incentive of TDM
measure: they then get net benefit for themselves or even if they lose, for the society.

• If allowed by the pricing scheme, the most favoured reaction patterns are trip-retiming and
route choice. Regarding re-timing of trips, if the scheme contains a time-related component,
there is an impact (see e. g. Stuttgart, A1, A10/A11 case studies): of course the success
depends on the possibilities of shifting, i.e. more or less short peak-pricing periods. Similar
effects may result from building trip chains.

• Concerning modal shift, TDM schemes partially show less impacts than mentioned before.
More significant reactions can be expected from corridor and network pricing in passenger
transport. The degree of reaction is influenced by the share of modes at the starting point
(see results of Stuttgart and Leicester case studies).

• In general, freight transport reacts less to TDM strategies.

Due to the EUROTOLL focus on short-term, the case studies have not studied or detected
changes of destination.

Other issues identified by EUROTOLL are as follows:

• A minimum of information is necessary for users to understand the pricing scheme and to
look for alternative travel possibilities. The objective of a measure has to be disseminated.
During a trip more frequent road users of an area, route etc. need less information to react to
changed conditions (tariff, transport situation) than occasional users.

•  In networks without traffic problems information focuses on safety and comfort function.
In congested networks, information has to support the TDM measure by explaining the
pricing scheme, the reasons and possible alternatives to aim at a high acceptance of the
measure and to provide incentives to react. In urban road networks, information about
alternative modes becomes highly important. The advantages of the alternative mode
concerning price and travel time are an important element of integrated pricing strategies.
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• A "trinomial road pricing" has been proposed by EUROTOLL, combining simultaneously
various methods of pricing in order to take into account the various types of costs:

1. A fixed component in the form of national or wide area vignette

2. A component varying with the fuel consumption (fuel taxation)

3. A component varying with the type of network used, and which could take the form, of
tolls, possibly varying, or of local vignettes.

The general objective of the PRIMA project was to analyse the reasons behind the
acceptance/non-acceptance or urban road pricing schemes and to find measures to increase its
acceptability. The specific objectives are:

• To assess the acceptance of road pricing in urban areas

• To evaluate optimal designs of road pricing schemes and decision making processes,
thereby taking account not only of what is technically feasible but also of the acceptability
of different schemes.

• To identify barriers towards the implementation of urban road pricing systems and to
develop a guideline showing how to remove these barriers.

The results from a survey conducted in eight cities including Oslo, Stockholm, Rotterdam,
Lyon, Barcelona, Berne and Zurich resulted in the following where the participants were asked
how congestion should be management. They were also asked their opinion about the potential
for using road pricing as a means of traffic congestion. The two figures below show the results
from the survey of both questions.
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Figure 2: How to cope with congestion and environmental nuisances (in % or 'I fully agree' and 'I rather
agree' answers (PRIMA Final Report, 2000)
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Figure 3: Introduce road pricing to reduce traffic congestion and nuisances in the city
(PRIMA Final Report, 2000)

In its conclusions, PRIMA suggests ten points that should be considered to help improve the
likelihood of acceptance.

1. Acceptance relates to perceived benefits by users – traffic problems must be evident and it
must be demonstrated that road use pricing is best way forward.

2. Acceptance relates to the availability of other modes of transport.

3. The level of the charges needs careful consideration. Some studies recommend starting with
a fairly low level of charge.

4. Equity effects are important in terms of acceptability. Notice should be taken of effects
related to income as well as location of housing, workplaces and service centres.

5. The design of the decision making process needed for the introduction, discussion and
implementation of a road pricing scheme. Stepwise approach is considered the best
approach.

6. Negotiating abilities of politicians is an important aspect.

7. Acceptance relates to the communication efforts initiated at the beginning of the decision
making process.

8. Acceptance of urban road pricing depends on earlier road pricing experiences.

9. The general level of acceptance of the privatisation trend and with the increased use of IT
and electronic payment in other areas.

10. Acceptance by a majority cannot be expected at the start. Experience from some studies
indicates that acceptance tends to increase after implementation.
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CONCERT found that charging for roads usage (congestion pricing in Trondheim or
multimodal/environmental principles in Bristol) are seen to have significant behavioural
impacts – the former causing peak-spreading, the latter causing modal shift to public transport;
these results undoubtedly stand as new benchmarks in reward-based road pricing (e.g.: 15 to
20% reductions in car travel at 3.5 ECU) – but the variations in response point to the need for
further tariff testing.

2.2 Modelling tools for scheme assessment
TRENEN II-STRAN aimed to develop a set of strategic models of urban and inter-urban
passenger and freight transport and to use these models in assessing pricing policy options.
TRENEN II STRAN analysed different combinations of pricing and regulatory instruments in
order to identify optimal combinations to solve environmental, energy and pure transportation
problems. It involved 6 urban case studies:  Amsterdam, Athens, Brussels, Dublin, London and
Mestre and three regional case studies; Belgium, Italy and Ireland. It developed strategic models
for the assessment of pricing reform in transportation and their application to the European
Union.

The models developed in the project can compute optimum prices for transport in specific cities
and countries. These prices concentrate on the external costs, taxes and resource costs. The case
studies made comparisons between current and optimal prices. The results showed that the
discrepancy between current prices and external costs in congested urban conditions are often
considerable. The consumer price for using car in peak periods only covers one third to half of
the total marginal social cost due to unpaid parking and external costs of congestion. Optimal
pricing (i.e. if users were required to pay their total external costs) suggest price increases of
100 – 250 % for car travel in peak periods.
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Figure 4: % difference in prices between Do Nothing and Do Something –
TRENEN results (Proost  et al, 1998)

Figure 4 shows the price increases suggested by TRENEN for four cities involved in the project.
DN indicates the Do Nothing case and DS is the Do Something case. The Do Nothing case
represents the current situation where transport users do not pay for external costs of their
transport activities.  In the Do Something case, the marginal external costs are included.
Figure 5 shows the corresponding changes in demand as a result of the price increases.

-50

0

50

100

150

200

250

300

350

400

450

Peak Car Off-peak Car Peak Bus Off-peak Bus

%
 D

iff
er

en
ce

 in
 p

ric
es

 b
et

w
ee

n 
D

S 
an

d 
D

N
Amsterdam
Brussels 
Dublin
London



Pricing 19

PORTAL Written Material www.eu-portal.net

Figure 5: % difference in transport demand relating to prices between Do Nothing and Do Something
(Proost et al, 1998).

TRENEN results show that implementing marginal cost pricing would be beneficial to the
society. The welfare gain to the citizens ranges between 0.5-1.3% of the total regional income.
Optimal pricing induces reductions in total transport volumes in the urban areas between 7-14%
and in the inter-urban between 2-3% on average. In the peak speeds increase by 32-70% in the
urban and by 5-12% in the interurban context. External costs of transport reduce by 13-35% in
the urban and by 3-5% in the inter-urban areas.

With the current taxation and pricing regime, in 2005 in Amsterdam private cars will account
for 68% of all trips in the peak hours while the share of public transport will be 32%. Because
of severe congestion the average speed on the roads will be 13 km/h, which is only slightly
higher than average speed by bike. Congestion pricing would enable rebalancing of the modes,
private car’s share would drop to 53% of trips and that of public transport would increase to
47%. The average speed on the roads would increase to 20 km/h.

For interurban transport pricing inefficiencies are generally less significant. Prices of peak
period car and truck use do not cover congestion costs. Bus transport is typically heavily
subsidised and under-priced. Rail freight and inland waterways have prices that are reasonably
in line with social costs.

TRANSPRICE conducted some modelling studies to evaluate the impact of cordon pricing.  It
showed that when applied the total distance travelled by car can be reduced by 5-20% for
cordon toll levels between 1-3 Euro.

Modelling for three European cities are available and preliminary results based on public
transport prioritity alone for York. In terms of cordon pricing, based on analysis from Athens,
Como, Helsinki, Goteborg and Graz, reductions of between 5 % and 40% in terms of the
number of cars entering the city centre and between 5% to 20% in total distance travelled by car
are possible for toll levels of between 1 to 3 ECU. From the modelling results it is evident that
the higher the current level of congestion the more the potential there is for road pricing.
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Regarding parking charges reductions in the distance travelled by private car of between 8% to
48% can be expected for fees of 5 to 10 ECU, based on options tested in Leeds and Como.

The results from PETS for a series of case studies indicate that the current taxes/prices are on
average too high for all modes in the 2010 situation when investments in capacity expansion
have been completed. The impacts of marginal cost pricing as well as of full transport sector
cost recovery are described in the Nordic Triangle case study. The results indicate that the
difference between marginal and average cost prices can be considerable and that marginal cost
pricing is likely to fall short of covering investment costs in areas with thin traffic volumes, long
distances, low population densities and consequently low external cost levels.

UNITE (Start January 2000, end 2002, www.its.leeds.ac.uk/unite) has three interlinked
objectives: (i) Development of pilot transport accounts that give a clear and transparent
overview of the economic and financial flows of the transport system and of the individual
modes. The accounts will be compiled for all the EU Member States, Switzerland, Hungary and
Estonia as well as for an urban area. (ii) Estimation of marginal costs of using the transport
system in different local and traffic contexts. The project will undertake 33 case studies
covering all relevant external cost categories, modes and Member States. (iii) Integration of the
accounts and marginal cost approaches and recommendations on how to apply cost figures from
one location / case study in another place.

2.3 Charging techniques
The basic premise of road pricing is to charge a driver an appropriate economic fee for the
driver’s use of the road-space. This fee may be fixed or may vary depending on certain
variables, such as:

• time of day

• class of vehicle

• prevailing level of congestion

• environmental factors

• purpose of journey

• high/low vehicle occupancy (HOV)

• other access rights

Furthermore, the payment may be in terms of a transaction at the point of passage, the purchase
of a pre-paid permit, vignette or licence or the control of access. Such payment of fees or
control of vehicle access may be achieved by either manually or by some semi-automated or
fully automatic means. A summary of these methods are presented as follows:

Manual
Manual collection methods vary in many ways, depending upon the characteristics of the road.
However, the overriding requirement for manual collection is that the vehicle driver must stop
the car, open a car window (or door) and either hand over cash or a card or insert either of these
into a machine. These plazas are common across Europe for the collection of road tolls - no
actual road pricing scheme employs such methods although arguably the Oslo and Bergen toll
rings in Norway could be regarded as road-pricing installations.
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Manual toll collection usually requires that a large toll plaza is built which divides the free-
flowing multi-lane road into a number of single lanes. Each lane is serviced by a toll booth
which either houses an operator who collects toll payments manually or the equipment (such as
a card reader or coin accepting basket) which the driver may use to pay his toll. Figures 6 and 7
show photos of manual payment schemes.

The enforcement of manual toll systems, in general, relies
on the use of a barrier which is not opened until
confirmation (by the operator or the collecting machine)
that the correct toll charge has been paid. In many cases,
these systems are augmented by vehicle detectors (to count
the vehicles passing through the lane) and by some form of
vehicle classification (to distinguish different classes of
vehicle paying different tolls). Classification is usually
based upon axle-counters and/or vehicle height-measuring
equipment.

Different types of manual system exist such as

• Manned toll booths

• Automatic Coin Receptors

• Card Readers

• Paper Stickers, Area Licences and Vignettes

p
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Figure 6: Manual toll payment
Automatic Road Charging
Systems
The different classes of automatic fee-
charging systems are based upon the broad
type of in-vehicle unit that is used in a
particular system. This means of
classifying the systems is the most useful
as, generally, the functional characteristics
of a system are, to a large extent, dictated
by the in-vehicle equipment. Thus, the
performance of the charging system under
different traffic conditions; the type of
payment and account options which may
Figure 7: Barrier in manual toll payment
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be implemented, where and what data is to
be stored and processed are all largely

rescribed by the choice of the in-vehicle equipment. On the whole, the components and the
unctions of the roadside system remain the same, irrespective of the system. Only where and
ow much data is to be processed and stored changes dramatically, depending on which class of
n-vehicle equipment is employed.
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Read and write tags
Read and write tags have the facility to receive data from the roadside and to store this data
directly on the tag or on a separate value-card (which may be interfaced with the tag whilst in
the vehicle).

The ability of the IVU to receive data from the roadside system allows for the storing of
information on the most recent transactions on the tag or value-card itself, thus providing the
vehicle-user with an independent record of recent transactions. In the road-pricing context, the
facility of providing the user with an independent log of transactions may be valuable in
obtaining users' acceptance of the system.

Automatic Debiting Transponder
The definition of an  'automatic debiting transponder' is one which has a relatively high level of
intelligence (utilising an on-board micro-controller and associated circuitry), the capability to
handle and process many kinds of data and (potentially) to be programmed to manage a number
of different applications.

Such a system requires a relatively high-speed and reliable two-way data-communications link
with the roadside.  These systems involve more complex on-board equipment, which replaces
some of the processing requirements traditionally handled by the roadside equipment.

These systems are what are perceived by many road administrators across Europe to be what are
required for the future, where high-volume, multi-lane roads are to be tolled without having to
restrict traffic.

One interesting feature of such transponders is that there is in-built flexibility, which will enable
the system to be used for other purposes (such as route-guidance, parking and providing traffic
information in the vehicle). Although not all drivers would require such services, they could be
available on a subscriber basis. Moreover, the transponders offer the potential to be 'stripped
down' in functionality to operate as a simple read-only, or read-write tag - thus a family of
"upwardly compatible" toll payment equipment could exist. In addition the smart card itself
could also be used for other payment services and city card applications.

Wide Area Communications-Based Systems
Wide area systems are an innovation in the toll collection arena. They make the use of two
technologies which were developed for other applications, namely GPS (Global Positioning
Satellites), which enable suitably equipped vehicles to calculate their location with some
accuracy, and GSM (Cellular Radio), which enable two way communications over a wide area
in most of Europe. The systems are designed not to disrupt the flow of traffic on motorways and
also to reduce the amount of roadside infrastructure required, in comparison to that needed by
systems which employ short range communications. Their main disadvantage seems to be the
lack of a proven and effective enforcement mechanism (Blythe, 1996).

Payment Options
An advanced automatic payment system should be able to offer a number of different payment
options. These payment options are divided into those which require a central (roadside) held
account and those which utilise an on-board (vehicle) account:

• Pre-Payment Automatic Account Identification (AAI)

Centrally held user-account that is always in credit. AAI code pertaining to the account
identity is conveyed from the in-vehicle tag to the roadside upon interrogation.
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• Post-Payment Automatic Account Identification (AAI)

Centrally held user-account which is in arrears, i.e. the payment for the road charges is
made after the charges have been incurred either through direct debit or an off-line billing
process.

• Centrally held Subscription Account

The in-vehicle tag conveys an identity code to the roadside system when interrogated.  The
information relates to a subscription account held by the user which allows the user to use
the road-use services for a particular period of time (eg. Travel Pass) or for a particular
number of journeys (eg. Multi-Ticket).

• Anonymous Subscription

The in-vehicle unit hold all the details pertaining to the subscription. This data is conveyed
to the roadside system upon interrogation. In this case the user of the system may retain his
or her anonymity during travel.

• On-Board Pre-Payment (User held Account)

The user carries his own electronic credit with him. The in-vehicle equipment deducts an
appropriate amount of this credit during the transaction with the roadside. Details of the
recovered credit is passed to the roadside system, even so the transaction can be configured
to be wholly anonymous. Similar experiments have been conducted in Dublin by O’Mahony
et al (1999) in the EUROPRICE project funded by the EU SAVE programme.

Where information is required to be held in the vehicle for subscription purposes or where
electronic credit is held by the driver, the smart card is the obvious medium for carrying this data.
The smart card is a relatively secure device for carrying both subscription details and electronic
credit. The read and write nature of the card enables the data or credit balance to be changed when
necessary and also facilitates the possibility for a record of all transactions (user audit trail) to be
held in the cards memory.
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3. National differences/Local adaptations
PRIMA concludes that the institutional and territorial organisation of the transport system and
the decision-making processes are very city-specific. The local and regional authorities cannot
introduce urban road pricing without support from their national governments. PRIMA indicates
that road pricing is not legally possible in Switzerland and the Netherlands. It is legal in other
countries as long as the pricing scheme is related to financing of new roads.
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4. Examples and study sites
Norway has three examples of road use pricing: Oslo, Trondheim and Bergen. Singapore is
another good example of road use pricing - the latter was primarily used for management of
congestion whereas the Norwegian cases were for revenue generation.

4.1 The Norwegian Toll Rings
AutoPASS, is the system used for electronic payment, access control, traffic monitoring and
exchange of information between vehicles and roadside for tolling in Norway.

Some detail on the Oslo toll ring is presented below.

Reasons for Introduction of Tolling in Oslo
The main objective of the introduction of cordon tolling in Oslo was to raise revenue to fund a
range of improvements to the local transport system. This included new road construction (to
increase road capacity), improvements to facilities for pedestrians and cyclists and enhanced
priority and segregation for public transport. Road-use pricing in terms of managing congestion
was not an objective. Consequently, the scheme was designed to minimise the impacts on
traffic. The low level of the toll fee is seen to have contributed immensely to the successful
implementation of the scheme.

System Installation Feasibility
The Oslo cordon toll scheme was introduced in February 1990 as a financing scheme so the aim
was to minimise the impacts on traffic. Toll fees are not differentiated by time of day and
seasonal passes are used extensively. The toll ring consists of several stations located 3 to 8 km
from the city centre. Inbound traffic is tolled all through the day every day of the year. About
208,000 vehicles are tolled on an average day (260,000 vehicles during a working day). The toll
fee in 1990 was NOK 10 for light vehicles and twice as much for heavy vehicles. Seasonal
passes for light vehicles were NOK 220 for one month, NOK 1200 for 6 months and NOK 2200
for one year. The system  allows the use of prepaid passes as well as seasonal passes. The
current charge is NOK 12 per crossing. (The average hourly earnings of a worker in the same
year in Oslo were about NOK 105 (excluding payments for holidays)).

 The identity of a unit passing the tolling station is read and fed to the computer to check its
status. The passing driver receives a signal on the status of the tag on the vehicle. The toll
station computer activates a video camera when an illegal passage is registered. Video pictures
of the licence plates of the illegal passing vehicles and the drivers are recorded for collecting
fines payments.

System Operational Feasibility
In Oslo, several lanes are reserved for non-stop traffic with automatic vehicle identification
(AVI) tags. Each toll station has a manual lane with an attendant and most stations have lanes
with coin machines for toll payment. Capacity of a reserved lane for non-stop traffic is about
1600 vehicles/hour and the capacity in a manual lane is about 400 vehicles/hour.

The average violation rate in a non-stop lane is about 0.2%. The accuracy of the systems in Oslo
is higher than 97%.
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Vehicle type differentiation (different charges for different vehicle types) and period
differentiation (different charges at different types of the day) are available in Trondheim and
Oslo. Various types of passes and methods of payment are available.

Traffic Impacts

Car Use
In Oslo the reported impact on traffic crossing the cordon in its first year of the operation ranged
from insignificant (Waerstad, 1992) to about 10% (Solheim, 1992). Ramjerdi (1992b) estimated
a total decrease of 5% in car travel in this period. About 3-4% of this reduction is attributed to
the introduction of the toll ring. The rest can be explained by the recession in Oslo at that time
and an increase of about 16% (in real terms) in the price of petrol during that period.

The result of the estimations showed the importance of access to a free parking place at work
(those with free parking are less likely to reduce use of car). The parking fee in the inner city of
Oslo in 1990 was about 40 NOK/day and 15 NOK/hr.

Gylt (1991), on the basis of manual counts of car occupancy, at different check points on the
cordon toll line, concluded that there was no significant change in the occupancy of the cars
crossing the cordon toll line.

Table 2 (Ramjerdi, 1995) shows the mode choice elasticities (change in demand with respect to
a change in price) with respect to toll costs for work round trips.

Elasticity to Demand wrt Toll Costs All TRIPS TRIPS Crossing Cordon

Car Driver -0.04 -0.14

Car Passenger 0.04 0.09

Public Transport 0.03 0.04

Walk/Bike 0.01 0.06

Table 2:  Mode choice elasticities with respect to toll costs for work round trips. (Ramjerdi 1995)

The direct toll elasticity of the car driver is relatively low, about –0.04.  All other modes have
positive cross-elasticities which are also low. The direct toll elasticity of the car driver crossing
the cordon is significantly larger at –0.14. Other modes have cross-elasticities which are less
than 0.1. The elasticities presented here are for those individuals without a seasonal cordon toll
pass.

Table 3 shows mode choice elasticities with respect to toll costs for purposes other than work.
These elasticities are much smaller than those for work round trips. The direct toll elasticity of
the driver is relatively low, about –0.014. All other modes have positive cross-elasticities and
are about the same size. The direct toll elasticity of the car driver mode for roundtrips that cross
the cordon line is larger, about –0.06. These elasticities are for individuals without a seasonal
pass.



Pricing 27

PORTAL Written Material www.eu-portal.net

Elasticity to Demand wrt Toll Costs All Roundtrips Roundtrips Crossing
Cordon

Car Driver -0.014 -0.06

Car Passenger 0.015 0.05

Public Transport 0.018 0.05

Walk/Bike 0.013 0.06

Table 3: Mode choice elasticities with respect to toll costs for non-work round trips. (Ramjerdi 1995)

To conclude, the impact of the Oslo cordon toll scheme, separated from other factors, at the
level of mode choice for work round trips has been small. The low level of elasticities should be
viewed in the light of the low level of toll fee compared with other components of the marginal
private car cost. The toll fee for a roundtrip contributes to about 15-20% of the total private
marginal cost. An increase of 100% in the toll fee will increase the total private marginal cost by
about 17-20% while decreasing the demand for the car mode by 14%. That implies a direct
demand elasticity of the private marginal car cost of about –0.7 to –0.8.

The overall effect seems to have been a reduction in the length of the peak periods (the reverse
of peak spreading), which is, however, small. There is no evidence indicating a relationship
between changes in home and work location and the introduction of the cordon toll scheme.
There did appear to be changes in destination choices, for discretionary travel purposes, from
1989 to 1990 as a result of the toll scheme but also as a result of the recession. The most
significant change in route choice in the Oslo/Akershus region has been due to the changes in
the road network responses rather than the decrease in the degree of congestion that could be
attributed to the toll ring in Oslo. Ramjerdi (1995) concludes that there were no significant
changes in route choice because of the introduction of the cordon toll scheme.

Two scenarios were examined with regard to trip destination:

• The impacts of the Oslo toll scheme on destination choices in relation to the distance of the
destinations (locations of businesses and services) from the toll ring

• The impacts of the Oslo toll scheme on the travel behaviour of households, in terms of
changes from destinations that require crossing the toll ring to alternative locations that do
not require crossing the toll ring, in relation to the distances of home locations from the toll
ring.

Statistical analysis completed on panel surveys suggests that the impacts of the toll scheme on
destination choices have been statistically significant for destinations that were located closer to
the toll ring. However, the extent of the impacts is quite small. The small impact of the toll
scheme on destination choices can be attributed to the deliberate choice of the location of the
toll ring in order to minimise these impacts.

Further analysis indicates that changes in destination from a location that requires a toll crossing
to a destination that does not require one have been influenced by the availability and
attractiveness of alternative new destinations. The changes are much more pronounced for the
households located in the inner city and close to the toll ring. The changes are quite small for
the households located 5-11 kilometres outside the toll ring. The availability of different
suburban centres outside the toll ring might explain this.
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Revenue
The net revenue of the toll ring is used for financing a large package of transportation
infrastructure in the Oslo/Akerhaus region. Increasing road capacity was a key element of the
package. About 20% of the net revenue was earmarked for improvements in public
transportation infrastructure. The remaining revenue, supplemented by about equal funds from
the central government, financed 50 new road projects. About 30 of these road projects are
tunnels that divert traffic from city streets.

An alternative cordon toll scheme that approximates optimal congestion pricing was evaluated
for Oslo. In this scheme, the cordon lies closer to the centre of the city than the present one. The
optimal toll fee is about NOK 25 during the peak periods and zero in off-peak periods. The
estimated revenue from this hypothetical scheme would be  NOK 180 million compared with
NOK 600 million under the present scheme. However, this alternative scheme produces a net
welfare gain of about NOK 25 million compared with a net welfare loss of about NOK 80
million under the present scheme (Ramjerdi and Larsen, 1992). The calculation of a scheme
where vehicles pay the social marginal costs of their entire trips show that the revenue will
decrease to about NOK 180 million. However, the welfare gain will increase considerably
(Ramjerdi, 1992).

Public Acceptability
A more detailed analysis of public acceptability was conducted on Trondheim than in Oslo and
so this section concentrates on the Trondheim experience.

The Public Road Administration carried out several surveys in order to check the views of users
of the collection system and their attitudes to the introduction of the toll ring. These inquiries
took place in the period before the opening of the toll ring, in the autumn of 1991, and also
several times just after the opening. Each survey involved telephone interviews with
approximately 400 casually selected and representatively distributed persons in the municipality
of Trondheim.

One month after opening a survey was performed amongst motorists crossing the toll ring once
or several times a week. 90% stated that the collection system worked well. The results from a
survey conducted six months before opening indicated that 72% of those questioned gave a
negative reaction to the introduction of the toll ring, while 8% were positive. Two months after
implementation a surprising result from another survey showed that 48% considered it to be
negative and 19% positive. More recently a survey indicated 36% negative, 32% positive and
27% indifferent.

Hoven (1996) attempts to explain the substantial change in attitude. He suggests that people
were opposed to the introduction before implementation because they perhaps thought there was
still a chance that it might not go ahead if public resistance was strong enough. After installation
they may have become more resigned to it. Surveys show that motorists are more negative than
others which is an understandable finding. Men appear to be more positive than women.
Another interesting finding was that those people living outside the toll ring have a more
positive attitude compared with those living inside it. This could be explained if they see the toll
ring as a means of improving traffic flow.

4.2 Singapore Case Study
Singapore has currently the only existing example of road pricing applied on a city-wide basis
as a transport demand management strategy. This section describes how Singapore has become
the first city in the world to implement what is commonly accepted to be the most difficult
transport policy to introduce.
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The Singapore Area Licensing Scheme (ALS)
The ALS aimed to reduce congestion in the central area of Singapore City by cutting the
number of cars entering it during the peak periods by 25-30%. This reduction was not, however,
aimed at reducing the number of people travelling into and around the central area. Indeed, such
negative impacts were to be avoided in case they impacted on the level of economic activity in
the area. The aim was to change private drivers’ mode of travel, and/or timing of their trips; i.e.
the longer-term aim was a change in travel habits.

The Restricted Zone and Other Components of the Traffic Demand
Strategy
The restricted zone comprises the whole of the central business district (CBD) and a commercial
area (Wilson, 1988). Car access to this zone is through one of the 22 entry points, and is
restricted during the morning peak to those vehicles displaying a special licence on their
windscreen. At the scheme’s inception in June 1975, the hours of restriction were 0730-0930,
but these were extended to 1015 at the start of August that year (Wilson 1988). From the start of
June 1989 the scheme was further extended to include the evening peak-period (1700-1900
hours).

The Supplementary Licence
Singapore is the only city to have implemented this particular method of road use pricing.  It
was selected from alternatives which included vehicle metering and toll booths. While the
former was rejected because the necessary equipment was not available in sufficient quantity,
the latter were thought to take up too much space and possibly increase congestion.

Under the supplementary licence scheme, vehicles passed, without stopping, through the
entrance points, which were manned solely as a means of enforcement. The dated licences were
thus pre-paid, and were purchased either daily, at post offices and booths on radial roads leading
towards the zone, or monthly, at the Registry of Motor Vehicles or at some post offices
(Morrison, 1986).

The criteria by which the licences were priced reflect the problems of implementing the theory
of marginal cost pricing. Rather than carefully calculating the optimal price and letting this
determine the flow, the government worked backwards from a target flow, and set a price to
achieve this by judgement.

Although prices are fixed during the restricted hours, they do vary by vehicle type. Company
registered cars are charged twice the rate of private cars. Similarly, after the first three weeks of
the ALS, taxis ceased to be exempt, and were instead charged the same as private cars. In April
1977, however, this was reduced to 40% of that rate (Morrison, 1986). Other exempt vehicles
include buses, goods vehicles, motor cycles, and cars with four or more passengers (i.e. car
pools). The last two were exempt, both to encourage higher vehicle occupancy in the case of car
pools, and to counter claims that the scheme prevented all but the rich from driving into the
central area during the restricted areas. From June 1989, however, school buses, lorries, and
motorcycles have had to pay for entry to the zone.

Enforcement
The ALS scheme posed no technical problems for enforcement. The licence plates of all passing
cars were recorded and checked. Fines were then levied to all violators.

The supplementary licences came in six different shapes, three each for daily and monthly. The
higher fee paid for company cars was denoted by its shape, and such cars were distinguished
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from privately owned ones (and hence prevented from using the cheaper licence) by their
registration plates, which were prefixed by the letter ‘Q’.

The Effects of the ALS
The ALS succeeded in its stated aim of reducing the volume of traffic in the morning peak
period.  The number of cars entering the restricted zone between the hours of 0730 and 1015 fell
from 42,790 in March 1975, to an average of 11,363 in the following September and October.
This fall, initially of 73%, balanced out at 64% of the pre-ALS flows by the early 1980s
(Goodwin & Jones, 1989).

Some of this fall came about by drivers who previously drove through the restricted zone being
diverted around it. Similarly, a portion of fall was brought about by drivers travelling earlier.
There was a 23% rise in the volume of cars travelling before 0730. Other drivers changed mode.
Before introduction of the ALS, about 56% of work trips were made by car but by 1983 this had
fallen to 23%. Buses saw the largest increase in share rising from 33% before ALS to 69% in
1983. The number of car pools also grew during the restricted hours, as did their number as a
proportion of all cars, from less than 7% to 37% by the end of 1975.

In the first few weeks of the ALS, during which taxis were exempt, some drivers may have
taken taxis into the restricted zone. Certainly, their number entering the zone during the
restricted hours grew dramatically in this period. Making taxis pay at the same rate as cars,
however, had cut their number to 35% of their pre-ALS total by the end of 1975.

As can be seen, the ALS not only cut the number of private cars in 1975 but, the intention that
this should force longer-term changes, appears to have been successful. Indeed, the net fall in
the total number of vehicles of all types during the 0730-1015 period had only risen to 77% of
the pre-ALS value in May 1983, from 56% in 1975 (Morrison, 1986).

This is not to argue, however, that the ALS has been an outright success. Indeed, one surprising
result of the ALS was that the expected concomitant fall in the evening peak flows did not
materialise; it only fell by 6%. Inquiries discovered that drivers who entered the restricted zone
before 0730, and others who by-passed the zone in the morning, continued to drive home
through it in the evening peak. There may also have been an increase in the number of taxis
operating during the evening peak.

Furthermore, although the ALS made some individuals better off, it is unclear whether society
as a whole has benefited. Toh (1977) argued that the price was set too high, thereby restricting
an unnecessarily large number of cars. Similarly, Wilson’s (1988) analysis of the data collected
in the 1975 before and after surveys suggested that social welfare levels may have decreased.
His results implied that insufficient bus capacity had caused travel times by this mode to
increase. Although speeds increased during the restricted period both in the zone (by 22%) and
on the inbound radials (by 10%), these were more than offset for bus commuters to the zone by
more frequent stops to pick up passengers (Wilson, 1988). Furthermore, the traffic diverted  to
the ring road during the morning peak was estimated to have cut speeds on it by 20%.

Wilson’s findings are, however, provisional. Not only is it not known what the revenues
collected have been used for, but, as he himself chronicles, there have been a number of changes
to travel patterns since late 1975. Furthermore, Wilson’s analysis did not consider the beneficial
effects of reduced noise and pollution, and the ease with which pedestrians can now cross the
streets in the restricted zone.

Lessons from the Singapore (ALS) Experience
The main lesson is that it is possible to administer and enforce a supplementary licence scheme.
Reasons for this may be classed under acceptability, flexibility, and comprehensiveness.
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Before these can be described, however, a number of factors cited as having contributed to the
scheme’s success, but which are more-or-less unique to Singapore, must be listed. The absence
of these factors in other countries may limit the ease with which road pricing can be applied and
succeed elsewhere.

Firstly, planning in this city-state was made easier by the single level of government, which
dealt with only one geographical area.  Perhaps more importantly, however, was the relative
ease with which the government gained the public’s acceptance for the scheme. In part, this was
cultural. Singaporeans tend to believe that the government works in the best interest of society
in general. There were fewer potential opponents of the ALS than may be the case in Europe,
because even before the ALS was introduced, only a minority of commuters to and through the
zone travelled by car. Finally, enforcement was made easier by the relative isolation of the
region.

These points aside, Singapore’s experience does have lessons for Europe and elsewhere.
Although certain characteristics specific to Singapore helped gain acceptance for the scheme,
this is not to deny the government the credit for its efforts. Indeed, a programme to educate the
public about the scheme started a year before the ALS was introduced. In addition to a booklet
published by the government, debate of the arguments both for, and against the scheme, took
place in the press.

Business interests were also taken into account. The hours of restriction were chosen to
minimise any adverse effects on trade and it was for this reason that the scheme was not
extended to the evening peak period. Off-peak travel was not discouraged, and parking charges
were set to encourage short-term stays with the interests of shoppers in mind.

It appears that, although the ALS may have accentuated the effects of the mid-1970s recession,
it was not the cause of a slow-down in business activity in the central area. Indeed, the scheme
benefited a number of companies. While some found an improvement in the availability of
workers, who found it easier to get into the central area (Morrison, 1986), retailers and
wholesalers benefited from the better access for goods vehicles in the morning when most
deliveries are made. Although taxi firms’ revenues were hit, those from the buses increased.

The scheme itself has benefited from being both well thought out and well managed. This not
only applies to the administration of the ALS, but also to the other demand-management
policies that complemented it. Finally, the organisational structure of the management body
made it easier to implement the comprehensive policy.

The management also adopted a flexible policy. Results were monitored, and acted upon.  This
flexibility is well illustrated by the speed with which the restricted period was extended to
prevent congestion after 0930, and by the progressive changes made to the toll on taxis.
Similarly, when only 6% of the parking spaces were used (Wilson, 1988), the park and ride
scheme was disbanded. The car parks were turned to other uses and the buses diverted to routes
linking housing areas directly with the central area (Goodwin and Jones, 1989).

As a final lesson from the ALS, some commentators stated that if the price is to have the desired
effect of changing people’s travel behaviour, then it must come as a shock. It may thus be better
to initially over-price roads for the current conditions, than introduce small increases in the
price, which people may merely absorb by changing their budgets, and not their travel patterns.

Electronic Road Pricing (ERP) Implementation in Singapore
Singapore has recently upgraded its ALS to an electronic alternative. Each car has an in-vehicle
unit which debits a smart card when the vehicle passes the gantry for entry to the city. The
flexibility of ERP provides Singapore with a more powerful tool to respond to changing travel
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patterns and to encourage optimal use of the road system both temporarily and spatially. As the
transit policies of LTA are implemented, ERP will become the lever to facilitate greater modal
shift by reflecting the true social costs of road congestion in road pricing charges for the road
user.  The current charge rates are time differentiated and location specific. They are as follows:

Cars: $0.5 – 3.0

Motorcycles: $0.4 – 2.5

Light Goods Vehicles: $0.4 – 1.9

Heavy Goods Vehicles/Small buses: $0.4 – 1.9

Very Heavy Goods Vehicles: $0.4 – 2.25

Taxis: $0.5 – 3.00

With respect to monitoring its impact the following data is being collected on a regular basis:

• classified traffic counts on a set of screenlines in various parts of the island;

• classified traffic counts on the ERP gantrys around the CBD;

• passenger alighting in the CBD by bus and MRT throughout the day; and

• journey time surveys on a series of routes through and around the ERP area
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5. Further Reading on Road Use Pricing
EU research has provided comprehensive results in the area of pricing in the transport sector. It
has focused on technology, modelling and has conducted a large bank of research on the
impacts of road use pricing, mainly concentrating on the urban areas.

Recommended further reading include the final reports of the projects, most of which are
available from their websites, listed below and some texts available in the area.

• “Operationalisation of Marginal Cost Pricing within Urban Transport”, VATT Research
Report No. 63 written by David Milne, Esko Niskanen and Erik Verhoef.

• “Acceptability of Urban Transport Pricing”, VATT Research Report No. 72 written by Jens
Shade and Bernhard Schlag.

• “Economic and Equity Effects of Marginal Cost Pricing in Transport”, VATT Research
Report No. 71 written by Fridstrøm L., Minken H., Moilanen P., Shepherd S., Vold A.

In the case of all of the projects mentioned below, the final reports are the most useful in terms
of background reading.

The AFFORD website is located at http://www.vatt.fi/afford , and the final summary report can
be downloaded at ftp://ftp.cordis.lu/pub/transport/docs/affordrep.pdf   Deliverable 2C contains
interesting information on acceptability.

The CAPRI web page is located at http://www.its.leeds.ac.uk/research/index.html, and a copy
of the final summary report can be downloaded at the CORDIS web page:
http://www.cordis.lu/transport/src/capri.htm.

The CONCERT web page http://btsa.es/concert/ and are available at the CORDIS website.
http://www.cordis.lu/telematics/tap_transport/research/projects/concert.html

Further basic information about CONCERT-P can be viewed at the CORDIS website
http://www.cordis.lu/transport/src/concertp.htm or at the European Union On-line Knowledge
Centre for results from the Fourth Framework Transport RTD Programme’s website
http://europa.eu.int/comm/transport/extra/concert-pia.html.

Materials like deliverables, newsletters etc. from CUPID will be available at the CUPID
official website: www.transport-pricing.net. At the moment deliverable 3: FAQ and the first
CUPID newsletter are available.

A summary of the EUROTOLL project can be downloaded at the CORDIS websites
http://www.cordis.lu/transport/src/eurotollrep.htm.

FISCUS can be accessed  at
http://europa.eu.int/comm/transport/extra/final_reports/FISCUS.pdf and a copy of the final
summery report can be found at the CORDIS website
http://www.cordis.lu/transport/src/fiscus.htm. General information’s on the project can be
viewed at FISCUS own website http://www.tis.pt/proj/fiscus/fiscus.htm.

A summary of the PETS final report can be downloaded at
http://www.cordis.lu/transport/src/pets.htm. The complete final report can be viewed at the

http://europa.eu.int/comm/transport/extra/final_reports/strategic/PETS.pdf

http://www.vatt.fi/afford
ftp://ftp.cordis.lu/pub/transport/docs/affordrep.pdf
http://www.its.leeds.ac.uk/research/index.html
http://www.cordis.lu/transport/src/capri.htm
http://btsa.es/concert/
http://www.cordis.lu/telematics/tap_transport/research/projects/concert.html
http://www.cordis.lu/transport/src/concertp.htm
http://europa.eu.int/comm/transport/extra/concert-pia.html
http://www.transport-pricing.net/
http://www.cordis.lu/transport/src/eurotollrep.htm
http://europa.eu.int/comm/transport/extra/final_reports/FISCUS.pdf
http://www.cordis.lu/transport/src/fiscus.htm
http://www.tis.pt/proj/fiscus/fiscus.htm
http://www.cordis.lu/transport/src/pets.htm
http://europa.eu.int/comm/transport/extra/final_reports/strategic/PETS.pdf
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The PRIMA website is located at: http://www.certu.fr/internat/peuro/prima/prima.htm. The
final summary report can be displayed at the CORDIS website at:
http://www.cordis.lu/transport/src/48328.htm and a copy of the final report can be downloaded
at the Europe online website:
http://europa.eu.int/comm/transport/extra/final_reports/road/PRIMA.pdf.

The PROGRESS website is at http://www.progress-project.org/, where information and future
report will be available here. Other interesting links on the Internet can be mentioned the
websites of the Copenhagen project AKTA www.akta.kk.dk/ and the Rome project ATAC
www.atac.roma.it/trasroma/presento/T4/inglese/progress.htm.

The TRANSPRICE website is at http://gridlock.york.ac.uk/transprice/. The summary of the
final report can be displayed at http://www.cordis.lu/transport/src/transpri.htm.

A summary of TRENEN II STRAN can be found at the CORDIS website
http://www.cordis.lu/transport/src/trenenii.htm among with other general information. Of other
interesting material is Deliverable 8a: New Model Developments Urban Software and
Documentation by Kurt Van Dender, Stef Proost and Sara Ochelen from Katholieke Universiteit
Leuven, Belgium.

http://www.certu.fr/internat/peuro/prima/prima.htm
http://www.cordis.lu/transport/src/48328.htm
http://europa.eu.int/comm/transport/extra/final_reports/road/PRIMA.pdf
http://www.progress-project.org/
http://www.atac.roma.it/trasroma/presento/T4/inglese/progress.htm
http://gridlock.york.ac.uk/transprice/
http://www.cordis.lu/transport/src/transpri.htm
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6. Exercises
The following is a list of exercises on the material presented above.

• Explain the theory behind marginal cost pricing

• What are the barriers to its implementation?

• Describe the technology used for road pricing and tolling.

• Desribe in detail the type and level of impact road use pricing has using the modelling
studies and case studies completed in the EU R&D programme

• Select a city of your choice and design a road pricing scheme for that city taking on board
traffic implications, the management of traffic generally and any other issues you consider
to be important.

• Using data from a particular city or region estimate the external costs of transport such as
congestion and air pollution.
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8. Glossary
Area licensing scheme (ALS)

This is a method of road use pricing whereby an individual wishing to access an area must
possess a license (usually purchased in advance).

Automatic vehicle identification (AVI)

This term is generally referred to an electronic method of vehicle identification.

Central business district (CBD)

This term is usually referred to the central area of a city where typically governmental, financial
and commerical activities are located.

Cordon pricing

Cordon pricing is a method of road use pricing where a geographical boundary to an area is
identified and for which crossing of that boundary e.g. to access a city centre, a charge (fee) is
applied.

Cross-elasticity

The proportionate amount by which the demand for a good changes if there is a proportionate
change in the price of another good.

Differentiated fee

Fees for road use can be differentiated in terms of vehicle type or time of day in the case of
some pricing systems.

Elasticity

An elasticity is the proportionate change in one variable as a result of a proportionate change in
another variable.

Electronic road pricing

Electronic road pricing (ERP) is where road pricing is applied by electronic methods.  Typically
each vehicle will have a transponder attached to it which in turn will be associated with an user
identifier so that bills can be allocated to that user.

External cost (externality)

External cost is the cost of transport activities for which a transport user does not pay such as
the delay his/her vehicle imposes on others in the traffic stream, the pollution costs imposed on
society, the noise costs and the accident costs (those not covered by insurance).

Fourth Power Law.

This law states that damage increases with increased axle weight to the power of four e.g. if you
double the weight on an axle the damage increases sixteen-fold.
Global positioning system
The GPS (Global Positioning System) is a "constellation" of 24 well-spaced satellites that orbit
the Earth and make it possible for people with ground receivers to pinpoint their geographic
location.
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Hedonic
Hedonic methods use information on the changes in product characteristics to break down price
variations into those attributable to changes in characteristics and those that take place for given
characteristics.
Hypothecation
Another term for hypothecation in the context in which it is used here is 'ring-fencing'. In terms
of road use pricing, its usual meaning is that the revenues generated are specifically identified
for expenditure to improve transport infrastructure and services.
Internalisation
To internalise in its broadest sense means including all costs in pricing for transport i.e. if a
vehicle or transport user imposes costs on society, in whatever form, the user should pay for
those costs. The concept of Fair and Efficient Pricing as put forward by the EU proposes that
transport users pay the costs they impose.
Long run.
Long run is defined as the period of time after which all lfactors of production can be varied in
respone to a change in demand. The term is often used to refer to a period sufficiently far in the
future that all costs except the provision of assets with a very long economic life become
variable.
Marginal cost
The marginal cost is strictly defined as sthe cost of one extra unit of production although it is
often used more loosely as the average cost per unit of small increase in production.
Modal shift
This refers to e.g. the transfer of some car users to public transport as a result of a particular
transport policy
Private cost
Private cost is the cost that a transport user incurs when making a trip. Typically it includes fuel
cost, time cost, depreciation of the vehicle and maintenance costs. (Transport users when
making a trip generally only perceive the fuel cost and time cost to be significant, particularly
the time cost if the trip is conducted in the peak period).
Road use pricing
Road use pricing is the means by which road users are charged for use of a particular piece of
road infrastructure. The incentive for charging for its use may be purely with the aim of revenue
generation or to manage traffic congestion. Other terms which are also commonly used are road
pricing and congestion pricing.
Short run
Short run is the time over which at least one factor of production is fixed. The term is loosely
used and its meaning will often be explained in the context in which it is used.
Statistical life
The value-of-statistical-life (VSL) approach is used by environmental economists to value
mortality changes resulting from environmental improvement, such as decreased urban air
pollution.
Utility
The satisfaction that an individual derives from an action which may be the ownership of a
good, a change in the environment, or the enjoyment of looking at the scenery when making a
journey.
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Value of time.
This is the concept by which a person's time is costed. More and more, people consider time
costs to be higher than the monetary costs they bear when using transport. This suggests that
time is valuable. In terms of modelling the mode choice decisions of transport users, the concept
of Value of Time is commonly used. This is a monetary value placed on time.
Vignette
Vignette means fee.
Welfare
Economic welfare is a measure of the total utility that society derives from its resources.
Willingness to pay
Willingness to pay is a measure of how much an individual is prepared to pay to offset a
disutility.
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9. Pricing – The consortia of the projects:

AFFORD – Acceptability of Fiscal and Financial Measures and
Organisational Requirements for Demand Management

Konsortium:

Government Institute for Economic Research (VATT) FI

University of Leeds - ITS UK

Institute of Transport Economics – TOI NO

Universidad Politecnica de Madrid ES

Technische Universitat Dresden DE

TRIAS S.A. GR

MIP – Politecnico di Milano IT

University of York UK

LT Consultants Ltd FI

Centre for Interdisciplinary Systems Research (C.I.S.R) GR

Free University of Amsterdam NL

CAPRI – Concerted Action on Transport Pricing Research Integration

Konsortium:

University Of Leeds - ITS UK

Eurotrans Consulting LTD UK

Instituto Di Studi Per L'informatica E I Sistemi IT

ISIS SA FR

IWW DE

Katholieke Univesiteit Leuven BE

ZEW DE
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CONCERT – Cooperation for Novel City Electronic Regulating Tools

Konsortium:

Barcelona Tecnologia S.A ES

SMASSA ES

Municipality of Barcelona ES

TMB ES

FGC ES

LGAI ES

BTSA ES

Azienda Transporti Consorciali IT

Municipality of Bologna IT

LGFM IT

FS IT

RER IT

Bristol City Council UK

Badgerline Cityline UK

TTR UK

Dublin Corporation IE

Dublin Bus/Pambo IE

Norcontel IE

Interactions/LUTU/ ETTS and BERC IE

IrishRail IE

AIB IE

MOVE DE

City of Hannover DE

Kommunalverband Grossraum Hannover DE

Transtec DE

USTRA DE

DDE FR

Municipality of Marseille FR

CETE/TRANSEXPERT FR

Supply Consortium FR

RTM FR

SNCF FR
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Municipality of Thessaloniki GR

TRUTH GR

PRA South Trondelag NO

Public Roads Adminstration Directorate NO

SINTEF TE NO

Microdesign NO

EUROTOLL

Konsortium:

Concessioni e Costruzioni Autostrade SPA IT

Heusch / Boesefeldt GmBH DE

Laboratoire d'Economie des Transports FR

Service d'Etudes Techniques des Routes et Autoroutes FR

Trends Research npc GR

Transport Research Laboratory UK

Association des Societes Francaises d'Autoroutes FR

Consorzio Intercommunale dell'Area Fiorentina IT

Howard Humphreys UK

Universitat zu Koln DE

University of Patras GR

EUROPRICE – Energy Efficiency of Urban Road Pricing Investigation in
Capitals of Europe – SAVE Programme

Konsortium:

Trinity College Dublin IE

Eurotrans UK

Trends GR

Geotopos GR
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FISCUS

Konsortium:

Transportes Inovacao e Sistemas ACE PT

Universitat Kalrsruhe DE

University of Leeds UK

Ekono Energy Ltd FI

Technische Universitaet Wien AT

Stockholm University SE

Federazione Nazionale Trasnporti Pubblici Locali – Federtrastporti IT

PETS – Pricing European Transport Systems

Konsortium:

University of Leeds ITS UK

Eiet Universidad de las Palmas de Gran Canaria ES

Linkoping University SE

Institute for Transport Economics DE

Ekono Energy Ltd FI

Trasporti e Territorio SRL IT

Institut National de recherché sur les Transports et leur Securite FR

Universitat Karlsruhe DE

Umweltstudien Muller Neuenschwander Sommer Sutre Walter CH

Trans-por – Fundo Para o Desenvolvimento do Ensino Avancado e da
investigacao em Sistemas de Transportes

PT

PRIMA – Capabilities of Advanced Traffic Management

Konsortium:

Inregia AB SE

Kungl Tekniska Hogskolan SE

Centre d'Etudes sur Les Reseaux, les transports, L'Urbanisme et Les
Constructions Publiques

FR

Barcelona Regional Agencia Metropolitana de Desenvolupament Urbanistic I
d'instrastructures S.A

ES

Dienst of Stedebouw en Volkshuisvesting/Bureau of European Affairs for Traffic
and Transport

NL

Ecoplan Wirtschafts – und Umweltstudien CH

Synergo CH
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TRANSPRICE – Transmodal integrated urban transport pricing for
optimum modal split

Konsortium:

EUROTRANS Consulting Ltd UK

Politecnico di Milano IT

Universidad Politecnica de Madrid ES

G. Papavasileiou C Bistis and Associates, Anysma GR

Leeds City Council UK

Industrial Liaison and Development Office SE

University of York UK

Viatek Ltd FI

Unipass LDT UK

University of Dublin, TCD IE

Commune di Como IT

Consorcio regional de Transportes de Madrid ES

Athens Area Urban Transport Organisation GR

University of Leeds UK

Technical University of Graz AT

Technische Universitat Dresden DE

York City Council UK

TRENEN II STRAN – Models for Transport Environment and Energy –
version 2 Strategic Policy Analysis

Konsortium

Katholieke Universiteit Leuven BE

Universitaire Faculteiten St. Ignatius Antwerpen BE

University of Dublin, TCD IE

National Technical University of Athens GR

Training Research and Education Consortium IT

University of Kent at Canterbury UK

Economic and Social Institute, Amsterdam NL


	Introduction
	Overview of broad topic 'Pricing' Powell (2001)
	Focus on Road Pricing (Road Use Pricing)
	Definitions
	Objectives and skills
	Challenges
	Relevance to EU policies
	Summary of contents

	Economics & pricing
	Marginal social cost pricing
	Simplified analogy
	Economic theory
	External costs
	Congestion costs
	Infrastructure damage
	Accident costs
	Noise
	Emissions

	Public acceptance and behaviour aspects
	Modelling tools for scheme assessment
	Charging techniques
	Manual
	Automatic Road Charging Systems
	Payment Options


	National differences/Local adaptations
	Examples and study sites
	The Norwegian Toll Rings
	Reasons for Introduction of Tolling in Oslo
	System Installation Feasibility
	System Operational Feasibility
	Traffic Impacts
	Car Use

	Revenue
	Public Acceptability

	Singapore Case Study
	The Singapore Area Licensing Scheme (ALS)
	The Restricted Zone and Other Components of the Traffic Demand Strategy
	The Supplementary Licence
	Enforcement
	The Effects of the ALS
	Lessons from the Singapore (ALS) Experience

	Electronic Road Pricing (ERP) Implementation in Singapore


	Further Reading on Road Use Pricing
	Exercises
	Literature (Bibliography)
	Glossary
	Pricing – The consortia of the projects:
	
	
	
	AFFORD – Acceptability of Fiscal and Financial Me
	CAPRI – Concerted Action on Transport Pricing Res
	CONCERT – Cooperation for Novel City Electronic R
	EUROTOLL
	EUROPRICE – Energy Efficiency of Urban Road Prici
	FISCUS
	PETS – Pricing European Transport Systems
	PRIMA – Capabilities of Advanced Traffic Manageme
	TRANSPRICE – Transmodal integrated urban transpor
	TRENEN II STRAN – Models for Transport Environmen





