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Executive summary
The SPECTRUM project aims “to develop a theoretically sound framework for defining combinations of economic instruments, regulatory and physical measures in reaching the broad aims set by transport and other relevant policies”. Within this main objective, the goal is to assess the extent to which it is possible to substitute economic transport instruments with physical and regulatory instruments and to investigate evidence of synergy and complementarity between the instruments. This deliverable starts from the high level framework for transport instrument packages that is presented in Deliverable 5 of the SPECTRUM project (SPECTRUM, 2003). Building upon the existing theoretical and applied literature it has the following objectives:

· To determine theoretically optimum packages in terms of the high level objective function that was formulated in SPECTRUM Deliverable 5. Generally speaking, this high level objective function makes a trade-off between the efficiency and equity objectives of the policy maker. The sub-objectives of efficiency and equity have been formed into five main categories, three under efficiency and two under equity: 


Table E1:
The SPECTRUM high level objective function

	Economic Efficiency
	Equity

	· Economic efficiency in a strict sense (excluding external environmental, safety effects)
· Environment and health
· Safety and security
	· Intragenerational equity

· Intergenerational equity


· To identify the most important barriers to optimal packages of transport measures and to examine the way in which these optimal packages change when barriers are present.

First we examine the optimal choice of policy instruments when only efficiency considerations matter. This is done in Chapter 2. The chapter starts with a classification of the positive interactions that may occur between transport instruments. In particular, four types of interaction are considered: complementarity, additivity, synergy and perfect substitutability. In the tradition of welfare economic theory, the type of interaction that occurs is determined on the basis of a welfare function. The chapter presents first a welfare function for the simple case of a single transport market, together with the optimality conditions that it implies for pricing, investment and regulation. Next, the framework is extended to allow for several transport markets, restrictions on the available transport instruments and distortions in the rest of the economy. The consequences of uncertainty and the determination of optimal levels of monitoring and enforcement are also briefly analysed. Subsequently, the theoretical review is complemented with a critical survey of applied studies. These show how several instruments can be combined in order to reach the highest welfare gain. Table E2 provides an indication of which instruments can potentially be combined to generate beneficial interactions. Four main sources of beneficial interactions are distinguished. The table indicates that there is the potential for certain instruments to be combined into packages, but that not all combinations of instruments will generate economic efficiency.

Table E2: 
Potential for beneficial interactions between transport instrument 

groups (contribution of the measures in the rows to the measures in the 
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Source: May et al. (2003)

The following main conclusions come out of the survey of applied studies: 

· The matrices presented in Appendix 3, 4 and 5 provide a good indication of the effects of the combinations of instruments in policy packages. 
· Policy packages are likely to lead to a higher efficiency gain if they include policies with sufficient differentiation according to time of day, road pricing, a change in public transport fares and frequencies and low cost capacity improvements. 
· It is recommended that, when only efficiency matters, the evaluation of the packages of instruments in SPECTRUM is done by means of a social cost benefit analysis on the basis of the efficiency objective, as put forward in SPECTRUM (2003). This approach avoids making ad-hoc assumptions about the elements of the objective function and avoids double counting. 
· As the extent of interaction (complementarity, substitutability, additivity or synergy) between the different instruments can only be evaluated when these instruments are optimised subject to given constraints, the case studies should consider as much as possible optimal second-best policies (rather than simply simulate policy reforms).

While Chapter 2 deals with efficiency only, Chapter 3 discusses the implications of equity considerations for the optimal packages of measures. First, it summarises the lessons from economic theory: how should equity considerations be taken into account when designing transport policies? A distinction is made between intra-generational and intergenerational equity. Intra-generational equity concerns the distribution of net benefits between different groups of people within a given generation. While these groups can be defined in terms of many characteristics, the  discussion in Chapter 3 focuses on equity in terms of income distribution. After the theoretical survey, the chapter gives an overview of a number of applied studies for Europe and the United States. It is found that there are not many studies that consider the equity impacts of regulation and physical measures. An important contribution of the SPECTRUM case studies could therefore be to investigate these aspects. In addition, the following conclusions are drawn from the existing studies: 

· Transport pricing based on marginal social costs in most cases leads to a welfare loss for most income groups, before taking into account the value of revenue recycling. However, the exact distributional impact of these policies before revenue recycling is context specific. 
· The analysis of the welfare effects before revenue recycling is by necessity incomplete, but can provide insights in the groups that should be targeted most in order to make the policies politically acceptable. A complete assessment of the welfare effects of transport policies however requires that one take into account how they are financed or how the revenues generated by them are used. 
· The choice of the best strategy should be based on a cost-benefit analysis, taking into account the distributional objectives of the policy maker. The best strategy can also be expected to be context specific.
· Packages of measures that are inequality neutral are not necessarily the best. There is no guarantee that the existing degree of inequality is socially optimal. The welfare gain may be substantially lower than that of packages that do affect different groups of people differently.

Chapter 2 and 3 partly describe how to deal with constraints on the instruments that the government can use for transport policy, without going into the factors causing these constraints. This is explored in more detail in Chapter 4, which provides a classification of barriers that impose constraints on the government’s choice set. Based on previous studies a distinction is made between (i) legal and institutional barriers, (ii) political and cultural barriers, (iii) resource barriers and (iv) practical and technological barriers. Following that, strategies for overcoming these barriers are proposed. These can be summarised as follows: 

· In order to overcome political and cultural barriers it is recommended to formulate a clear set of objectives, involving the relevant stakeholders in this process. The strategies for realising these objectives should contain combinations of measures, including measures that ensure that a majority of people gains or does not lose from the strategies and measures that mitigate negative side effects. 
· The formulation of the objectives and the design of strategies should be followed by resolving the remaining barriers. For legal and institutional barriers this implies structural changes of existing legal and administrative frameworks. 

· By implementing the combination of measures in small steps public acceptability may be improved. This process would also allow for making adjustments if these are deemed to be necessary. 

A more detailed discussion of the main conclusions of this deliverable is presented in Chapter 5. 
1 Introduction

The SPECTRUM project aims “to develop a theoretically sound framework for defining combinations of economic instruments, regulatory and physical measures in reaching the broad aims set by transport and other relevant policies”. Within this main objective, the goal will be to assess the extent to which it is possible to substitute economic transport instruments with physical and regulatory instruments and to investigate evidence of synergy and complementarity between the instruments. This deliverable starts from the high level framework for transport instrument packages that is presented in Deliverable 5 of the SPECTRUM project (SPECTRUM (2003)). Building upon the existing theoretical and applied literature it has the following objectives:
· To determine theoretically optimum packages in terms of the high level objective function that was formulated in SPECTRUM Deliverable 5. 
Generally speaking, this high level objective function makes a trade-off between the efficiency and equity objectives of the policy maker. The sub-objectives of efficiency and equity have been formed into five main categories, three under efficiency and two under equity: 


Economic efficiency: 

· Economic efficiency in a strict sense (excluding external environmental, safety effects)
· Environment and health
· Safety and security


Equity:

· Intragenerational equity
· Intergenerational equity
· To identify the most important barriers to optimal packages of transport measures and to examine the way in which these optimal packages change when barriers are present.
The structure of the deliverable is as follows:

Chapter 2 examines the optimal choice of policy instruments when only efficiency considerations are taken into account. We start with a classification of the positive interactions that may occur between transport instruments. More particularly, we consider four types: complementarity, additivity, synergy and perfect substitutability. In the tradition of welfare economic theory, the type of interaction that occurs is judged on the basis of a welfare function. First, we formulate a welfare function for the simple case of a single transport market and the optimality conditions that it implies for pricing, investment and regulation. Next, we extend the framework to allow for several transport markets, restrictions on the available transport instruments and distortions in the rest of the economy. We also briefly analyse the consequences of uncertainty and the determination of optimal levels of monitoring and enforcement effort. Subsequently, the theoretical review is complemented by a critical survey of applied studies. These show how several instruments can be combined in order to reach the highest possible welfare gain.

Chapter 3 discusses the implications of equity considerations for the optimal packages of measures. First, we summarise what we can learn from economic theory: how should equity considerations be taken into account when designing transport policies? A distinction is made between intra-generational and intergenerational equity. Intra-generational equity concerns the distribution of net benefits between different groups of people within a given generation. These groups can be defined in terms of many characteristics. In our discussion we will focus mainly on equity in terms of income distribution
. Subsequently, we give an overview of a number of studies for Europe and the United States. We find that there are not many applied studies that consider the equity impacts of regulation and physical measures. An important contribution of the SPECTRUM case studies could therefore be to investigate these aspects. The existing applied studies show that the distributional impacts are context specific. Moreover, the final distributional impacts of transport policies depend to a large extent on the way in which they are financed or on the way in which the revenue generated is used. Several of these budgetary strategies should be compared. 

Part of Chapter 2 and 3 describe how to deal with constraints on the instruments that the government can use for transport policy, without going into the factors causing these constraints. The latter is explored in Chapter 4, which provides a classification of barriers that impose constraints on the government’s choice set. Based on previous studies a distinction is made between (i) legal and institutional barriers, (ii) political and cultural barriers, (iii) resource barriers and (iv) practical and technological barriers. Subsequently, strategies for overcoming these barriers are proposed. In order to overcome political and cultural barriers it is recommended to formulate a clear set of objectives, involving the relevant stakeholders in this process. The strategies for realising these objectives should contain combinations of measures, including measures that ensure that a majority of people gains or does not lose from the strategies and measures that mitigate unwanted side effects. This should be followed by resolving the remaining barriers. 
Finally, Chapter 5 summarises the main conclusions that can be drawn from the previous chapters and formulates lessons for the SPECTRUM case studies. 
2 Optimal policy packages – efficiency

The SPECTRUM consortium is considering potential packages of transport measures than can be introduced to maximise welfare. The aim of the work here is to consider the potential interactions between transport instruments to meet the SPECTRUM high-level objective of economic efficiency, as it was put forward in previous stages of the SPECTRUM project (SPECTRUM, 2003). The other SPECTRUM high level objective of equity will be considered in Chapter 3 of this deliverable. Section 2.1  reviews the theory for evaluating combinations of economic, regulatory and physical measures with the goal of achieving economic efficiency. Next, Section 2.2 considers the application of analytical models to policy packages in past research. Finally, Section 2.3 summarises the main findings.
2.1 Overview of the theoretical literature

The SPECTRUM research is considering packages of instruments to improve welfare, in addition to examining the extent to which economic measures can be substituted with other types of transport measures. Beneficial interaction can take many forms: synergy occurs where the simultaneous use of two or more instruments gives greater benefits than the sum of the benefits of using either one of them alone. The packages of instruments considered by SPECTRUM will incorporate pricing, regulatory and physical measures in various combinations. In order to calculate any beneficial effects from the combinations of instruments it is important to determine the method by which they will be calculated. This section first presents definitions of policy package achievements. Next, it describes the welfare function that the SPECTRUM project will be using to determine the efficiency effects of the policy packages. It represents the high-level objective of economic efficiency, as it was put forward in SPECTRUM (2003). This will first be done in a simple framework for a single transport market, one transport mode and identical transport users. Next, this framework will be extended to take into account second best aspects, uncertainty and aspects related to monitoring and enforcement.
2.1.1 Definitions of policy package achievements

Policy instruments interact with each other in different ways. Here we introduce four main definitions that describe how the different instruments in policy packages combine with each other. These are: complementarity, additivity, synergy and perfect substitutability. These concepts will now be defined. In order to assess which of these cases arises, it is very important that the instruments are evaluated at their second-best optimal level, if there are restrictions on the instruments that can be applied. Second-best optimality means that the instruments are set optimally given the constraints that apply on these instruments (for example, the toll that maximizes welfare given that one cannot differentiate the toll between the peak and the off-peak period is the second best optimal toll). 

Complementarity

Complementarity exists when the use of two instruments gives greater total benefits than the use of either alone. This can be represented using the following notation:


Welfare gain (A+B) > Welfare gain A, and

Welfare gain (A+B) > Welfare gain B

Additivity

Additivity exists when the welfare gain from the use of two or more instruments in a policy package is equal to the sum of the welfare gain of using each in isolation. This can be represented as:


Welfare gain (A+B) = Welfare gain A + Welfare gain B

Synergy

Synergy occurs when the simultaneous use of two or more instruments gives a greater benefit than the sum of the benefits of using either one of them alone:

Welfare gain (A+B) > Welfare gain A + Welfare gain B

Additivity and synergy can therefore be considered as two special cases of complementarity. 

Perfect Substitutability 

Perfect substitutability exists when the use of one instrument eliminates entirely the welfare gain from using another instrument. This can be represented using the following notation
:


Welfare gain (A +B) = Welfare gain A = Welfare gain B

The next sections consider the formulation of the welfare function and how this welfare function can be maximised.

2.1.2 Welfare maximisation in a simple framework: one transport market, one mode of transport

2.1.2.1 The welfare function

In this section we consider a partial equilibrium framework
 for a single transport market, one mode of travel and identical transport users. The framework is based on the one developed in the UNITE project (Mayeres et al., 2001) and is described in full in Appendix 2. This model has been extended for the SPECTRUM research to incorporate two forms of regulation (safety and environmental regulation) and incorporate the effects of externalities on non-users of the transport infrastructure (e.g., local residents). For this framework, the welfare function can be presented by equation (1

). It is constructed by stakeholder group, with the sum of the effects on the stakeholders providing the overall efficiency gains or losses to society. Conversely, the welfare function can be broken down by stakeholder group, which contributes to the equity analysis. 
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The definitions of the elements of the welfare function will be described in more detail in the next paragraphs. The discussion is structured on the basis of the different stakeholders considered by the SPECTRUM project (SPECTRUM (2003)):
· Consumers

· Producers 

· Government

· Non users

The consumers

In the welfare function the consumers are represented by the number of consumers (N) multiplied by their consumer surplus (CS). Consumer surplus is determined by the difference between the consumer’s willingness to pay to use transport infrastructure and the price that they have to pay (generalised cost) for their transport use X. The consumers determine the quantity to use but the price that they have to pay in generalised cost terms is determined by the government and producers. Generalised cost in this model is represented by equation (2

). Generalised cost (g) is the sum of the producer price p, the unit time costs (v.T), the unit accidents costs (h.R) and transport taxes (t). Unit time costs (v.T) are dependent on the value of travel time (v) and the time needed per unit of transport service (T), which is dependent upon the transport demand and total capacity (CAP). The unit accident costs are dependent upon the monetary value of an accident for the transport user (h) and the accident risk (R), which is dependent upon the transport demand, capacity level and safety regulation (z) in place. 
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The producers

The effect of the policy package on the producers is represented in the welfare function by PS (producer surplus) and is calculated in this model by equation (3

). This equation shows that the producer surplus is dependent on the revenue that the producer receives (a), the running costs (b) and the capital costs (c). The revenue received by the producers is determined by the price that the producer sets (p) and the quantity of the infrastructure used (X). The running costs are determined by the quantity of the infrastructure used, the durability of the infrastructure (D), the capacity of the infrastructure (CAP), the external cost regulations (m) and safety regulation (z). The capital costs are determined by the capacity and durability of the infrastructure and the interest rate (r). It is assumed that the infrastructure has an infinite life. 
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The government

The effect of the policy package on the government is represented in the welfare function by the net revenue (REV) it receives minus the total accident costs paid by the government (b.R). An important part of equation (1

) is the societal value of raising government revenue (1+(). It represents the marginal welfare cost to society of raising a unit of tax revenue. The value of ( reflects the fact that the economy is not perfectly competitive and free of distortions (in which case ( would equal zero), but in reality we are in a ‘second best’ world with a range of market and government imperfections so ( > 0. 
The non users

Together with the transport users the non-transport users are included in the welfare function by the external environmental cost (EEC). Both transport users and non-transport users experience external costs (e.g., pollution, noise) from the use of the transport infrastructure. EEC is determined by the quantity of transport infrastructure used, the infrastructure capacity and the external cost regulation (m), which will determine the quantity of external costs such as noise and pollution that people face.

From the inclusion of the effects on stakeholders in the welfare indicator it is then possible to quantify which stakeholders gain from the introduction of a certain package of measures and which lose and whether the package leads to an overall societal efficiency gain. This value can then be compared with that of other packages of measures to determine which policy package is the most efficient. In practice this requires that it is possible to measure and produce values for each component of the welfare function. How this will be done, will be explored later in the SPECTRUM project.
2.1.2.2 Optimisation rules

By maximising the welfare function it is possible to determine the optimal (most efficient) pricing, infrastructure and regulatory solutions depending on the policy package. These optimality conditions and the way they are derived are presented in Appendix 2. As an example, the pricing optimality condition is presented in equation (4

). Below its application to strategies is discussed.
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The additional terms in equation (4

) are:
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: the marginal external congestion cost;
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: the marginal external accident cost imposed on transport users; 

(Xg : the own generalised price elasticity of the demand for transport services.

In the model the government can set both producer price p and indirect tax t. Both instruments are determined jointly by the optimality condition in equation (4

) can be rewritten as: 4

). If p = CX (price is set equal to the marginal short run production costs) then the optimal tax rule in equation (
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This rule reflects the fact that the optimal tax fulfils two functions. The first one is to correct for external costs. This is reflected in the first two terms of equation (5

), the so-called non-Pigouvian or Ramsey term. As there are two objectives and only one instrument, the two objectives are weighted by λ, the marginal cost of public funds minus 1. The more valuable public revenue is, the more important the Ramsey term becomes and the less weight is given to the first component of the Pigouvian term. In the extreme case of λ = 0, the tax would simply equal the marginal external costs:5

), also called the Pigouvian terms. Secondly, it raises tax revenue, which gives rise to the last term in equation (
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Note that equation (5

) does not include a term correcting for non-optimal levels of capacity or regulation. It therefore holds for all levels of capacity or regulation, whether they are optimal or not. These other policies may affect the value of the tax, but do not affect the tax rule. However, it should be noted that the results are valid only if there are no price distortions on other transport markets.
Appendix 2 also provides rules for the optimal levels of capacity and regulation. In general, these should be set such that the marginal social cost of additional capacity or regulation equals the marginal social benefit. If the pricing and taxation rule is not met, this will alter the optimal rule for capacity provision and regulation. Intuitively, if prices are not set correctly, then the other instruments need to be adjusted in order to minimise the welfare losses that arise from non-optimal pricing. For example, if the consumer price of transport is too high compared to the socially optimal price, this results in a level of transport demand that is too low. Because of this, it becomes more attractive to increase capacity since this would help to bring the volume of transport to a higher and more optimal level (see Appendix 2).
A similar argument holds in the case of safety regulation. The optimal level of safety regulation has to satisfy the following equation:
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with Cz = (C/(z. EACz is the impact on the external accident costs of the transport users of a change in safety regulation. γ and γR are feedback parameters. The left-hand side represents the marginal cost of a stricter safety regulation. The RHS gives its marginal social benefit. The first term on the RHS is the benefit of the external accident cost reductions for the other transport users, for a given level of transport demand, corrected by the marginal cost of public funds. The second term gives the impact of the safety regulation on the accident costs paid by the government. The third term is the impact on the Ramsey tax revenue. If a stricter safety regulation increases the demand for taxed transport, this increases transport tax revenue, which is beneficial. The last term implies that whenever the consumer price of transport is too high compared to the social optimal price (s > 0), there is an extra benefit for safety regulation. If the consumer price of transport is too high, transport demand is lower than optimal. If there is a positive relationship between stricter safety regulation and transport demand, stricter safety regulation would help to bring the volume of transport to a higher and more optimal level. This last term drops out if pricing is optimal (s = 0).

In conclusion, applying the pricing, regulatory and investment rules can be expected to create efficiency gains. In certain circumstances it will not be possible to optimise all the rules given barriers to implementing transport instruments (cf. Chapter 4), but the SPECTRUM framework can be used to optimise rules given that other optimal rules are not being met. By calculating the costs and benefits experienced by the stakeholders from the introduction of a package of measures it will be possible to determine which combination of measures will generate the largest efficiency gains. Using the definitions of synergy, complementarity, substitutability and additivity will allow the decision makers to assess how the transport instruments have worked together in the policy package. A limitation of this framework is that the results are only valid if there are no price distortions in other markets. This along with other practical considerations will be discussed next.

2.1.3 Extensions to the framework

There are a number of real world considerations which require extensions to the partial equilibrium framework presented in the previous sections. These include second-best issues related to pre-existing distortionary taxation
, pricing of related goods and restrictions on the use of instruments. Moreover, there are issues related to uncertainty, and monitoring and enforcement issues. These will now be discussed.

2.1.3.1 Second best aspects
In an ideal world the government would have perfect information, it would be able to make use of non-distortionary taxes for revenue raising and distributive purposes and it would have perfect instruments to deal with the transport externalities. In reality, however, the policy-maker faces a number of restrictions on the instruments that can be used. Here we examine what this implies for the optimal policies. In a first step we continue to focus on the transport markets. We discuss optimal pricing when there are distortions in other transport markets and when there are restrictions on the transport instruments that can be used. Next, we consider the implications of pre-existing distortionary taxes (e.g., income taxes), that cause the marginal cost of public funds (1+() to exceed unity. 
Distortions in pricing and investment levels for related goods

One of the main assumptions of the partial equilibrium framework outlined above was that there are no price distortions in other markets for the optimisation rules to hold. In reality this assumption does not hold, as different modes of transport are taxed and/or subsidized in different ways. This can be explained if we consider extending the partial equilibrium framework, which held for one transport market and one mode of transport, to cover two modes of transport (e.g., car and public transport). If we assume that the car price is set below marginal cost (e.g., due to the inability to include external costs) then should the price of the mode that we are considering (public transport) be set at marginal cost, given that marginal cost pricing is the most economically efficient method of pricing? The argument for marginal cost pricing assumes that there are no costs or benefits arising from the change in demand in related markets. It would only be appropriate under this scenario to set the price of public transport to marginal cost if the cross elasticity between the modes is zero. If the cross elasticity is not zero then a public transport fares increase would cause certain passengers to divert to the car where price is less than marginal cost thereby causing a corresponding welfare loss. Including frequency increases in public transport in the policy package could reduce the number of passengers diverting to the car. When the policy packages for SPECTRUM are constructed the pricing of all modes of transport included in the analysis needs to be considered to be able to assess whether efficiency gains have been obtained.

Restrictions on the use of transport instruments

There are situations when certain instruments that would optimise policy packages cannot be used due to restrictions, due to, for example, inflexible legislation or public acceptability issues (see Chapter 4). A number of approaches can be used to reduce this problem:

· The first is to combine restricted instruments in a policy package with publicly acceptable measures to make it more likely that the instrument will be introduced. For example, earmarking the revenue generated by road pricing for the transport market (to make road pricing more acceptable), as discussed earlier will reduce efficiency gains in the economy due to sub-optimal revenue recycling, but could allow to implement road pricing. 

· The second option is to alter the rules in the framework to account for certain rules not being met due to restrictions in the use of instruments. For example, if it is not possible to change the price of car use such that the optimal pricing and taxation rule are met, then the regulation and investment rules should change (cf. the discussion in Section 2.1.3). If these changed rules are observed, one can still maximise the efficiency gains from the policy package, given that there are restrictions on car pricing. 

· Finally, instrument substitution could be used to replace the restricted instrument in the package. This involves selecting an alternative transport instrument that will add efficiency gains to the package in place of the restricted instrument. Particular transport instruments that add to economic efficiency gains will be discussed later in the document. 

Pre-existing distortionary taxes

The implications of pre-existing distortionary taxes
 for transport pricing were already discussed in Section 2.1.3. The implications of distortionary taxes for the choice between different instrument types are explored by Goulder et al. (1999), using both a theoretical and numerical general equilibrium model. While the authors consider the case of environmental externalities, the findings would be similar for transport externalities. The paper shows that both market based instruments (taxes and permits) and non-market based instruments (such as quotas, technology standards or performance standards) drive up the price of polluting goods (e.g., the use of transport infrastructure) relative to leisure. This compounds the market distortions created by pre-existing taxes (e.g., income taxes), thereby creating a negative welfare effect, which is termed the tax interaction effect
. In the case of environmental taxes or auctioned permits, this negative effect can be partly offset if the revenues generated by them are used to support cuts in marginal tax rates to reduce the original distortions (revenue recycling effect). If the revenue that is generated is not used properly, this can substantially reduce the net welfare gain of these instruments. Moreover, the revenue recycling effect is only possible for instruments that are revenue raising. It is not present for, e.g., quotas or grandfathered (non-auctioned) tradable permits. Table 1, which is based on Goulder et al. (1999), shows that in a second best situation it is important to include both the tax interaction effect and the revenue recycling effect in order to determine the overall efficiency gains or losses from the package of instruments. The authors find that pre-existing distortionary taxes substantially raise the costs of all environmental policies relative to their costs in a first-best setting. 
The analysis also has implications for transport revenues that are earmarked for use in the transport sector on grounds of public acceptability. This is potentially creating a welfare loss and reducing the efficiency gains from introducing improved transport pricing, since the revenue recycling effect is not necessarily optimal. Moreover, transport instruments that do not have a revenue recycling effect, but do have a tax interaction effect (such as emission technology standards), have the potential to reduce societal efficiency gains and to lead to net welfare losses.

Table 1:
Contribution of prior existing taxes to the costs of environmental


instruments
	Instrument
	Tax interaction effecta
	Revenue recycling effecta
	Proportional contribution of prior existing taxes to overall costs

	Emissions taxb
	Large
	Large
	Moderate

	Non auctioned emission permits
	Large
	0
	Potentially huge

	Performance standard
	Moderate
	0
	Moderate

	Technology mandate
	Moderate
	0
	Moderate

	Fuel taxb
	Large
	Large
	Moderate


a Relative to primary cost (= cost in a first-best setting, comprising the costs from the abatement effect, the output-substitution effect and the input-substitution effect)
b It is assumed that the tax revenues are used to finance cuts in rates of pre-existing taxes.

Source: Goulder et al. (1999)

2.1.3.2 Uncertainty

One of the main arguments for using packages of instruments to meet the objective of economic efficiency is the role of uncertainty in decision making. Under known marginal cost and benefit curves it is possible for policy planners to set the quantity of emissions and congestion and/or the price, by selecting the point at which the cost curve intersects with the benefit curve. However, this relies on the planners knowing the relevant cost and benefits for the use of the transport infrastructure (as assumed in the previous sections). This optimal situation with perfect information changes when either the costs or the benefits (or both) from the use of the transport infrastructure are uncertain. If the prices and consequently the quantities are not set optimally, then the policy package/instrument will be less efficient, resulting in a loss in welfare compared to the case of perfect information. For example, if the price is set too high then the quantity of infrastructure use will be reduced by more than required, thus resulting in a welfare loss compared to the optimum. Setting the quantity would guarantee the quantity of infrastructure use, but the question then is whether this generates a higher efficiency gain than by setting the price.

The impact of uncertainty on the choice of instrument types is discussed in Weitzman (1974), Adar and Griffin (1976) and Baumol and Oates (1988). Adar and Griffin consider the relative efficiency of three types of instruments for environmental control when either the marginal damage function or the marginal abatement cost function is subject to uncertainty. The instrument types are: pollution taxes, pollution standards and auctioned pollution permits. When the regulator is uncertain about the marginal damage function, policy will, in general, not be optimal. However, uncertainty about the marginal damage function does not affect the choice between the three instrument types. Uncertainty about the marginal abatement cost function leads to different expected welfare losses for taxes and quantity regulations (standards or auctioned permits). Which instrument is preferred depends on the variance of the stochastic error term and the slopes of the marginal damage and marginal abatement cost functions. Loosely stated, when the two functions are linear, the three instrument types produce the same absolute distortion if the absolute values of the slope of the marginal abatement cost curve equals that of the marginal damage function. However, if the slope of the expected marginal abatement cost function is steeper than that of the marginal damage function, a tax policy is preferred to quantity restrictions, and vice versa. This is because the price instrument leads to lower expected costs, while the quantity instrument leads to higher expected benefits. Although these results lead to similar results for standards and auctioned permits, it should be noted that they are not identical with respect to uncertainty. Standards face additional problems of uncertainty, because in contrast to auctioned permits, they require the regulator to know the individual expected marginal abatement cost functions. 
The previous papers considered quantity and price instruments as alternative policy instruments. Roberts and Spence (1976) explore the combination of the two instrument types in the presence of uncertainty about the marginal abatement cost function. They propose to use permits combined with an emission subsidy or a finite emission fee, depending on whether the emissions are below or above the level given by the permits. This research indicates that implementing a mixed package of quantity and pricing instruments may reduce the problem of extreme errors in choosing both the price and quantity. 
2.1.3.3 Monitoring and enforcement

In a perfect world the monitoring and enforcement of policy instruments would be unnecessary, as infrastructure users would be perfectly compliant (as assumed by the analysis presented above). However, we do not live in a perfect world, so how much enforcement and monitoring is required, given that resources are needed to achieve this? Becker (1968) considers the economic theory of optimal enforcement. His conclusion was that it involves a balancing act between manipulating the probability of a punishment with the severity of the punishment. Polinsky and Shavell (1998) and Brown (1991) suggest that in order to maximise social welfare, optimal enforcement is unlikely to lead to zero infringement, as a point occurs where the costs of enforcement become higher than the benefit to society of compliance. This implies that in order to maximise efficiency gains, policy instruments that require enforcement should be included in policy packages with those that require little or none, or with policies that help reinforcing the instrument. It is not clear which enforcement and monitoring systems will be the most cost-effective and combinations are possible. In the SPECTRUM project the level of enforcement could involve pricing systems based on trust plus random checks to ensure compliance and reduce costs. This issue will need to be discussed further at a later stage in the SPECTRUM project.

2.2 Overview of the applied literature

In this section previous work on the welfare impacts of regulatory, physical and pricing instruments will be reviewed. The discussion will start with an overview of which instruments can be combined to create potential welfare benefits and will then go on to consider the effects of policy packages calculated in past research.

2.2.1 Instrument packages

The packages of transport instruments in SPECTRUM will be constructed through combinations of pricing, regulatory and physical instruments (in some cases including several instruments of the same type). The potential for individual policy instruments to be combined into an integrated policy package in order to reduce welfare losses was identified by May and Roberts (1995). Three sources of interaction between policy instruments were described that could be beneficial. These are: 

· Complementary instruments 

· Instruments that provide financial support for other instruments being used 

· Instruments that make other instruments more acceptable

These three forms of interactions are expressed in a matrix (provided in Appendix 3). This matrix illustrates, which of the beneficial interactions could take place by combining two instruments in a policy package for a range of instruments. One example from this matrix is the potential benefit from combining road pricing with an increase in public transport infrastructure, as the road pricing measure complements the benefits of the increase in transport infrastructure and also has the potential to be able to provide the finance for it, while public transport infrastructure makes road pricing more acceptable. Acceptability issues are discussed further in Chapter 3 and 4 of this deliverable.
The welfare benefits created by instrument packages were again considered by May et al. (2003) in the PROSPECTS project, where the three sources above were expanded to four. These are:

· Instruments which reinforce the benefits of one another

· Instruments which overcome financial barriers

· Instruments which overcome political barriers

· Instruments which compensate users

A matrix illustrating the potential for beneficial integration between the main categories of transport instruments is provided in Table 2. This table is based on a numerical general equilibrium model and provides an initial source from which to determine the categories of instruments that have the potential to create welfare benefits when combined in policy packages. For example the matrix shows that infrastructure instruments have the potential to combine with land use instruments to reinforce the benefits and also compensate losers. The table shows that there is the potential for certain instruments to be combined into packages, but not all combinations of instruments will generate economic efficiency (the issues of equity and barriers will be considered later in this report).

Table 2: 
Potential for beneficial interactions between transport instrument 

groups (contribution of the measures in the rows to the measures in the 

columns of the matrix)
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Source: May et al. (2003)

It is important to understand the relative impacts of individual instruments before we consider combining them into policy packages. In terms of economic efficiency Acutt and Dodgson (1997) identified the potential impact of regulatory and economic instruments on economic efficiency, noise, congestion, accidents and emissions. The results of this work have been adapted and included in Appendix 5. The research highlighted a positive link between policies that increase economic efficiency and reduce carbon dioxide emissions, which were mainly found to be economic instruments. The regulatory instruments had in general less effect on economic efficiency with the exceptions of emission regulations, traffic calming and vehicle noise regulation and a greater positive effect on the individual externalities that were designed to improve. 
May and Matthews (2001) also considered the individual impact of regulatory, economic and physical instruments on economic efficiency. Their findings are presented in Appendix 4 and on the KONSULT web page
. In particular congestion charging was found to have a large positive impact on economic efficiency. By using these matrices initial assumptions can be made regarding the effect on efficiency of combinations of instruments. 
Litman (1999) compared the potential of four strategies for increasing efficiency. The strategies were fuel efficiency standards (regulatory), alternatively fuelled vehicles, fuel taxes (pricing measure) and transport demand management (encouraging more efficient travel). The results are provided in Table 3. The author suggests that it is not necessary to choose between the strategies, as for example, the rebound effect from the fuel efficiency standards can be avoided if matched with increased fuel taxes and TDM strategies. It can be seen that the pricing measure does not score the highest mark for all externality categories and efficiency could be improved if this policy was combined with certain TDM strategies.

Table 3: 
Evaluation of strategies

	Externalities
	Fuel efficient standards
	Alternative fuel vehicles
	Increase fuel tax
	TDM

	Emission Reduction
	2
	2
	2
	2

	User travel time
	0
	0
	0
	1

	Congestion
	-1
	0
	1
	2

	Accidents
	-1
	0
	0
	2

	Other environmental impacts
	-1
	0
	1
	2


Key: 2 = excellent, 1 = good, 0 = no or mixed impacts, -1 = bad, -2 = very bad

Source: Litman (1999)

In the next section results will be discussed from the analysis of policy packages in past research. Before starting the discussion, some caveats need to be presented. First of all, a problem with some of these studies is that they do not use a similar welfare function as the one proposed in the high level framework of SPECTRUM. Therefore, these results have to be interpreted with caution. Moreover, in some cases the instruments are not set optimally. In that case these studies are not really suited to assess which type of interaction (complementarity, synergy, additivity or substitutability) takes place between the instruments  (cf. the discussion in Section 2.1.2). In spite of these limitations, we nevertheless chose to summarise some of these results here because the studies provide an indication of policy packages that should be analysed in the SPECTRUM case studies. Finally, most studies that are reviewed concern road and rail transport. Waterborne transport and air transport have received much less attention.
The aim of using economic and other combinations of measures is to decrease the externalities caused by the transport users (e.g. congestion, air pollution and noise) and ultimately to increase economic efficiency. The discussion at the start of this chapter considered a number of matrices that provide guidance as to when regulatory, investment or pricing measures should be used to maximise economic efficiency. It was highlighted that regulatory policies add greatest to economic efficiency when they are being used for a specific purpose. For example, Appendix 5 shows that traffic calming when used to reduce accidents can result in an improvement in the economic efficiency. In practice the majority of transport externalities have been tackled using regulatory policies whilst in terms of efficiency gains economists have argued that pricing based measures are more efficient. If it is true that the pricing measures lead to more efficient outcomes should regulatory measures be used and if so when can they add to efficiency gains. The literature argues overwhelmingly that a pricing measure (road user charging) should be used for the externality of congestion (see Button and Verhoef, 1998). However, pricing measures do not necessarily form the most efficient strategy for the other externalities being considered by SPECTRUM.

There are three forms of regulatory measures used in the transport industry (quantity restrictions, quality restrictions and restrictions on the behaviour or the use of goods), which are discussed further in Table 10. Johansson (1999) suggests that quality restrictions such as a regulation on the emissions allowed from new vehicles have a part to play in increasing efficiency by reducing subsequent air pollution levels. The alternative pricing measure suggested would be to increase fuel tax thus causing people to reduce the distances that they travel, but this policy will only work if all countries comply and increase their taxes accordingly. This argument suggests that efficiency levels could be increased by using the quality restriction if the pricing measure was either not available or as a complementary strategy with the pricing measure. The quality restriction would reduce pollution levels from new vehicles and the fuel tax act as a signal to travellers to reduce their travel, so having a double effect on reducing air pollution and also affecting (due to reduced travel) the other externalities being considered including congestion, noise and accidents.

In the case of noise or accident externalities it may be necessary to use a regulatory policy such as enforcing vehicle speed reductions or banning traffic from specific location (thus affecting behaviour). In this instance a pricing measure would not provide the right signals to the traveller to both reduce speed or alternatively not travel in a given location and so the regulatory measure that enforces the desired outcome in this instance is essential to maximise economic efficiency.

It can be ascertained from this discussion that there will be cases in the SPECTRUM case studies where the most efficient outcome will include a regulatory measure and instances as with air pollution where pricing and regulatory measures when combined add to synergy levels.  By using regulatory measures it is possible to tackle individual externalities and these should be combined with pricing measures when considering increasing efficiency by targeting the combined set of externalities in the welfare function. 

2.2.2 Previous research results
This section discusses the evaluation of policy packages in past research projects. These include OPTIMA, FATIMA, AFFORD, PROSPECTS, TRENEN
, Historic Cities and London Congestion Charging
. 
2.2.2.1 OPTIMA and FATIMA

In the OPTIMA
 and FATIMA research projects objective functions were developed to test instruments packages in a total of nine cities. The cities involved were; Edinburgh, Merseyside, Vienna, Tromsø, Oslo, Helsinki, Torino and Salerno. The policy instruments used were (May et al. 2001):

· Public transport infrastructure investment

· Public transport service levels

· Public transport fares

· Low cost increases and reductions in road capacity

· Parking charges in the city centre

· Road pricing in the city centre.

OPTIMA used two types of objective function. The first one is termed the Economic Efficiency Function (EEF), which expresses the cities’ objective of economic efficiency in the strict sense (i.e. not including sustainability objectives). The EEF involves a cost-benefit analysis (CBA). This concerns calculating the costs and benefits for all stakeholders on the policy measure to determine the policy with the best Net Present Value (NPV). It takes into account the effect on government revenue, corrected by the shadow price of public funds (which is set equal to a value of 0.25). It should be noted that, in contrast to the efficiency objective that is put forward in the SPECTRUM framework, EEF does not include all elements relevant for evaluating the efficiency effects. More particularly, accident costs, noise or local pollution are not taken into account.

The results of the optimisation of policy packages found that the EEF optimum is likely to involve:

1. Improvements in public transport by increasing frequency and/or reducing fares

2. Pricing of car use involving either road pricing or increased parking charges

3. Low cost improvements in existing road capacity

4. No use of road capacity reductions to discourage car use

5. No new infrastructure
FATIMA extended the EEF developed in OPTIMA to take into account of the environmental costs for pollution, noise and accidents. This extended objective function is presented by equation (8

).
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Where EC stands for external costs. The results for FATIMA were presented by combining the EEFP with a sustainability objective function resulting in a benchmark objective function (BOF). However, this function suffers the drawback of being rather ad-hoc in the treatment of sustainability issues. Keeping in mind this problem and the fact that BOF considers broader issues than pure economic efficiency, Table 4 provides a comparison of the results between this BOF and the EEF used in OPTIMA. 
The table shows that including low cost road capacity improvements in the strategy will generate a strong net benefit in terms of the EEF. The effect is not so strong when considering future benefit to travellers in the BOF. The table shows that for each of the objective functions all instruments will generate some net benefit for a combined strategy (with the exception of public transport infrastructure in EEF). 

Table 4: 
Summary of the optimal measures for the EEF & BOF
	
	EEF
	BOF

	Public transport Infrastructure
	-
	*

	Low cost road capacity improvements
	***
	**

	Increase in public transport frequency
	*
	**(Peak)

* (Off –Peak)

	Reduction in public transport fares
	**
	*(Peak)

**(Off –Peak)

	Road pricing and or increased parking charges
	**
	**(Peak)

**(Off Peak)


Key: 
* 
Indicates that there is an (overall) a small net benefit to using the measure


**
Indicates that there is an (overall) a medium net benefit to using the measure


***
Indicates that there is an (overall) a strong net benefit to using the measure

Source: FATIMA (1998)

Following on from this work, May et al. (2001) used the BOF (which includes EEFP) to assess the impact of a range of instruments by taking them out of the policy package one at a time. The results for Edinburgh are provided in Table 5. The results show that peak cordon charges, off peak cordon charges and peak fares had the largest additional benefits to the policy packages compared with the other transport instruments tested. The testing shows that the addition of a long stay parking charge did not add anything to the efficiency gains from the policy package, but all other instruments did provide additional benefit to the BOF. 

Table 5: 
Contribution of transport instruments to BOF by omission for



Edinburgh
	Measure
	Peak fare
	Off peak fare
	Peak frequency
	Off peak frequency
	Capacity
	Peak cordon charge
	Off peak cordon charge
	Parking charge long stay
	Parking charge short stay
	Guided bus

	Optimal value of measure
	-90%
	-25%
	85%
	70%
	10%
	1.6€
	1.6€
	(
	300%
	Yes

	Value of BOF with measure omitted
	416
	479
	482
	473
	457
	437
	300
	492
	457
	461

	Reduction in BOF
	76
	13
	10
	19
	35
	55
	192
	0
	35
	31


Source: May et al. (2001)

2.2.2.2 AFFORD

The AFFORD project constructs road pricing policy packages for first best and second best scenarios (Fridstrom et al., 2000). The project constructs the first best package as a benchmark with which to compare subsequent instrument packages. The policy instruments used include:

· Cordon toll rates

· Parking charges

· Fuel tax, vehicle tax

· Distance based charges

· Public transport fares and level of service 

· Smart cards

The study uses data from three cities: Edinburgh, Helsinki and Oslo. For each city a first best strategy is introduced, a second best strategy that can be implemented under current institutions, a second best strategy that can be implemented after institutional reform and acceptable packages (Table 6). The EEFP objective function is used (see equation (8

), which implies that the objective function is in line with the SPECTRUM high level objective of efficiency. With a 0.25 shadow price of public funds the constrained smart card system with enhanced public transport performs best compared with the first best optimum. It allows to reach 97% of the welfare achieved in the first best optimum. 
Table 6: 
First and second best policy policies for Edinburgh
	Edinburgh
	 
	Welfare (€ per capita per annum over 30 years)
	Environment and safety (€ per capita per annum over 30 years)

	Transport instrument packages
	Instruments
	Shadow price of public funds 
= 0
	Shadow price of public funds 
= 0.25
	Shadow price of public funds 
= 0
	Shadow price of public funds 
= 0.25

	Narrowly first best pricinga
	Marginal social cost pricing
	257
	390
	96
	100

	Second best under current institutions  - outer cordon toll
	- Outer cordon toll 
- Parking charges (with a maximum increase of 300%) 
	143
	204
	45
	55

	Second best after institutional reform - fuel tax
	Based on fuel tax
	
	351
	
	122

	Acceptable pricing
	Based on fuel tax, but charge is constrained to maximum €5 for any trip (regardless of length)
	n/a
	268
	n/a 
	76

	Smart card system with enhanced public transport
	- Max. increase in parking charge by 300%
- 50% increase in public transport fare
- 75% increase in public transport frequency
- Smart car scheme (with constrained distance based charges)
	n/a
	377
	n/a 
	84


a Assumes that charging is costless

Source: Fridstrom et al. (2000)

2.2.2.3 PROSPECTS 

PROSPECTS (Minken et al., 2003a, 2003b) defines an objective function for sustainability shown in equation (9

). The first part of the equation relates to economic efficiency. This involves calculating all costs and benefits for all stakeholders and accounting for investment costs. The stakeholders in this research were households, firms and government and environmental benefits were included in the CBA. The CBA includes user benefits, producer surplus, government surpluses (including investment in infrastructure) and external costs. The external costs include the costs of noise, air pollution and accidents. The second part of the objective function relates to remaining indicators of sustainability, reflecting impacts that cannot readily be monetised. These remaining indicators concern the following five objectives: liveable streets and neighbourhoods, environmental indicators, equity and social inclusion, accidents and economic growth. It should be noted that this procedure is vulnerable to double-counting: some of the indicators may already be included in the first part of the objective function, leading to an incorrect welfare evaluation. 
The sustainability objective function is applied to Edinburgh, Madrid, Oslo, Vienna, Stockholm and Helsinki. All cities were tested for policy packages, which include public transport fare, frequency and tax changes. 
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- Xt is the vector of instruments


- bt is the sum of all benefits in year t

- ct is the sum of all costs in year t

- It is the sum of capital investments in year t

The annual cost and benefit terms are weighted by αt. This is calculated by:
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- r is a country specific discount rate


- α is the intergenerational equity constant (between 0 and 1)


The second part of the equation represents the other five sub-objectives


- i represents the remaining indicators (i(M)


- yit is the level of indicator i in year t

- µit is the weight in year t for indicator i

- Cit is the constant/ target for indicator i in year t

- Ci is the overall constraint/target for indicator i (e.g. financial constraint)
The results for the unconstrained optimisation of the objective function OF for the package of three transport instruments are provided in Table 7. The results are presented for the policy package consisting of a combination of the fuel tax, public transport frequency, peak and off peak public transport fares, as it was the policy package used in all case studies. The figures for EEF and OF are based on the changes implemented in the years 2006 up to the year 2016. They are computed on a 30 year cycle with a base year of 2001. The results for EEF and OF are absolute levels that are obtained after all changes have been implemented and 30 years have passed. It should be taken into account that OF contains more elements than pure economic efficiency. As additional information the table also presents the effects of the policy package on EEF. It can be seen that the optimal levels of the three policy instruments vary according to the city. The Vienna case study also included a package of instruments that included parking charges, road charges and road capacity and generated an OF of 385 million euros. Compared to the results for the policy package which included fares, public transport frequency and fuel tax this shows that the combination of different instruments has the ability to create different efficiency effects and that different packages need to be tested in the SPECTRUM case studies.

Table 7:
Unconstrained optimisation results for packages of instruments in 

PROSPECTS
	City
	Fare
	Frequency
	Fuel tax
	Million Euros

	
	peak
	off peak
	peak
	off peak
	
	 
EEF
 
	OF
 

	
	2006
	2016
	2006
	2016
	2006
	2016
	2006
	2016
	2006
	2016
	
	

	Edinburgh
	-50%
	-50%
	-50%
	-50%
	87%
	100%
	100%
	100%
	200%
	57%
	945.9
	190.2

	Helsinki
	-42%
	-50%
	35%
	82%
	10%
	-26%
	100%
	100%
	194%
	106%
	844.4
	149.9

	Madrid
	80%
	-1%
	2%
	-40%
	-45%
	-47%
	5%
	24%
	117%
	48%
	3,292.80
	627.9

	Oslo1)
	-50%
	-50%
	-50%
	-50%
	-50%
	-50%
	-27%
	-13%
	200%
	200%
	671.62
	122.3

	Oslo2)
	15%
	-45%
	-6%
	-18%
	-7%
	-24%
	-4%
	28%
	87%
	35%
	69.6
	18.6

	Stockholm
	-49%
	-49%
	-42%
	-49%
	10%
	9%
	3%
	18%
	34%
	37%
	225
	49.6

	Vienna3)
	-48%
	-50%
	-50%
	-49%
	-7%
	-25%
	57%
	54%
	23%
	3%
	725.1
	161.6

	Vienna4)
	-43%
	-48%
	28%
	-47%
	-6%
	-26%
	39%
	44%
	178%
	27%
	465.5
	128.5


1) Original scenario: covering Oslo and Akershus

2) Modified scenario: covering core city (15 districts), loosening assumptions about captive riders

3) Unconstrained optimisation

4) Constrained optimisation (taking into account a limit on the present value of finance)
Source: Shepherd et al. (2003)
2.2.2.4 TRENEN
The TRENEN project (De Borger and Proost, 2001) considers the welfare impacts of different combinations of policies in Belgium and ‘the rest of Europe’
. The welfare indicator used in this research was compatible with the framework designed for SPECTRUM. The policy packages considered are
:

· Reference case (RF) which considers the current situation

· Full Optimum (FO), which considers optimal pricing policy 

· Uniform pricing (UP) which combines an increase in fuel prices and an annual toll imposed on users of the highways

· Uniform pricing with optimal choice of technology (UPCT), which is UP, but also includes the implementation of cleaner technologies.

· Congestion pricing (CP) an optimal toll per passenger km(for cars) and per ton km (for trucks) differentiated by time of day and optimal public transport prices differentiated by time of day.

· Congestion pricing with optimal choice of technology (CPCT) as for CP, but includes the implementation of cleaner technologies.

A comparison of these policy packages is provided in Table 8. The congestion-pricing scenario is the most efficient compared to the optimum case. The reason given for this improvement is that optimal prices are implemented for a subset of traffic flows. It allows highway pricing according to time of day and it optimises public transport pricing. The results show that the combination of fuel price increases and an annual highway fee are much less efficient and also present a small welfare improvement compared to the status quo. One of the reasons for this is that both of these policies do not differentiate between times of the day. The study found that policies that aim at differentiating between peak and off peak yield much better results. It can be seen that the best welfare gain compared to the perfect pricing scenario (FO) is the congestion pricing with optimal choice of technology (CPCT), as this generates 83.15% of the full optimum.

Table 8:
Comparison of the welfare effects in Belgium of different policy


scenarios
	
	Welfare Components (In million Ecu/day)

	
	RF
	UP
	UPCT
	CP
	CPCT
	FO

	Utility
	526.61
	526.97
	526.83
	528.63
	528.49
	526.37

	Welfare level
	15503.13
	15513.67
	15514.22
	15605.96
	15606.4
	15627.33


Source: De Borger and Proost (2001)

2.2.2.5 London Congestion Charging

The investigation of beneficial interactions between instruments was only a side issue in May et al. (1996), as the emphasis was on the impacts of the introduction of a road user charging scheme in London. Five additional strategies were combined with this road user charging scheme to assess the potential impacts. These additional strategies were:

1) Bus priorities and traffic calming

2) Improved rail frequencies

3) Improved bus and rail frequencies together with bus priorities

4) New rail infrastructure

5) A combination of 3 and 4 

The study finds that by adding congestion charges to each of the above strategies the highest additional economic benefit differed according to the congestion charge level. For example, at a congestion charge level of £2 for crossing the cordon the combination of congestion charging and bus priorities and traffic calming generated the most economic benefit. With the charge at £8 improved rail frequencies generated the largest economic benefit. Across all charges strategy number five generated the least amount of extra economic benefit. In terms of environmental benefits the study found that at lower charge levels the reduction in emissions was three times greater with the combined strategy than without it. They also discovered a largely linear relationship between economic benefits and emission reductions except at the highest traffic reduction levels, which implies that the two objectives can be met simultaneously.

In general, the study showed evidence of complementarity between the instruments, but not of additivity or synergy. However, it should be noted that the study did not optimise the packages of policy instruments, a prerequisite for a final assessment of the interactions between instruments.

2.2.2.6 Historic cities
The Historic cities project (May et al., 2000) considered the impacts of two combined strategies using regulatory, physical and pricing measures on traffic levels and the environment in the three UK cities (York, Cambridge and Norwich). The first combined strategy was parking controls and road pricing. The parking controls were defined by a charge on parking in the city centre at three different times of the day (charges £3, £6 and £9). The road pricing was defined by the crossing of two cordons at three levels of daily charge (£3, £6 and £9) with one third of the charge at the outer ring road and two-thirds at the inner ring road. The pricing levels in the two policies were then halved for the combined strategy, so that a driver would only pay a maximum £3, £6 or £9. The charges were not determined optimally, but by testing a range of charges which appeared to be effective/acceptable. The second strategy combined parking controls and physical measures. The physical measure involved a reduction of road capacity with road space reallocated to bus priority. The parking controls consisted of three pricing levels. 
No data are available for the welfare effects. However, the results in Table 9 show that introducing physical measures on their own has very little impact on the number of trips that people made and when combined with parking controls do not add any additional benefit. The greatest traffic impacts and benefits were generated by strategies that included road-pricing cordons. The first strategy had less impact on the traffic levels than if road pricing had been used on its own, with the exception of Cambridge. The environmental impacts of the combined strategies were found to match those for traffic impacts. 
Table 9:
Changes in trips (%) at the highest level of charge
	
	Physical measure
	Permits
	Parking controls
	Road pricing
	Parking and Physical
	Parking and Pricing

	Cambridge
	-1
	-7
	-9
	-13
	-10
	-14

	Norwich
	0
	-7
	-9
	-17
	-9
	-16

	York
	-1
	-6
	-8
	-16
	-8
	-15


Source: May et al. (2000)

2.3 Conclusions

The extended theoretical framework described in this chapter shows how welfare gains can be maximised when only efficiency matters, using the optimisation rules for pricing, regulation and physical measures. The results can be broken down by stakeholder groups and show where efficiency benefits and losses are being generated. The definitions of synergy, additivity, complementarity and substitutability allow to make comparisons between the different packages of instruments that are formed for the SPECTRUM research. This will help to clarify which combinations maximise economic efficiency gains.

Additional consideration is required for the factors that are not included in this framework. As is clear from our overview, the welfare gains will also depend upon how much enforcement and monitoring is required, the level of uncertainty regarding the costs and benefits, restrictions on the use of policy instruments and the way that the revenue generated by the transport industry is used. Some elements have not been taken up in our analysis. This is the case, for example, for implementation costs, which can also be expected to play a role in the choice of policy instruments. Nor have we considered the optimal order of implementation (sequencing) of transport policies (see Adler et al., 2002 and De Palma et al., 2003). 

By reviewing the combinations of instruments analysed in past projects it is possible to determine which instruments work best together under a combined strategy and also those that are less inclined to have an effect on the efficiency outcomes. The following conclusions can be drawn from this overview:

· The past research projects show that the matrices presented in Appendix 3, 4 and 5 provide a good indication of the effects of the combinations of instruments in policy packages.

· The welfare benefits of policy packages are likely to be increased when the policy packages include:

· Policies differentiated by time of day (TRENEN & FATIMA)

· Road pricing (OPTIMA, Historic cities, TRENEN, FATIMA, PROSPECTS)

· Public transport fares and frequencies adjustment coupled with increases in the cost of car travel (OPTIMA, TRENEN, AFFORD)

· Low cost road capacity improvements (OPTIMA)

Given the relative importance of congestion, the first two points are especially important, a result which also comes out of the economic literature where it is argued that in the case of congestion the most efficient outcome will be achieved through the use of road user charging (see, for example, Button and Verhoef, 1998)).
· The environmental and safety benefits are increased when the packages include:

· Fuel tax (AFFORD, PROSPECTS)

· Introduction of cleaner technologies (TRENEN)

· Road pricing (Historic cities, but only in charge area)

· Road pricing and or increased parking charges (FATIMA)

· If only efficiency matters, the evaluation of the packages of instruments in SPECTRUM should be done by means of a social cost benefit analysis on the basis of the efficiency objective, as put forward in SPECTRUM (2003). This approach avoids making ad-hoc assumptions about the elements of the objective function and avoids double counting. Finally, since the extent of interaction (complementarity, substitutability, additivity or synergy) between the different instruments can only be evaluated when these instruments are optimised subject to given constraints, the case studies should consider as much as possible optimal second-best policies (rather than simply simulate policy reforms).

Up to now, we have taken into account efficiency considerations only. In the next chapter we analyse how the policy recommendations are affected when equity issues come into play.
3 The implications of equity considerations
The choice between transport instruments, or packages of instruments, depends not only on their relative efficiency but also on their equity impacts. Most studies consider only the efficiency of transport instruments. However, a good understanding of the equity impacts of transport policies is crucial. In general governments do not only care about efficiency, but also about the distribution of welfare between different groups. Moreover, the equity impacts are an important determinant of the political acceptability of transport reforms. Any major transport policy reform will be acceptable only if it is welfare increasing or welfare neutral for a sufficiently large majority of the voters. This is the essence of the economic approach to acceptability (Mayeres and Proost, 2003). A necessary condition for voters to accept the reform is that their utility is not reduced. For some types of reform, the utility impacts on voters will be unequally distributed which makes the reform more difficult to accept. 
In Section 3.1 we summarise what we can learn from economic theory: how should equity considerations be taken into account when designing transport policies? When talking about equity a distinction has to be made between intra-generational and intergenerational equity. Intra-generational equity concerns the distribution of net benefits between different groups of people within a given generation. These groups may differ from each other in terms of income, household type, car ownership, location or other characteristics such as disability, age, race or gender. The discussion will focus mainly on equity in terms of income distribution. In Sections 3.1.1 and 3.1.2, we make abstraction of the fact that the costs and benefits of transport policies take place in different time periods. In Section 3.1.3 this assumption is relaxed and the aggregation of impacts over time is discussed briefly. For this a distinction is made between effects that occur in the near and distant future. In the latter case we are dealing with issues of intergenerational equity that involve a trade-off across generations. Next, Section 3.2 summarises the results of a number of studies for Europe and the United States that have calculated the impacts of transport policies on different consumer groups.
3.1 Overview of the theoretical literature

This section summarises the insights of economic theory about the incorporation of equity considerations in the design of transport policies. The first subsection considers guidelines for taxation and investment. Next, we analyse regulation. To keep things simple these first two subsections do not consider the fact that transport policies have an impact in different periods. This assumption is relaxed in the third subsection which discusses how the effects can be aggregated over time.

3.1.1 Taxation and investment

Equity aspects have been studied mostly for taxation and investment policies. Here we analyse taxation and investment policies in the presence of externalities from two perspectives. First, we discuss rules for optimal taxation and investment. The rules prescribe how equity considerations should ideally affect government policies. Next, we leave the optimality perspective, and consider instead the effects of policy reforms starting from an arbitrary initial equilibrium. We discuss the factors that determine whether an increase in taxes or an expansion of infrastructure capacity is socially beneficial, and how this is affected by equity considerations. 
3.1.1.1 Optimal tax and investment rules

We consider the characteristics of optimal taxes and investment levels for an economy with non-identical individuals
. The government has three objectives: raising revenue in order to provide public goods and services, achieving a desirable income distribution and controlling the externalities
. We are in a second-best framework since the government cannot make use of non-distortionary lump sum taxes, and has to resort to using labour taxes, capital taxes, indirect taxes etc. It should design its instruments such that it can reach its three objectives at the lowest costs. Therefore, the evaluation of transport instruments should take into account not only the transport sector but also the rest of the economy. This implies that transport instruments should be considered in the broader framework of the general tax system. For example, transport taxes not only have an impact on external costs, but also raise revenue and have an impact on income distribution. 

Taxes and infrastructure investment are optimal if they are set at levels that maximise social welfare. When only efficiency matters, social welfare corresponds with the sum of individual utilities. When equity considerations come into play, social welfare is a weighted sum of individual utilities. The weights represent the relative social weight attached to the utility of the individual in question. With income inequality aversion the individuals with a lower income receive a higher social welfare weight. Note that this approach starts from the assumption that utility levels can be compared between individuals
.

For simplicity our discussion of the optimal tax rules assumes that only passenger and freight transport cause externalities
. Both public and private transport cause externalities, but the magnitude and the composition of the external costs is different. Note also that public transport is associated with a positive effect: the Mohring effect.
We suppose that the government can make use of indirect taxes on the consumption of all commodities (including, for example, VAT and excises) and a uniform transfer to households (cf. the social security transfers)
. Moreover, it can use taxes on intermediate inputs in production (for example, excises or road vignettes) and investments in infrastructure capacity. What rules should be satisfied in order for these instruments to be optimally designed? And how are these rules affected by equity considerations? Note that we do not posit a predefined level of inequality aversion. Instead we consider how the policy rules are affected when the degree of inequality aversion changes. The degree of inequality aversion of a society is the outcome of the political process. 

First, we consider the optimal tax rules. Next, we discuss optimal infrastructure capacity. 

 Indirect taxes on the consumption of transport goods

In a first best economy in which the government can make use of non-distortionary lump sum taxes and in which there are no restrictions on transport taxes, the tax on the consumption of transport goods would simply be equal to the marginal external costs of transport: the sum of the costs that additional passenger transport causes to the other consumers and to the producers. All consumers are given the same social welfare weight. The resulting tax is the so-called first-best Pigouvian tax. 

In an economy with distortionary taxes, the tax rule is more complicated. In that case the tax consists of two components. The first component is aimed at revenue raising. The second component corrects for the external effects. If there are no restrictions on the transport instruments that the government can use, the second component is present only for goods that generate externalities, in our case the transport goods. For the other goods the tax consists only of a revenue raising component. As will be discussed in the next paragraphs, distributional considerations play a role in both components. 
Revenue-raising component

The revenue-raising component makes a trade-off between efficiency and equity. This can best be illustrated in the special case where the demand for any commodity does not depend on the price of the other commodities. If the government wants to reduce inequality and gives a higher welfare weight to lower income groups, then this component of the tax will be smaller if the transport demand is more sensitive to price changes (efficiency) and if the transport goods are consumed proportionally more by lower income groups (equity).

Externality component

The second component of the tax on the consumption of transport goods corrects for the external effects. It differs from the first-best Pigouvian tax in several respects, some of which are related to equity considerations, and some to the absence of non-distortionary taxes. The externality component consists of three parts. 

The first part is a weighted sum of the costs incurred by households of congestion, environmental effects and safety effects, corrected by the marginal cost of public funds that is associated with the optimal tax system. The correction by the marginal cost of public funds is necessary because we are in an economy with distortionary taxation.

Equity considerations have two impacts on this part of the tax. First of all, different income groups give a different value to a reduction in the externalities. For example, empirical studies show that the value of a marginal time saving in transport increases with income
. If only efficiency considerations matter, the valuation by the different income groups gets the same weight. With inequality aversion the valuation by the lower income groups gets a higher weight than that of the higher income groups. As a consequence this part of the tax becomes smaller if the lower income groups have a lower valuation for the reduction in the externalities and if they get a relatively higher 
weight. 
Secondly, equity considerations have an additional impact, which is however often ignored in theoretical models. Most models assume that a change in passenger transport levels leads to an identical physical impact for the different income groups. For example, it is assumed that the different income groups are exposed to the same air pollution levels and to the same change in air pollution levels. In reality this need not be the case. For example, lower income groups may live concentrated in more polluted areas. If the tax on passenger transport changes air pollution levels proportionally more in these areas, then – ceteris paribus - this part of the tax will be higher if the government gives a higher welfare weight to lower income groups. 

The other externality-related components are not affected by equity considerations. They consist of the marginal external costs that passenger transport imposes on freight transport, and the effect of the transport externalities on net government tax revenue. The last term is present because the change in the transport externalities has an impact on the consumption of taxed commodities. For example, ceteris paribus, a reduction in congestion will increase car transport demand and therefore the tax revenue from car transport. This means that the externality component on car transport should be higher than in the absence of this effect.
Note that the optimal tax rules hold even if the level of infrastructure capacity is too high or too low from a social point of view. Of course, the level of the taxes will then not be the same as with the optimal infrastructure capacity.

Tax on the input of transport in production

Optimal tax theory shows that if production exhibits constant returns to scale, it is not optimal to tax intermediate inputs in production that do not give rise to externalities. However, the tax on the input of transport in production should be positive to correct for the transport externalities. The structure of the externality tax is similar to that of the externality correcting part of the indirect tax on consumption. It is therefore also influenced by equity considerations.
Infrastructure capacity

The government should provide additional infrastructure capacity until the costs of an additional unit of infrastructure provision equal the benefits. The benefits should take into account the different valuation by the different income groups and the different physical impacts on the different groups. The relative welfare weights of the income groups depend on the inequality aversion of the policy maker, as determined by the political process.
3.1.1.2 Marginal policy reform

The optimal tax and investment rules give an insight in how equity considerations affect transport taxes and infrastructure decisions. However, the approach has a number of drawbacks so that it cannot readily be used for policy-making. First of all, it mainly pays attention to the characterization of the optimum, while the process by which it would be attained is not considered. Moreover, the implementation of the optimal rules requires substantial policy reforms, and this covers more than the transport sector. The policy makers would have to be absolutely convinced of the accuracy of the policy advice before they would be willing to carry through such major policy changes. In addition, problems are encountered in the empirical application of the approach. The results are to a large extent determined by the specification of the demand system used to estimate the reactions of the consumers. The data requirements are also high: one needs information about individual reactions and for situations far away from the current situation. For example, it is not sufficient to have information about current price elasticities. One also needs information about price elasticities at prices that differ a lot from current prices. All this has lead the economics profession to propose a different approach: the development of a methodology to evaluate gradual policy reforms, starting from existing policies. Mayeres and Proost (2001) have applied this approach to the evaluation of marginal transport policy reforms, in the presence of externalities in an economy with non-identical individuals who differ in terms of their earning capabilities. The approach leads to the following findings:
(i) In order to assess the full efficiency and equity impact one should take into account not only the effect of the transport policy reform but also of the accompanying measures that ensure budget neutrality. For example, if road pricing is introduced, one has to take into account explicitly how the additional revenue it generates is used. The distributional impact will depend on the joint effects. 
(ii) Computing the welfare impacts before revenue recycling provides only an incomplete welfare assessment. However, it can give an indication about which groups should be targeted most in order to end up with a package of measures that is politically acceptable.
(iii) If a type of goods is consumed proportionally more by people with a high social welfare weight, then – ceteris paribus - it becomes less attractive to increase the tax on that good or more attractive to reduce the tax on that good. For example, in order to assess the equity impact of an increase in the tax on peak car transport, one has to know whether peak car transport is consumed proportionally more or less by lower income groups. Similar information is needed for the goods for which the tax is reduced in order to ensure budget neutrality. 

 (iv) If the reduction in the externality is valued proportionally more by low income people and if these get a high marginal social welfare weight, then – ceteris paribus – it is more attractive to increase the tax on that commodity as far as the tax is effective in reducing the externality. 

For example, empirical studies indicate that the value of time increases with income (but less than proportionally). This is most pronounced in the case of car transport. It implies that if lower income groups are assigned a relatively higher social welfare weight, then – ceteris paribus – it becomes less attractive to increase transport taxes in order to tackle congestion.
(v) If people with a high marginal social welfare weight are proportionally more affected physically by the change in the externality, then – ceteris paribus – it is more attractive to increase the tax on the externality generating goods.

3.1.2 Regulation
The economic literature has focused mostly on the equity effects of taxes, whereas the equity aspects of non-price measures and regulation in particular have been somehow neglected. This is mainly because taxes are a more direct and powerful way to transfer purchasing power than regulatory measures. But the effects of regulatory measures can differ among income groups, an aspect which cannot be neglected. 
It is convenient to distinguish three types of regulation: quantity restrictions on the consumption or production of a market good, quality regulation of market goods and, finally, restrictions on behaviour or on the use of certain goods. In Table 10 we give examples for each of these three categories.

Table 10: 
Economic classification of regulatory measures

	Category
	Examples

	Quantity restrictions on market goods
	- Restrictions on annual car use

- Distribution of a free ration of public transport

	Quality restrictions on market goods
	- Emission regulation of cars

- Limits on the maximum speed that can be attained by motor vehicles

	Restrictions on behaviour or on the use of certain goods
	Speed regulation


For each of these categories we survey the economic literature and point to potential applications. For the last category we add a more detailed model.

3.1.2.1 Quantity constraints on market goods

For the analysis of quantity constraints on market goods it is useful to distinguish the case where the policy maker has already used his tax instruments optimally and the case where he has not. A second useful distinction is the absence or presence of externalities.

The case that is most widely studied starts from a reference equilibrium where the policy maker has already optimised a full set of linear and non-linear income taxes and proportional taxes on all commodities where there are no externalities. It has been shown that there is in general scope for a welfare improvement by giving away a fixed quantity (called a ration) of particular goods to everybody with the restriction that this ration is not tradable among consumers (Guesnerie and Roberts, 1984; Guesnerie, 1981; Balestrino, 2000). The intuition is that adding a ration to the list of instruments introduces an extra option (in fact switching from a linear to a non-linear tax or subsidy on commodities) and that this can never make things worse if it is used optimally. Note that it is important that the ration is not tradable among consumers because a tradable uniform ration is nothing else than a uniform lump sum subsidy and this instrument was already in the hands of the policy maker.
An obvious question is then which particular commodity should be offered for free. Would, for example, public transport be an obvious candidate? Very loosely stated, there is an interest to hand out for free goods that are rather heavily taxed. When equity becomes more important, the tax rules indicate that taxes should increase on those goods that are consumed proportionally more by the richer income groups. However, this is associated with inefficiencies, as the consumption of these goods will be discouraged more than what is justified on pure efficiency grounds. This is a classical illustration of the trade-off that exists between equity and efficiency. Handing out for free goods that are rather heavily taxed is a way to reduce these inefficiencies. In economies with, for example, high car taxes, this would then imply one untaxed economy car per family rather than free bus tickets
.

Externalities need to be introduced in this framework, but no general results are available. Murty and Russell (2002), the only reference we found, show that, starting with a second-best economy with an optimal Pigouvian tax on an externality, it may be Pareto improving to introduce a quantity instrument that increases rather than decreases the level of the negative externality. Translating this to our bus and car example, a quantity restriction on (externality generating) car use is not necessarily a good measure if there is already a Pigouvian tax on car use in place.

When we start from an arbitrary tax system, it is difficult to obtain general results in the case without externalities and certainly in the case with externalities. This means that every problem has to be examined on a case by case basis and that no general insights are available.

3.1.2.2 Quality restrictions on certain market goods

Regulatory measures are often used to reduce the externality generating effects of goods like cars, trucks and motorcycles. Regulations have been used to reduce the air pollution emissions and the level of noise but also to reduce the impact of the exterior of the car body on pedestrians in the case of an accident or to limit the maximum speed of motor vehicles. The welfare cost and equity impact of these regulations can be measured easily when the regulated good can be considered as a homogeneous good and when it does not affect the other quality characteristics of the good. This could hold for emission regulation, but not for, for example, a compulsory maximum speed device in a car. 
In the case of homogeneous goods a quality regulation will only increase the price of the good and is therefore relatively easy to analyse. The effect on the welfare of individual i can in that case be measured by
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where dp is the price increase of the regulated goods, xi is the consumption of the regulated good by individual i, dEXT is the change in the level of the externality (air pollution, noise) and vi is the valuation of the externality by individual i.

When the good exists in many variants (for example, different car sizes and brands) or when the regulation affects the other characteristics of a car (when, for example, the emission regulation affects the performance of a car), a correct measurement of the equity effect of the regulation is more difficult. What is required now is the valuation of all quality dimensions of the goods by the individuals, since regulations can affect all quality characteristics. However, this is not the only problem. When there are several quality attributes, we are probably in an imperfect competition world. This in itself will create an extra difficulty because the regulation will affect the positioning of the manufacturers in the quality spectrum and may also affect the degree of diversity in the market. In fact, to assess ex ante the effects of a regulation one needs to predict the way different firms will meet the regulation (meeting emission regulations by downsizing the engine or by adding equipment and making it more expensive) and the resulting equilibrium. This is considered a hard problem in industrial organisation and the study of these problemes in theory has only started recently (Bresnahan and Yao, 1985; Anderson and de Palma, 2001; Ferrara, 2002).
3.1.2.3 Restrictions on the use of certain goods

Many regulations have to do with the way one uses an existing market good: compulsory pedestrian crossings, speed restrictions for cars etc. Important is that the money price and quality of the market goods are not directly affected, only the utility derived from the use of the goods
. There are two possible approaches to measure the welfare cost of this type of measures. First of all, one can use stated preference (SP) techniques and ask in a direct way for the subjective cost or disutility of the restriction. The second approach is the so-called household production approach where one tries to make the utility maximisation process sufficiently explicit so that the effect of extra constraints can be identified and translated into components that can be valued. The first approach is fairly general and has been used extensively in transport and environmental economics. The outcome is very sensitive to the set-up of the survey and the values obtained in general have a large standard error. Here we will illustrate the second approach with a simple model for the effects of speed restrictions for car drivers. We choose speed restrictions as this is one of the most widespread regulatory measures.
We have an economy with N individuals (i=1,…,N). They have different wage levels wi. This is the only source of income differences. They all have the same utility function, which is defined over the consumption of the numeraire good yi0, car kilometres yi1 and leisure li. 
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They maximise their utility by choosing their consumption level and car speed si subject to a budget constraint and a time constraint to which we associate multipliers λi and γi
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According to the budget constraint spending on the numeraire, car transport and accident costs cannot exceed labour income (Li is the labour supply of individual i). In the budget equation, one sees that the price of the numeraire is set equal to one. The second term on the left hand side represents the direct expenditure on car transport. The last term represents the private accident costs of the household. In its simplest form it only consists of material damage with a cost of p2 per accident and with the expected number of accidents determined by three factors. The first factor is the number of km driven by the individual (yi1). The second factor is the speed si chosen by the individual himself. The third factor is the overall accident risk E(s1,…,sN) that is a function of the behaviour of all drivers. It is assumed that the individual ignores the effect of his own choice of si on E, and that he considers E to be exogenously given. 
In the time constraint we see that the individual can allocate total available time T  between leisure, labour and car driving. The time needed for a car km is inversely proportional to the speed si.

In this model we assume that there is no congestion, so that the only externality in the model is the accident risk E that is a function of the speed levels chosen by all drivers.
Every individual chooses his consumption bundle according to the following first order conditions, taking the accident risk E as given: 
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In our simple model
 we have that the value of time equals the wage rate. This is derived from the first order condition for Li.
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Speed si may be constrained to a maximum level S or may be chosen freely. If chosen freely, it is given by the following optimality condition:
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We see that the desired speed is, for a given exogenous accident risk E, an increasing function of the value of time only. 

Inserting the optimal value of time into the first order condition for the optimal car use, gives us the starting point for a graphical analysis of the distributional effect of a speed limit that is presented in Figure 1. We use the following implicit demand function that relates the willingness-to-pay for a car kilometre to a generalised cost gpi that contains three components: the money cost of a car km, the time cost and the expected accident cost. 
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The generalised cost of a car km will be different for different individuals because they have different values of time. This leads to a different privately optimal speed level. The ratio of the optimal speed of two individuals i and j is given by:
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For η larger than 1, the optimal speed increases less than proportionally with the wage level.

In Figure 1 we start initially with an unconstrained speed choice and a population with two income groups: the rich and the poor. The rich have a wage twice as high as the poor and have a much higher marginal willingness to pay for car use. Initially the demand for car km by the two income groups is given by ypoor1,ref and yrich1,ref, at generalised prices gppoorref and gprichref. 
Let us now consider the effect of a progressive lowering of the maximum speed. This speed restriction will initially only hurt the rich households because they prefer a higher optimal speed. If we do not take into account the beneficial effect on the accident externality (via the reduction of E( )), if we assume that the value of time remains constant and that the income effects of the speed regulation are small, we can measure the welfare effects of the regulation easily in Figure 1. There is only a welfare cost for the rich and it corresponds with the indicated trapezoid. The poor experience no welfare loss because they opted for a speed that is lower than the maximum speed limit. Intuitively, there is a welfare cost for the rich because they have to use more time for each km. The maximum speed limit also decreases the accident risk for the rich but this reduction in expected accident costs does not compensate them for the increase in the time costs
.

When we add the reduction in the accident externalities, there will be a smaller welfare loss for the rich as the increase in gprich will be compensated partly, and there will be a welfare gain for the poor as gppoor is reduced. When the speed limit decreases further there will be a point where both the poor and the rich will be constrained in their speed. This time there will be a welfare loss for the poor too as far as this is not compensated by a reduction in the expected accident costs via a decreased externality term.

In conclusion, we have been able to use the household production approach to show the efficiency and equity effects of a regulation that only affects behaviour. This technique will be illustrated numerically in a later case study for the SPECTRUM project.
Figure 1: 
The equity effects of a speed limit
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3.1.3 Aggregating effects over time

The evaluation of transport policies requires the aggregation of effects over time. How this should be done, depends on the time frame that is considered. A distinction has to be made between issues that involve a trade-off within a generation (e.g., construction of a road) and those that require a trade-offs between generations (e.g., climate change). In the first case, the trade-off between costs and benefits can be made using a long term discount rate. Since transport policy reforms in industrialised countries are generally relatively small compared to the size of the economy, it can be assumed that there are no crowding out effects on the capital markets. The use of a long term discount rate in this case is a standard procedure on which most experts agree. In the case of intergenerational trade-offs there is no agreement on the appropriate procedure. An overview of the relevant literature is provided by Portney and Weyant (1999). d’Arge et al. (1982) show that discounting future costs and benefits at the market rate of return can be justified only in particular ethical cases and when compensation or investment in the future is possible. In general, the weight given to future generations will depend on economic elements (the richness of future generations), on ethical considerations (the degree of inequality aversion across generations) and on the possibility of transfers to the future generations.

In order to clarify the intergenerational issues, we use a simple model based on d’Arge et al. (1982) with two generations: Present and Future. The present generation generates long term damage (e.g., climate change, loss in biodiversity) but can reduce this damage by means of abatement efforts (denoted by A). It can also make transfers (money, knowledge, art, etc.) to the future generation. These transfers are denoted by IT. Both generations have an initial income denoted by Rp and Rf, respectively. The social welfare function SW is assumed to have the following form:
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The present generation’s welfare Up depends on its income net of transfers to the next generation and the abatement expenditures undertaken. The future generation’s welfare Uf is a function of its income, the future value of the transfers (that have a long term productivity θ) and of the damage suffered, which consists of the gross damage DAM minus the abatement efforts of the present generation.

A transport reform will affect A and (probably) IT. Using Xp=Rp-IT-A and Xf=Rf+(1+ θ)IT and D=DAM-A, one can easily show that the effect on social welfare, normalised by the social marginal utility of the present generation [image: image28.wmf]p
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, can be written as:
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The social value of the change in the environmental damage in the future is given by the damage for the future generation expressed in monetary terms [image: image30.wmf](
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, multiplied by the intergenerational weight [image: image31.wmf]fp
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. This intergenerational weight depends on two elements: the relative income of the future generation compared to the present one, and the relative importance that is given to intergenerational equity (captured by the concavity of Uf and Up and/or quasiconcavity of W).
Under what conditions can we follow standard practice and use a long-term discount rate to measure intergenerational effects? This requires two conditions. First, it must be possible to transfer income to the future generation (IT is feasible and θ>-1). Secondly, the government has re-allocated income optimally over generations. In this case, IT is used optimally. This implies that we can rewrite (16

) as (using the first order condition w.r.t. IT):
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)
In other words, we can value long term future damage (or benefits) using a simple discount rate.

However, there is no reason to assume that the two conditions for this do indeed hold. In that case we will have to use the intergenerational weight [image: image33.wmf]fp
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to take into account future environmental damages. 
3.2 Overview of the applied literature

Here we summarise the main findings of a selection of applied economic models that were used to test the efficiency and equity impacts of transport policies. Most of these studies focus on pricing measures and on land transport. To our knowledge the equity effects of regulation and infrastructure measures have received less attention. This is therefore an interesting avenue of research for the SPECTRUM case studies.

In general a distinction can be made between two types of studies. On the one hand, a number of studies (Verhoef and Rietveld, 2001; Santos and Rojey, 2002; Safirova et al., 2003) compute the welfare effects for different consumer groups of transport pricing measures before taking into account the way in which the revenue is used. While providing only an incomplete welfare assessment, these studies are useful because they give an indication of the groups that have to be targeted most in order to make transport pricing politically acceptable. On the other hand, there are a number of studies (Small, 1983, 1992; Mayeres, 2001; Fridstrom et al., 2000; Mayeres and Proost, 2001; Mayeres et al., 2002) that explicitly take into account the use of toll revenues, and that compare alternative uses of revenue or alternative ways of financing transport policies.

3.2.1 Distributional effects before revenue recycling

Verhoef and Rietveld (2001) calculate the primary distributional effects of kilometre taxes in the Netherlands. The term “primary” reflects that these are effects before (i) the shift of the price changes on to the employers, (ii) the adjustment of other prices and wages in the economy and (iii) revenue recycling. Therefore, the welfare assessment is not complete. The strength of the study is that it includes a detailed decomposition of the population into groups according to the following criteria: car driver/passenger, trip purpose, income, Randstad or not, degree of urbanisation, labour market participation, sex and age. Two types of kilometre tax are considered: a uniform and a differentiated tax. The uniform km tax is set such that the revenues generated are equal to the revenues of the existing vehicle taxes. With the differentiated km tax, the uniform tax is supplemented by a congestion charge on those roads where there is still congestion after the implementation of the uniform kilometre tax. The welfare effects are calculated using model results of a country-wide network model for the Netherlands for the year 2010.
For the uniform kilometre charge the primary welfare effect is negative for most groups, except car passengers and people under 18 years old (two groups for which there is a considerable overlap), since only car drivers are assumed to pay the tax. The following groups suffer relatively high primary costs: non-Randstad, non-urbanised, full-time employed, male, age between 18 and 59 years old, net annual household income higher than 85000 guilders per year, car drivers and business travellers (homebound). These are groups that make relatively long and frequent trips. The distributional effects of the differentiated km tax are similar, except that the primary welfare costs are smaller for business trips, since these profit more from the reduction in congestion. In general, the results of the study suggest that it will be difficult to develop revenue recycling policies that will lead to a welfare gain for everyone, once a detailed decomposition of the consumers is considered.
Santos and Rojey (2002) analyse the distributional impacts of a cordon toll in Cambridge, Bedford and Northampton. The cordon toll is set at the level that maximises social surplus defined as the difference between total benefits and total costs. The total benefits are calculated as the sum of individual utilities. In other words, the optimisation concerns the efficiency case in which all individuals receive the same social welfare weight. The wards around the three cities are divided into four categories: (i) low income and a low percentage of vehicles crossing the cordon, (ii) low income and a high percentage of vehicles crossing the cordon, (iii) high income and few crossings and (iv) high income and many crossings. Also in this study the welfare effect of revenue recycling is not considered. It is found that the distributional impacts are town specific and depend on the home and work location of the individuals and on the transport mode they choose to go to work. The cordon toll is found to be regressive for Cambridge, neutral for Northampton and progressive for Bedford. Since the authors consider aggregate groups of people they point to the fact that even if a ward as a whole benefits from a cordon toll, there may be individuals in that ward who become worse off. 

Safirova et al. (2003) compute the welfare and distributional impacts of three types of road pricing policy in Metropolitan Washington D.C.. The policies are:

- HOT lane policy: all existing high occupancy vehicle (HOV) lanes are converted into high occupancy toll (HOT) lanes; the toll has to be paid only during rush hours and is set to maximise total welfare
. Travellers in the off peak period and high occupancy vehicles can continue to use the restricted lanes free of charge.

- Limited pricing policy: a toll is imposed on all users of existing HOV lanes and on the users of the general purpose lanes adjacent to these lanes. The tolls are set to maximise total welfare, which implies a higher toll for the HOT lanes than for the general purpose lanes.

- Comprehensive pricing policy: the limited pricing policy is extended to all freeway segments throughout the region. The toll on the additional tolled segments equals the toll on general purpose lanes adjacent to the HOT lanes under limited pricing. 

The study considers the welfare effects on the four household income quartiles, on different zones and total welfare. Table 11 summarises some of the results. The welfare effects do not take into account the use of the revenue generated by the tolls. 
Table 11:
Welfare changes by income group of road pricing policies in


Washington, D.C.
	Quartile
	Welfare change (% of income)

	
	HOT lane policy
	Limited pricing policy
	Comprehensive pricing policy

	1

2

3

4
	0.028

0.037

0.050

0.042
	-0.217

-0.112

-0.057

0.005
	-0.456

-0.288

-0.187

-0.039

	Total
	0.045
	-0.048
	-0.155


Source: Safirova et al. (2003)
In terms of total welfare before-revenue recycling the HOT policy leads to a total welfare gain since it reduces the inefficiencies created by pre-existing HOV lanes which lead to a suboptimal use of existing road capacity relative to adjacent freeway lanes. The two other policies lead to aggregate welfare losses because for many drivers the value of reduced travel time is insufficient to fully compensate them for the tolls. 

The distribution of the welfare effects across the income groups is different for the three policies. With the HOT policy the third quartile benefits most relative to income. Many people belonging to this quartile live in the suburbs and commute on freeways. Therefore they benefit proportionately more from reduced congestion. Limited pricing turns out to be regressive throughout the income distribution. The first three quartiles lose, while the richest quartile still gains from the policy. With comprehensive pricing all quartiles suffer a welfare loss, but the poorest quartiles are the worst off. The welfare loss in percent of income of the poorest quartile is 12 times as large as that of the richest quartile.

The paper also identifies the zones that win and those that lose. Under the HOT policy the zones with or near HOT lanes receive the highest benefit. The Washington DC core suffers losses because of increased congestion and parking search costs since the number of people driving into town increases. With limited pricing the spatial dispersion of welfare effects is higher than with HOT lanes. Only a few zones gain. These are zones that were highly congested initially. The other zones suffer a loss due to the toll burden and because some traffic is diverted to non-tolled roads which were already congested initially. Most of these zones are located in the outer suburbs at the start of the priced freeway segments. Under comprehensive pricing the geographical disparities are more pronounced for some zones than with limited pricing. Other zones fare about the same under both policies.

3.2.2 Distributional effects with revenue recycling

A number of studies consider not only the effects of corrective pricing on its own, but also the value of the revenue generated by it. This gives an insight in the potential of alternative revenue recycling instruments to increase the acceptability of pricing measures and to attain the government’s broader distributional goals. An important conclusion of all of these papers is that one cannot assess the efficiency and equity impacts of transport policies correctly unless one takes into account how the revenue is used or how the policies are financed. 
Small (1983) examines the welfare effects of an optimal congestion toll. The paper uses an equilibrium model of modal choice and congestion on a highway corridor served by express bus transit. The impacts of the toll on the three income groups that are considered in the paper are determined by two factors: higher income groups use proportionally more car transport, but also give a higher value to time savings. In the end this results in lower welfare costs for the high income group before revenue recycling. The paper then considers three alternative ways of recycling the toll revenue: a proportional redistribution, a uniform distribution and a redistribution to each income group of the revenues collected from that group. In almost all cases the net result is beneficial for all income groups, though not all gain equally. The welfare gains are distributed most equally with uniform redistribution of the revenues. The paper is one of the few that considers the distributional impacts of a non-pricing measure. More particularly, it evaluates the distributional impacts of a stylized bus priority scheme, under the simplifying assumption that congestion delay remains the same for cars, but is eliminated for buses. The benefits of bus priority lanes are shown to be distributed almost uniformly by income group, but the total benefits are much smaller than with a congestion toll. 

Small (1992) makes a specific revenue recycling proposal in order to offset negative impacts of transport pricing, to promote broader social goals and to get the support of interest groups. The aim is to create net welfare gains for a wide spectrum of people and interest groups. This is realised by allocating one-third of the revenues to (i) a monetary transfer to travellers as a group, (ii) a reduction of general taxes used to finance transportation services and (iii) financing new transportation services. The first strategy could consist of funding a program of employee commuting allowances or a reduction of existing taxes on road transport. The last strategy could involve the funding of new highway capacity or improvements in public transit. The effects of these policies are illustrated for a system of congestion fees on all congested freeways and arterials in the five-county Los Angeles region. The paper stresses the importance of a good revenue recycling strategy. Moreover, it argues that physical measures, such as capacity expansion or improvements of public transport, can play a role in reaching the desired equity effects. Note, however, that the strategy proposed by Small is an arbitrary one, and that it might be possible to device better strategies. It is therefore important to subject the revenue recycling strategies to a comprehensive cost-benefit analysis, taking into account the distributional goals of the government. 

Mayeres (2001) uses a computable general equilibrium model with perfectly competitive markets for Belgium to compute the marginal welfare effects of peak road pricing, fuel taxes and subsidies to public transport. The model considers marginal changes in these instruments, starting from the initial situation in Belgium in 1990. The policy reforms are introduced in a revenue-neutral way. The welfare impacts are computed for society in general and for the five household income quintiles. It is found that a prerequisite for the evaluation of the equity impacts is that the transport sector and transport instruments are not considered in isolation, but that the rest of the tax system is also taken into account. 
The paper shows that in Belgium peak road pricing and fuel taxes lead to welfare losses for all income groups, before taking into account how the extra revenue is used. When expressed as percentage change of equivalent income, the losses are the largest for the middle income quintiles. Higher subsidies to public transport
 benefit all quintiles, but mostly the lowest income group, when making abstraction of how the subsidies are financed. In general the difference in terms of impact among the quintiles is relatively small for these three transport instruments. The differences that can be observed are related to the share of private transport and public transport of total spending of the quintiles (the lower quintiles consume proportionally less car transport and more bus transport), and to the valuation of the reduction in congestion by the quintiles (the value of time increases as one moves from the poorer to the richer quintiles). 
For a given revenue-preserving instrument, equity considerations do not have a large impact on the ranking of the three transport instruments. For all degrees of inequality aversion considered in the paper, peak road pricing is preferred to a higher fuel tax, and higher subsidies to public transport are found to reduce rather than increase welfare. However, when society becomes more inequality averse, this does have a significant impact on the ranking of the revenue-preserving strategies. Several revenue preserving strategies are considered in the study. While in the pure efficiency case the revenues of peak road pricing are best used to reduce the labour income tax, an increase in the lump sum transfers is preferred with higher degrees of inequality aversion
. It is also shown that the substitution of peak road pricing for fuel taxation is an inequality neutral strategy, but that one would forego substantial benefits by choosing this strategy rather reducing general taxation or increasing transfers.
The importance of the revenue-recycling instruments is also found by Fridstrom et al. (2000) who look at the welfare impacts of road pricing schemes for Oslo and Edinburgh, by Mayeres and Proost (2001) and Mayeres et al. (2002). The last study compares the welfare effect on different consumer groups of two arche-types of pricing rules: average cost pricing and marginal social cost pricing. With average cost pricing prices for each mode are set equal to the sum of financial costs of that mode divided by the total volume of that mode. Its main goal is financial cost recovery. It also conforms with one view on equity which argues that equity requires that those who benefit from the provision of transport facilities should pay for it. The other type of pricing rule considered in the study is marginal social cost pricing, where prices are set equal to the sum of the marginal resource costs and the marginal external costs. The equity effects are computed by means of two CGE models: one for Belgium and one for Switzerland. The first model makes a distinction between several income groups, whereas the second model distinguishes between urban and non-urban households. 

Both CGE models indicate that average cost pricing based on financial costs reduces social welfare. Moreover, the findings for Belgium show that welfare falls for all income groups considered in the study. Therefore, average cost pricing cannot be justified on equity grounds.

In the case of marginal social cost pricing, it is found that in general not all groups are affected equally. The equity impacts depend on how budget neutrality is ensured
 (cf. supra). The Belgian CGE model, which considers several income groups, shows that when society becomes more inequality averse, the revenue recycling instrument that is more beneficial to the poorer income groups will be preferred. The Swiss CGE model finds that marginal social cost pricing leads to a welfare loss for the urban households and a welfare gain for the non-urban households, if the extra tax revenues are used to reduce value added taxation or social security contributions. The Swiss model also considers additional pricing scenarios which combine marginal social cost pricing with a fixed tax in order to attain total cost recovery in the transport sector as a whole or in the different subsectors. These policies also lead to a net welfare gain for the non-urban households and a net welfare loss for the urban households.  
3.3 Conclusions

This chapter presented a literature review on how equity considerations should be reflected in the design of transport policies. The following conclusions can be drawn from our literature review:

· In most cases transport pricing based on marginal social costs leads to a welfare loss for most income groups, before taking into account the value of revenue recycling. 

· The exact distribution of the welfare effects of these policies before revenue recycling is context specific. From economic theory we know that it depends on:

· the share of the income groups in the consumption of the various transport goods

· the relative value of time, air quality and safety of the different  income groups

· the change in congestion levels, air quality and safety experienced by the income groups. 

· The analysis of the welfare effects before revenue recycling is necessarily incomplete, but can provide insights regarding the groups that should be targeted most in order to make the policies politically acceptable.

· Once a very detailed decomposition of the population is considered it becomes unlikely that one would be able to design a revenue recycling strategy that produces benefits for everyone.

· A complete assessment of the welfare effects of transport policies needs to take into account how they are financed or how the revenues generated by them are used. Several revenue recycling strategies should be compared. For example, in the case of road pricing, which is generally considered to be the most efficient instrument to tackle congestion, the following revenue recycling strategies could be compared: reduction of general taxes, reduction of transport taxes, increases of transport subsidies or physical measures (such as investment in capacity, investment in public transport), or a combination of several measures. The choice of the best strategy should be based on a cost-benefit analysis, taking into account the distributional objectives of the policy maker. The best strategy can also be expected to be context specific. 

· Packages of measures that are inequality neutral are not necessarily the best. There is no guarantee that the existing degree of inequality is socially optimal. The welfare gain may be substantially lower than that of packages which do affect different groups of people differently.

· The empirical evidence on the equity effects of regulation and physical measures in the transport domain is scarce. An important contribution of the SPECTRUM case studies could be to investigate these aspects. 

· Physical instruments could play a role in enhancing the political acceptability of pricing measures, but their role should be assessed within a cost-benefit analysis.

In Chapter 2 and 3 we have taken into account that there may be constraints on the instruments that the government can use for transport policy, without explaining what causes these constraints. This is explored in the next chapter, which provides a classification of barriers that impose constraints on the government’s choice set and proposes strategies to overcome these barriers.
4 Barriers to improved transport policies
In this chapter we show that SPECTRUM is aware about the state of the art of the discussion and classification of barriers within different contexts (sustainability, overcoming of barriers, implementation of marginal cost pricing schemes, transferability, etc.) in existing EU- and other funded research activities. The objective is to establish an unambiguous understanding of barriers within the SPECTRUM project which reflects this former research. Based on this common understanding existing barriers will be classified, their interdependencies discussed and examples of how to overcome them provided.

In the previous two chapters a distinction was made between first best and second-best policies. Within a transport context, the first best framework assumes that the policy maker has perfect information, that he can make use of non-distortionary taxes and that he does not face any restrictions on the transport instruments he can use. This mainly serves as a benchmark. In reality, the policy maker faces constraints, both inside the transport sector and in the rest of the economy. When this is the case, he should aim to design optimal second-best policies, i.e. policies that maximise welfare given the constraints that apply
. The previous chapters have already described some the implications of this for the transport policies. While the reasons for the unavailability of non-distortionary taxes are well-known, we feel that the reasons for presence of restrictions on transport instruments deserve to be explored further. 

The structure of the chapter is as follows. First of all, we present a classification of barriers to improved transport policies, summarising the classifications that have been proposed in the past. This work is based on Banister (2002) and previous European research projects: AFFORD, PROSPECTS, TRANSPLUS and MC-ICAM. These studies have focused on barriers to improved transport pricing. However, a similar classification can be applied to transport policy in general, including economic instruments, physical measures and regulation. We also discuss the underlying causes for the existence of barriers. Next, we discuss strategies to overcome the barriers such that more optimal transport policies can be applied. Research suggests that constraints imposed by the barriers impose substantial welfare losses compared to a situation where these constraints are removed. Removing a constraint may therefore be much more interesting than optimally adapting the transport policies to its existence (Verhoef et al., 2003).
The MC-ICAM project defines a barrier as “a – typically exogenous – factor that limits the regulator’s possibilities to perform the most desired policy.” A barrier is relevant when it imposes constraints on the policy options of the regulator, in other words, when it prevents the regulator from using the instruments that it wishes to use and/or to set them at the level that it prefers. This implies that the terms barriers and constraints cannot be used interchangeably. There is a causal relation between the two. Moreover, a certain barrier may lead to multiple constraints, and a certain constraint might be caused by different barriers.
4.1 Classification of barriers

A number of recent papers provide a classification of barriers to improved transport policies
. While there are some differences in the classification of the barriers and in the terminology used, we may conclude that the following main functional classification covers most of the aspects discussed in these papers
: 

- Legal and institutional barriers

- Political and cultural barriers

- Resource barriers

- Practical and technological barriers

Table 12 summarizes the relation between this classification and the ones proposed by Banister (2002) and four European research projects (PROSPECTS, AFFORD, MC-ICAM and TRANSPLUS). This classification essentially corresponds with that proposed by PROSPECTS (2001) that presents the most general classification, comprising all barriers discussed in the other studies. 
Table 12:
Summary of classification schemes
	SPECTRUM
	PROSPECTS
	Banister
	AFFORD, 

MC-ICAM
	TRANSPLUS

	Legal and institutional barriers

Political and cultural barriers

Resource barriers

Practical and technological barriers
	Legal and institutional 

Political and cultural 

Financial 

Practical and technological
	Legal

Institutional and policy 

Social and cultural 

Side effects
Resource 

Other(physical) barriers
	Legal and institutional
Acceptability

Technological and practical
	Legal

Institutional

Financial




These four types of barriers are discussed in sections 4.1.1 to 4.1.4. 

4.1.1 Legal and institutional barriers

The category of legal and institutional barriers is included in all studies that we have reviewed for this deliverable. These barriers can arise for many reasons. There may be a lack of legal powers to implement particular instruments or their implementation may be complicated or in some cases even made impossible by legal requirements. There may also be problems with the coordination of actions between different organisations or government levels, or conflicts with other policies within or outside the transport sector. Since a large number of organisations, both public and private, are involved in transport provision, it is difficult for the implementing agency to achieve coordinated action. This may be due to differences in cultures between organisations, to transaction costs, or to the distribution of legal powers between governmental departments. In order to implement new policies successfully, the implementing agency also needs to have at its disposal a stable administrative organisation and qualified personnel, which is not always the case.

A survey by PROSPECTS of European cities indicates that land-use, road building and pricing are the policy areas most commonly subject to legal and institutional constraints. Information measures are generally substantially less constrained than other measures. 

Legal and institutional barriers can occur at several levels. Niskanen (2003) identifies legal and institutional barriers concerning

· the policy framework and supportive legislation at European level
· the policy objectives and supportive legislation at national level

· the co-ordination / co-operation within government and industry

· legislation and policies in other areas

Table 13 uses this scheme to provide an overview of legal and institutional barriers to marginal social cost pricing for road transport. It is based on Niskanen (2003). 

Table 13: 
Legal and institutional barriers to marginal social cost pricing in 

the road transport sector

	Policy framework and supportive legislation at the European level

	
	· Subsidiarity principle
 in urban transport

· Lack of a common European strategy or framework for interurban road

· Lack of European laws (insufficient or contradicting legislation) to permit kilometre-based charging on interurban road freight

	Policy objectives and supportive legislation at national level

	
	· Predominance of other goals in national/regional/local transport policymaking (the user/polluter pays principle often ignored)

· Lack of laws (insufficient supportive legislation) to permit or facilitate road pricing

· Lack of laws to enable price differentiation

	Co-ordination / co-operation within government and industry

	
	· Lack of co-operation between neighbouring cities and communities (e.g. ‘strategic wait’), and between government and private institutions

· Lack of co-ordination between local and national government bodies with different objectives and responsibilities 

· Management of modes (urban and interurban roads) in the hands of separate public agencies, which may work against integrated multi-modal urban pricing policy

· Number of administrative levels involved in formulation and implementing pricing policy

· Supply and operation of private non-residential parking and public transport services outside direct government control

· Problems in organising Public-Private-Partnership (PPP) for producing and running infrastructure in an interurban road context  

	Legislation and policies in other areas

	
	· Laws to prevent direct charges for road use with reference to freedom of access and movement

· Civil liberties (possible misuse of electronic information as evidence etc) and privacy needs

· Contradictory legislation and policies related to fiscal taxation


Source: Niskanen (2003)

Adler et al. (2003) gives an overview of legal and institutional barriers to marginal social cost pricing in other transport sectors than road transport. They are summarised in Table 14. The main barriers are related to the existence of market power and the lack of harmonisation of transport policies for competing modes and across countries. 

Table 14: 
Legal and institutional barriers to MSC pricing for rail, air, short 

sea shipping and inland navigation

	Rail
	· Inappropriate pricing in competing modes

· No charging of environmental costs in other modes

	Air
	· Monopolistic power of hub airports and flag carriers

· Lack of harmonisation across EU countries and across smaller and hub airports

	Short-sea shipping
	· Lack of political will to change both infrastructure pricing and end-user equilibrium, requiring much legislation in certain European countries

· Market distortions due to liner’s lobby group

· Oligopolistic practices

	Inland navigation
	· Mannheim convention prohibits levying taxes

· Different judicial systems

· EU policy and policy of national and regional governments currently promote use of inland waterway transport via a variety of investment grants and subsidies, differing per country

· Low priority of inland shipping at government level due to modal shift policy (priority given to road pricing)


Source: Adler et al. (2003)

4.1.2 Political and cultural barriers

Political and cultural barriers concern the public acceptability of measures, which explains why they are termed “acceptability barriers” in some studies (Adler et al. (2003) and Niskanen (2003)). Some measures may theoretically be effective in promoting sustainable transport. However, they will not be very effective if people do not accept their introduction or implementation. The political and cultural barriers not only include those related to the political and public acceptance in a strict sense, but also to restrictions imposed by pressure groups (such as employees and trade unions) and cultural attributes, such as attitudes to enforcement, which determine the effectiveness of instruments (PROSPECTS, 2001). Several stakeholders are involved, including the transport users, businesses and other organisations that will be affected by the implementation of a new measure. It also concerns cultural barriers within operators and authorities (cf. the role of political inertia and habits).
Banister (2002) points to the limitations imposed by side effects of measures. If implementation of a measure has serious side effects, this may hinder other activities to such an extent that implementation becomes too complicated, even though these side effects may only have limited effects on the success of the measure itself. It is often difficult to anticipate both the positive and negative side effects (e.g., the case of road pricing).

Surveys carried out by the PROSPECTS project indicate that road building and pricing are the two policy areas that are most commonly subject to constraints on political acceptability. Public transport operations and information provision are generally the least affected by acceptability constraints. Banister (2002) points out that acceptability often depends on whether “push” of “pull” measures are used (i.e. whether it is a strategy of discouragement or encouragement). On the whole, pull measures tend to be popular, and may encourage, for example, an increase in the use of more sustainable modes of transport. On the other hand, many people are reluctant to give up the perceived freedom associated with owning and using a car and these push policies tend to be unpopular. 
Table 15 gives an overview of the main political and cultural barriers to marginal social cost pricing for the different transport modes, as identified in the MC-ICAM project.

Table 15:
Political and cultural barriers to marginal social cost pricing

	Road
	· Opposition by non-governmental stakeholder/interest groups

· Interdependence between the low socio-political acceptability and the legal and institutional status quo

	Rail
	· Inappropriate pricing in competing modes
· No charging of environmental costs in other modes

	Air
	· Status quo strongly preferred by powerful airline lobby groups

· Not acceptable to charge environmental costs until other modes are charged

	Short sea shipping
	· Passengers’ inertia due to established travel patterns/inelastic demand
· Non acceptance of new congestion fees by powerful shipping lines
· Not acceptable to charge environmental costs until other modes are charged

	Inland navigation
	· Price increases will be fought by operators and their customers (shippers)

· Relatively low externalities and scepticism about the effectiveness of pricing

· Fear of unwanted modal shift to other modes


Source: Adler et al. (2003), Niskanen (2003)

4.1.3 Resource barriers

In order to implement a measure, adequate funds and physical resources are required. If these are not available when they are needed, implementation will be delayed. There may also be limitations on the flexibility with which funds can be used to finance the full range of instruments. Alternatively, there may be restrictions on the way in which the revenues generated by the transport policies can be used, which can potentially reduce their benefits. Also the lack of full financial control can be seen as a barrier. 

It is not straightforward to draw a straight line between the resource and other barriers. Resource barriers could also be viewed as a type of practical and technological barriers. They are also related to institutional barriers, since government agencies at different levels of government are unlikely to provide money for schemes that do not concur with policy. A survey by PROSPECTS indicates that road building and public transport infrastructure are the two policy areas which are most commonly subject to financial constraints, with 80% of European cities stating that finance was a major barrier. Information provision is the least affected.

4.1.4 Practical and technological barriers

The last category of barriers is termed “practical and technological barriers”. These cover a number of different aspects. Technological barriers refer to whether the required technology exists to implement the transport reforms. Practical limitations may include problems related to land acquisition for infrastructure projects, the limitations imposed by the topography of an area, enforcement and administration problems for traffic management and pricing, or the lack of skills and expertise (PROSPECTS, 2001). Adler et al. (2003) and Niskanen (2003) identify another practical barrier in the form of lack of reliable cost and other data, lack of transferability of marginal cost and other relevant estimates, lack of research regarding congestion and scarcity for non-road transport modes, lack of cost allocation methods for water transport. 

Table 16: 
Overview of technological and practical barriers to marginal social 

cost pricing

	Road
	Technical:

· Technology (electronic road pricing based on global positioning system) for road pricing exists in principle, but is not widely tested and is likely to be considered too risky and expensive to justify full-scale implementation in the short term

· Existing technology for road pricing does not allow full price differentiation over time, vehicles and spatially

· Interoperability problem in interurban road transport (heavy goods vehicles in cross-border transport)
Practical:

· Spatial structure of urban road networks usually extremely complex

· Availability of reliable cost and other data and transferability of marginal cost and other estimates still a problem

	Rail
	Problems with measuring congestion and scarcity

	Air
	· Data collection of delays and causes of delays

· Noise measurement and data collection

· Lack of information on scarcity and its estimation

	Short-sea shipping
	· Lacking research on port capacity, delay and scarcity definitions

· Lack of data collection with respect to particular cost elements (real costs for providing services)

	Inland navigation
	· MC calculation problems

· Problems of how to allocate costs such as infrastructure maintenance to inland shipping, water management and recreational/sea shipping


Source: Adler et al. (2003), Niskanen (2003)

4.2 How to overcome the barriers?
4.2.1 Legal and institutional barriers

In general legal and institutional barriers are not easy to overcome in the short term. In TRANSPLUS (2002) key strategies to alter existing or install new legal and institutional frameworks are co-operation, Public-Private Partnerships (PPP), restructuring of existing institutions (aggregation, separation, rationalisation), covenants and agreements, compromise, etc.. As can be seen from this list, these  processes to change the legislation and the legal framework involve a big number of stakeholders on different levels (local, regional, national, EU-level) and therefore need a significant amount of time.

For example, co-operation should take place where the impacts of policy implementation affects more than one institution/legal entity/stakeholder group and other solutions like merging are not feasible. A PPP can also be seen as a special form of co-operation, where a partnership between public authorities and private companies is used to overcome a lack of resources (e.g. financial, organisational, knowledge skills) to avoid delays and/or hindering situations. A restructuring of existing institutions could be sensible where a historic separation of functions is no longer useful. For example, the separation of a land use planning department and transport planning department could lead to different and counteracting strategies. A merger of these two departments would ensure that only a commonly accepted strategy would be developed. Another case where a merger could be sensible is where a city council absorbs a previously independent satellite community to avoid unwanted and counteracting competitive situations (e.g. location of industrial sites). 

4.2.2 Political and cultural barriers

This kind of barriers is classified in the existing literature as one of the most difficult but most important one to overcome. In PROSPECTS it was suggested to use strategy combinations to overcome this kind of barriers. Strategy combinations should include instruments which ensure that a majority of people gains from the policy or at least does not suffer welfare losses. For instruments that generate revenues, such as road pricing, a good use of these revenues is crucial in this respect (cf. Table 2 and the discussion in Chapter 3). Where appropriate, the package of measures should also include measures that mitigate side effects arising from the implementation of some elements of the package. For example, road pricing in a certain area could lead to extra traffic outside the charging area, which could be controlled by traffic management measures. It could also adversely affect poorer residents, who could be assisted by concessionary fares. 
Additional to the combination of different instruments, the timing of their implementation is crucial to public acceptability. MC-ICAM points out that it is easier to get public and political acceptability if a scheme is implemented in small steps. This approach is referred in the literature as Phasing and Packaging (in contrast to a Big Bang Implementation). Beside the advantage of increased acceptability the Phasing and Packaging approach allows for corrections of unwanted and unforeseen side effects. On the other hand, it could be plagued by the difficulty to maintain momentum, for example, due to a change of government.
Another important key factor to increase public acceptability is to seek an early involvement of relevant representatives of stakeholder groups into the strategy development process. In combination with an open information policy it will support a successful strategy implementation. 

4.2.3 Resource barriers

Resource barriers are relatively easy to identify and therefore it is easy in principle to develop strategies to overcome this kind of barrier. Financial barriers can be removed through subsidising or cross financing on the condition that this is acceptable to the public. For example parking charges, a fares increase or road pricing revenue may all be seen as ways of generating income for authorities. The revenue can then be used to implement the suggested strategy. In the case of a physical barrier (e.g. a lack of bus drivers to implement a public transport scheme), this barrier can be removed by training new bus drivers in the medium term, though it is more difficult to find a short term solution. 

As mentioned above, resource barriers cannot be seen completely independent from the other categories of barriers. For example, in some cases there exist legal frameworks which do not permit the use of money from road pricing to subsidise an improvement of public transport. In these cases adaptations in the legal framework are necessary to overcome resource barriers.   

4.2.4 Practical and technological barriers

Some practical barriers are specific to a particular local context. For example, strategies to promote cycling in a city, which is very hilly will encounter some practical barriers. This kind of barrier cannot be overcome and has to be taken into consideration within the discussion of transferability of strategies to overcome barriers. 

Technological barriers can be treated similarly to resource barriers, since as soon as the technological solution exists it is just a matter of political will to create legal frameworks to ensure their area wide implementation. Of course, this will again need some time to become effective. An example of a technical barrier is the implementation of a time-of-the-day and location depending parking charging system. Beside acceptability problems there also exist technical problems, since not all private cars are equipped with GSM receivers and online pay devices yet. But as soon as the technological solution emerges, the technological barriers will be replaced by legal, political and resource barriers.

4.3 Conclusions
Research suggests that constraints imposed by the barriers may lead to substantial welfare losses compared to a situation where these constraints are removed. Removing a constraint may be much more interesting than optimally adapting the transport policies to its existence (Verhoef et al., 2003). The chapter proposes a number of strategies for overcoming the different types of barriers. However, dealing with barriers is a complex and time-consuming process. There exist no simple answers, since the barriers are often unique, location specific, and context dependent. Nevertheless, some general recommendations can be made: 

· Barriers concerning acceptability (political and cultural barriers) are the most important ones. To overcome these barriers it is useful to set out a very clear set of objectives of a strategy. The relevant stakeholders have to be involved as early as possible in the formulation of the objectives. The set of objectives must be internally consistent and trade-offs must be made explicit. As soon as the objectives are clear, strategies to reach the agreed objectives have to be discussed. As put forward in Table 2, these strategies have to contain a combination of measures, including measures that ensure that a majority of people gains or does not lose from the strategies and measures that mitigate negative side effects. An intelligent use of the revenues generated by transport policies is a prerequisite for this. Therefore, the SPECTRUM case studies should compare different revenue recycling strategies.
· As soon as the objectives are fixed and the strategies are designed, legal, institutional, technical and resource barriers have to be resolved. For legal and institutional barriers this implies structural changes of existing legal and administrative frameworks, which will be time consuming. 

· The combination of the measures has to be implemented in adequate small steps to increase public acceptability and to enable necessary adjustments. 

5 Summary and conclusions
The aim of this chapter is twofold: to provide a detailed summary of the results of the previous three chapters and to repeat the main guidelines for future research, both in general and within the framework of the SPECTRUM project. The presentation is structured in the same way as the deliverable. First, we focus on efficiency, after which we extend the analysis to incorporate equity issues. Finally, we deal with the barriers that cause constraints on improved transport policies.  
5.1 Optimal policy packages – efficiency

The overview of the theoretical literature has led to the following main results.

· The SPECTRUM research is considering packages of instruments to improve welfare, in addition to examining the extent to which economic measures can be substituted with other types of transport measures. Beneficial interaction can take many forms. We have introduced four main definitions that describe how the different instruments in policy packages combine with each other. These are: complementarity, additivity, synergy and perfect substitutability. In the case of two transport instruments these can be summarized as follows:
	Type of interaction
	Definition

	Complementarity
	Welfare gain (A+B) > Welfare gain A, and

Welfare gain (A+B) > Welfare gain B

	Additivity
	Welfare gain (A+B) = Welfare gain A + Welfare B

	Synergy
	Welfare gain (A+B) > Welfare gain A + Welfare gain B

	Perfect substitutability
	Welfare gain (A +B) = Welfare gain A = Welfare gain B


· In order to assess which of these cases arises in the SPECTRUM case studies, it is very important that the instruments are evaluated at their second-best optimal level, if there are restrictions on the instruments that can be applied. Second-best optimality means that the instruments are set optimally given the constraints that apply on these instruments. 

· In a simple setting of one transport market, one mode of travel and identical transport users, the type of interaction between the different policy instruments can be assessed on the basis of the following welfare function that represents the high-level objective of economic efficiency: 
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The first term (N.CS) represents the consumer surplus of the transport users. The second term gives the impact on the government, which consists of the sum of net government revenue from the transport sector (REV) and producer surplus (PS)(under the assumption that a negative producer surplus in the transport is eventually paid for by the government), from which the accident costs paid by the government (b.R) are subtracted. This term is multiplied by the social value of government revenue (1+λ). The last term of the welfare function gives the external environmental costs (note that the accident and congestion costs are already incorporated in the first two terms of the welfare function). By comparing the welfare function for different packages of policy instruments, one can determine the most efficient package. Moreover, one can assess whether two specific instruments enhance each other’s performance and to what extent.

· The welfare function can be broken down by the relevant stakeholder groups, including transport consumers, producers, government and non-users, which allows to show where efficiency gains and losses are being incurred. 
· By maximising the welfare function it is possible to determine the optimal (most efficient) rules for pricing, infrastructure and regulatory solutions. It is found that, if there are no distortions on other transport markets, the optimal pricing rule holds for all levels of capacity or regulation, whether they are optimal or not. However, the optimality rules for infrastructure and regulation are affected by the level of pricing. If prices are not set correctly, then these instruments need to be adjusted in order to minimise the welfare losses that arise from non-optimal pricing. 

A number of real world considerations require extensions to this simple partial equilibrium framework. These include second-best issues related to pre-existing distortionary taxation, pricing of related goods and restrictions on the instruments that can be used. Moreover, there are issues related to uncertainty, monitoring and enforcement aspects. 

· If there are no restrictions on the transport instruments that can be used, the optimality rules for the case of one transport market can easily be extended to other transport markets. However, if the instruments cannot be set optimally on all transport markets, then the optimal pricing, investment and regulation rules become more complicated. In that case the instruments should be designed such that the welfare losses resulting from the constraints are minimised.

· In general, there are situations when certain instruments that would optimise policy packages cannot be used due to restrictions, due to, for example, inflexible legislation or public acceptability issues. A number of approaches can be used to reduce this problem:

· To combine restricted instruments in a policy package with publicly acceptable measures. 
· To alter the rules in the framework to account for certain rules not being met due to restrictions in the use of instruments. 

· To substitute an alternative instrument for the restricted instrument. 

· Pre-existing distortionary taxes have an impact on the optimality rules for the different instrument types. Market based instruments (taxes and permits) and non-market based instruments (such as quotas, technology standards or performance standards) both drive up the price of polluting goods (e.g., transport use) relative to leisure, thereby compounding the market distortions created by pre-existing taxes (tax interaction effect). In the case of externality taxes or auctioned permits, this negative effect can be partly offset by the revenue recycling effect. However, if the revenue that is generated is not used properly, this can substantially reduce the net welfare gain of these instruments. Moreover, a revenue recycling effect is only possible for instruments that are revenue raising, and therefore not for quotas or grandfathered (non-auctioned) tradable permits. Previous studies shows that these general equilibrium effects cannot be ignored and that pre-existing distortionary taxes substantially raise the costs of all externality policies relative to their costs in a first-best setting. 

· A main argument for using packages of instruments to meet the objective of economic efficiency is the role of uncertainty in decision making. Previous research shows that, when the regulator is uncertain about the marginal damage function, policy will, in general, not be optimal. However, this type of uncertainty does not affect the choice between externality taxes, standards and auctioned permits. In contrast, the choice between the instruments is affected when there is uncertainty about the marginal abatement cost function. The preferred instrument depends on the variance of the stochastic error term and the slopes of the marginal damage and marginal abatement cost functions. Research also confirms that there is a role for combining pricing and quantity instruments in the presence of uncertainty about the marginal abatement cost function. 

· In a perfect world the monitoring and enforcement of policy instruments would be unnecessary, as infrastructure users would be perfectly compliant (as assumed by the analysis presented above). Previous research implies that in order to maximise efficiency gains, policy instruments that require enforcement should be included in policy packages with those that require little or none, or with policies that help reinforce the instrument. It is not clear which enforcement and monitoring systems will be the most cost-effective and combinations are possible. This issue will need to be discussed further at a later stage in the SPECTRUM project.

· Table 2 in Section 2.2.1. provided an indication of which instruments can potentially be combined to generate beneficial interactions. Four main sources of beneficial interactions are distinguished: 

· Instruments which reinforce the benefits of one another

· Instruments which overcome financial barriers

· Instruments which overcome political barriers

· Instruments which compensate users

The table indicated that there is potential for certain instruments to be combined into packages, but that not all combinations of instruments will generate economic efficiency.

· A further review of applied studies made it possible to determine which instruments work best together under a combined strategy and also those that are less inclined to have an effect on the efficiency outcomes. It is concluded that the matrices presented in Appendix 3, 4 and 5 provide a good indication of the effects of the combinations of instruments in policy packages and should form the basis for future SPECTRUM research.

The previous studies also indicate that:
· Efficiency gains are increased when the policy packages include:

· Policies differentiated by time of day

· Public transport fares and frequencies adjustments coupled with increases in the cost of car travel

· Low cost road capacity improvements

· Road pricing

· Environmental and safety benefits are increased when packages include:

· Fuel tax 

· Introduction of cleaner technologies

· Road pricing

· Road pricing and or increased parking charges

· If only efficiency matters, the evaluation of the packages of instruments in the SPECTRUM project should be done within a social cost benefit analysis on the basis of the efficiency objective, as put forward in SPECTRUM (2003). This approach avoids making ad-hoc assumptions about the elements of the objective function and avoids double-counting. Finally, since the extent of interaction between the different instruments can only be evaluated when these instruments are optimised subject to given constraints, the case studies should consider as much as possible optimal second-best policies (rather than simply simulate policy reforms).

5.2 The implications of equity considerations

· The choice between transport instruments, or packages of instruments, depends not only on their relative efficiency but also on their equity impacts, since in general the overall objective of society concerns not only a maximization of total efficiency, but also to achieve an equitable distribution of welfare. Moreover, any major transport policy reform will be acceptable only if it is welfare increasing or welfare neutral for a sufficiently large majority of the voters. A necessary condition for voters to accept the reform is that their utility is not reduced. 
· Intra-generational equity concerns the distribution of net benefits between different groups of people within a given generation. The theoretical literature on taxation and investment in the presence of externalities gives us the following insights:

· In order to assess the full efficiency and equity impact one should take into account not only the effect of the transport policy reform but also of the accompanying measures that ensure budget neutrality. The distributional impact will depend on the joint effects.
· Computing the welfare impacts before revenue recycling provides only an incomplete welfare assessment. However, it can give an indication about which groups should be targeted most in order to come up with a package of measures that is politically acceptable.

· If a good is consumed proportionally more by people with a high social welfare weight, then – ceteris paribus - it becomes less attractive to increase the tax on that good or more attractive to reduce the tax on that good. 
· If the reduction in the externality is valued proportionally more by low income people and if these get a high marginal social welfare weight, then – ceteris paribus – it is more attractive to increase the tax on that commodity in as far as the tax is effective in reducing the externality. 
· If people with a high marginal social welfare weight are proportionally more affected physically by the change in the externality, then – ceteris paribus – it is more attractive to increase the tax on the externality generating goods.
· The economic literature has focused mostly on the equity effects of taxes, whereas the equity aspects of non-price measures and regulation in particular have been neglected somewhat. However, the effects of regulatory measures can differ among income groups, an aspect that cannot be neglected. 

In our analysis we make a distinction between three types of regulation: 

· Quantity constraints on market goods include, for example, restrictions on annual car use or the distribution of a free ration of public transport. The case that is most widely studied in the literature starts from a reference equilibrium where the policy maker has already optimised a full set of linear and non-linear income taxes and proportional taxes on all commodities, and where there are no externalities. It has been shown that in general there is scope for a welfare improvement by giving away a fixed quantity (called a ration) of particular goods to everybody with the restriction that this ration is not tradable among consumers. It is most effective to hand out for free goods that are rather heavily taxed. In economies with high car taxes, this would imply one untaxed economy car per family rather than free bus tickets. When externalities are present or when the initial tax system is not optimal, no general insights are at present available.
· Car emission regulations are an example of quality restrictions on market goods. The welfare cost and equity impact of these regulations can be measured easily when the regulated good can be considered as a homogeneous good and when the regulation does not affect the other quality characteristics of the good. However, when there are different car sizes and brands or when the regulation affects the performance of a car, a correct measurement of the equity effect of the regulation is more difficult. It requires the valuation of all quality dimensions of the car by the individuals. Moreover, when there are several quality attributes, we are probably in a imperfect competition world, which also makes the evaluation more difficult. 
· Many regulations (e.g., speed limits), regulate the way one uses a certain market goods. The impact on the different income groups depends on the severity of the regulation, as is illustrated in the example of a progressively tightened speed limit. 

· The evaluation of transport policies requires the aggregation of effects over time. How this should be done, depends on the time frame that is considered. A distinction has to be made between issues that involve a trade-off within a generation (e.g., construction of a road) and those that require a trade-off across generations (e.g., climate change). In the first case, the trade-off between costs and benefits can be made using a long term discount rate. In the case of intergenerational trade-offs discounting future costs and benefits at the market rate of return can only be justified in particular ethical cases and when compensation or investment in the future is possible. In general, the weight given to future generations will depend on economic elements (the richness of future generations), on ethical considerations (the degree of inequality aversion across generations) and on the possibility of transfers to the future generations.

· A review was made of a selection of applied economic models that were used to test the efficiency and equity impacts of transport policies in the United States and a number of European countries. Most of these studies focus on pricing measures and on land transport. To our knowledge the equity effects of regulation and infrastructure measures have received much less attention. 

· On the basis of the literature review we can draw the following lessons for the SPECTRUM case studies: 

· The applied studies indicate that in most cases transport pricing based on marginal social costs leads to a welfare loss for most income groups, before taking into account the value of revenue recycling. 

· The exact distribution of the welfare effects of these policies before revenue recycling is context specific. From economic theory we know that it depends on:


- the share of the income groups in the consumption of the various transport 
goods


- the relative value of time, air quality and safety of the different income 
groups


- the change in congestion levels, air quality and safety experienced by the 
income groups. 

· The analysis of the welfare effects before revenue recycling is necessarily incomplete, but can provide insights in the groups that should be targeted most in order to make the policies politically acceptable.

· Once a very detailed decomposition of the population is considered it becomes unlikely to design a revenue recycling strategy that produces benefits for everyone.

· A complete assessment of the welfare effects of transport policies needs to take into account how they are financed or how the revenues generated by them are used. Several revenue recycling strategies should be compared. For example, in the case of road pricing, which is generally considered to be the most efficient instrument to tackle congestion, the following revenue recycling strategies could be compared: reduction of general taxes, reduction of transport taxes, increases of transport subsidies or physical measures (such as investment in capacity, investment in public transport), or a combination of several measures. The choice of the best strategy should be based on a cost-benefit analysis, taking into account the distributional objectives of the policy maker. The best strategy is also expected to be context specific. 
· Packages of measures that are inequality neutral are not necessarily the best. There is no guarantee that the existing degree of inequality is socially optimal. The welfare gain may be substantially lower than that of packages that do affect different groups of people differently.

· The empirical evidence on the equity effects of regulation and physical measures in the transport domain is scarce. An important contribution of the SPECTRUM case studies could be to investigate these aspects.

· Physical instruments could play a role in enhancing the political acceptability of pricing measures, but their role should be assessed within a cost-benefit analysis.

5.3 Barriers to improved transport policies
· When analysing transport policies a distinction should be made between first best and second-best policies. Within a transport context, the first best framework assumes that the policy maker has perfect information, that he can make use of non-distortionary taxes and that he does not face any restrictions on the transport instruments he can use. This mainly serves as a benchmark. In reality, the policy maker faces constraints, both inside the transport sector and in the rest of the economy. When this is the case, he should aim to design optimal second-best policies, i.e. policies that maximise welfare given the constraints that apply. Chapter 4 explored the reasons for the presence of restrictions on transport instruments. 

· Verhoef et al. (2003) define a barrier as “a – typically exogenous – factor that limits the regulator’s possibilities to perform the most desired policy.” A barrier is relevant when it imposes constraints on the policy options of the regulator. This implies that there is a causal relationship between barriers and constraints. Moreover, a certain barrier may lead to multiple constraints, and a certain constraint might be caused by different barriers.

· Based on a number of recent studies we propose the following main classification of barriers: 

· Legal and institutional barriers

· Political and cultural barriers

· Resource barriers

· Practical and technological barriers
· Research suggests that constraints imposed by the barriers may lead to substantial welfare losses compared to a situation where these constraints are removed. Removing a constraint may be significantly more effective than optimally adapting the transport policies to its existence (Verhoef et al., 2003). The deliverable proposes a number of strategies for overcoming the different types of barriers. Dealing with barriers is a complex and time-consuming process. There exist no simple answers, since the barriers are often unique, location specific, and context dependent. Nevertheless, some general recommendations can be made: 

· Barriers concerning acceptability (political and cultural barriers) are the most important ones. To overcome these barriers it is useful to set out a very clear set of objectives of a strategy. The relevant stakeholders have to be involved as early as possible in the formulation of the objectives.  The set of objectives must be internally consistent and trade-offs must be made explicit. As soon as the objectives are clear, strategies to reach the agreed objectives have to be discussed. The strategies have to contain combinations of measures, including measures that ensure that a majority of people gains or does not lose from the strategies and measures that mitigate negative side effects. An intelligent use of the revenues generated by transport policies is a prerequisite for this. Therefore the SPECTRUM case studies should compare different revenue recycling strategies.

· As soon as the objectives are fixed and strategies are designed, legal, institutional, technical and resource barriers have to be resolved. For legal and institutional barriers this implies structural changes of existing legal and administrative frameworks, which will be time consuming. 
· The combination of measures has to be implemented in adequate small steps to increase public acceptability and enable necessary adjustments. 
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APPENDIX 1: 
Websites of European research projects referenced in this deliverable

AFFORD (Acceptability of Fiscal and Financial measures and Organisational Requirements for Demand management) 

http://data.vatt.fi/afford/
FATIMA (Financial Assistance for Transport Integration in Metropolitan Areas)

http://www.its.leeds.ac.uk/projects/fatima
IMPRINT – EUROPE (Implementing Pricing Reform in Transport – Effective Use of Research On Pricing in Europe)

http://www.imprint-eu.org
KONSULT (Knowledge database On Sustainable Urban Land Use and Transport) 

http://www.transportconnect.net/konsult/
MC-ICAM (Marginal Cost pricing in transport – Integrated Conceptual and Applied Model analysis) 

http://data.vatt.fi/mcicam/
OPTIMA (Optimisation of Policies for Transport Integration in Metropolitan Areas) http://www.its.leeds.ac.uk/projects/optima/index.html.

PROSPECTS (Procedures for Recommending Optimal Sustainable Planning of European City Transport Systems) 

http://www-ivv.tuwien.ac.at/projects/prospects.html
SPECTRUM (Study of Policies regarding Economic instruments Complementing Transport Regulation and the Undertaking of physical Measures)

http://www.its.leeds.ac.uk/projects/spectrum
STELLA (Sustainable Transport in Europe and Liaisons with America)

http://www.stellaproject.org/
TRANSPLUS (Transport Planning Land Use and Sustainability)

http://www.isis-it.com/transplus/
UNITE (UNIfication of accounts and marginal costs for Transport Efficiency)

http://www.its.leeds.ac.uk/projects/unite/index.html

Optimal pricing, regulation and investment for one transport market: the efficiency case

This text derives optimal pricing, regulation and investment in a partial equilibrium framework with one transport market and identical consumers. The analysis therefore focuses on efficiency issues. All instruments are considered simultaneously such that the interaction between them is explicitly taken into account. We discuss not only the case in which all instruments are set optimally, but also how the optimality rules are affected if not all instruments can be set optimally. 

The analysis includes two forms of regulation, namely safety regulation and environmental regulation. The way they are modelled suggests that they can be interpreted as, e.g. technology standards or possibly also specifications for driving style. A possible extension could be to incorporate other types of regulation, such as the rationing of transport demand, or other relevant types. Later, the discussion will be extended towards two transport markets.

The simplest formal approach of a single transport market consists of distinguishing four types of agents:

- N identical transport users; 

- the transport producers; 

- the government; 

- the victims of external effects other than congestion and accidents (air pollution, noise).

We consider a market with a uniform demand for transport over time. The total volume of transport use is denoted by X=N.x, and CAP gives the total capacity of the transport market. The transport users determine their use as a function of the generalised cost g that equals the sum of the producer price p, the unit time costs v.T, the unit accident costs h.R and taxes t. 
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T(X,CAP) represents the time needed per unit of transport service. It is a function of the total transport demand X relative to total capacity CAP. v is the value of travel time. The treatment of accident costs in the model is up to a certain point similar to the treatment of congestion. The accident costs that affect the transport users are included in the generalized price. They equal h.R. R(X,CAP,z) stands for the accident risk which is a function of X, total capacity CAP and the safety regulation z that is in place. h is the monetary value of an accident for the transport user. Within the context of the EU institutions part of the accident costs is paid by the government, in the form of medical spending, police budgets etc. These will be taken into account in the government budget.

The transport users have an objective function CS(x(g)) that represents their consumer surplus (this is the overall difference between the willingness-to-pay to be able to use the transport service at quantity x and the generalised cost g that is paid). Their only decision variable is the quantity x of transport services consumed.

The producers of transport services have to decide on the producer price p, on the capacity CAP of the transport infrastructure and on the durability D of the infrastructure. They are subject to external cost regulation m (e.g., concerning air pollution) and safety regulation z. The total costs of transport service provision consist of maintenance and running costs C(X,D,CAP,m,z) and of capital costs for the infrastructure r.K(CAP,D). We assume that the infrastructure has an infinite life so that r represents the interest rate.

The suppliers of transport services maximise profits by setting producer prices p and choosing capacity CAP, as well as the durability level D. Their profit, also called producer surplus PS, equals:
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The government decides on the tax rate t and on the external cost regulation m that affects total external costs (excluding congestion and accidents). It can also impose the safety regulation z. The net revenue received by the government from the transport market equals the sum of the indirect tax revenue REV=X.t and the profit made by the transport production sector minus the accident costs paid by the government (b.R). Should the private sector run a deficit, this would be financed by the public sector. A unit of government revenue has a social value of 1+(. 1+( is the marginal cost of public funds and represents the marginal welfare cost of raising a unit of tax revenue. This is a reduced form formulation that can be used in a partial equilibrium framework. In a first best economy in which the government can make use of perfect lump sum transfers and taxes, ( equals zero. In a second best economy with distortionary taxes ( is different from zero. The value of ( depends on the way in which the government uses the revenue from the transport sector, or the way in which the transport deficit is financed. 

In addition to congestion and accidents, transport imposes other external costs of which air pollution and noise are the most important. The victims of these external costs are passive agents by assumption. They experience a total external environmental cost EEC(X,CAP,m) that is a function of the volume of transport services, the infrastructure capacity and the regulation m that is in place.

The welfare indicator we use for the transport market equals:
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In an equilibrium for the transport market, the demand for transport services equals the supply. This is reflected in the use of the same notation X for total demand and total supply.

As we are concerned about the reform of transport taxes and prices, it is useful to examine briefly the optimal transport prices, taxes, capacity, durability and regulation decisions. By optimal we mean the decisions an omniscient planner would take if he maximises total welfare as given by expression (A1

). In our analysis we omit any possible corner solutions. A corner solution that is ruled out is not to produce the good at all.

The producer price and the indirect tax

The government can set both producer price p and indirect tax t. Both instruments are jointly determined since they are equivalent in our model.

The joint first-order condition for the producer price and the indirect tax is given by:
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[image: image39.wmf]dxdp

 gives the total effect on x of a price change: a price change does not only affect demand directly, but also has an impact on the level of congestion and the accident risk, which influences demand indirectly. The direct effect therefore has to be corrected by a feedback parameter in order to obtain the total effect:
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, we can derive the following joint optimality condition for p and t:
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in which we have used the following notation:
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: the marginal short run production cost;
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: the marginal external congestion cost;
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: the marginal external accident cost; 

(Xg : the own generalised price elasticity of the demand for transport services.

We consider four different cases.


( = 0, no externalities

First, we consider the case when ( equals zero and there are no external effects. In this situation no tax is called for (t = 0) and the optimal producer price equals the “short run” marginal production cost CX comprising the marginal running and operating cost. 


( > 0, no externalities

In the absence of external costs, but with ( > 0, the optimality condition becomes:
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The price paid by the consumers will be larger than the marginal production cost if (/(1+()>0 (since (Xg<0). If the government can set the tax rate at the level
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then p = CX. 


( = 0, externalities

Next, we introduce different types of external costs, but assume that ( equals zero. If these external costs are covered by the tax on consumers (if [image: image51.wmf]XXX
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¶

), producer prices equal the marginal production cost. If the tax is lower than the marginal external costs, the producer price exceeds the marginal production costs in order to correct for the externalities. Conversely, t will be smaller than the marginal external costs if the producer price exceeds the marginal production costs. 


( > 0, externalities

Finally, we consider the most general case when ( >0 and externalities are present. When p = CX the optimal tax is given by


[image: image52.wmf]11

XXX

Xg

ECCEACEECRg

tb

X

l

lle

++¶

=+-

+¶+


(A3

)
The tax fulfils two functions. The first one is to correct for external costs. This is reflected in the first two terms of (A3

), the so-called non-Pigouvian or Ramsey term. As there are two objectives and only one instrument, the two objectives are weighted by (, the marginal cost of public funds – 1. The more valuable public revenue is, the more important the Ramsey term becomes and the less weight is given to the first component of the Pigouvian term. With p > CX, the optimal t is lower. This could be the case with monopoly pricing. In that case one has an interest not to add the full externality tax. 
3

), also called the Pigouvian terms. Secondly, it raises tax revenue, which gives rise to the last term in (A
All of these rules hold whatever the investment and regulation policy is. These other policies may affect the values of the marginal production cost and the value of the marginal external costs but do not affect the optimal tax and producer price rules. It should be noted, however, that the results are valid only if there are no price distortions on other markets.

Optimal transport capacity level 

The first order condition for the infrastructure capacity level CAP is: 

[image: image53.wmf](

)

1

0

CAPX

CSdTdR

Nvh

gdCAPdCAP

CxdTdRCKdR

tpNvhrb

XgdCAPdCAPCAPCAPdCAP

xdTdR

EECEECNvh

gdCAPdCAP

l

¶

æö

+

ç÷

¶

èø

éù

¶¶¶¶

æöæö

+++-+---

ç÷ç÷

êú

¶¶¶¶

èøèø

ëû

¶

æö

--+=

ç÷

¶

èø


Using [image: image54.wmf]CSgx
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 and rearranging the expression, we get the following optimality condition for CAP: 
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(A4

)
with CCAP = (C/(CAP and KCAP = (K/(CAP. The left-hand side represents the marginal cost of a capacity extension. It equals the sum of the marginal operating costs of the transport service and the marginal cost of leasing the capacity. The right hand side represents the marginal benefits of the capacity expansion. The first term represents the savings in external costs due to higher capacity, including the effect of capacity expansion on transport demand. The second term gives the effect on government spending of the change in accident risks. The last term on the RHS in (A4

) is a correction term that takes into account the level of pricing and taxation. 

In order to facilitate the interpretation of the optimality rule, we use
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If pricing and taxation are optimal (if (A2

) holds), then s = 0. s>0 if the consumer price is too high compared to the social optimum. 

We use (A4

). We also use the definitions of EECX and EACX. In addition, we take into account that the full impact of capacity expansion on the time needed per kilometre and the accident risk equals the direct effect, corrected by the impact of the capacity expansion on transport demand
. This way we obtain:5

) to rewrite (A
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(A6

)
ECCCAP, EACCAP and EECCAP are the marginal external congestion, accident and environmental costs associated with a capacity expansion. θ is a feedback parameter. The RHS gives the marginal social benefit of capacity expansion. The first term on the RHS is the benefit of the externality reduction, for a given level of transport demand, corrected by the marginal cost of public funds. The second term gives the impact of the capacity expansion on the accident costs paid by the government. The third term is the impact on the Ramsey tax revenue. If a capacity expansion increases the demand for taxed transport, this increases tax revenue, which is beneficial. The last term implies that whenever the consumer price is too high compared to the social optimal price (s > 0), there is an extra benefit for capacity expansion. This is because an increase in capacity would help to bring the volume of transport to a higher and more optimal level. The last term disappears in the case of optimal pricing (s = 0). In a first best economy (( = 0), the benefit of the externality reduction is no longer corrected by the marginal cost of public funds and the third term drops out.

Optimal durability of capacity investments 

The first order condition for the durability D of capacity investments is given by: 
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This implies that the optimal level of durability (quality of road surface or tracks) is obtained when the extra capital cost of better durability equals the reduction in maintenance costs (with CD = (C/(D and KD = (K/(D).
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Note that this rule does not depend on the level of pricing, regulation or capacity.

Optimal environmental regulation 

In our simple model, the environmental regulation (m) affects, by assumption, only the direct costs of supplying transport services (cleaner and safer cars, less noisy trains...) as well as the environmental damage itself.

At the optimal level of environmental regulation there is equality between the marginal social cost of cleaner vehicles (corrected by the marginal cost of public funds) and the savings in environmental costs.


[image: image60.wmf](1)

mm

CEEC

l

+=-


(A8

)
with Cm = (C/(m and EECm = (EEC/(m. In our simple model set-up, this rule holds irrespective of the pricing, safety regulation and investment rules that have been followed.

Optimal safety regulation 

The first order condition for the safety regulation z is:
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We use [image: image62.wmf]CSgx
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 and (A5

) to rewrite this expression. Moreover, we take into account that the full impact of safety regulation on the accident risk equals the direct effect, corrected by the impact of the capacity expansion on transport demand
. A similar correction needs to be made in order to know the total effect of z on T. 

We find that the optimal safety regulation has to satisfy the following equation:
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)
with Cz = (C/(z. EACz is the impact on the external accident costs of the transport users of a change in safety regulation. γ and γR are feedback parameters. The left-hand side represents the marginal cost of a safety regulation. The RHS gives the marginal social benefit of stricter safety regulation. The first term on the RHS is the benefit of the external accident cost reductions, for a given level of transport demand, corrected by the marginal cost of public funds. The second term gives the impact of the safety regulation on the accident costs paid by the government. The third term is the impact on the Ramsey tax revenue. If a stricter safety regulation increases the demand for taxed transport, this increases tax revenue, which is beneficial. The last term implies that whenever the consumer price is too high compared to the social optimal price 

(s > 0), there is an extra benefit for safety regulation. This is because stricter safety regulation would help to bring the volume of transport to a higher and more optimal level. This last term drops out if pricing is optimal (s = 0).

Global optimum requirement

When there is no corner solution, the global optimum is attained when (A9

) are satisfied. Note that each of these rules continues to hold, irrespective of whether the other rules are applied. However, one must be aware that the results will be different if not all control variables are at their optimum value. If there are corner solutions, the first order optimality conditions are insufficient and it is necessary to compare values of the objective function for different policies.
8

) and (A7

), (A6

), (A2

), (A
Reform of instruments, starting from non-optimal values

Up to now we discussed optimal policies. In transport policy one is often interested in the welfare change that can be obtained by a change of one variable, keeping the other policy variables at an arbitrary level. This can be checked using the optimality conditions discussed above, where effects have been grouped in marginal benefit and marginal cost effects of a small change in the policy variables.

APPENDIX 3: PROSPECTS D4 Interactions between strategy measures

	
	Land use planning
	Travel Reduction
	New Highways
	Parking supply
	New PT infrastructure
	Park and Ride
	Cycle/ped
	Freight
	Traffic management
	UTC/ITS
	Traffic calming

	Land use planning
	
	C
	C
	C
	C
	C
	C
	C
	
	
	

	Travel Reduction
	C
	
	C
	C
	C
	C
	
	
	
	
	

	New Highways
	C
	
	
	
	
	
	
	C
	
	
	C

	Parking supply
	C
	
	
	
	
	
	C
	
	
	
	C

	New PT infrastructure
	C
	C
	
	
	
	
	
	
	
	
	

	Park and Ride
	C
	C
	
	
	C
	
	
	
	
	
	

	Cycle/ped
	C
	C
	
	
	C
	
	
	
	
	
	C

	Freight
	C
	
	C
	
	
	
	
	C
	
	
	C

	Traffic management
	C
	
	C
	
	C
	
	C
	C
	
	
	C

	UTC/ITS
	
	
	
	
	C
	C
	C
	
	C
	C
	

	Traffic calming
	
	
	
	
	
	
	C
	
	C
	
	

	Parking control
	C
	C
	C
	C
	C
	C
	C
	
	C
	
	

	Capacity reduction
	C
	C
	
	
	C
	C
	C
	
	C
	
	

	Bus priorities
	
	C
	C
	
	
	C
	
	
	C
	
	C

	PT service levels
	
	C
	
	
	
	C
	
	
	
	
	C

	Car information provision
	
	C
	
	
	
	C
	C
	C
	
	

	PT Information provision
	C
	C
	
	C
	C
	
	
	C
	C
	

	Awareness
	
	C
	
	
	C
	C
	C
	
	
	
	

	Parking charges
	
	
	
	C/F
	C/F
	C/F
	
	
	C
	
	C/F

	Workplace Levies
	C
	C/F
	
	
	C
	C
	
	
	C
	
	

	Road pricing /tolls
	C
	
	F
	F
	C/F
	C/F
	
	C
	
	
	C/F

	PT fares
	
	
	
	C
	C/F
	C/F
	
	
	
	
	C/F


Key: Measures in the left hand column can reinforce the measure in the appropriate column by

C – the row measure complements the column measure

F – the row measure can provide finance for the column measure

P – the row measure can make the column measure more publicly acceptable
Table continued…

	
	Parking control
	Capacity reduction
	Bus priorities
	PT service levels
	Car information provision
	PT Information provision
	Awareness
	Parking charges
	Workplace Levies
	Road pricing /tolls
	PT fares

	Land use planning
	
	
	C
	C
	
	
	
	C
	
	C
	

	Travel Reduction
	
	
	
	
	
	
	
	C
	C
	C
	

	New Highways
	
	C
	C
	
	
	
	
	
	
	C
	

	Parking supply
	C
	
	
	
	
	
	
	
	
	
	

	New PT infrastructure
	C/P
	C/P
	
	C
	
	
	
	C/P
	
	C/P
	

	Park and Ride
	C
	C/P
	C
	
	
	
	
	C
	C/P
	C
	

	Cycle/ped
	
	C
	C
	
	
	
	
	
	C/P
	
	

	Freight
	
	
	
	
	
	
	
	
	
	
	

	Traffic management
	
	C
	C
	C
	
	
	
	
	
	C
	

	UTC/ITS
	C
	C
	C
	C
	C
	C
	
	C
	
	C
	

	Traffic calming
	C/P
	C/P
	C
	
	
	
	C/P
	C/P
	C/P
	C
	

	Parking control
	
	
	C
	C
	
	
	
	
	
	
	

	Capacity reduction
	
	
	
	
	
	
	
	
	
	
	

	Bus priorities
	
	
	
	C
	
	
	
	
	C/P
	
	

	PT service levels
	C/P
	C/P
	C
	
	
	
	
	C/P
	C/P
	C/P
	C

	Car information provision
	C
	
	
	
	
	
	
	
	
	

	PT Information provision
	
	C
	C
	
	
	C
	
	C/P
	
	

	Awareness
	
	
	C
	C
	
	
	
	
	
	
	C

	Parking charges
	C
	
	
	C/F
	
	
	
	
	
	
	C/F

	Workplace Levies
	
	
	
	C/F
	
	
	
	
	
	
	

	Road pricing /tolls
	
	
	C
	C/F
	
	
	
	
	
	
	C/F

	PT fares
	C
	
	C
	C
	
	
	
	C/P
	P
	C/P
	


Source: May and Matthews (2001)
APPENDIX 4: 

Policy instrument impacts on the objective of efficiency.

	
	Instrument
	Economic Efficiency
	Environment
	Safety

	Pricing Measures
	Parking Charges
	 (
	 ( or x
	 ?

	
	Private parking charges
	 ((
	( 
	 ?

	
	Congestion charging
	 (((
	( or x 
	 (

	
	Vehicle taxes
	 0
	 (
	 (

	
	Fuel Taxes
	 0
	(( 
	 0

	
	Fare levels
	 (
	 (
	 ?

	
	Fare structures
	 (
	 (
	 ?

	
	Concession fares
	 0
	 0
	 0

	Management Measures
	Maintenance
	 (
	 (
	 ((

	
	UTC
	 ((
	 (
	 (

	
	ITS
	 (?
	?
	 (?

	
	Acc remedial
	 0
	 ?
	((( 

	
	Traffic Calming
	 x
	 (((
	 ((

	
	Physical restrictions
	 xx?
	 (?
	 (

	
	Parking Controls
	 ((
	 (v
	 (

	
	Car sharing
	 0?
	 0
	 0

	
	Car clubs
	 ((?
	 0
	 0

	
	Bus priorities
	 (
	 ?
	 (

	
	HOV lanes
	 (
	(
	 X?

	
	PT service levels
	 ((
	 ?
	 ((

	
	Bus management measures
	 (
	 0
	 (

	
	Bus partnerships
	 (
	 0
	 0

	
	Cycle priorities
	 ?
	 ?
	 (?

	
	Cycle parking
	 ?
	 ?
	 0

	
	Lorry routes
	 x
	 ((
	 (

	Physical Measures
	New roads
	 (?
	 ( or x
	 (

	
	New parking
	 (?
	 ?
	 ?

	
	New rail
	 ((
	 ?
	 (

	
	Light rail
	 (
	 ( or x
	 (

	
	Guided bus
	 (
	 ?
	 ?

	
	Park and ride
	 (
	 (
	 ?

	
	Terminals
	 ?
	 ?
	 ?

	
	Bus and rail vehicles
	 ?
	 (
	 ?

	
	Cycle routes
	 ?
	 (
	 ((

	
	Pedestrian routes
	 ?
	 (
	 (

	
	Pedestrian areas
	 O or x
	 ((
	 ((

	
	Lorry parks
	 0
	 (
	 (

	
	Transhipment
	 xx
	 (
	 (


Source: May and Matthews (2001)
Key: ((( = strongly positive impact, 0 = zero impact, xxx = strongly negative impact,? = impact unknown
APPENDIX 5: Impacts of economic and regulatory transport instruments on economic efficiency (Acutt and Dodgson, 1997)

	 
	Impacts on 
	Economic Efficiency
	Noise
	Accidents
	Traffic congestion
	Carbon dioxide

	     Economic Instruments
	Fuel taxes
	Positive
	Reduce total
	Reduce total
	Reduce total
	Reduce total

	
	Emission taxes
	Positive
	Small reduction
	Small reduction
	Small reduction
	Small Reduction

	
	Variable car excise taxes
	Positive
	Possible small reduction
	Possible small increase
	no direct effect
	Reduce total

	
	Scrappage bounties
	Positive
	Small reduction
	Small reduction
	Small reduction
	Reduce total

	
	Road congestion pricing
	Positive
	Reduction in priced areas 
	Reduction in number possible increase in severity
	Reduction in number possible increase in 
	Reduce total

	
	Parking charges
	Positive (unless diversions)
	Reduction in priced areas 
	Reduction in priced area
	Reduction in priced areas
	Reduction unless diversion a problem

	
	Public transport subsidies
	Possible positive
	Ambiguous
	Ambiguous
	Possible increase
	Small increase

	          Regulatory Instruments
	Emissions regulations
	Possible positive
	little direct effect
	Little direct effect
	Little direct effect
	Increase

	
	Road construction
	if appraisal is appropriate positive
	Decreases in some areas, increases in others
	Reductions
	Reductions
	Increase

	
	Traffic calming
	Possible positive
	Reduction
	Reductions
	no direct effect
	Possible increase 

	
	Vehicle use restrictions
	Negative
	Reduction
	Reduction
	Reduction
	Reduction

	
	Parking controls
	Ambiguous
	Reduction in controlled area, may increase elsewhere
	Reduction in controlled area
	Reduction unless counterbalancing activities
	Reduction

	
	Land use planning
	Possibe LT improvements
	Reduction if policy successful
	Reduction if policy successful
	Reduction if policy successful
	Reduction if policy successful

	
	Vehicle noise regulation
	Possible positive
	Reduction
	Little Effect
	Little Effect
	Little effect

	
	Vehicle safety regulation
	Improvements
	Little Effect
	Reduction
	Little Effect
	Increase
















































































































































































































































































� The incorporation of other characteristics (such as gender, location etc.) will be explored further in later stages of the SPECTRUM project.


� The condition that the welfare gain of A or B separately equals the benefit of A and B together is included to rule out cases where A and B coincidentally produce the same welfare effect but act on different components of the welfare function (e.g., A mainly affects congestion, while B mainly affects accidents), in which case they would not be perfect substitutes for each other.


� This framework ignores feedback effects from changes in markets other than the market being considered.


� A tax is non-distortionary if and only if individuals can do nothing to change the tax they have to pay. If the government could replace distortionary taxes by non-distortionary taxes it could collect the same revenue while at the same time increasing welfare. Therefore, distortionary taxes are not efficient. Note that when there are externalities, the allocation of resources will not be efficient. In that case taxes can be used to correct the market failure. These corrective taxes raise revenue as well as increase efficiency.


� Note that the income distribution dimension lies at the heart of the existing distortionary tax systems. The implications of income distribution concerns for transport policies will be discussed in more detail in Chapter 3.


� In the case of transport externalities, an additional effect occurs. When transport is directly related to work trips, making transport use more expensive or restricting transport use by quotas, may have a negative effect on labour supply, which causes additional efficiency losses (see, e.g., Van Dender, 2001).  


�  � HYPERLINK "http://www.transportconnect.net/konsult/" ��http://www.transportconnect.net/konsult/�


� Appendix 1 gives an overview of the websites of all EU research projects referenced in this deliverable.


� For an overview of other relevant studies, see, e.g., Mayeres (2003).


� see OPTIMA (1997a, 1997b)


� This refers to a hypothetical device that allows to apply distance based charges in certain areas only, and where maximum and minimum limits can be imposed on the charges. 


� The TRENEN model is also used to test different policy packages in a number of European cities. The interested reader is referred to De Borger and Proost (2001) for the results of these simulations.


� Additional policy packages are tested in Proost and Van Dender (2001).


� The discussion in this section is based on Mayeres and Proost (1997).


� Since the externalities may affect different income groups differently, this last objective also has an equity dimension.


� The possibility of making interpersonal comparisons and the relation of social welfare functions to the permissible extent of interpersonal comparisons is discussed in chapter 5 of Myles (1995).


� Externalities from other economic sectors are not considered here. However, the policy prescriptions would be similar in the case of such externalities.  


� In the absence of other income than labour income, this can be seen as a linear income tax combined with a full set of indirect taxes. 


� see, for example, Gunn et al. (1999).


� This result, which might seem counterintuive to some, is in line with the consensus in the economic literature that the distribution of non tradeable benefits in kind (such as a free ration of public transport) is not the best way to make social corrections and that other instruments, such as the transfer programs which allow more freedom as regards consumer choice, are better suited for this. Contrary to this, one could argue that the distribution of non tradeable benefits in kind is useful to ensure that they are used for the purpose they are meant for. This, however, starts from a different welfare economic framework than the one that is used in this deliverable. In the deliverable it is assumed that social welfare is maximised, given that people know best what is good for them.


� This type of regulation differs from, e.g., the imposition of a technological standard that increases the money price of a car and car use. Here we consider a regulation of behaviour which affects the utility of transport use and consider how this can be translated in the generalised cost of transport use. 


� We could easily introduce a more general formulation where the value of time depends on the activity in which the time is spent but this will not change the main line of the argument.


� Otherwise, the speed that was selected initially by the rich would not have been their privately  optimal speed.


� Total welfare is defined as the unweighted sum of the individual welfare levels. The authors therefore consider the efficiency case only.


� The model does not take into account the Mohring effect, whic leads to an underestimation of the benefits of public transport subsidies.


� These results refer to the case when the labour income tax rate and the lump sum social security transfers are changed in the same proportion for all quintiles. A different assumption could lead to different equity impacts.


� i.e., the use of the additional tax revenue if marginal social cost pricing leads to higher revenues in the transport sector, as is the case in the study for Belgium. Alternatively if the transport tax revenue is reduced, the equity impacts will depend on the instruments that are used to compensate for this revenue loss.


� see also the discussion in Glazer et al. (2001) on barriers to transport pricing.


� AFFORD: Milne et al. (2001a, 2001b); PROSPECTS (2001); Banister (2002); MC-ICAM: Adler et al. (2002), Niskanen (2003); TRANSPLUS (2003).


� Alternatives to these functional classifications have been proposed by the TRANSPLUS project. The first alternative approach classifies barriers depending on whether they are readily amenable to change or not (the so-called “embedded barriers” that are rooted in the particular circumstances of a particular location or scheme, cannot be changed easily, in contrast to “contingent barriers” that are related to specific systems, institutions or approaches). The second alternative approach considers the relationship of the barriers to policy output and outcome (TRANSPLUS, 2002).


� According to the subsidiarity principle the European Union does not take action (except on matters for which it alone is responsible) unless EU action is more effective than action taken at the national, regional or local level.


� For example, the total effect of a change in CAP on R equals the direct effect, multiplied by the feeback parameter θ: �. θ is given by: �.


� The total effect of a change in z on R equals the direct effect, multiplied by the feedback parameter γR: �. The total effect of a change in z on T is given by: �





i
ii

[image: image64.wmf]1

dRRTxRxT

NvNv

dCAPCAPXgXgCAP

q

¶¶¶¶¶¶

=-+

¶¶¶¶¶¶

éæöù

ç÷

êú

ëèøû

[image: image65.wmf]1

TxRx

NvNh

XgXg

q

¶¶¶¶

=--

¶¶¶¶

éù

êú

ëû

[image: image66.wmf]1

1

R

Tx

Nv

dRRR

Xg

TxRx

dzzz

NvNh

XgXg

g

¶¶

-

¶¶

¶¶

==

¶¶¶¶

¶¶

--

¶¶¶¶

[image: image67.wmf]11

dTTxRTxR

TxRx

NhNvNhNh

XgXg

dzXgzXgz

g

¶¶¶¶¶¶

¶¶¶¶

==--

¶¶¶¶

¶¶¶¶¶¶

ææöö

çç÷÷

èèøø

_1129722148.unknown

_1122970268.unknown

