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Introduction

1. The objective of this deliverable is to compare the effects of alternative transport pricing rules

2. We test three arche-types of pricing rules. As shown by Table A they differ by two characteristics: (i) whether they need to balance the financial transport account (by mode or for the sector) or not and (ii) whether they use marginal social cost information.

Table A:
Arche-types of transport pricing rules

	Modal transport account balanced or financial cost recovery 
	Pricing principle

	
	Average costs
	Marginal costs

	Imposed
	Average cost pricing
	Ramsey social cost pricing

	Not imposed
	-
	Marginal social cost pricing


Average cost pricing is defined in this deliverable as follows: prices are set equal to the sum of financial costs of that mode divided by the total volume of that mode. This implies that there is no attention for the structure of resource costs (fixed or not, sunk or not etc.), no consideration of the external costs and identical treatment of all transport services (freight, passengers etc.) within that mode. The main goal of average cost pricing is cost recovery. When people are confronted with transport accounts, a common reaction is that costs and revenues should be balanced, which implies a form of average cost pricing. In UNITE Deliverable 4 (Mayeres et al., 2001), a conceptual analysis of the use of transport accounts for pricing showed that transport accounts are a useful source of information for pricing policies but should not serve as guideline or criterion for transport pricing. Here we analyse this issue further by quantifying the welfare effects of average cost pricing.   

Marginal social cost pricing means that prices are set equal to the marginal resource cost (fuel, driver etc.) plus the marginal external cost (including congestion, air pollution, noise, accidents and maintenance cost of the infrastructure), all this for a given infrastructure. Marginal means here additional. In this pricing principle there is no consideration whatsoever for the financial impact per mode. In this deliverable we assume that there are no implementation costs.

Ramsey social cost pricing means that prices are set as optimal deviations of the marginal social costs. The deviations are necessary in order to meet certain cost recovery targets by mode or for the transport sector as a whole. If marginal social costs generate insufficient financial cost recovery, Ramsey social cost pricing requires that prices are increased and that the increase is inversely proportional to the price elasticity of demand. This means that mark ups on top of marginal social costs are differentiated between the different transport services (peak, off-peak, passengers, freight). We again assume that there are no implementation costs.  

3. We test the effects of these pricing rules using two types of models: a partial equilibrium model for the transport sector and two general equilibrium models that represent the whole economy. Table B compares the features of both approaches. The partial equilibrium model can analyse in a more detailed way the transport markets and different pricing policies. The degree of detail in modelling the transport markets is important for assessing the potential of alternative pricing instruments. The more disaggregate the structure, the higher the benefits one can expect from marginal cost pricing relative to single aggregate average cost pricing. The partial equilibrium model contains a breakdown of transport markets by transport mode, time of day (peak and off-peak) and environmental characteristics of vehicles. However, area and route type (urban/interurban/rural) are not included. It generates detailed effects on transport volumes and on the efficiency of the transport sector. The partial equilibrium model is in principle also better suited to evaluate more sophisticated pricing rules, such as Ramsey pricing, than the general equilibrium models. 

Table B:
The features of the models used   

	
	Partial Equilibrium model
	General Equilibrium models

	Focus
	Transport sector of a region or a country (different modes) 
	Whole economy of a country

	Markets modelled
	All transport markets of a region or country
	Transport markets, labour market and other input markets, markets of all consumption goods

	Cost or benefit of extra tax revenues raised in the transport sector
	Exogenous – here set equal to 1a
	Endogenous, will depend on the way the extra revenue is used

	Equity issues
	Are not dealt with because the use of the surplus or deficit is not specified
	Studied by income group or on the basis of another classification (urban, non –urban household

	Welfare measure used
	Sum of consumer and producer surplus, tax revenues and external costs on the transport markets
	Differences in utility for different households

	Model case studies
	4 regions in Germany

2 regions in UK 
	Belgium

Switzerland

	Infrastructure
	Exogenous
	Exogenous


a The partial equilibrium model assumes a first best economy: perfect lump sum redistribution of revenues is possible and there are no distortions in the rest of the economy.

The general equilibrium models cannot offer the same degree of modelling detail of the transport sector as the partial equilibrium model. However, they offer two important advantages. Firstly, they allow to model the economic costs of financing a larger deficit  in the transport sector. Any increase in the deficit in the transport sector will require an increase of labour or other taxes and this may be more or less costly. The second advantage of the general equilibrium models is that they allow to track better the full incidence of a tax reform on the utility of different individuals. The general equilibrium models are therefore better suited for an analysis of the equity effects. 

A common assumption of the partial and general equilibrium models is that the pricing reforms are evaluated for a given infrastructure. 

We test the effects of alternative pricing rules. We also analyse whether the changes in the transport accounts that are recorded after a pricing reform are also good welfare indicators. We know from Mayeres et al. (2001) that the answer to this question is in general negative because the transport accounts do not report all components of the welfare function.  

Partial equilibrium analysis: the direct effects of alternative pricing approaches

4. In the partial equilibrium analysis we analyse alternative pricing policies for six different regions: four regions in Germany (Düsseldorf, Münster, München, and the Westphalen region) and two regions in the United Kingdom (Greater London and the Southeast region). For each of these regions we analyse the effect of using the three basic  pricing rules and compare them with  present pricing. In the six regions studied  the present pricing rules generate for the total transport sector as a whole over-recovery of financial costs with under-recovery for the public modes and over-recovery for the road, in addition the pricing structure is not really geared to marginal cost pricing although there is some differentiation in prices towards marginal cost pricing or towards higher mark-ups for inelastic demand categories.    

5. It is found that, compared to the reference situation, average cost pricing reduces welfare while Ramsey social cost pricing (mostly) and marginal social cost pricing (always) improve welfare (cf. Table C). These results suggest, first, that defining strict cost recovery by mode on the basis of financial costs (excluding external costs) is not a good starting point for a welfare maximising policy. Second, if the price mechanism itself allows for sufficient (second-best) differentiation of transport prices across modes and times of day (Ramsey social cost pricing), the effect of a budget constraint at the level of the transport sector as a whole is mitigated to a considerable degree.

Table C:
Welfare impacts* of pricing scenarios – partial equilibrium model (2005, % change with respect to REF) 

	
	Average cost pricing
	Ramsey social cost pricing 

(cost recovery for transport sector as a whole)
	Pure marginal social cost pricing

	Germany

	   Düsseldorf
	-0.79
	+0.09
	+0.14

	   München
	-0.61
	+0.14
	+0.41

	   Münster
	-2.45
	-2.15
	+2.45

	   Westphalen region
	-0.17
	-0.06
	+0.09

	UK

	   London
	-0.76
	+1.28
	+2.70

	   South east region
	-1.89
	+0.18
	+0.55


* The welfare impact is measured with basis the full income (National Income + value of leisure).  
In line with the theoretical analysis, marginal social cost pricing outperforms Ramsey social cost pricing, which in turn is better than average cost pricing. First, the introduction of a budget constraint reduces the efficiency effects of transport pricing systems. Second, the way in which this constraint is met, has further consequences for the welfare effects. Ramsey social cost pricing cannot be worse than average cost pricing.

Interestingly, average cost pricing leads to a reduction of welfare with respect to the reference situation in all cases. While the size of the reduction varies substantially between cases, the basic reasons for the welfare reductions are the same. 

General equilibrium analysis: the indirect effects of alternative pricing approaches

6. General equilibrium results are presented for two countries: Belgium and Switzerland. The transport situation is not identical in these two countries, which has implications for the policy choice. In Belgium congestion is the dominant marginal external cost of transport. Transport instruments which tackle this problem efficiently have an advantage over the others. In Switzerland congestion is less important. Therefore, instruments which do not make a distinction between congested and uncongested situations get a smaller penalty. Secondly, the ratio of transport revenue to financial costs is different in the two countries. In the reference equilibrium in Belgium revenue from the road transport modes is much higher than financial costs. In Switzerland revenue is approximately equal to financial costs. For public transport the rate of financial cost coverage is lower in Belgium. This entails that the alternative pricing instruments have different implications for the transport accounts and government budget in the two countries.

While starting from the same philosophy, the two general equilibrium models are not completely comparable and the simulations focus on different issues. Both models compare the effects of average and marginal social cost pricing. While the model for Belgium focuses on the equity effects of transport pricing, the Swiss model considers more pricing rules. In particular it looks at the effects of marginal social cost pricing in combination with various types of budget constraint. 

General equilibrium analysis for Belgium

7. In the general equilibrium analysis for Belgium four different scenarios have been tested. 

- In the two average cost scenarios all existing taxes (except the VAT) and subsidies are set equal to zero. The VAT rate is set at the standard rate. A uniform levy per mode is introduced that guarantees that the financial cost of that mode are covered. 

- In the two marginal social cost scenarios, the existing taxes and price structures are replaced by an ideal tax such that every transport user pays his marginal social cost. There is no cost recovery target in the marginal social cost pricing scenarios. 

For each of these two basic pricing scenarios, two alternative ways of using surpluses or financing deficits of the transport sector have been used. The first is to change the marginal labour tax rate, the second way is to vary the level of social transfers. There are two main differences between the two financing rules. First, a decline of labour taxes has an additional positive efficiency effect because an existing distortion is reduced. Second, labour tax reductions (here a proportional reduction of all marginal tax rates) benefit the rich more than the poor. 

8. Table D summarises the welfare effects of the policy reforms in Belgium. We report the effect on the population divided into five income quintiles. The welfare impact on the quintiles is measured by means of the equivalent gain: the increase in the initial equivalent income of an individual that is equivalent to implementing the policy reform. In the table it is presented as the percentage increase in the initial equivalent income of the individual. The effect on social welfare is described by the social equivalent gain. This is defined as the change in each individual’s original equivalent income that would produce a level of social welfare equal to that obtained in the post-reform equilibrium. The social desirability of a policy depends not only on its efficiency, but also on its equity impact. Hence we present the social equivalent gain for two degrees of inequality aversion, denoted by (. With ( equal to zero, only efficiency matters. We also present the social welfare change for ( equal to 0.5. This corresponds with a medium degree of inequality aversion. In this case the marginal social welfare weight of people belonging to the richest quintile is approximately 70% of those belonging to the poorest quintile.

Table D:
The welfare effects of the policy reforms – general equilibrium analysis for Belgium

	
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	Average cost + higher labour income tax
	Average cost + lower social security transfers
	Marginal social cost + lower labour income tax
	Marginal social cost + higher social security transfers

	Equivalent income (EURO/person/year)
	percentage change w.r.t. benchmark

	      Quintile 1

      Quintile 2

      Quintile 3

      Quintile 4

      Quintile 5
	18586

22260

25027

28330

35579
	-0.78%

-0.04%

-0.24%

-0.20%

-0.49%
	-0.97%

-0.16%

-0.29%

-0.19%

-0.38%
	0.47%

0.03%

-0.16%

0.22%

1.45%
	3.88%

2.21%

0.75%

0.00%

-0.51%

	Social equivalent gain (EURO/person/year)

	       ( = 0

       ( = 0.5
	
	-92.71

-89.56
	-92.08

-91.74
	160.66

142.50
	148.89

179.17


9. In the initial equilibrium the financial cost coverage rate, defined as the ratio of revenue over financial costs, equals 2.5 for road transport, 0.28 for rail and 0.37 for other public transport. The two average cost pricing scenarios therefore imply a reduction in the taxes on road transport and a substantial increase in the taxes on public transport. This leads to a reduction in government revenues from the transport sector by 18%. In Scenario 1 this is financed by an increase in the labour income tax by 0.5% for all quintiles. In Scenario 2, the social security transfers are reduced by 1% for all quintiles. 

Both average cost scenarios reduce welfare for all quintiles. Consequently they both lead to a social welfare loss. This shows clearly that balancing the financial part of the transport accounts is not an objective that one should aim at. This is in line with the conclusions of the partial equilibrium analysis. Table D also shows that average cost pricing cannot be defended because of equity reasons, since all income groups become worse off. 

Within each average cost scenario the differential impact on the quintiles can be explained by their share in the consumption of the transport goods, their share in the social security transfers or labour income, the level of initial taxation and the quintiles’ valuation of the reduction in the externalities. The difference in welfare impact between Scenario 1 and 2 is due to the choice of the budget neutralising instrument. When the social security transfers are reduced, the welfare losses for quintiles 1 to 3 are higher than when the labour income tax is increased. This is because the social security transfer accounts for a larger share of their income. The share of labour income is relatively smaller for these quintiles, as is the labour income tax rate. 

Social welfare is reduced in both average cost scenarios, as is reflected in the negative social equivalent gain. The social equivalent loss does not differ a lot between the two revenue-recycling strategies. This is because the required changes in the labour income tax and the social security transfers are relatively small. With average cost pricing the impact on welfare is dominated by the change in the transport taxes.

10. Since the marginal social cost scenarios increase the tax revenue collected by the government in the transport sector, the full welfare assessment needs to take into account how this revenue is used. In Scenario 3 the labour income tax is reduced by 10% for all quintiles. In Scenario 4 the extra revenue is used to increase the social security transfers by 11%. 

In both marginal social cost scenarios the impact on social welfare is positive. The reason for this is similar as in the partial equilibrium analysis. However, not all quintiles benefit to the same extent from the policy reforms, and some are even worse off. Moreover, the welfare impacts on the quintiles are quite different in the two marginal social cost scenarios. The poorer quintiles benefit most from the higher transfers, since they make up a higher share of their income. In this scenario the two richest quintiles do not benefit from the policy reform: they pay higher transport taxes, but benefit only to a small extent from the redistribution of the extra government revenues. 

While the transport account is similar in Scenario 3 and 4, the impact on social welfare is not. It depends on the revenue-recycling instrument that is used, and on the inequality aversion of society. When only efficiency considerations are important (( = 0), the labour income tax is preferred as revenue recycling instrument. When a higher weight is given to the poorer quintiles (as is the case with ( = 0.5) it is better to recycle the revenue through higher transfers. This illustrates that transport accounts are not an appropriate instrument for assessing the equity impacts of transport pricing.

General equilibrium analysis for Switzerland

11. In the general equilibrium exercise for Switzerland nine different scenarios have been tested. Here the discussion focuses on the results of three scenarios: AC-FIN, MC-PUREa and MC-TCRc. In the average cost pricing scenario (AC-FIN) all modes have to cover their financial costs. In the marginal social cost scenario (MC-PUREa) each transport user has to pay his marginal social costs. The third scenario (MC-TCRc) starts from marginal social cost pricing but imposes total cost recovery for the transport sector as a whole. This implies flexibility in meeting the budget constraint, with possibilities for cross-subsidisation between the modes. In all three scenarios the VAT rate is changed in order to ensure budget neutrality.

12. Table E summarises the welfare effects of the three scenarios. They are measured in terms of the Hicksian equivalent variation in income of the households (HEV). A HEV decrease of 1%, for example, corresponds to a loss of income for the households by 1% compared to the base case. The model distinguishes two households, namely an urban and a non-urban household. The total welfare effect is the sum of the welfare implications for the two household types.

The way in which non-Swiss users of the Swiss road network are integrated in the pricing and financing schemes of the scenarios influences the welfare implications. Therefore a distinction is made between two cases. The “standard” case assumes that foreign and domestic road users are subject to the same pricing scheme. In the “domestic only” case, only domestic road users contribute to the budget constraint, while foreign users are priced at marginal social costs.

Table E: 
Welfare implications of three pricing scenarios – general equilibrium analysis for Switzerland (% change in HEV in income w.r.t. the base case)

	
	MC – PUREa
	MC – TCRc
	AC – FIN

	Standard case

	Urban HH

Non-urban HH

Welfare
	-0.17%

0.23%

0.17%
	0.07%

0.25%

0.22%
	-0.29%

0.03%

-0.02%

	Domestic only

	Urban HH

Non-urban HH

Welfare
	-0.17%

0.23%

0.17%
	-0.20%

0.23%

0.17%
	-0.34%

-0.07%

-0.11%


The simulations show the following effects:

· In general, urban households are affected negatively by the three scenarios, while non-urban households are affected positively if the revenues from the pricing schemes are redistributed with a reduction of a general tax such as the VAT.

· The simulations predict an increase in total welfare if marginal social cost pricing is implemented in transport. Average cost pricing based on financial costs reduces welfare.

· A flexibly formulated total cost recovery scenario can improve welfare. The more flexible the budget constraint is implemented, the higher the welfare gain. Thus, efficiency considerations do not support the statement sometimes appearing in policy debates that there should be no cross-subsidisation between modes.

· Including foreign road transport in the domestic pricing scheme is beneficial. The welfare of the Swiss households is increased if foreign traffic on the Swiss road network contributes more to meeting the budget constraint.

Conclusions from the general equilibrium analysis 

13. The general equilibrium exercises confirm the statements made in the previous UNITE work on the integration of accounts and marginal costs as summarised in Mayeres et al. (2001). Transport accounts as developed within the UNITE project contain information that can serve as important indicators for developments in the transport sector. However, they are not an appropriate instrument to assess the economic efficiency and distributional effects of transport policy reforms. This is because they do not contain all elements which are relevant for a full social cost-benefit analysis.

14. 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. This clearly indicates that one should be careful in using transport accounts as a guideline for pricing policies, and that average cost pricing cannot be justified on equity grounds. Simulations for Switzerland show that average cost pricing based on total costs (as defined in the UNITE transport accounts) may improve welfare. Given the initial transport situation in Switzerland (low congestion and the characteristics of the Swiss transport accounts) this measure performs relatively well, but it is worse than marginal social cost pricing.

15. Marginal social cost pricing generally increases social welfare. The magnitude of the welfare gain depends on the relative importance of the various externalities, on the presence of a budget constraint, and on the flexibility of that constraint. 

16. For countries with a high share of foreign traffic on their road network, the treatment of foreign traffic has a large impact of the welfare gains of scenario with cost recovery constraints. Simulations with the CGE model for Switzerland show that the welfare of the Swiss households can be increased if foreign traffic on the Swiss road network contributes more to the budget constraint. 

17. In general not all groups are affected equally by marginal social cost pricing. The equity impacts depend on how budget neutrality is ensured. 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. Similar considerations come into play in the Swiss model which considers urban and non-urban residents, rather than income groups. One can conclude that the revenue recycling instruments have an important role to play in enhancing the political acceptability of transport pricing. 

1 Introduction

1.1 Study Context and Purpose of the Deliverable

The objective of this deliverable is to compare the effects of alternative transport pricing rules. We test three arche-types of pricing rules. As shown in Table 1 they differ according to two characteristics: (i) whether they need to balance the financial transport account or not and (ii) whether they use marginal social cost information or not.

Table 1:
Arche-types of transport pricing rules

	Balanced modal transport account or financial cost recovery 
	Pricing principle

	
	Average costs
	Marginal costs

	Imposed
	Average cost pricing (AC)
	Ramsey social cost pricing (RMS)

	Not imposed
	-
	Marginal social cost pricing (MSC)


Average cost pricing is defined in this deliverable as follows: prices are set equal to the sum of financial costs of that mode divided by the total volume of that mode. This implies that there is no attention for the structure of resource costs (fixed or not, sunk or not etc.), no consideration of the external costs and identical treatment of all transport services (freight, passengers etc.) within that mode. The main goal of average cost pricing is cost recovery. When people are confronted with transport accounts, a common reaction is that costs and revenues should be balanced, which implies a form of average cost pricing. In UNITE Deliverable 4 (Mayeres et al., 2001), a conceptual analysis of the use of transport accounts for pricing showed that transport accounts are a useful source of information for pricing policies but should not serve as guideline or criterion for transport pricing. Here we analyse this issue further by quantifying the welfare effects of average cost pricing.   

Many variants of average cost pricing can be thought of. For example, one could test the scenario – often put forward in the political debate – in which road infrastructure costs are added on top of existing taxes. The average cost scenario considered here has to be seen as an extreme case and is used to demonstrate what the logic of pure cost recovery implies. 

Marginal social cost pricing (MSC) means that prices are set equal to the marginal resource cost (fuel, driver etc.) plus the marginal external cost (including congestion, air pollution, noise, accidents and maintenance cost of the infrastructure), all this for a given infrastructure. Marginal means here additional. In this pricing principle there is no consideration whatsoever for the financial impact per mode.

Ramsey social cost pricing (RMS) for the transport sector means that prices are set as optimal deviations from the marginal social costs. The deviations are necessary in order to meet certain cost recovery targets for the transport sector as a whole. If marginal social costs generate insufficient financial cost recovery, RMS pricing requires that prices are increased but are inversely proportional to their elasticity of demand. This means that mark ups on top of marginal social costs are differentiated between the different transport services (peak, off-peak, passengers, freight)
,
.  

We test the effects of these pricing rules using two types of models: partial equilibrium models and general equilibrium models. Table 2 compares the features of both approaches. The partial equilibrium model can analyse in a much more detailed way the transport markets and different pricing policies. It generates detailed effects on transport volumes and on the efficiency of the transport sector. The partial equilibrium model is in principle also better suited to evaluate more sophisticated pricing rules such as Ramsey pricing than the general equilibrium models. 

The two general equilibrium models cannot offer the same degree of modelling detail of the transport sector as partial equilibrium models. However, they offer two important advantages. Firstly, they allow to model the economic costs of financing a larger deficit  in the transport sector. Any increase (decrease) in the deficit (surplus) in the transport sector will require an increase of labour or other taxes and this may be more or less costly. The second advantage of the general equilibrium models is that they allow to track better the full incidence of tax reforms on the utility of different individuals. They are therefore better suited for an analysis of the equity effects. 
Table 2:
The features of the models used   

	
	Partial Equilibrium model
	General Equilibrium models

	Focus
	Transport sector of a region or a country (different modes) 
	Whole economy of a country

	Markets modelled
	All transport markets of a region or country
	Transport markets, labour market and other input markets, markets of all consumption goods

	Cost or benefit of extra tax revenues raised in the transport sector
	Exogenous – here put equal to 1a
	Endogenous, will depend on the way the extra revenue is used

	Equity issues
	Are not dealt with because the use of the surplus or financing of the deficit is not specified
	Studied by income group or on the basis of another classification (e.g., urban, non –urban households)

	Welfare measure
	Sum of consumer and producer surplus, tax revenues and external costs on the transport markets
	Differences in utility for different households

	Model case studies
	4 regions in Germany

2 regions in UK 
	Belgium

Switzerland

	Infrastructure
	Exogenous
	Exogenous


a The partial equilibrium model assumes a first best economy: perfect lump sum redistribution of revenues is possible and there are no distortions in the rest of the economy.

A common assumption of the partial and general equilibrium models is that the pricing reforms are evaluated for a given infrastructure. 

We test the effects of alternative pricing rules. We also analyse whether the changes in the transport accounts that are recorded after a pricing reform are good welfare indicators. We know from Mayeres et al. (2001) that the answer to this question is in general negative because the transport accounts do not report all components of the welfare function.  

The modelling exercises use different data sets and different methodologies for the external costs. This should be kept in mind when comparing the results. 

1.2 The Structure of the Deliverable

Chapter 2 reports the results of the partial equilibrium modelling. The main objectives of the partial equilibrium case studies is to illustrate the direct effects of alternative transport pricing approaches. The direct effects are the effects on transport prices and tax levels, the effects on transport volumes and the effect on welfare. Welfare is measured only at the level of the transport sector and equals the sum of (a) the user and producer benefits and costs, (b) the government revenues (without marginal cost of public funds credit) and (c) the change in external costs. 

The general equilibrium results are discussed in Chapter 3. The main objective of the general equilibrium modelling case studies is to analyse the specific effects of the way in which transport sector deficits are financed by other taxes and to analyse the equity effects.

2 The direct effects of alternative pricing approaches 

The objective of this chapter is to illustrate the direct effects of alternative transport pricing approaches. The direct effects are the effects on transport prices and tax levels, the effects on transport volumes and the effect on welfare. Welfare is measured only at the level of the transport sector and equals the sum of (a) the user and producer benefits and costs,(b) the government revenues (without marginal cost of public funds credit) and (c) the change in external costs. The effects of the pricing reform on income distribution are not taken into account
. They are studied, in conjunction with the indirect effects (implications for non-transport markets), in Chapter 3 of this deliverable.

Of the various pricing approaches discussed in the literature
, the present chapter deals with some basic forms (see Table 3), with no attempt at being exhaustive. 

Table 3:
Types of transport pricing reform – partial equilibrium model

	Modal Budget constraint
	Pricing principle

	
	Average costs
	Marginal costs

	Imposed
	Average cost pricing (AC)
	Ramsey social pricing (RMS)

	Not imposed
	-
	Marginal social cost pricing (MSC)


It is not our aim to discuss the theoretical foundations of these pricing rules but rather to provide a framework for the comparison of their effects. The framework we use is social welfare maximisation. As in this chapter we disregard income distribution issues and effects on other sectors, social welfare equals the unweighted sum over all transport markets of consumer surplus, producer surplus, external costs and government revenues. Note that even if the principle of social welfare maximisation is rejected as a basis for policy design because of government failures, it is still a useful reference point for the evaluation of different policy approaches. 

Use of the social welfare criterion as objective implies that average cost pricing will perform worse than Ramsey pricing and two-part tariffs
. In this chapter we try to estimate by how much. We make estimates for Germany (Düsseldorf, Münster, München, and the Westphalen region) and for the UK (Greater London and the Southeast region).

It is found that, compared to the reference situation, average cost pricing reduces welfare while marginal social cost pricing improves welfare. These results suggest, first, that defining strict cost recovery by mode on the basis of financial costs (excluding external costs) is not a good starting point for a welfare maximising policy. Second, if the price mechanism itself allows for sufficient (second-best) differentiation of transport prices across modes and times of day (Ramsey social pricing), the effect of the budget constraint is mitigated to a considerable degree.

Section 2.1 is a brief overview of the TRENEN model, which we use to compare the pricing rules. Section 2.2 discusses the construction of the policy scenarios and their implementation in TRENEN. Results are summarised in section 2.3, and section 2.4 concludes.

2.1 The TRENEN model in brief

The TRENEN model is a partial equilibrium, multi-modal representation of urban and interregional transport systems. It was developed within the EC 4th Framework Programme. For a detailed description, see Proost and Van Dender (2001a,b). The model computes the efficiency effects of pricing policies, either using exogenously specified prices (simulation), or finding the optimal price levels by maximising a social welfare function (optimisation). In the latter case pricing constraints can be taken into account. 

The model contains a detailed breakdown of transport markets by transport mode, time of day (peak and off-peak), and environmental characteristics of vehicles. However, area and route type (urban/interurban/rural) are not included. Typically, some 20 markets are distinguished in a case study. The degree of detail in modelling the transport markets is important for assessing the potential of alternative pricing instruments. The more disaggregate the structure, the higher the benefits one can expect from marginal cost pricing relative to single aggregate average cost pricing. The passenger transport markets are represented with a utility tree. Representative consumers’ utility is defined over a composite non-transport commodity and over an aggregate transport commodity. The breakdown of the latter is similar across different case studies, while details may differ in order to correspond with the particular context. The structure of the utility tree reflects assumptions on the substitutability between transport markets. Moving further down the tree generally implies easier substitution. Parameters are chosen so that the implicit price elasticities of demand correspond to values found in the literature.

Demand for freight transport is generated by a representative producer’s cost function.  To produce a composite commodity, freight and other inputs are required. In a typical case study, a choice can be made between peak and off-peak freight, and in both periods different modes (rail, road, inland waterways) are available. Road freight can make use of light-duty and of heavy-duty trucks. 

The main transport externalities (congestion, air pollution, accidents and noise) are taken into account. Marginal external congestion costs depend on traffic volumes, while the other external costs are taken to be constant per vehicle-kilometre in each transport market.  

The cost structure of transport activities in TRENEN is simple. Marginal resource costs of inputs other than time are constant per vehicle-kilometre, within each transport market. They may differ across transport markets (i.e. across modes, time periods, vehicle types, etc.). Furthermore, in passenger car markets no fixed costs are present
. Average resource costs of non-time inputs then are equal to marginal resource costs. In collective transport markets the situation is different: supply of collective transport requires some fixed costs (e.g. administration costs, storage facilities, non-vehicle network costs). Combination of fixed costs with constant marginal costs implies falling average costs (increasing returns to scale). 

The transport network infrastructure (for road, rail, metro, water) is kept fixed in all case studies. This does not rule out usage of the model for the evaluation of investments of infrastructure, but information on the costs of such investments is required to complete the welfare analysis. Also, the effect of the investments on the network-wide congestion function needs to be supplied.

One model assumption is that transport network costs are financed out of general government revenue. This reflects the insight from optimal tax theory that there is in general no need to specifically make a link between tax revenues and government expenditures in one particular sector. Making such a link (hypothecation  or  earmarking) leads to constraints on the optimal tax configuration. As long as information is costless and suppliers are cost-minimisers, such constraints are at best harmless, but will in general entail efficiency costs. 

The standard version of TRENEN therefore contains no (balanced) budget requirement in any transport market or in any combination of transport markets. Instead, changes in tax revenues as caused by changes in transport policy are valued exogenously, and the exogenous value reflects an assumption on revenue use. For the purposes of our exercise, tax revenues get the same weight as consumer income. This is equivalent to assuming that individual lump sum redistribution of revenues is possible and that there are no distortions in the rest of the economy (see Proost and Van Dender, 2001a, for more detail, and see Chapter 3 for alternative assumptions). A budget constraint can be introduced into the model, either implicitly (AC, simulation) or explicitly (RMS, optimisation).

2.2 TRENEN policy scenarios for UNITE

The first step in the construction of a policy scenario for AC and RMS is to determine the revenue requirements – that is: the financial revenues to be raised through transport taxes

The TRENEN-UIC datasets for Germany and the UK provide information on the cost side for collective transport modes (in particular, for urban metro, tram and bus, and for non-urban bus and train), for 1995 and 2005. This information is sufficient to construct the revenue requirements for those modes (exclusive of road network costs, when relevant). 

Information on the road network costs is harder to come by. Some reliable numbers come from the UNITE pilot account for Germany (Link and Suter, 2001), but the disaggregation of the road infrastructure costs to the case study level remains problematic. According to the UNITE pilot account for Germany, the ratio of directly allocatable transport specific revenues (that is, exclusive of all VAT except VAT on fuel tax), to road infrastructure costs equals 1.59
. The revenue component is computable from the TRENEN data for the reference equilibrium. We will assume that the ratio (revenues over infrastructure costs in the road sector) is constant across Germany, in order to have a guesstimate for the road infrastructure costs. Analogous assumptions are made for the UK.
 

Once the revenue requirements are determined, the following scenarios are computed.

· The reference equilibrium (REF)

This scenario uses the expected reference prices for 2005 in all transport markets. It serves as the benchmark to which the remaining scenarios are compared.

· Average cost pricing (AC)

Here the modal budget is financed by a uniform tax on all trips by that mode. In this exercise road network cost are allocated to all road user modes on basis of their share in the total amount of vehicle-kilometre. Replacing the reference taxes by the taxes resulting from the modal revenue requirements will lead to demand changes. These will affect the revenue requirements. Model iterations therefore continue until revenue requirements, taxes and transport demand are mutually compatible.

· Ramsey social pricing (RMS)

The transport-sector-wide budget of total costs is financed through Ramsey type of taxes, allowing full differentiation across transport markets. The taxes maximise social welfare subject to the budget constraint. The social welfare function takes into account all external costs, so that optimal prices will be optimal deviation of marginal costs, where deviations are necessary to meet the revenue requirements.

· Marginal social cost pricing (MSC).

This is the theoretical optimum obtained by maximisation of the welfare function, allowing full differentiation of taxes across transport markets, without any budget constraint.

2.3 Results

This section discusses the main issues concerning the effects of the pricing schemes. First we discuss transport taxes, then traffic levels and composition, and finally welfare changes. 

2.3.1 Tax levels

Table 4 compares the reference taxes to total marginal external costs (TMEC). These consist of the sum of marginal external congestion costs (MECC) and other marginal external costs (pollution for small gasoline cars and diesel buses, accidents and noise, MEPD).  Marginal external congestion costs clearly are dominant in peak periods.
  The taxes include taxes on car ownership and on the use of cars and public transport. A negative tax corresponds with a subsidy. A negative tax is observed for bus transport in London and München. It means that the price paid by the bus users is lower than the marginal resource costs of producing the bus service. Marginal external costs exceed taxes in all urban areas during peak hours. In off-peak periods current taxes may more than cover the external costs in urban areas, while for interregional traffic this also is the case in peak hours.  

Table 4: 
Marginal external costs and tax levels in the reference situation – partial equilibrium model (EURO/pkm, 2005)

	
	Peak car
	Off-peak car

	
	Tax
	TMEC
	MECC
	MEPD
	Tax
	TMEC
	MECC
	MEPD

	Germany:

   Düsseldorf

   München

   Münster

   Westphalen
	0.097

0.097

0.097

0.089
	0.185

0.308

0.537

0.028
	0.171

0.252

0.523

0.022
	0.014

0.056

0.014

0.006
	0.088

0.088

0.088

0.106
	0.064

0.128

0.113

0.014
	0.051

0.073

0.100

0.009
	0.013

0.055

0.013

0.005

	UK:

   London

   South-east
	0.118

0.177
	0.503

0.021
	0.447

0.013
	0.056

0.008
	0.108

0.157
	0.090

0.009
	0.035

0.001
	0.055

0.008

	
	Peak bus
	Off-peak bus

	
	Tax
	TMEC
	MECC
	MEPD
	Tax
	TMEC
	MECC
	MEPD

	Germany:

   Düsseldorf

   München

   Münster

   Westphalen
	0.016

-0.040

0.041

0.067
	0.037

0.279

0.064

0.015
	0.008

0.016

0.030

0.002
	0.029

0.263

0.034

0.013
	0.093

0.060

0.082

0.104
	0.036

0.226

0.042

0.021
	0.004

0.006

0.009

0.002
	0.032

0.220

0.033

0.019

	UK:

   London

   South-east
	-0.02

0
	0.708

0.023
	0.069

0.002
	0.639

0.021
	-0.010

0.003
	0.398

0.055
	0.005

0.001
	0.393

0.054


Note: negative taxes mean subsidies

Table 5 is an overview of the tax levels in car
 and public transport markets, for the various policy scenarios. For car markets, we take the example of a small petrol car with one driver-occupant. For public transport markets, we look at bus markets.  

It is clear from this table that combining cost recovery by mode with average cost pricing (AC scenario) leads to substantial car tax reductions and (very) large bus tax increases in all cases. This of course explains the undesired modal split effect of average cost pricing. Allowing the same budget to be raised by a Ramsey-rule (RMS scenario) always leads to relatively lower bus taxes (relative to car taxes). In most cases, the Ramsey bus taxes are lower than the AC bus taxes also in absolute terms. This price differentiation exemplifies the second-best properties of the Ramsey rule: even in the presence of the same cost recovery rule, price differentiation often allows to generate substantial welfare gains. Note that in one case (Münster), the Ramsey rule even calls for subsidisation of off-peak car travel. Although the TRENEN model allows for this theoretical possibility, such a pricing policy may not be a realistic policy option.

The optimal taxes under marginal social cost pricing (MSC scenario) are usually higher than the reference taxes for peak period car trips, but there are exceptions (south-east England, which has low average congestion levels in the reference equilibrium). The impact on off-peak car taxes is more diverse: in both regions (Westphalen, south-east England), the off-peak car taxes decrease. In all cities except London, we find an increase of car taxes compared to the reference. This result may be explained by the geographical scale of the case studies, as those cases covering the largest areas have decreasing off-peak taxes. Taking large networks into account may hence tend to spread out off-peak congestion levels.

Table 5: 
Tax levels for various pricing scenarios – partial equilibrium model (EURO/pkm, 2005)

	
	Peak car
	Off-peak car

	
	REF
	AC
	RMS
	MSC
	REF
	AC
	RMS
	MSC

	Germany:

   Düsseldorf

   München

   Münster

   Westphalen
	0.097

0.097

0.097

0.089
	0.037

0.037

0.038

0.035
	0.239

0.308

0.090

0.070
	0.253

0.308

0.380

0.099
	0.088

0.088

0.088

0.106
	0.037

0.037

0.033

0.035
	0.089

0.203

-0.070

0.070
	0.156

0.203

0.184

0.084

	UK:

   London

   South-east
	0.118

0.177
	0.105

0.060
	0.589

0.034
	1.000

0.114
	0.108

0.157
	0.105

0.060
	0.505

0.021
	0.840

0.100

	
	Peak bus
	Off-peak bus

	
	REF
	AC
	RMS
	MSC
	REF
	AC
	RMS
	MSC

	Germany:

   Düsseldorf

   München

   Münster

   Westphalen
	0.016

-0.040

0.041

0.067
	0.311

0.343

0.100

0.100
	0.143

0.382

-0.060

-0.040
	0.104

0.382

0.041

0.027
	0.060

0.060

0.082

0.104
	0.522

0.450

0.146

0.190
	0.089

0.349

-0.020

-0.030
	0.104

0.349

0.082

0.029

	UK:

   London

   South-east
	-0.02

0
	0.234

0.082
	0.150

0.015
	0.785

0.043
	-0.010

0.003
	0.231

0.254
	-0.060

0.043
	0.517

0.073


2.3.2 Traffic level and composition

Tables 6a and 6b show the impact of the pricing mechanisms on traffic levels (passenger car units, PCU) and on transport demand (passenger-kilometre, PKM), respectively. Average cost pricing leads to an increase in traffic levels and transport demand, because the taxes are on average reduced with respect to the reference situation. The increase in PCU is larger than for PKM, because of a modal shift towards car trips, away from collective modes. This is the consequence of the relatively high revenue requirement (hence, relatively high taxes) for collective modes, and the relatively low revenue requirement in car markets. This feature of modal average cost pricing shows that defining budget requirements in narrow sets of transport markets may have undesirable effects on the modal split. The simple average cost pricing scheme performs badly both in terms of aggregate travel demand and in terms of the modal split for a given level of demand. 

Ramsey social pricing, to the contrary, manages to combine lower PCU levels (hence less congestion) with increased transport demands, in a number of cases (Düsseldorf, München, London, and to a lesser extent the region of Westphalen). This is so because, despite the low revenue requirements, relative modal prices can be set such that a good modal split is achieved. In practice this requires low or zero fares for collective modes. In other cases (Münster and the South-East region in the UK), the revenue requirement is too low to allow for sufficient price differentiation, and increased PCU levels result.

Marginal social cost pricing usually reduces travel demand (PKM) and traffic flows (PCU) in comparison to the reference situation. This policy leads to revenues in excess of the revenue requirements specified for average cost pricing and Ramsey social pricing. Under marginal social cost pricing there is no longer a justification for subsidising public transport beyond the level of fixed costs
. The efficient modal split is obtained by pricing all modes at their marginal social cost.

Table 7 shows the share of the traffic volume (PCU) taking place during peak hours. As can be seen this share is less sensitive to the pricing scheme than is the total traffic volume. Ramsey social pricing performs much like marginal social cost pricing in this respect, be it through a second best correction of prices. The effect of average cost pricing is to slightly decrease the share of peak hour trips in most cases.

Table 6a:
Traffic level index (PCU) under pricing scenarios – partial equilibrium model (2005, REF = 1)

	
	REF
	AC
	RMS
	MSC

	Germany

	   Düsseldorf
	1
	1.13
	0.95
	0.91

	   München
	1
	1.12
	0.97
	0.88

	   Münster
	1
	1.07
	1.07
	0.90

	   Westphalen region
	1
	1.03
	0.99
	0.99

	UK

	   London
	1
	1.06
	0.91
	0.76

	   South east region
	1
	1.11
	1.04
	1.01


Table 6b:
Transport demand index (PKM) under pricing scenarios – partial equilibrium model (2005, REF = 1)

	
	REF
	AC
	RMS
	MSC

	Germany

	   Düsseldorf
	1
	1.05
	1.04
	0.92

	   München
	1
	1.05
	1.03
	0.94

	   Münster
	1
	1.03
	1.10
	0.95

	   Westphalen region
	1
	0.98
	1.08
	1.01

	UK

	   London
	1
	1.03
	1.11
	0.88

	   South east region
	1
	0.96
	1.03
	1.00


In the urban case studies, the impact of the different pricing schemes on freight transport is small, and the directions of change are similar to those of passenger car transport. In regional contexts, average cost pricing decreases the modal share of rail freight, in comparison to the reference situation. Ramsey social pricing does the opposite: it strongly pushes the share of rail up. In the Westphalen case, Ramsey social pricing leads to a much higher share of rail freight than in the marginal social cost pricing scenario. In the South-East UK case, the Ramsey share is approximately equal to the marginal social cost pricing share. Note, finally, that the impact of the various schemes on aggregate freight demand is rather small.

Table 7:
Share of peak period PCU – partial equilibrium model (2005)

	
	REF
	AC
	RMS
	MSC

	Germany
	
	
	
	

	   Düsseldorf
	63.3%
	61.0%
	62.1%
	62.2%

	   München
	58.7%
	56.9%
	57.5%
	58.0%

	   Münster
	59.1%
	58.3%
	55.0%
	56.5%

	   Westphalen region
	64.0%
	64.0%
	63.7%
	63.3%

	UK
	
	
	
	

	   London
	68.1%
	66.9%
	68.0%
	69.1%

	   South east region
	69.5%
	69.8%
	69.3%
	69.3%


2.3.3 Welfare impacts

Table 8 shows the welfare changes induced by the pricing scenarios for the various cases.

In line with the theoretical analysis, marginal social cost pricing outperforms Ramsey social cost pricing, which in turn is better than average cost pricing. First, the introduction of a budget constraint reduces the efficiency effects of transport pricing systems. Second, the way in which this constraint is met, has further consequences for the welfare effects. Ramsey social pricing cannot be worse than average cost pricing.

Interestingly, average cost pricing leads to a reduction of welfare with respect to the reference situation in all cases. While the size of the reduction varies substantially between cases, the basic reasons for the welfare reductions are the same. They are twofold.

Table 8:
Welfare impacts of pricing scenarios – partial equilibrium model (2005, % change with respect to REF) 

	
	REF
	Average Cost

Pricing
	Ramsey social

Pricing
	Marginal social

Cost pricing

	Germany

	   Düsseldorf
	0
	-0.79
	+0.09
	+0.14

	   München
	0
	-0.61
	+0.14
	+0.41

	   Münster
	0
	-2.45
	-2.15
	+2.45

	   Westphalen region
	0
	-0.17
	-0.06
	+0.09

	UK

	   London
	0
	-0.76
	+1.28
	+2.70

	   South east region
	0
	-1.89
	+0.18
	+0.55


First, the current transport prices go some way in the direction of a second-best pricing structure. Under-priced passenger car transport (from the social point of view) is often combined with subsidised public transport, so that relative price distortions are reduced. Such a policy is not feasible under the modal budget requirements used in the average cost pricing simulations. Taxes for each mode are only determined by the modal revenue requirement, so that no account can be taken of prices in substitute modes

Second, the modal budget constraints require less revenue than is raised in the reference situation. This means that the revenues from current transport taxes are higher than what is required in the transport sector as such. Optimal commodity tax theory shows that, if transport demand is relatively inelastic, revenue raising in that sector tends to limit the efficiency cost of collecting the required total amount of government revenue
. The fact that the transport sector at present is ‘revenue positive’ may then be justified from the optimal taxation point of view, although there is no guarantee that relative prices or the size of the surplus are anywhere near optimal.

If the revenue requirement were increased above the transport-related requirement, average cost pricing could, but need not, perform better than the reference price structure. As the peak-period taxes from average cost pricing approach the peak period external costs, the performance of AC improves. This improvement will be counteracted to some extent by the growing deviation between off-peak taxes and off-peak external costs
. However, since peak-period congestion costs are the dominant externality, a net improvement of welfare should be expected. Ramsey social pricing is better or worse than the reference situation depending on the case. The problem of reducing the amount of revenue to be raised, as compared to the reference situation, is less prominent here, as price differentiation is still possible. Second-best relative price structures still are a feasible policy option. Note however that Ramsey social pricing performs considerably worse than marginal social cost pricing in all cases. This result suggests that the level of the revenue requirement is an important co-determinant of the welfare effects of transport pricing policies. Insisting that no more revenue is raised than is required for infrastructure financing – keeping the level of road infrastructure constant – may strongly reduce the welfare potential of pricing policies aimed at internalising externalities.

The variation in results between cases depends on the degree of cost coverage of collective modes in the reference situation, and on the degree to which the new budget constraint allows sufficient differentiation of prices with respect to transport externalities. The high welfare gains for Munster have to do with the very steep speed flow relationship in the reference equilibrium. This implies that small reductions in volumes in the peak can generate important increases in speed and in welfare for the local population.

2.4 The direct effects of alternative policy approaches: conclusions

The comparison of transport pricing approaches shows that Ramsey-type pricing rules perform better in terms of welfare than average cost based rules, and that the absence of a budget constraint allows to better adapt prices to marginal social cost. 

The case studies suggest that the quantitative effects of these issues may be important. Requiring that modal budgets are exactly met through average cost pricing, reduces welfare in comparison to the reference situation, in all cases studied. When the budget is met by using Ramsey taxes, the results most often are welfare improving. The welfare cost of imposing the budget constraint remains substantial, however, in comparison to a marginal social cost pricing scheme.

These results as such say nothing about the political and social feasibility of the various pricing rules. Also, there are other ways of defining average cost pricing schemes than the ones analysed here, and alternative definitions may produce better results. These alternative schemes will however become more complex, and they will still perform worse than marginal-cost-based pricing approaches.

The indirect effects of alternative pricing approaches

The aim of this chapter is to extend the analysis of Chapter 2 in several ways. We claim that a full evaluation of the efficiency and equity impacts of transport policies requires a general equilibrium rather than a partial equilibrium approach. There are several reasons for this. First of all, the general equilibrium approach allows us to take into account the impacts on all sectors of the economy, and not only on the transport sectors. Secondly, it offers the advantage of considering transport taxes within the framework of global tax policy. Account can be taken of the interactions between transport policies and public finance. While Chapter 2 assumes that there are no pre-existing distortionary taxes in the rest of the economy, this assumption is dropped here. The ultimate welfare impact of transport policies depends on how the budget deficits of the transport sector are financed by taxes on other sectors or how the excess tax revenues generated in the transport sector are used to decrease taxes in the rest of the economy. This is important both for the efficiency and the equity effects of transport policies. In Chapter 2 only efficiency considerations were taken into account. Here we also consider the equity impacts.

We present results for two computable general equilibrium (CGE) models, one for Belgium and one for Switzerland. While starting from the same CGE philosophy, the two models are not completely comparable and the simulations focus on different issues. Both models compare the effects of average and marginal social cost pricing. While the model for Belgium focuses on the equity effects of transport pricing, the Swiss model considers more pricing rules. In particular it looks at the effects of marginal social cost pricing in combination with various types of budget constraint. 

The CGE model for Belgium gives a less detailed presentation of the production sectors, but is able to focus more on the distributional impacts of policies by considering several income groups and different degrees of inequality aversion. Another dimension of distributional effects is analysed in the model for Switzerland that makes a distinction between urban and non-urban residents. The modelling of the transport sectors in the two models is roughly similar, though there are some differences. The model for Switzerland makes a distinction between three transport systems (urban, inter-urban and other), while the model for Belgium does not. On the other hand, the Belgian model distinguishes between peak and off-peak transport, which is not done in the Swiss model. 

The structure of this chapter is as follows. Section 3.1 presents the results for the Belgian CGE model. A comparison is made between “pure” average cost and marginal social cost pricing, and two ways of using tax revenues generated in the transport sector: via the labour income tax and via the social security transfers. The focus of this model lies on the distributional impacts of the policy scenarios. Section 3.2 summarises the findings for the CGE model for Switzerland. Several variants of average cost and marginal social cost pricing are considered. In the case of marginal social cost pricing a comparison is made of different types of budget constraint. Section 3.3 concludes. As will be seen from the description of the reference equilibrium for both models, the problem setting in the two countries is different. Congestion is a much larger problem in Belgium than in Switzerland. Moreover, the rate of financial cost coverage is different for the transport sectors in the two countries. This allows us to analyse how the performance of the alternative pricing policies is affected by the initial situation. 

The CGE model for Belgium

2.4.1 The Belgian CGE model in brief

The CGE model for Belgium builds upon Mayeres (2000)
. It is a static model for a small open economy, with a medium term time horizon. Four types of economic agents are considered: five consumer groups, fourteen main production sectors, the government and the foreign sector. The model is an extension of Mayeres (2000) in that it includes five consumer groups, corresponding with the quintiles of the Belgian household budget survey, instead of one representative consumer group. Two individuals belonging to a different consumer group are assumed to differ in terms of their productivity, their tastes and their share in the total endowment of capital goods and the government transfers. Individuals belonging to the same consumer group are however identical in terms of their needs. The second difference w.r.t. Mayeres (2000) concerns the production technology of the public transport sectors: the model now takes into account the existence of fixed costs, rather than assuming constant returns to scale technology. For the other production sectors the assumption of constant returns to scale technology is made, with freight transport as one of the inputs in the production process, together with labour, capital, energy and other  commodities. 
The CGE model includes several transport commodities, summarized in Table 9. A distinction is made between passenger and freight transport, between various transport modes, between vehicle types and for some transport modes between peak and off-peak transport. 

Table 9:
Transport in the CGE model for Belgium

	Passenger transporta
	Freight transportb

	
	Private
	Business
	
	Domestic
	Export or import related, transit

	Car

    Gasoline

    Diesel

    LPG
	X

X

X
	X

X

X
	Road

    Gasoline van

    Diesel van

    Truck
	X

X

X
	X

	Bus, tram, metro
	X
	
	Rail
	X
	X

	Rail
	X
	X
	Inland navigation
	X
	X

	Non-motorized
	X
	
	
	
	


a For all passenger transport modes a distinction is made between peak and off-peak transport

b The split between peak and off-peak transport is made only for road transport 

Four types of externalities are taken into account: congestion, air pollution (including global warming), accidents and road damage externalities. Air pollution and accidents are assumed to have an impact on the consumers’ welfare, but not on the behaviour of the economic agents
. This assumption is relaxed for congestion, which does not only affect the consumers’ welfare negatively, but also influences their transport choices. Moreover, the modeling approach implies that the value of a marginal time saving is determined endogenously in the model. Congestion also reduces the productivity of transport labour in the production sectors. The inclusion of the road damage externalities is a third extension w.r.t. Mayeres (2000).

The starting point of the exercises is the situation in Belgium in 1990, which represents the benchmark equilibrium
.

Table 10 presents the marginal external costs of the various transport modes in the benchmark equilibrium. It also compares the marginal external costs with the taxes paid in order to give an idea of the distortions in the benchmark. For peak road transport congestion accounts for the largest share in the external costs. In the off-peak period air pollution is the most important external cost category for diesel vehicles, while accident costs form the largest category for gasoline vehicles. For all transport modes there is a large divergence between the tax and the marginal external costs. In the case of public transport the subsidies related to the provision of the transport services are high, which results in a negative tax. Table 10 only includes the public transport subsidies related to variable operating costs. 

Table 10:
The marginal external costs and taxes in the benchmark equilibrium – CGE model for Belgium (1990)

	
	
	Marginal external cost (EURO/vkm)
	Share in marginal external costs
	Taxa (EURO/vkm)

	
	
	
	Road damage
	Congestion
	Air pollution
	Accidents
	

	Passenger transport

	Peak
	Gasoline car

Diesel car

Tram

Bus

Rail (diesel)
	0.28

0.33

0.53

1.10

0.19
	0%

0%

11%

6%

0%
	83%

73%

89%

43%

0%
	6%

18%

0%

41%

100%
	10%

9%

0%

11%

0%
	0.10 [0.04]

0.06 [0.02]

-1.77

-1.77

-8.99 [-9.66]

	Off-peak
	Gasoline car

Diesel car

Tram

Bus

Rail (diesel)
	0.09

0.13

0.15

0.72

0.19
	0%

0%

40%

9%

0%
	49%

34%

60%

13%

0%
	20%

44%

0%

62%

100%
	31%

22%

0%

16%

0%
	0.10 [0.04]

0.06 [0.02]

-1.41

-1.41

-1.61 [-1.73]

	Freight transport

	Truck – peak 
	0.86
	7%
	55%
	36%
	2%
	0.13

	Truck – off-peak
	0.48
	13%
	19%
	65%
	3%
	0.13

	Inland navigation
	0.01
	0%
	0%
	100%
	0%
	n.a.

	Rail (diesel)
	0.52
	0%
	0%
	100%
	0%
	-0.84


a The figures between brackets refer to transport for business purposes
A number of aspects are not considered in the CGE model. First, the location decisions of the households and firms are not modeled. Therefore, the equity impacts of a change in land use are not captured by the analysis. Secondly, the number of consumer groups considered is limited to five. This entails that only a general idea can be formed of the equity impacts. A further disaggregation of the consumer groups would generate additional insights. Thirdly, in modeling transport decisions, no distinction is made between different trip purposes. Since different trip purposes have a different relationship with labour supply, this will affect optimal taxation (see Parry and Bento (2001), Calthrop (2001), Van Dender (2001)). These issues are not considered here. Fourthly, the shift towards vehicle types with a higher fuel efficiency or new emission technology is not modeled. Nor is the choice between trucks with different road damage effects. This means that not all effects of the pricing reforms on the externalities are included. 

2.4.2 The policy scenarios

The CGE model for Belgium is used to calculate the welfare effects of two transport pricing policies: average cost (AC) pricing for each mode independently and marginal social cost (MSC) pricing. Since these policies will have an impact on the government budget, their full welfare impact can be assessed only if one considers the accompanying measures by which the government achieves budget balance. This is necessary for evaluating both the efficiency and the equity impacts. Here we consider two such instruments, namely the labour income tax and the social security transfers
. Table 11 summarises the four scenarios for which the welfare effects are calculated. 

Table 11:
Overview of the policy scenarios – CGE model for Belgium

	Scenario 
	Transport pricing
	Government budget balance ensured by

	1
	Average cost pricing (road, rail, other public transport)
	Labour income tax

	2
	Average cost pricing (road, rail, other public transport)
	Social security transfers

	3
	Marginal social cost pricing
	Labour income tax

	4
	Marginal social cost pricing
	Social security transfers


· Average cost pricing

Scenarios 1 and 2 introduce AC pricing for three transport sectors: road, rail and other public transport. Due to the lack of reliable data for inland navigation, this sector is not included in the exercise. AC pricing is defined as balancing the financial budget for each of the three transport sectors. For road transport the financial costs equal the infrastructure costs (excl. taxes). For public transport they equal the sum of infrastructure and supplier operating costs (excl. taxes). The financial costs and revenues are calculated as much as possible according to the UNITE methodology (Link et al. (2000), Link et al. (2002)).

In the AC scenarios all existing transport taxes (except the VAT) and subsidies are set equal to zero. The VAT rate is set at the standard rate
. In the case of road transport AC pricing is introduced by means of an undifferentiated tax per vkm for car, truck and bus. Due to a lack of information no distinction is made between heavy and light road vehicles. Transit transport is assumed to be subject also to the tax reform. For rail transport an undifferentiated tax is imposed on pkm and tkm. For the other public transport modes an undifferentiated tax per pkm is used.

· Marginal social cost pricing

Scenarios 3 and 4 concern MSC pricing for all transport sectors except inland navigation. All existing taxes (including VAT) and the subsidies related to the variable operating costs of public transport are abolished. An externality tax is introduced ensuring that each transport user pays his marginal social cost. Both domestic and transit transport are subject to the tax reform. The marginal external costs are calculated using the methodology described in Annex 1, which is in some instances different from the UNITE methodology
.

In all four scenarios budget neutrality is assumed. We consider two alternative instruments to achieve this. In Scenarios 1 and 3 budget neutrality is obtained by means of the labour income tax. Scenarios 2 and 4 use the social security transfers for revenue-recycling. In all cases an equal percentage change in the revenue-recycling instrument is assumed for all quintiles. It is evident that this assumption affects the distributional impacts of the scenarios and that different assumptions may lead to different conclusions. 

2.4.3 Results

2.4.3.1 Transport prices, transport demand and marginal external costs

Tables 12 to 14 summarise the impact of the policy scenarios on prices, demand and marginal external costs.

Average cost pricing

In the initial equilibrium the financial cost coverage rate, defined as the ratio of revenue over financial costs, equals 2.5 for road transport, 0.28 for rail and 0.37 for other public transport. The two AC pricing scenarios therefore imply a reduction in the taxes on road transport and a substantial increase in the taxes on public transport. As a result, the money price of car and truck transport falls, while that of public transport increases considerably (Table 12). Table 13 gives the resulting impacts on transport demand
. For passenger transport there is a shift from the peak to the off-peak and from public transport to private transport. The share of public transport becomes much smaller. Similar impacts are observed for freight transport. Total demand rises by appr. 0.8% for passenger transport and falls by appr. 3.1% for freight transport.

Table 12: 
The effect of the policy reforms on transport prices – CGE model for Belgium (1990)

	Belgium
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	Price passenger transport
	(EURO/pkm)
	Percentage change w.r.t. benchmark

	Peak

    Gasoline car – committeda
    Gasoline car – suppl.a
    Diesel car – committed 

    Diesel car – suppl. 

    Bus, tram, metro

    Rail
	0.29

0.13

0.19

0.08

0.06

0.06
	-16%

-19%

-12%

-8%

154%

764%
	-16%

-19%

-12%

-8%

154%

763%
	21%

84%

69%

209%

89%

73%
	20%

82%

67%

204%

91%

75%

	Off-peak

    Gasoline car – committed

    Gasoline car – suppl.

    Diesel car – committed 

    Diesel car – suppl. 

    Bus, tram, metro

    Rail
	0.29

0.13

0.19

0.08

0.06

0.06
	-16%

-19%

-12%

-8%

193%

769%
	-16%

-19%

-12%

-8%

193%

768%
	-8%

16%

23%

98%

146%

72%
	-9%

15%

23%

96%

149%

75%

	Price freight transport
	(EURO/tkm)
	Percentage change w.r.t. benchmark

	Truck

    Peak – committed

    Peak – suppl.

    Off-peak – committed

    Off-peak – suppl.

Rail
	0.17

0.17

0.16

0.16

0.05
	-10%

-9%

-11%

-12%

349%
	-10%

-9%

-11%

-12%

348%
	40%

111%

27%

89%

7%
	40%

110%

27%

88%

9%


a The distinction between committed and supplementary mileage allows us to model the link between car ownership and car use. The CGE model assumes that owning a car implies a certain minimum mileage. This is reflected in the committed mileage, which is proportional to the vehicle stock. The costs of committed mileage include the ownership and running costs per km. The consumers can choose to drive more than the minimum mileage per car. This is captured in the supplementary mileage, whose cost includes only running costs.

Table 13:
The effect of the policy reforms on transport demand – CGE

model for Belgium (1990)

	Belgium
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	Passenger transport
	mio pkm/year
	Percentage change w.r.t. benchmark

	Peak

     car

     bus, tram, metro

     rail
	36532

29308

4239

2985
	-2.38%

4.68%

-18.82%

-48.33%
	-2.39%

4.66%

-18.83%

-48.32%
	-12.89%

-14.28%

-3.98%

-11.93%
	-12.76%

-14.14%

-3.64%

-12.21%

	Off-peak

     car

     bus, tram, metro

     rail
	59684

51813

4317

3554
	+2.73%

8.75%

-26.19%

-50.04%
	+2.73%

8.76%

-26.19%

-50.02%
	-5.42%

-3.36%

-20.38%

-17.30%
	-5.37%

-3.27%

-20.41%

-17.69%

	Freight transport
	mio tkm/year
	Percentage change w.r.t. benchmark

	Road – peak

Road – off-peak

Rail
	7485

32715

8354
	10.34%

11.07%

-81.28%
	10.38%

11.11%

-81.27%
	-15.04%

-11.12%

6.51%
	-15.12%

-11.30%

4.05%


Table 14: 
The effect of the policy reforms on the marginal external costs of transport – CGE model for Belgium (1990)

	Belgium
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	Marginal external cost  (EURO/vkm)

	Peak 

     Gasoline car

     Diesel car

     Tram

     Bus

     Truck
	0.28

0.33

0.53

1.10

0.86
	0.32

0.36

0.60

1.16

0.93
	0.32

0.36

0.60

1.16

0.93
	0.19

0.23

0.35

0.92

0.68
	0.19

0.23

0.34

0.91

0.67

	Off-peak 

     Gasoline car

     Diesel car

     Tram

     Bus

     Truck
	0.09

0.13

0.15

0.72

0.48
	0.10

0.14

0.17

0.73

0.50
	0.10

0.14

0.17

0.73

0.50
	0.09

0.13

0.14

0.71

0.47
	0.09

0.13

0.14

0.70

0.47

	Rail

     Passenger – el.

     Passenger – diesel

     Freight – el.

     Freight – diesel
	0.00

0.19

0.00

0.52
	0.00

0.19

0.00

0.51
	0.00

0.19

0.00

0.51
	0.00

0.19

0.00

0.52
	0.00

0.19

0.00

0.52


Table 14 shows how the AC policies affect the marginal external costs of transport. Given the shift towards road transport, average road speed falls both in the peak and the off-peak period, which leads to an increase in the marginal external costs of road transport, especially during the peak. 

Marginal social cost pricing

With MSC pricing all existing transport taxes and the subsidies related to variable operating costs are abolished, and replaced by a tax per vkm that reflects the marginal external costs. It should be noted that the CGE model is a model for a second-best economy in which the government needs to use distortionary taxes to finance its budget. Therefore, the MSC pricing that is considered here is in general not the optimal
 pricing policy. Note also that all other taxes (except the revenue recycling instruments) are assumed to remain constant. 

For road transport MSC pricing entails a substantial increase in the tax per vkm in the peak period, reflecting the high congestion costs. In the off-peak the tax is also raised for most road transport modes, but less so. The tax is differentiated according to vehicle type. For example, diesel cars are now subject to a higher tax than gasoline cars, since they are associated with higher air pollution costs. The MSC scenarios also imply a tax increase for the input of vkm by the public transport companies.

Table 12 presents the resulting effect on transport prices. In most cases transport prices increase. The increases are higher in the peak than in the off-peak. The increase in the price of public transport reflects not only the internalisation of the external costs, but also the abolishment of the variable subsidies. Total transport demand falls both for passenger (-8.2%) and freight transport (-9.5%). The reduction in transport demand means that people respond to this type of pricing by reconsidering their transport decisions, for example, by abolishing some trips, by choosing destinations that are closer by, or by rethinking the organisation of production. As is shown in Table 13, MSC pricing also leads to a shift from peak to off-peak transport both for passenger and freight transport, and from private to public transport (except for off-peak passenger transport). 

The impact on the marginal external costs is summarised in Table 14. MSC pricing raises average road speed during the peak, which is the main explanation of the fall in the marginal external costs in this period (-30% for the passenger modes, and –20% for trucks). The impact in the off-peak period is much smaller. 

2.4.3.2 The transport accounts

Table 15 to 17 present the impact of the policy scenarios on the transport accounts, which are constructed using the UNITE methodology. The benchmark equilibrium corresponds with the situation in Belgium in 1990. The impact of the AC and MSC cost scenarios on the accounts is computed by means of the CGE model for Belgium
. 

Table 15: 
Road transport account – Belgium (1990)

	
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	COSTS (mio €)
	
	
	
	
	

	Infrastructure costs 

(excl. taxes)

    Capital costs

    Running costs

                Fixed

                Variable
	1797

1198

599

300

299
	1815

1196

619

300

319
	1818

1198

620

300

320
	1812

1241

571

300

271
	1771

1207

565

300

265

	External accident costs
	2198
	2341
	2342
	2057
	2041

	Environmental costs (change w.r.t. benchmark)

	
	
	255
	258
	-537
	-572

	COSTS (additional information)
	
	
	
	

	User costs (time)
	1531
	1770
	1772
	758
	740

	Internal accident costs
	5006
	5331
	5333
	4683
	4648

	REVENUES (mio €)
	4562
	1833
	1833
	10382
	10146

	Kilometre charge
	0
	1833
	1833
	11912
	11685

	Circulation tax
	868
	
	
	
	

	Fuel duty
	2535
	
	
	
	

	VAT
	1158
	
	
	-1530
	-1539

	REVENUES / FINANCIAL COSTS
	2.54
	1.01
	1.01
	5.73
	5.73


Table 16: 
Public transport (other than rail) account – Belgium (1990)

	
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	COSTS (mio €)
	
	
	
	
	

	Total financial costs
	1149
	951
	950
	966
	981

	Infrastructure costs (excl. taxes)
	30


	30


	30


	31


	31

	Supplier operating costs (excl. taxes)

    Vehicle related

    Other
	1118

741

378
	921

589

332
	920

588

332
	934

581

353
	950

594

356

	External accident costs
	32
	25
	25
	27
	27

	Environmental costs (change w.r.t. benchmark)

	
	
	-29
	-29
	-19
	-20

	COSTS (additional information)
	
	
	

	User costs (time)
	226
	216
	217
	110
	108

	Internal accident costs
	61
	47
	47
	52
	47

	REVENUES (mio €) 
	430
	948
	948
	799
	809

	Tax on pkm or tkm
	0
	191
	191
	0
	0

	Excises paid by operators
	4
	4
	4
	4
	4

	Tariff revenue
	479
	754
	753
	958
	970

	Taxes on tariffs
	-53
	0
	0
	-163
	-165

	REVENUES (additional information)
	
	
	

	Subsidies related to variable operating costs
	506
	0
	0
	0
	0

	REVENUES / FINANCIAL COSTS
	0.37
	1.00
	1.00
	0.83
	0.82


The AC pricing scenarios ensure a financial cost coverage rate of 1 for the three transport sectors. For the road sector, the uniform levy leads to an increase in revenues. There is also a small increase in infrastructure costs, due to higher demand for road transport. The higher transport demand, accompanied by a shift to private transport, also increases the accident and environmental costs of the road sector. For public transport, the higher prices lead to more revenue, but also to lower costs due to the reduction in demand for public transport.

MSC pricing raises the financial cost coverage rate for the three transport sectors. For road and public transport other than rail it more than doubles. On the cost side, the change in financial, accident and environmental costs is a consequence of the change in transport demand, as described in Table 13.  

Note that the financial cost coverage rate for the MSC scenarios can to some extent be used as guidance for determining the optimal surplus/deficit by mode. However, this information is not sufficient for determining optimal policies, since there is no guarantee that the associated tax structure is optimal. 

Note also that the transport accounts are almost not affected by the choice of the revenue recycling instruments considered here.

Table 17: 
Rail account – Belgium (1990)

	
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfer
	MSC + lower labour income tax
	MSC + higher social security transfer

	COSTS (mio €)
	
	
	
	
	

	Total financial costs
	2608
	1923
	1923
	2486
	2489

	Infrastructure costs (excl. taxes)
	872


	871


	872


	891


	873

	Supplier operating costs (excl. taxes)

    Vehicle related

    Other
	1736

700

1035
	1052

276

776
	1051

276

775
	1595

634

962
	1615

633

982

	External accident costs
	0
	0
	0
	0
	0

	Environmental costs (change w.r.t. benchmark)

	
	
	-8
	-8
	0
	0

	COSTS (additional information)
	
	
	

	User costs (time)
	0
	0
	0
	0
	0

	Internal accident costs
	0
	0
	0
	0
	0

	REVENUES (mio €)
	723
	1927
	1926
	925
	927

	Excises paid by operator
	1
	1
	1
	1
	1

	Tariff revenue
	759
	424
	423
	1012
	1015

	Taxes on tariffs
	-37
	1502
	1501
	-89
	-90

	REVENUES (additional information)
	
	
	

	Subsidies related to variable operating costs
	350
	0
	0
	0
	0

	REVENUES / FINANCIAL COSTS
	0.28
	1.00
	1.00
	0.37
	0.37


While summarising some of the effects of the policy scenarios, the transport accounts are not sufficient for policy making. They give no indication of whether AC pricing and/or MSC pricing constitute an improvement with respect to the benchmark equilibrium. Nor do they allow to make a choice between revenue recycling instruments. This is because they do not contain all elements necessary for a social cost benefit analysis, which is required for a correct welfare evaluation (see Mayeres et al. (2001)). The transport accounts do not take into account the benefits that people derive from transport or their user costs, nor do they allow to assess the effects on the different income groups. Moreover, they do not take into account how a higher deficit in the transport sector is financed or how additional revenue is used. All these elements are crucial for an evaluation of transport policies.

Therefore, transport accounts are not sufficient to monitor whether policy is improving, nor to assess whether revenues reasonably reflect relevant costs. For this additional analysis is required. Here we use the CGE model to calculate the social welfare impacts of the policy reforms.

2.4.3.3 The impact on welfare

Table 18 summarises the welfare effects of the policy reforms. The welfare impact on the quintiles is measured by means of the equivalent gain: the increase in the initial equivalent income of an individual which is equivalent to implementing the policy reform. In the table it is presented as the percentage increase in the initial equivalent income of the individual. The effect on social welfare is described by the social equivalent gain. This is defined as the change in each individual’s original equivalent income that would produce a level of social welfare equal to that obtained in the post-reform equilibrium. The social desirability of a policy depends not only on its efficiency, but also on its equity impact. Hence we present the social equivalent gain for two degrees of inequality aversion, denoted by (. With ( equal to zero, only efficiency matters. We also present the social welfare change for ( equal to 0.5. This corresponds with a medium degree of inequality aversion. In this case the marginal social welfare weight of people belonging to the richest quintile is approximately 70% of those belonging to the poorest quintile.

Table 18:
The welfare effects of the policy reforms – CGE model for Belgium

	
	Benchmark
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	AC + higher labour income tax
	AC + lower social security transfers
	MSC + lower labour income tax
	MSC + higher social security transfers

	Equivalent income (EURO/person/year)
	percentage change w.r.t. benchmark

	      Quintile 1

      Quintile 2

      Quintile 3

      Quintile 4

      Quintile 5
	18586

22260

25027

28330

35579
	-0.78%

-0.04%

-0.24%

-0.20%

-0.49%
	-0.97%

-0.16%

-0.29%

-0.19%

-0.38%
	0.47%

0.03%

-0.16%

0.22%

1.45%
	3.88%

2.21%

0.75%

0.00%

-0.51%

	Social equivalent gain (EURO/person/year)

	       ( = 0

       ( = 0.5
	
	-92.71

-89.56
	-92.08

-91.74
	160.66

142.50
	148.89

179.17


Average cost pricing
AC pricing leads to a reduction in government revenue. In Scenario 1 this is financed by an increase in the labour income tax by 0.5% for all quintiles. In Scenario 2, the social security transfers are reduced by 1% for all quintiles. 

Both AC scenarios reduce welfare for all quintiles. Consequently they both lead to a social welfare loss. This shows clearly that balancing the financial part of the transport accounts is not an objective that one should aim at. This is in line with the conclusions of Chapter 2. Table 18 also shows that AC pricing cannot be defended because of equity reasons, since all income groups become worse off. These findings are a confirmation of the theoretical discussion in Mayeres et al. (2001). 

Within each AC scenario the differential impact on the quintiles can be explained, inter alia, by their share in the consumption of the transport goods, their share in the total social security transfers or labour income, the level of initial taxation and the quintiles’ valuation of the reduction in the externalities. For example the relatively high welfare loss of quintile 1 in Scenario 1 is due to its large share in the consumption of public transport which becomes considerably more expensive. The high welfare loss of quintile 5 is due to the high share of labour income in its income and the high labour income tax of this quintile in the benchmark equilibrium.
The difference in welfare impact between Scenario 1 and 2 is due to choice of budget neutralising instrument. When the social security transfers are reduced, the welfare losses for quintiles 1 to 3 are higher than when the labour income tax is increased. This is because the social security transfer accounts for a larger share of their income. The share of labour income is relatively smaller for these quintiles, as is the labour income tax rate. 

Social welfare is reduced in both AC scenarios, as is reflected in the negative social equivalent gain. The social equivalent loss does not differ a lot between the two revenue-recycling strategies. This is because the required changes in the labour income tax and the social security transfers are relatively small. With AC pricing the impact on welfare is dominated by the change in the transport taxes.

Marginal social cost pricing

Since the MSC scenarios raise the revenue collected by the government, the full welfare assessment needs to take into account how this revenue is used. In Scenario 3  the labour income tax is reduced by 10% for all quintiles. In Scenario 4 the extra revenue is used to increase the social security transfers by 11%. 

In both MSC scenarios the impact on social welfare is positive. The reason for this is similar as in Chapter 2. However, not all quintiles benefit to the same extent from the policy reforms. Moreover, the welfare impacts on the quintiles are quite different in the two MSC scenarios. The difference is more pronounced than with AC pricing. When the extra revenue is returned through higher transfers (Scenario 4), the welfare gains become lower as the income of the quintiles rises. The poorer quintiles benefit most from the higher transfers, since they make up a higher share of their income. In this scenario the two richest quintiles do not benefit from the policy reform: they pay higher transport taxes, but benefit only to a small extent from the redistribution of the extra government revenues. 

In Scenario 3 all quintiles gain, except quintile 3. This quintile consumes a lot of car transport and does not benefit as much as the higher quintiles from the reduction in the labour income tax. The highest welfare gain is observed for quintile 5. While consuming relatively a lot of transport, this quintile benefits most from the lower labour income tax and from the reduction in the externalities. 

While the transport account is similar in Scenarios 3 and 4, the impact on social welfare is not. It depends on the revenue-recycling instrument that is used, and on the inequality aversion of society. When only efficiency considerations are important (( = 0), the labour income tax is preferred as revenue recycling instrument. When a higher weight is given to the poorer quintiles (as is the case with ( = 0.5) it is better to recycle the revenue through higher transfers. This illustrates that transport accounts are not an appropriate instrument for assessing the equity impacts of transport pricing, which confirms the theoretical findings of Mayeres et al. (2001).

2.5 The CGE model for Switzerland

2.5.1 The Swiss CGE model in brief

The model for Switzerland is a static CGE model (45 production sectors, 2 households, government, 9 consumption goods). In addition to the standard approach, the model features a detailed representation of 6 transport sectors and of transport externalities like congestion, external environmental costs and external accident costs. The Swiss tax system as well as transport-specific taxation are incorporated in order to represent initial tax distortions.

In the UNITE accounts, six transport modes are distinguished, i.e. road, rail, other public transport, aviation, inland waterway shipping and maritime shipping (see Link et al., 2002). We only consider the three - for Switzerland - most important modes road, rail transport and other public transport in detail. Within the two modes road and rail we distinguish between passenger and freight transport.

In order to take into account the differences in the marginal transport costs we distinguish between three transport systems used by the transport modes:

· Urban transport system: It comprises the transport network in the five large cities of Switzerland, i.e. Zurich, Basle, Geneva, Berne and Lausanne. 

· Inter-urban transport system: This system consists of the trunk roads (motorways) and the major railway links.

· Rest: The remaining parts of the road and rail transport network.

Table 19:
Transport sectors and transport systems in the Swiss CGE model

	Transport mode
	Urban
	Inter-urban
	Rest

	Private road passengers transport
	x
	x
	x

	Rail passengers transport
	x
	x
	x

	Bus
	x
	
	x

	Tram
	x
	
	

	Road freight transport
	x
	x
	x

	Rail freight transport
	x
	x
	x

	Water transport
	aggregated sector

	Air transport
	aggregated sector

	Pipelines
	aggregated sector


Each transport sector is modelled using a CES production function. Transport goods are composites consisting of physical inputs on the one hand and time inputs (transport labour or leisure) on the other hand. Congestion is linked with time needs in transport. As the congestion level rises, more time is needed for the same transport volume. In order to account for welfare effects, we implemented air pollution, accident and noise externalities based on the willingness-to-pay approach (see for example, van den Bossche et al. 2000). Climate change costs are regarded with an exogenous CO2 tax of 20 €/tonne CO2 as agreed in the accounts work of UNITE. 

The model is based on economic transactions as shown in the input-output table including a disaggregated representation of the transport sector (for the input-output-table see Maggi et al.(2000)). We used the results of the consumer expenditure and income survey 1998 to determine the consumption levels for urban and non-urban households. Data on transport volumes and transport taxes are taken from the official transport statistics (BFS, 2000).

Table 20 shows the marginal external costs in the benchmark equilibrium. The costs are based on studies on marginal costs and account figures developed within the UNITE project. 

Table 20:
Marginal cost rates in the transport sector in the benchmark equilibrium – CGE model for Switzerland (€ cents per vkm, 1996)

	
	
	Infrastructure
	Marginal external costs
	Benchmark tax

	
	
	
	Congestion
	Noise
	Air pollution
	Climate
	Accident
	Total
	

	Road passenger
	Urban
	0.87
	4.72
	0.73
	2.38
	0.12
	3.69
	11.64
	6.53

	
	Inter-urban
	
	1.04
	0.34
	0.51
	
	0.32
	2.33
	

	
	Rest
	
	
	0.47
	0.56
	
	2.26
	3.41
	

	Rail passenger
	Urban
	321
	
	15.64
	1.93
	0.55
	24.98
	43.10
	- 412

	
	Inter-urban
	
	
	14.80
	2.41
	
	
	42.74
	

	
	Rest
	
	
	14.34
	1.87
	
	
	41.74
	

	Bus
	Urban
	12.26
	
	7.31
	14.53
	0.53
	3.21
	25.58
	-169

	
	Inter-urban
	
	
	4.73
	3.42
	
	4.82
	13.50
	

	Tram
	Rest
	
	
	7.31
	
	0.82
	3.21
	11.34
	- 255

	Road freight
	Urban
	6.08
	9.43
	2.86
	14.53
	0.54
	8.35
	35.71
	17.80

	
	Inter-urban
	
	2.08
	1.91
	3.13
	
	0.60
	8.26
	

	
	Rest
	
	
	2.14
	3.42
	
	4.50
	10.60
	

	Rail freight
	Urban
	768
	
	15.64
	1.93
	1.56
	26.73
	45.86
	- 280

	
	Inter-urban
	
	
	14.80
	2.41
	
	
	45.50
	

	
	Rest
	
	
	14.34
	1.87
	
	
	44.50
	


Table 20 shows that the Swiss transport taxes and charges do not correspond with the social marginal costs:

· In the case of public transport, the large deviation in the taxation level is caused by the strong subsidisation of this mode. 

· For private road transport, the deviation is not so much given by differences in the taxation level but rather by the missing differentiation of the taxes and charges according to the different transport systems (urban, inter-urban, rest). 

2.5.2 The policy scenarios

Four types of alternative pricing regimes are analysed (see Table 21):

· two MC-PURE scenarios: A change to a “pure” marginal social cost pricing (MSCP) regime. The two scenarios of this type only differ with regard to the way deficits/surpluses in the transport sector are balanced (see column pricing/financing rule in Table 21). 

· three MC-TCR scenarios: A change to a marginal social cost pricing (MSCP) regime combined with the budget constraint "balanced budget" or total cost recovery (TCR). The differences between the three MC-TCR-scenarios refer to the flexibility of the budget constraint and therefore the possibilities for cross-subsidisation between the modes (see column budget rule in Table 21). In the case of the scenarios MC-TCRb and MC-TCRc, where flexibility exists, the contribution of the different modes to the budget constraint is defined in an optimisation process with the CGE model, i.e. the distribution resulting in the highest welfare level is chosen. 

· two MC-REV scenarios: A change to a more marginal cost pricing approach with the less strict constraint that the pricing reform should not lead to a need for additional funds from the public treasury. The MC-REV-scenarios are "political pricing scenarios" in the sense that the pricing and the budget rules differ between the modes. In the case of MC-REVa, both modes experience the same pricing reform (MC-pricing), but only road transport has to cover its total costs. MC-REVb is a "first mover-scenario": Only for private road transport, a pricing reform oriented at social marginal costs is introduced. There are no changes for public transport. 

· two AC scenarios: A change to an average cost pricing regime in transport. The AC-FIN scenario imposes coverage of all financial costs (infrastructure and supplier operating costs), whereas the AC-SOC scenario also includes the environmental and external accident costs in the costs to be covered.

In all MC-TCR, MC-REV and AC scenarios the VAT rate is changed in order to ensure budget neutrality. All scenarios assume constant load factors for the transport modes.

Table 21:
Definition of the UNITE pricing scenarios in the Swiss CGE model

	Scenario
	Budget rule
	Pricing/financing rule

	MC-PUREa
	no budget constraints for and within the transport sector
	MSCP and VAT changes to compensate defi​cits/surpluses in the transport sector

	MC-PUREb
	no budget constraint for and within the transport sector
	MSCP and changes of the social security contributions to compensate defi​cits/surpluses in the transport sector

	MC-TCRa
	balanced budget per mode and for freight and passengers transport separately
	two part tariff: MSCP pricing and fixed part to meet the budget constrainta

	MC-TCRb
	balanced budget per mode, i.e. private and public transport

cross-subsidisation between freight and passengers transport possible
	like MC-TCRa

definition of the level of cross-subsidisation: deri​vation of the welfare maximising fixed part with the CGE model 

	MC-TCRc
	balanced budget for the transport sector as a whole

cross-subsidisation between the two modes road and rail possible
	like MC-TCRa

definition of the level of cross-subsidisation: same optimisation procedure as for MC-TCRb 


a The fixed part is modelled as a fixed, i.e. non-distance-dependent, annual tax

Table 21:
Definition of the UNITE pricing scenarios in the Swiss CGE model (continuation)

	Scenario
	Budget rule
	Pricing/financing rule

	MC-REVa
	balanced budget for road transport, cross-subsidisation between freight and passengers transport possible

subsidisation of public transport

net effect: no additional burden for the public treasury
	MSCP and - for road transport only - fixed part to meet the budget constraint

definition of the level of cross-subsidisation in road transport: deri​vation of the welfare maximising fixed part with the CGE model

	MC-REVb
	same revenues as in the base case for road transport, cross-subsidisation between freight and passengers transport possible

subsidisation of the different sub modes of public transport as in the base case
	MSCP and fixed part to meet the budget con​straint for road transport only

definition of the level of cross-subsidisation in road transport: same optimisation procedure as for MC-REVa
pricing as in the base case for public transport

	AC-FIN
	balanced budget per mode and for freight and passengers transport separately
	AC pricing, no internalisation of external costs, only financial costs are relevant

allocation of costs to freight/passengers according to cost allocation in the Swiss Transport Accounts

	AC-SOC
	balanced budget per mode and for freight and passengers transport separately
	AC-FIN plus coverage of environmental and external accident costs


Results

2.5.2.1 Transport prices and transport demand

Table 22 summarises the changes in the transport prices caused by the pricing reform in relative terms compared to the base case
. 

Pricing of transport in Switzerland in the mid-nineties is not oriented at marginal costs: Neither the pricing structure (e.g. differentiation between urban and non-urban areas) nor the pricing level note correspond with the figures estimated in this project:

· The implementation of marginal social cost pricing would lead to a price increase for private road transport in urban areas and to a decrease outside urban areas, where private road passengers and - however to a much lesser extent - road freight transport are currently overpriced - if one starts from the marginal cost estimates as given in Table 20.

· For the interpretation of the price changes for rail transport it should be kept in mind that in the base case, the prices for rail transport are that low because of the high subsidies from the different public authorities. In the MC-PURE-scenarios we assume that these subsidies are abolished and rail transport has to pay its marginal social costs. The price increase for freight transport is less marked because rail freight transport receives less subsidies than passengers transport in the base case. 

Table 22:
Impacts of the UNITE pricing scenarios on transport prices – CGE model for Switzerland (% changes versus the base case; base case BENCH in € per vehicle-km and train-km, 1996)
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Rail passenger
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69.6%

70.9%
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· For road-based public transport (bus, tram) the high price increase is the consequence of lower subsidies and of quite high external costs (first of all diesel buses) in urban areas. 

In the MC-PURE-scenarios, the transport sector requires less public funds than in the base case. This allows to reduce general taxation. The possibilities to lower general taxation strongly increases for the average cost pricing scenarios because the transport sector achieves here by definition full cost recovery. The figures are:

· MC-PUREa: VAT -8%
MC-PUREb: social security contributions -2%

· AC-FIN: VAT -35.5%
 AC-SOC: VAT -78% 

The large reductions of the AC-scenarios are the "counterpart" of the price increases in transport shown in Table 22
. First of all, rail transport experiences an enormous increase. The opposite is true for road transport because this mode covers its total costs in the base case. 

For the total cost recovery scenarios (MC-TCR-scenarios) the price changes shown in Table 22 depend on the one hand on the marginal social cost rates and on the other hand on the concrete design of the fixed ("financing") part of the two part tariff. Starting point for this design is the recognition that in our simulations marginal social cost pricing does not generate enough revenues to cover the total financial costs of the transport sector. Based on simulations with the CGE, the "best" design of the fixed part has been determined for the scenarios MC‑TCRb and MC-TCRc: we calculated the variant with the lowest negative welfare effects. The same procedure has been carried out for the two MC-REV-scenarios. 

As is shown in the discussion about the welfare effects below, the result of this optimisation procedure crucially depends on the way foreign traffic on the Swiss road network is included in the two part tariff system. In the "standard case" we assume that foreign road traffic is priced in the same way as inland traffic, i.e. also pays the fixed part of the pricing scheme. 

The price changes of Table 22 cause substantial changes in transport demand. Table 23 summarises the results for the different modes. We renounce presenting the demand changes in more detail, i.e. per transport system.
 

Table 23:
Impacts of the UNITE pricing scenarios on transport demand – CGE model for Switzerland (% changes versus the base case; base case BENCH in mill. vkm and mill. train-km, 1996)
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The figures of Table 23 should be interpreted as orders of magnitude because it is not the main goal of the general equilibrium approach to assess detailed changes in transport volumes. Nevertheless, the following points can be derived from the analysis

· Private passenger transport profits from the implementation of marginal social cost pricing: In every scenario (except MC-TCRc), the traffic volume increases. The detailed results show that a decrease is only likely in urban areas. 

· For rail transport, the opposite can be observed. Because of the large price increase, traffic volumes go down in all scenarios. Only in the scenario MC-REVb where MSCP with the budget constraint "full cost recovery" is introduced for road transport and where public transport is not confronted with a policy change, public transport is only marginally reduced compared to the base case. As expected, the introduction of average cost pricing would have enormous effects in the rail transport sector. One can even conclude that average cost pricing would draw rail transport more or less out of the market. The reaction patterns of road-based public transport (bus, tram) are similar to the ones of rail transport but less marked.

· In the freight market, the situation for rail transport is somewhat less dramatic because rail freight is less subsidised in the base case and because road freight faces larger price increases than road passengers transport. 

2.5.2.2 Welfare and distributional effects

The welfare or efficiency effects of the pricing scenarios are measured in terms of the Hicksian equivalent variation in income of the households (HEV). A HEV decrease of 1%, for example, corresponds to a loss of income for the households by 1% compared to the base case. In the CGE, two households are distinguished, namely an urban and a non-urban household. The total welfare effect is the sum of the welfare implications for the two households as shown in Table 24. 

Before we have emphasised that the way non-Swiss users of the Swiss road network are integrated in the pricing and financing scheme of the scenarios MC-TCRc, MC-REVa, MC-REVb and of the AC-scenarios influences the welfare implications. Therefore Table 24 distinguishes between the two cases: 

· "Standard case": Same pricing scheme for foreign and domestic road users.

· "Domestic only": Only the domestic road users contribute to the budget constraint, the foreign users are priced at marginal social costs.

Table 24:
Welfare implications of the UNITE pricing scenarios – CGE model for Switzerland: Hicksian equivalent variation in income, in % change versus the base case
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The simulations show the following welfare effects:

· In general, urban households are negatively affected by the scenarios, non-urban households positively if the revenues from the pricing schemes are redistributed with a reduction of a general tax like the VAT (MC-PUREb: social security contributions). These distributional effects would certainly influence the acceptance of an implementation of new transport pricing schemes. Of course, other, spatially differentiated redistribution schemes would change the distributional outcome of new pricing schemes. 

· In most cases the simulations predict an increase of total welfare if marginal social cost pricing approach is implemented in transport.

· The comparison between the total cost recovery scenarios (MC-TCR) makes clear that the more flexible the budget constraint is implemented, the higher is the welfare level. Thus, efficiency considerations do not confirm a statement sometimes appearing in transport policy debates that there should be no cross-subsidisation between the modes.

· The result for scenario MC-REVb shows that a solution

-
where marginal social cost pricing - and thus an internalisation of external costs - is implemented first or even solely in road transport and

-
where the situation for rail transport remains unchanged

slightly increases the overall welfare level compared to the base case.

· For the welfare implications of the average cost pricing scenarios, it is crucial whether foreign traffic is priced at average costs too. A positive welfare effect is predicted for AC-SOC. Here foreigners substantially "co-finance" the VAT-reduction in favour of the Swiss residents which becomes possible because transport achieves full cost recovery.

· The welfare implications of the treatment of foreign traffic can also be seen from scenario MC-TCRc which is the best scenario in the standard case. The optimisation process to design the fixed part of two part tariff pricing scheme resulted here in a situation, where the additional revenues to achieve total cost recovery in the whole transport sector are exclusively collected from private road passengers transport. Because about 13% of the total mileage of private road passengers transport on the Swiss road network is produced by foreigners, they strongly contribute to the budget constraint. In the case "domestic only", the additional revenues are first of all collected from road freight transport but partly also from rail transport. Thus, in both cases the welfare maximising solution contains a cross-subsidisation from road to rail transport
. 

2.5.2.3 Macroeconomic and sectoral effects

Annex 2 to this deliverable contains a detailed analysis of the different economic impacts of the pricing scenarios. With regard to main economic - and not welfare - indicator, i.e. the effects on the Swiss GDP, the results look as follows: 

· The impacts of the pure social marginal scenarios on the Swiss GDP are rather negligible but tend to be negative (MC-PUREa: -0.05%, MC-PUREb: -0.08%). 

· The figures for the AC- and the MC-TCR-scenarios show that an inflexible approach to achieve cost recovery, i.e. an approach where each mode must cover its costs, results in a lower Swiss GDP (AC-FIN: -1.5%, AC-SOC: -1.1%, MC-TCRa: -1.6%). The very high price increases for rail transport in these scenarios and the still rather high importance of this mode for the Swiss economy lead to this result. 

· The "good" result of scenario MC-TCRc (-0.06%) is first of all explained by the quite substantial contribution of foreign traffic to the financial budget constraint in this scenario.

· Substantial increases in the consumer price index result only in the case of the inflexible MC-TCR- and of the AC-scenarios. 

As well as the overall economic impacts, the effects of the pricing scenarios on the different sectors of the Swiss economy are limited. Only in a rather small number of sectors the net effect of 

· the negative impacts of the price increases in the transport sector 

· the positive impacts of the reduction in general taxation (which is possible because the transport sector achieves a higher cost recovery degree as in the base case)

exceeds +/-1% of the gross production value (or "turnover") of the relevant sector. Negatively affected are, for example the sectors "paper" and "chemistry" where the first impact dominates because of a comparatively high share of transport costs on total production costs. The sectors "textile" and "clothes" profit from the pricing reform because consumption goods especially benefit from the VAT-reduction. 

2.5.2.4 Effects on the UNITE transport accounts

Below, we summarise the changes caused by the different UNITE pricing scenarios in the main cost and revenue categories of the UNITE transport accounts for road and rail transport for Switzerland.
 

Table 25:
Impacts of the UNITE pricing scenarios on the UNITE road account figures – Switzerland (% changes versus the base case; base case BENCH in € million, 1996)
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Table 26:
Impacts of the UNITE pricing scenarios on the UNITE rail account figures – Switzerland (% changes versus the base case; base case BENCH in € million, 1996)
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-62.7%

-59.4%
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Environmental costs

-16.9%

-16.9%

-54.2%

-45.7%

-15.5%

-16.6%

-0.4%

-53.1%

-50.4%
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Air pollution
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-20.3%

-21.7%
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Global warming

-19.0%

-19.0%

-61.4%

-57.7%
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-18.8%

-1.0%

-62.7%

-59.7%
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Noise

-16.3%

-16.3%

-52.7%
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-14.8%
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-51.5%

-48.9%
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5.7%
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22.7%

31.0%

7.5%
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-0.8%

21.4%
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0.65

         

 

0.65

         

 

1.00

         

 

1.00

         

 

0.66

         

 

0.65

         

 

0.55

         

 

1.00

         

 

1.01

         

 

0.55

         

 


As can be seen from the following examples, the monitoring function of the accounts works: The changes in the account figures provide important information for transport policy makers: 

· The implementation of total cost recovery scenarios MC-TCRa and MC-TCRb would result in a strong increase of congestion costs. This indicates that an extension of the road network should be discussed.

· Most of the scenarios lead to an increase of environmental costs of the transport sector as a whole though the scenarios contain an internalisation of the external costs. Non-economists would not consider the ecological problem of transport to be solved. 

· The different scenarios result in very different revenue/financial cost-ratios. However, with the information of the account only, it is not possible to judge this effect as positive or negative - but the information is certainly of interest for the ministry of finance. 

Nevertheless, the examples of useful information taken out of changes in transport account figures caused by policy changes cannot obscure the fact that this information does not allow to judge the broader and more important impacts of a policy reform. For a sound assessment of policy reforms in transport, a general equilibrium analysis is the much more appropriate approach than the evaluation of figures coming out of the monitoring instrument "transport accounts".

2.5.3 Possible extensions of the CGE model

The general equilibrium approach chosen here proved to be much more suited though it could and should be developed in several respects: 

· The analysis has been carried out with a static CGE. A dynamic CGE would allow to include investment and not only pricing into the model.

· Mainly because of restrictions in data availability, the transport sector is modelled in a rather simple way. The complex Swiss road and rail network, for example, is reduced to the three transport systems "urban", "inter-urban" and "rest". A further refinement would improve the possibilities of the model. 

· The model is a single country model. It does not allow to analyse the important regional impact of transport policy changes. An integration of spatial economic approaches would be a very beneficial extension of the model. 

· The model does not take into account changes in technologies like for example emission abatement reducing air pollution caused by transport.  

2.6 Policy conclusions from the CGE analysis

When comparing the results for the two CGE models one should note that the transport situation is not identical in Belgium and Switzerland. In Belgium congestion is the dominant marginal external cost of transport. Transport instruments which tackle this problem efficiently have an advantage over the others. In Switzerland congestion is less important. Therefore, instruments which do not make a distinction between congested and uncongested situations get a smaller penalty. Secondly, the ratio of transport revenue to financial costs is different in the two countries. In the reference equilibrium in Belgium revenue from the road transport modes is much higher than financial costs. In Switzerland revenue is approximately equal to financial costs. For public transport the rate of financial cost coverage is lower in Belgium. This entails that the alternative pricing instruments have a different implication for the transport accounts and government budget in the two countries.

Bearing this in mind, we can draw the following lessons from the CGE modelling exercises.

· The added value of the general equilibrium models to the partial equilibrium model consists of two elements: 

· the CGE models allow to analyse the impacts on the whole economy

· the CGE models allow to compare different measures for ensuring a neutral impact of the transport pricing policies on the government budget. This is important because the full efficiency and equity impacts of pricing reforms can be assessed only if one takes into account the instruments that are used to ensure budget neutrality. 

· The simulation exercises confirm the statements made in the previous UNITE work on the integration of accounts and marginal costs as summarised in Mayeres et al. (2001). Transport accounts as developed within the UNITE project contain information that can serve as important indicators for developments in the transport sector. However, they are not an appropriate instrument to assess the economic efficiency and distributional effects of transport policy reforms. This is because they do not contain all elements which are relevant for a full social cost-benefit analysis.

· 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. This clearly indicates that one should be careful in using transport accounts as a guideline for pricing policies, and that average cost pricing cannot be justified on equity grounds. Simulations for Switzerland show that average cost pricing based on total costs (as defined in the UNITE transport accounts) may improve welfare. Given the initial transport situation in Switzerland (low congestion and the characteristics of the Swiss transport accounts) this measure performs relatively well, but it is worse than marginal social cost pricing.

· Marginal social cost pricing generally increases social welfare. The magnitude of the welfare gain depends on the relative importance of the various externalities, on the presence of a budget constraint, and on the flexibility of that constraint. 

· In general not all groups are affected equally by marginal social cost pricing. The equity impacts depend on how budget neutrality is ensured. 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. Similar considerations come into play in the Swiss model which considers urban and non-urban residents, rather than income groups. One can conclude that the revenue recycling instruments have an important role to play in enhancing the political acceptability of transport pricing. 

· For countries with a high share of foreign traffic on their road network, the treatment of foreign traffic has a large impact on the welfare gains of scenario with cost recovery constraints. Simulations with the CGE model for Switzerland show that the welfare of the Swiss households can be increased if foreign traffic on the Swiss road network contributes more to the budget constraint. 
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� This principle looks complicated but is common practice in all businesses that exploit their market power (soft drinks, telecom, computerspc, private education, supermarkets etc.). The main difference is that private businesses are not concerned withby external costs. 


� It has been shown that in some cases two-part tariffs can perform better than Ramsey pricing. The reason why we consider Ramsey pricing here and do not consider two-part tariffs is that in the present version the simulation models are not designed for this and that it is technically difficult to incorporate two-part tariffs in them. The design of optimal two-part tariffs in the presence of externalities is discussed in De Borger (2001).


� This means that the distributional effects of any given price structure are not analysed, but also that the impact of distributional concerns on the design of pricing schemes is ignored.


� See Jha (1998), chapter 17, for an overview of the theoretical features of alternative pricing approaches. Mayeres et al., 2001, provide an overview of transport pricing measures.


� Two-part tariffs are not considered in our study because the present version of the simulation model is not suited for evaluating them. The design of optimal two-part tariffs in the presence of externalities is discussed in De Borger (2001).


� In line with the medium run horizon of the model, car ownership costs are expressed on a per vehicle-kilometre basis.


� This estimate was made on the basis of provisional account data. In the final version of Link and Suter (2001), the ratio between directly allocatable tax revenues and the infrastructure costs was estimated for 2005 to be rather of the order of 2. This would not change the direction of our conclusions as shown by sensitivity studies.  


� No pilot account was available for the UK at the time of the study.  Hence we have used the German revenue/cost ratio’s for the UK.  Sensitivity analysis shows that the results do not strongly depend on these ratios.


� This need for an iterative procedure shows that calculating consistent average cost scenarios is as complex, in terms of model requirements, as computing Ramsey prices.  This casts some doubt on assertions that average cost pricing measures are easier to implement because they are less complex.


� Note the high estimate for marginal external congestion costs for Munster.  This follows from the small geographical scope of this case, and it explains the high welfare gains from MSC-pricing (cf. infra).


� Car taxes are different in the peak and off peak period even though the tax system does not distinguish between time of day. The difference is explained by the fact that the TRENEN model takes into account the difference in fuel consumption between peak and off peak.


� There is one exception: economics of density in public transport (Mohring effect). This implies that every extra passenger allows to improve frequency of service. Therefore there is a positive externality in public transport. The marginal social cost thus equals the sum of the marginal operating costs and the marginal external costs (congestion, air pollution, accidents) minus the external benefit of a more frequent service.


� We neglect here potential interactions with other distorted markets (labour market).


� Sensitivity analysis for the Düsseldorf case shows that increasing the revenue requirement to 150% of the central case, actually decreases the performance of AC in terms of welfare. Decreasing the revenue requirement to 50% of the central scenario improves the performance of AC. These are not general results, however.  In a second sensitivity analysis, the budgets were linked to changes in traffic levels.  At the central scenario revenue requirement, this decreases the performance of AC. At 50% of the central scenario requirement, this link increases the performance of AC. The relation between changes in the budget requirement and the performance of AC clearly is not monotonous.  Interactions between budgets, the implied ratio of modal and time-of-day differentiation of taxes, and changes in the budget requirement, may produce counterintuitive results.


� For a detailed discussion of the CGE model the reader is referred to Mayeres (1999, 2000).


� In reality air pollution and accident risks also affect the consumption and production choices. Such feedback effects are not yet included in the model. The implications for environmental policies of relaxing the separability assumption for the health related effects of air pollution is studied by Mayeres and Van Regemorter (2002).


� No pilot account was available for the reference year for Belgium at the time of the study. Hence we based ourselves on the database constructed in a previous research project. For details on the data set and the model calibration, the reader is referred to Annex 1 and Mayeres (1999).


� Various alternatives, such as infrastructure investment, a change in the supply or quality of public transport, etc., could be considered. The efficiency and equity effects will in general depend on the instrument that is chosen.


� The treatment of VAT in these scenarios is in line with the definition of revenues in the UNITE transport accounts (see Link et al. (2000)).


� Although the assumptions made about the marginal external costs will affect transport pricing and its welfare effects, in the case of Belgium this is not expected to affect the ranking of AC and MSC pricing, nor that of the revenue recycling instruments.


� The average cost scenarios are quite extreme scenarios. The resulting demand changes should be regarded with caution. They should be considered as very rough estimates for the cases with large price changes.


� For the optimal tax and investment rules in a second-best economy in the presence of externalities, see Mayeres and Proost (1997).


� For the environmental costs Table 15 to 17 present the change with respect to the reference equilibrium, rather than the total environmental costs. For the valuation of emissions we have information only about the marginal willingness-to-pay for emission reductions. These values can be used only to evaluate relatively small changes in emissions. It would therefore be incorrect to use them to calculate the total environmental costs.


� Table 22 shows the following prices: passengers transport: prices for non-business traffic, freight transport: prices for inland transport, i.e. transports stretches within Switzerland. The public transport prices in the column BENCH contain the subsidies for the PT modes. 


� The average cost scenarios are quite extreme scenarios. The resulting demand changes should be regarded with caution. They should be considered as very rough estimates for the cases with large price changes.


� The annex report contains the detailed figures for the three transport systems "urban", "inter-urban" and "rest" (see Wickart et al. (2002), table 4-5)


� Note that in the absence of coordination between countries, an individual country will have an incentive to engage in tax exporting behaviour (imposing high taxes on foreign transport on its territory), while at the same time ignoring the impact of its pricing policies on the other countries. Previous research has shown this has a large impact on freight transport prices in countries where transit flows account for a large share of total transport flows (see, for example, De Borger and Proost (2001)). Such uncoordinated pricing policies will involve a welfare loss compared to the federal optimum in which the different countries cooperate.


� In some instances the figures for the base case in Tables 25 and 26 differ from the results for the year 1996 in the UNITE transport accounts for Switzerland given in Suter et al. (2002). Sources of deviations are, for example, differences between official statistics for the same indicator (e.g. with regard to CO2 emissions) or the fact that in the CGE not all transport modes of the accounts are modelled. However, these deviations do not influence the general conclusions we draw from the analysis in this section. 
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								Figure 3.2: Development of Transport Accounts
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		Table 3.1:  Overall Schedule of Workpackages

		WP		Workpackage Title		Start		End		Length		Outputs (month)

						month

		1		The Overall UNITE Methodology		1		3		3		D1 (3)

		2		Integration of Approaches		4		28		25		D4 (14) , D13 (28)

		3		Accounts Approach		4		6		3		D2 (6)

		4		Marginal Cost Methodology		4		6		3		D3 (6)

		5-10		"Specialist Category" WPs:*

		5		Infrastructure Costs & Benefits		4		24		21		D10 (24)

		6		Supplier Operating Cost		4		24		21		D6 (16)

		7		Transport User Costs & Benefits		4		24		21		D7 (16)

		8		Accident Costs		4		24		21		D9 (21)

		9		Environmental Costs		4		26		23		D11 (24)

		10		Taxes, Charges & Subsidies		4		24		21		-

		11		Pilot Accounts		7		24		18		D5 (14) , D8 (18) , D12 (24) ,  D14 (28)

		12		Generalisation of Marginal Costs		7		28		22		D15 (28)

		13		Policy Perspectives on the UNITE Research		29		31		3		D16 (31)

		14		Project Management		1		33		33		FR (33)

		Note: * WP5-10 also output to WP2, 3 and WP11 deliverables.





Deliv

				Table 3.2:  Schedule of Deliverables

				No.		Month		WP		Title		Main Contents		QA

		1		D1		3		1		The Overall UNITE Methodology		outline of overall approach to project; policy issues, technical issues and stakeholder perspectives		NEI

		2		D2		6		3		Pilot Accounts Approach		structure for the pilot accounts; methodology for cost/ benefit/ revenue estimation and allocation		ITS

		3		D3		6		4		Marginal Cost Methodology		core methodologies to be adopted in case studies; outline description of case studies		KUL

		4		D4		14		2		Alternative Integration Frameworks		theoretical perspectives on alternative approaches to combining accounts/ MC information		INFRAS

		5		D5		14		11		Pilot Accounts (2 countries)		pilot accounts - De, Ch		VATT

		6		D6		16		6		Supplier Operating Cost Case Studies		methodology; empirical results		DIW

		7		D7		16		7		Transport User Cost and Benefit Case Studies		methodology; empirical results		NEI

		8		D8		18		11		Pilot Accounts (8 countries)		pilot accounts - Au, Dk, Es, Fr, Ie, Nl, Se, UK		INFRAS

		9		D9		21		8		Accident Cost Case Studies		methodology; empirical results		KUL

		10		D10		24		5		Infrastructure Cost Case Studies		methodology; empirical results		VATT

		11		D11		24		9		Environmental Cost Case Studies		methodology; empirical results		DIW

		12		D12		24		11		Pilot Accounts (8 countries)		pilot accounts - Be, Ee, Fi, Gr, Hu, It, Lu, Pt		NEI

		13		D13		28		2		Results from Testing Alternative Integration Frameworks		modelling approach; empirical results highlighting pro's and con's of alternatives		DIW

		14		D14		28		11		Future Approaches to Accounts		alternative approaches used in pilot accounts; future approaches		ITS

		15		D15		28		12		Guidance on Adapting Marginal Cost Estimates		detailed guidance on transfering MC results between contexts		KUL

		16		D16		31		13		Policy Perspectives on the UNITE Research		re-examination of theoretical approaches to integration, accounts & marginal costs; policy conclusions from the research		DIW

		17		FR		33		14		Final Report for Publication		summary report for the full project		INFRAS

		0		Note: QA = Quality Assurance; all deliverables will be publicly available.
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Milestones

				Table 3.3:  Major Project Milestones

				No.		Month		"Title"		Main Contents

		1		M1		6		"Methodological"		Methodology deliverables - D1, D2 and D3

		2		M2		15		Mid-Term Assessment		D4, D5 (2 country accounts) as well as D1-D3;
"Technology Implementation Plan"

		3		M3		24		"Empirical"		All MC case studies (D6-7, 9-11), 16 country accounts (D8, D12)

		4		M4		28		"Closing Stages"		The "way forward" deliverables, D13-D16

		0		M5		33		Completion		Final Report

		0		Note: at the mid-term assessment meeting, the consortium will be

		0		represented by the Steering Committee.
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Meetings

				Table 3.4:  Main Working Meetings

				Meeting		Month		Venue/ Partner		Main Reason		Core Attendance

		1		A		1		Leeds, ITS/UNIVLEEDS		Project launch		Participants in WP1-10

		2		B		4 (end)		Gran Canaria,
EIET		Major Methodological Working Meeting (WP2-10)		Participants in WP2-10

		3		C		9 (start)		Berlin, DIW		Launch of WP11 Tranche a) Accounts, WP12 launch		Accounts Tranche a);
WP5-10 Leaders;

		4		D		13		Vienna, HERRY		Launch of WP11 Tranche b) Accounts		Accounts Tranche b), including sub-contractors

		5		E		17		Paris, ENPC/CERAS		Major Dissemination Meeting - "Integration of Approaches"		External participants; WP2 Contributors and UNITE Steering Committee Partners

		6		F		19		Helsinki, 
SK-Cons, VATT		Launch of WP11 Tranche c) Accounts		Accounts Tranche c), including sub-contractors

		7		G		25		Amsterdam, NEI		MC Generalisation; Accounts "future approaches"		WP5-10 Workpackage Leaders

		0		H		30		Leuven, CES/KUL		Major Dissemination Meeting - Final Project Results		External participants;
All Partners

		0		Note: refer to Figure 3.4 to see meetings schedule within workprogramme.
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Schedule

		Overall Schedule of WPs

		WP		WP Title / Task		Start		End		Dura
-tion:		Deliverable, month		Deliverables

		1		The Overall UNITE Methodology		1		3		3		3		D1 The Overall UNITE Methodology				More prominence to WP1;
takes some theoretical work from WP2;

		2		Integration of Approaches		4		28		25		14		D4 Alternative Integration Frameworks				Additional task on developing accounts approach (from HL, formerly in WP3);
Also, can WP3,4 have a much better defined LINK/input with WP2 - new task?;

												28		D13 Results from Testing Alternative Integration Frameworks

		3		Accounts Approach		4		6		3		6		D2 Pilot Accounts Approach				(see WP2 note - theoretical development continues in WP2)

		4		Marginal Cost Methodology		4		6		3		6		D3 Marginal Cost Methodology

		5-10		"Specialist Category" WPs:		see below								* new * deliverables

																		Need to re-consider how WP5-10 support the accounts (support is particularly heavy in WP5, 9);

		5		Infrastructure Costs & Benefits		4		24		21		24		D10 Infrastructure Cost Case Studies				Late COMPLETION of D10

		6		Supplier Operating Cost		4		24		21		16		D6 Supplier Operating Cost Case Studies				Early COMPLETION of D6

		7		Transport User Costs & Benefits		4		24		21		16		D7 Transport User Cost and Benefit Case Studies				Early COMPLETION of D7

		8		Accident Costs		4		24		21		21		D9 Accident Cost Case Studies				Intermediate COMPLETION

		9		Environmental Costs		4		26		23		24		D11 Environmental Cost Case Studies				Late COMPLETION of D9

		10		Taxes, Charges & Subsidies		4		24		21				No case studies needed?.

		WP		WP Title / Task		Start
month:		END		Dura
-tion:		Deliverable, month		Deliverables

		11		Pilot Accounts		7		24		18		14		D5 Pilot Accounts (2 countries)				* new * phasing - 2 "test runs" of the accounts;

												18		D8 Pilot Accounts (8 countries)				Tranche b) & c) learn from Tranche a);
Start of Tranche b) overlaps with a);

												24		D12 Pilot Accounts (8 countries)				(countries in last tranche chosen to fit in with partner commitments, particularly for MC case studies)

												28		Note: QA = Quality Assurance; all deliverables will be publicly available.

		12		Generalisation of Marginal Costs		7		28		22		28		D15 Guidance on Adapting Marginal Cost Estimates				(see WP5-10 note: emphasis of generalisation now in this WP)

		13		Policy Perspectives on the UNITE Research		29		31		3		31		D16 Policy Perspectives on the UNITE Research				Takes "Policy Implications from WP2"

		14		Project Management		1		33		33		33		FR Final Report for Publication				Project extended to allow non-coordinator contributions to the FR.

		Detailed Schedule of Tasks (NOT COMPLETE)

		1		The Overall UNITE Methodology		1		3		3

				Task 1.1: Identification of Policy Questions

				Task 1.2: Identification of Technical Questions

				Task 1.3: Discussion with Key Stakeholders

				Task 1.4: Development of Framework for Integration

				Task 1.5: Development of an Outline for Project

		2		Integration of Approaches		4		28		25

				Task 2.1: Development of a Theoretical Framework				6

				Task 2.2: Connecting and Integrating the different parts of the Transport Economics Literature				14

				Task 2.3:  Application of Experience from National Economic Accounting Experiments				14

				Task 2.4: Selection of Alternative Pricing, Investment and Transport Accounts Approaches for Further Testing		15		18

				Task 2.5: Empirical Illustration of the Direct Implications of Alternative Approaches		19		25

				Task 2.6:  Empirical Illustration of the Indirect Implications of Alternative Appoaches		19		28

		3		Accounts Approach		4		6		3

		4		Marginal Cost Methodology		4		6		3

		5		Infrastructure Costs & Benefits		4		24		21

		6		Supplier Operating Cost		4		24		21

		7		Transport User Costs & Benefits		4		24		21

		8		Accident Costs		4		24		21

		9		Environmental Costs		4		26		23

		9.1		Determine Scope		4		4

		9.2		Approach for Accounts		5		6										Must include critical review (see note above);
does Accounts approach require MC methodology?

		9.3		Methodology for MC case studies		5		6										Must include critical review (see note above)

		9.4		Support Accounts Development		7		24

		9.5		Conduct MC Case Studies		7		24

		9.6		Development of Ideal Accounts Approach		24		26										This is the "ideal" approach - not to be applied in the general accounts;
Timing?

		10		Taxes, Charges & Subsidies		4		24		21

		11		Pilot Accounts		7		24		18

		12		Generalisation of Marginal Costs		7		28		22

		13		Policy Perspectives on the UNITE Research		29		31		3

		14		Project Management		1		33		33












