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Executive Summary

The SPECTRUM project aims “to develop a theoretically sound framework for defining combinations of economic instruments, regulatory and physical measures in reaching the broad aims set by transport and other relevant policies”. Within this main objective, the goal is to assess the extent to which it is possible to substitute economic transport instruments with physical and regulatory instruments and to investigate evidence of synergy and complementarity between the instruments of interurban transport. This deliverable analyses a series of interurban packages, including combinations of economic, regulatory and physical measures which establish what the consequences of moving towards greater use of economic instruments are and that may result in more or less efficiency and equity.

In order to include the link to real-life policy makers, “interesting questions” were defined, which are intended to reflect questions of their concern. Only few of these questions will be answered by the result of modelling exercises of different packages of measures because of the complexity involved in this exercise.

Two passenger transport models (Eurorail, Norwegian National Transport Model for Passengers) and two freight transport models (MOBILEC, Great Britain Freight Model) as well as the passenger and freight model SCENES have been used to examine the interfaces between modes of interurban transport systems. Due to the modelling approaches, the outputs of the case studies are consistent with cost-benefit analysis methodologies and the concept of welfare (i.e. as a sum of producer surplus, consumer surplus, government surplus and external benefits), which were developed in the assessment framework of Deliverable 5 (SPECTRUM 2003a).

In order to get a clearer understanding of the results and the numerous influences involved, a three-stage comparison has been applied. Firstly, the models are compared by their most characteristic specifications and parameters, since each model has been developed on certain a-priori constraints. Secondly, the models are placed in the overall framework for obtaining an idea about the “influence of the model environment”, i.e. with the input and output variables of the model, as well as the outcome and barriers. Thirdly, the results of the modelling exercise are compared and synthesised in a so-called “meta-analysis”.

The results of the passenger case study on the London-Brussels-Paris corridor, modelled by Eurorail, suggest that it is possible to construct scenarios that will lead to an increase in the value of the high level objective function compared to the reference scenario. The preferred package involves a combination of fair pricing for all modes combined with road infrastructure improvements. This package results in substantially larger values of the high level objective function compared to the other twelve scenarios.

The results also indicate the presence of synergies between several policy instruments. In particular, there may be synergies between fair pricing and road infrastructure improvements as well as between pricing for different modes (e.g. car and rail).

The available information suggests that the preferred package may not only be efficiency enhancing but could also result in positive implications on equity provided that low income households use a car rather than air for travel between the UK and Belgium/ France zones. This is based on price differences between air and car trips, where air appears more expensive than car-sea trips (not the case for car trips with le-shuttle though).

For the Norwegian passenger case study a reference scenario along with 10 alternative policy scenarios were designed for 2012. It was pointed out that the present transport policies regarding long distance travel in Norway is considered to be close to optimal. However this case study suggests that there are potential gains from an increase in the fuel tax in Norway. An increase in fuel taxes combined with a decrease in rail fare and an expansion of rail-based infrastructure (increasing the frequency of services) will potentially produce additional benefits. The study suggests that these instruments are potentially complementary. 

On the basis of an adapted version of MOBILEC-BENELUX, ten scenarios for freight transport were developed. An increase in fuel tax by 25% results in a negative effect on the growth of the regional product, employment and transport, because of the lower economic growth. The extension of road infrastructure capacity results, on the other hand, in the fact that travel time costs of the lorry does not rise any longer. This has a positive effect on the growth of the regional product, employment and transport by lorry. Thanks to the higher economic growth, the transport of goods by train and ship also profit. The positive effect of economic growth is higher than the negative effect of substitution (shift from rail or inland navigation to road; considered as negative).

The results of the combination of the above described scenarios show that the negative effects of the fuel taxes are compensated with the positive effects of the road extension.

The Great Britain Freight Model concludes that all modelled packages show a degree of complementarity between instruments. If no instruments are used, rail loses not only market share, but also decreases the number of rail tonnes lifted and tonne kilometres. 

Road pricing is the only instrument that decreases road tonne kilometres below current levels. Only the combination of financial incentives to rail operators, social regulation of working conditions and the extension of conventional rail-based infrastructure comes close to the effectiveness of road pricing alone. The combination of these three instruments leads to a doubling of rail’s market share, but a welfare impact slightly below that of road pricing.

The SCENES model which models passenger and freight transport is essentially a comprehensive framework for modelling at the European scale. The analysis suggests that additional policy initiatives exist that can generate positive welfare changes at an aggregated EU15 level compared to the reference situation. In particular, the results indicate that introduction of SMCP pricing (+10% compared to the TIPMAC SMCP charges) is the preferred option. The second-best option would involve a combination of SMCP pricing (based on the TIPMAC charges) and TEN infrastructure expansion. In contrast, TEN infrastructure expansion alone has only limited impact and the overall performance of this instrument on its own is negative. 

In order to show the common elements of the models and their predictions, a meta-analysis based on a regression analysis was conducted which should also provide an indication for the transferability between EU-countries. It must be stated here that the meta-analysis is at a fairly crude level due to the limited number of studies. The primary aim is to draw some broad brush themes from the overall analysis. The analysis showed that only ‘Internalisation of Externalities’ has a statistical significance. This would mean that end-users across the EU should seriously consider this instrument in their policy plans. 

1. Introduction

The SPECTRUM project aims “to develop a theoretically sound framework for defining combinations of economic instruments, regulatory and physical measures in reaching the broad aims set by transport and other relevant policies”. Within this main objective, the goal will be to assess the extent to which it is possible to substitute economic transport instruments with physical and regulatory instruments and to investigate evidence of synergy and complementarity between the instruments.

This Deliverable reports on the main findings of the work in Workpackage 7 “Packages of interurban measures”. It defines theoretically or empirically optimal packages of interurban measures and designs and carries out a series of case studies, which explore the potential for combining pricing, regulation and physical measures which establish what the consequences of moving towards greater use of economic instruments are and that may result in more efficiency and equity in the interurban context.

In passenger transport mainly rail and motorised transport are of importance for long-distance travel. They build a link between the rural areas or the peripheral areas and urban or central business district centres. As mentioned in many national and European Union policy guidelines, there should be a modal shift from road traffic to rail, and with such distances there seems to exist a possible potential for such a shift. In this respect, air passenger transport can be seen as a connection between urban areas.

Similarly in freight transport the national and European Union policy goals are set out to achieve a shift for medium-distance transport from road to rail as well as for long-distance transport from road to rail and sea. Although air freight transport is in comparison to the other modes marginal it has currently the highest increasing rates. Due to the nature of these goods a shift to the other modes is difficult to achieve and could be accomplished mainly with changes in the logistics. 

From a theoretical perspective combinations of instruments should always be seen in the context of the whole transport network, which consists of different sub-networks, like road networks and rail networks. 

The structure of the deliverable is as follows:

Following the introduction, Chapter 2 will deal with the selection of interurban instruments. It will focus on defining a series of policy packages, including combinations of economic, regulatory and physical measures, which may potentially improve the efficiency of interurban transport and equity issues. Packages that are analysed could be within as well as across modes, e.g. rail investment combined with marginal cost pricing for rail as well as rail investment combined with road traffic demand management. In addition, different scales of combinations are analysed, e.g. a local instruments with a national one, or a local with another local instrument.

Chapter 3 will examine four different case studies, two passenger and two freight cases. It will start with an overview and background information of the case studies and describe the modelling methodology, where for this deliverable an overall framework has been set out. For each case study a specific framework will describe the instruments, input, output and outcome. This modelling methodology will be consistent with the assessment methods used to establish the outcomes of packages of instruments. 

The case studies themselves will examine the interfaces between modes and between interurban transport systems and urban and rural systems. 

The first passenger case study, which will be described in Chapter 3.1, involves multi-modal analysis of passenger traffic on the London-Paris-Brussels corridor. This would involve analysis of rail, air and road/ferry service and would consider previous relevant research relating to rail services and the Channel Tunnel Rail Link. 

The case study in Chapter 3.2 uses the Norwegian National Transport Model for Passenger Travel, which is designed to produce medium and long-term passenger travel forecasts and to deal with different scenarios defined in terms of factors that influence demand for travel.

In the first freight case study, the focus is on the Antwerp-Ruhr corridor (Chapter 3.3) modelled with MOBILEC. Starting from the current inter-modal network, a number of realistic scenarios have been selected for elaboration.

The second freight case study (Chapter 3.4) used the Great Britain Freight Model, which is made up of a database of freight movements, associated simplified networks and cost parameters. It has two modules, international and domestic, each of which is given inputs that have the bulk and non-bulk traffic split as a given.

The aim of the passenger and freight case studies will be to assess packages of measures in a context where inter-modal and interconnection issues could be dealt with.

Chapter 4 examines the interface between passenger and freight transport. European level assessment is undertaken on the basis of the SCENES modelling package. 

In Chapter 5 a comparison of the case studies will be carried out, examining the instruments, the results, the intra-EU-transferability and interesting questions for further research. 

At last a conclusion will be drawn in Chapter 6 and recommendations given.

2. Selection of interurban instruments

2.1.  Introduction

This chapter will focus on defining a series of packages, including combinations of economic, regulatory and physical instruments, which establish what the consequences of moving towards greater use of economic instruments are, and that may result in more or less efficiency and equity. Packages that are analysed could be within as well as across modes, e.g. rail investment combined with marginal cost pricing for rail as well as rail investment combined with road traffic demand management. Different scales of combinations are analysed, e.g. a local instruments with a national instrument, or a local with another local instrument. For example, fuel taxes would be relevant for the country as a whole while a road pricing scheme on a specific corridor would have more localised impacts. 

The overall approach can be summarised in the following steps:

· Consultation of other SPECTRUM deliverables for issues of relevance to the combination of interurban instruments 

· Identification of a list of interurban instruments to be considered

· Specification of combinatorial analysis of these instruments

· Discussions between project partners and practitioners (including the SPECTRUM advisory group) about the definition of “interesting questions” concerning combinations of these instruments in participation at conferences, informal discussions and e-mail discussions.

2.2.  The context to previous project documents

The instruments for the interurban context were defined and described in Deliverable 5 “Outline Specification of a high level framework for transport instrument packages” (SPECTRUM 2003a) p. 188-191, Appendix 7 “Classification of instruments”; p.192-217, Appendix 8 “Glossary of instruments”). Here, the combinations of these instruments were assessed by a literature review and by case studies. For completeness of this document, the main criterion was in relation to the combinatorial effect of complementarity, additivity, synergy and substitution between the instruments, which were defined in Deliverable 4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM 2003a) Chapter 2.1.1, p.4. The concept of complementarity, additivity, synergy and substitution is defined in detail in Appendix A “The context of Deliverable 7 to previous project documents”.

The instruments are related to physical, regulatory and economic measures. For simplicity, most combinations have been reviewed only between two measures otherwise the number of possible combinations increases rapidly. With that it will be difficult to assess the effects of the combinations, and especially allocate certain benefits to the specific instruments. On the other hand, a combination of two instruments can also have effects in more than two measures, for example, that a combination of physical and regulatory instruments will certainly also have effects on economic measures. 

However, it may be appropriate to have more than two instruments in a package, e.g. if some physical or regulatory instruments are necessary to compensate the negative side effects of an economic measure. The case studies described in Chapter 3 “Case studies and modelling framework” will deal with two and more combined instruments.

Additional to the four main definitions of interaction, the criteria “incompatibility” was introduced. It refers to the case where a combination of instruments does not lead to any welfare benefits and is therefore unsuitable for a combinatorial application because of undesirable effects. This was necessary in order to take possible negative effects in consideration.


Welfare gain A ∩ Welfare gain B = 0

Practical conclusions regarding best-practice policy specification came from the review of applied studies investigating the effects of combinations of instruments in policy packages illustrated in Deliverable 4 (SPECTRUM 2003a). Briefly, these studies have demonstrated that:

· Efficiency gains are increased when the policy packages include: i) policies differentiated by the time of the day; ii) public transport fares and frequencies adjustments coupled with increases in the cost of car travel; iii) low cost capacity improvements; iv) road pricing.

· Environmental and safety benefits are increased when packages include: i) fuel tax; ii) introduction of cleaner technologies; iii) road pricing; iv) road pricing and/or increased parking charges, whereas in the interurban context parking charges would be less relevant.

Deliverable 3 “Review of specific interurban transport measures in managing capacity” (SPECTRUM 2004) is the synthesis of Workpackage 6. The specific tasks of this workpackage deal with capacity management in the air (Task 6.1), rail (Task 6.2), sea (Task 6.3) and road (Task 6.4) sector and are generally divided into a literature review and case study. The results of this deliverable are used for the literature review of combinations of instruments to form the theoretical background for the case studies.

As the analysis of combinations of instruments in this chapter is of qualitative character and therefore it is unascertainable at this stage what is the level of interaction, the combinations were not divided into complementarity, additivity and synergy, but summed up as “positive interactions”. It is the challenge of the interurban case studies to quantify the combinations and decide about their level of interaction.

2.3. The combinatorial analysis

2.3.1. The methodology of the combinatorial analysis

Firstly, a matrix containing all interurban instruments as they were defined and explained in Deliverable 5 “Outline specification of a high level framework for transport instrument packages” (SPECTRUM 2003a) was established. The matrix was classified in respect to the four modes of transport, i.e. road, rail, air and sea. Since a combination of all instruments would have lead to an enormous number of combinations and since there is little evidence of true synergy in any of the studies (May, Kelly et al. 2003), a selection has been made of the combinations of instruments, which can be modelled in the interurban case studies. 

The combinations between economic and physical and economic and regulatory measures were viewed and described in detail regarding simple “positive interactions”. There were also some relevant combinations of the same type of instruments, like economic with economic instruments, viewed as well as combinations of regulatory with physical instruments. While most of these combinations are pairs, sometimes three or more instruments were taken together. This results from the literature that was found regarding different interactions. 

Generally, the results agreed with the descriptions of instruments in Deliverable 3 “Review of specific interurban transport measures in managing capacity” (SPECTRUM 2004) and their assumed interactions with other instruments. 

Secondly, the economic instruments were combined with regulatory and/ or physical instruments between the given modes (road, rail, air, sea), so inter-modal combinations could be analysed, including also evidence of the literature.

2.3.2. Results of the combinatorial analysis

A detailed description of the combinations of instruments can be found in Appendix B “Creation of interurban packages – The combinatorial analysis”. 

In the road sector there are seven economic measures that can be modelled in the interurban case studies and which were combined with regulatory and physical measures. 

The main economic instruments are:

· Fuel taxes in combination with harmonisation of tax systems, infrastructure development plans, speed reduction and maintenance of transport infrastructure.

· Road pricing combined with harmonisation of tax systems, infrastructure development plans, speed limits, zones with restricted access, infrastructure maintenance and ITS technologies.

· Variable vehicle related fees in combination with the maintenance and building of transport infrastructure.

· Public Private Partnership implemented with legislation on PPP and infrastructure development plans.

In the rail sector seven relevant economic instruments could be found, the most important combinations, which potentially have a positive effect according to the literature found, are listed below:

· Public Private Partnership (PPP) introduced together with legislation on PPP and infrastructure access rights allocation (path allocation).

· Incentives to new rail lines in combination with infrastructure development plans and standards for interoperable systems.

· Financial incentives to rail operators combined with infrastructure access rights allocation (slot allocation) and quality regulations.

· Infrastructure access rights allocation (auctioning) in combination with quality regulation, safety regulations, standards for interoperable systems, harmonisation of rail regulation, competition policy and expansion of conventional rail-based transport infrastructure. 

In the air sector seven economic instruments were viewed in detail, some of them are of special importance in terms of their potential effect in combinations with other instruments:

· Public Private Partnership (PPP) is complementary with legislation on PPP and competition policy.

· Slot pricing mechanisms linked with slot allocation, quality regulations and new infrastructure.

· Differentiated landing charges in combination with infrastructure development plans, pollutant and noise emission standards, infrastructure access rights allocation (slot allocation), harmonisation of tax systems and infrastructure maintenance.

· Noise and emission charging as well as emission trading introduced with infrastructure development plans, pollutant and noise emission standards and infrastructure access rights allocation (slot allocation).

· Fuel taxes combined with harmonisation of tax systems and pollutant and noise emission standards.  

In the sea sector eight economic measures can be modelled, combinations that have some positive effects according to the literature, are listed below:

· Fuel taxes in combination with the harmonisation of tax systems, pollutant and noise emission standards and infrastructure maintenance.

· Public Private Partnership (PPP) is complementary with legislation on PPP.

The following analysis describes different combinations of instruments that effect inter-modal demand. Inter-modal demand assumes that advancement in one mode goes at the expense of other modes and creates modal shifts. The combinations should in most cases show which possibilities there are to shift e.g. road transport to sea transport or road transport to the rail sector. 

There are also some inter-modal combinations that are of relevance. 

Between the road and rail sector road pricing and fuel taxes can be combined with rail infrastructure maintenance and the expansion of rail infrastructure. Initiatives regarding fuel taxation would ideally require a harmonisation of tax systems, because especially in the environmental and transport sector, this will make it easier to change the complete system in a positive way. 

The combination of the road with the sea sector concerns mostly freight traffic. Fuel taxes can be combined with pollutant and noise emission standards and revenues from road pricing can be used for the maintenance and building of sea infrastructure. 

The rail and air sector can also be combined regarding high-speed rail networks and infrastructure extensions at airports. High-speed rail networks have also positive effects if introduced together with slot pricing, differentiated landing charges, noise and emission charges resp. standards and fuel taxes in the air sector. 

2.4.  Definition of “interesting questions”

In the following chapter “interesting questions” are defined concerning interurban transport policy instruments and their combination, which will be addressed in the case studies. They were determined through discussion with partners and the SPECTRUM advisory group, which is a group of decision makers in EU member countries. These questions are intended to reflect questions that are currently being asked by real-life policy makers. Further questions came up in the discussions with the Commission officers during the work process, which should provide merely some incentive and guidance for further research. On a practical level, this should also show the high complexity of the task involved. 

Combined instruments that generate beneficial interaction, are those, which reinforce the benefits of one to another, overcome financial and political barriers and/or compensate users. Efficiency gains – please note that this is mainly relating to road transport, although in this deliverable multi-modal studies are important – increase when policy packages include (SPECTRUM 2003):

· Policies differentiated by time and day

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

· Low cost road capacity improvements

· Road pricing including parking pricing

The formation of these specific packages of economic and other instruments in the various case studies may answer to a common set of “high level” questions as follows:

1. What level of the economic instrument is needed to replicate or improve the benefits of current measures (where current measures may be economic or other types)?

· Is the economic instrument feasible in terms of political acceptability?

· Does it have negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework?

· Is the instrument practical (in terms of actual implementation)?

· Does the instrument have particular impacts in terms of equity?

· Is the instrument too complicated to be introduced in practice?

2. If the economic instrument is not introduced alone, but in conjunction with one or more other instruments, what levels of benefits could be achieved by the package?

· Is the combination of economic and other instruments feasible in terms of political acceptability?

· Does it have negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework?

· Is the combination practical (in terms of actual implementation)?

· Does the combination have particular impacts in terms of equity?

· Is the combination too complicated to be introduced in practice?

2.4.1. Interesting questions discussed in the case studies

Questions concerning freight transport 

What level of fuel taxes are needed to replicate or generate overall benefits compared with the current system, considering the freight sector alone? (MOBILEC Chapter 3.3; SCENES Chapter 4)

· What are the effects of an increase in fuel tax by 25% (as well for freight transport as passenger transport) from the reference year of 2004 to the year 2012? 
· How high must fuel taxes be to generate specific benefits on particular indicators (e.g. to reduce freight travel on roads by 5%, 10% and 15%)?

If increased fuel taxes were introduced alongside improvements to infrastructure for either road, sea or rail transport of freight, what would the overall levels of benefit be? (MOBILEC Chapter 3.3 and SCENES Chapter 4)

· Would there be an improvement in benefits compared to the introduction of fuel taxes alone?

· What are the effects of an extension of the road infrastructure in such a way that the travel time of the road traffic does not rise in spite of the increasing traffic?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch)?

What level of road pricing is needed to replicate or generate overall benefits compared with the current system, considering the freight sector alone? (MOBILEC Chapter 3.3; SCENES Chapter 4)

· What levels of road pricing are needed to generate specific benefits on particular indicators (e.g. to reduce freight travel on roads by 5%, 10% and 15%)?

If road pricing is introduced alongside improvements to infrastructure for either sea or rail transport of freight, what would the overall levels of benefit be? (MOBILEC Chapter 3.3; SCENES Chapter 4)

· Would there be an improvement in benefits compared against the introduction of road pricing alone?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch)?

What level of market based rail access charge would be needed to replicate or generate overall benefits compared with the current system, considering the freight sector alone? (GBFM Chapter 3.4)

· What levels of access charge are needed to generate specific benefits on particular indicators (e.g. to reduce freight travel on roads by 5%, 10% and 15%)?

How does marginal cost road user charging compare to the effectiveness of combinations of other economic, physical and regulatory measures? (MOBILEC Chapter 3.3; GBFM Chapter 3.4)

· How do these policies affect the modal share of tonnes lifted and tonne kilometres between road and rail?

· Can any of these policies more than offset the projected growth in road freight traffic?

· What are the welfare implications of these policies compared to marginal cost road pricing?

What are the effects of the combination of the following measures? (MOBILEC Chapter 3.3)

· What are the effects of an infrastructural change on a specific relation of a decrease of the distance and the travel time by 10% with respect to rail freight transport?

· What are the effects of an infrastructural change on a specific relation of a decrease of the travel time with 10% with respect to inland navigation?

Questions concerning passenger transport

For road transport, what level of pricing (such as road pricing, fuel taxes, vehicle related fees, vehicle ownership taxes) is needed to replicate or generate overall benefits compared with the current system? (EURORAIL Chapter 3.1)

· What levels of pricing are needed to generate specific benefits on particular indicators (e.g. to reduce air traffic by 5%, 10% and 15%)?

If an economic measure such as fuel taxes were introduced alongside speed limits, what would the overall levels of benefit be? (NTM Chapter 3.2)

· What are the social welfare impacts defined in terms of consumer surplus, producer surplus, government surplus and environmental externalities?

· What are the interactions between the instruments (synergy, additivity, complementarity, etc)? 

If economic measures such as fuel taxes and increasing/decreasing rail fares were introduced alongside the physical instrument expansion of conventional rail-based infrastructure (in terms of frequency), what would the overall level of benefit be? (NTM Chapter 3.2)

· What are the social welfare impacts defined in terms of consumer surplus, producer surplus, government surplus and environmental externalities?

· What are the interactions between the instruments (synergy, additivity, complementarity, etc)? 

· What are the equity impacts in terms of monetary gains in different regions in Norway?

If an economic measure such as price regulation for service provision (rail fare) were introduced alongside speed limits and the expansion of conventional rail-based infrastructure (in terms of frequency), what would the overall levels of benefit be? (NTM Chapter 3.2)

· What are the social welfare impacts defined in terms of consumer surplus, producer surplus, government surplus and environmental externalities?

· What are the interactions between the instruments (synergy, additivity, complementarity, etc)? 

If an economic instrument such as road pricing or fuel taxes were introduced alongside improvements to rail infrastructure, what would the overall levels of benefit be? (EURORAIL Chapter 3.1 and SCENES Chapter 4)

· Would there be an improvement in benefits compared against the introduction of road pricing alone?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch)?

If an economic instrument such as road pricing or fuel taxes were introduced alongside improvements to road infrastructure what would the overall levels of benefit be? (EURORAIL Chapter 3.1 and SCENES Chapter 4)

· Would there be an improvement in benefits compared against the introduction of fuel taxes alone?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch, congestion relief)?

2.4.2. Relevant questions for further research

Questions concerning freight transport 

If an economic measure such as road pricing/ fuel taxes/ vehicle-related fees/ vehicle ownership taxes were introduced alongside speed limits, what would the overall levels of benefit be? 

· Would there be an improvement in benefits compared to the introduction of the specific economic measure alone?

· What levels would be needed for road pricing/ fuel taxes/ vehicle-related fees /vehicle ownership taxes to generate positive benefits on indicators such as mode split change, environmental improvements?

· Would there be practical or political problems in introducing a package comprising a specific economic measure with speed limits?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch)?

If an economic measure such as road pricing/ fuel taxes/ vehicle-related fees/ vehicle ownership taxes were introduced alongside pollutant and noise emission standards, what would the overall levels of benefit be? 

· Would there be an improvement in benefits compared to the introduction of the specific economic measure alone?

· What levels would be needed for road pricing/ fuel taxes/ vehicle-related fees/ vehicle ownership taxes to generate positive benefits on indicators such as mode split change, environmental improvements?

· Would there be practical or political problems in introducing a package comprising a specific economic measure with pollutant and noise standards?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch to sea)?

If rail access charging were introduced alongside improvements to infrastructure for rail transport of freight, what would the overall levels of benefit be? 

· Would there be an improvement in benefits compared against the introduction of access charging alone?

· Would there be practical or political problems in introducing a package of access charging with infrastructure improvements?

· Would there be particular positive or negative benefits according to the SPECTRUM indicators (for example arising from mode switch)?

What levels of air slot pricing would be needed to replicate or generate overall benefits compared with the current system, considering the freight sector alone?

If air slot pricing is not introduced alone, but alongside other measures such as slot allocation or regulations on pricing, what levels of benefit could be achieved by the package?

· Is the combination of slot pricing and other instruments feasible in terms of political acceptability?

· Does it have negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework?

· Is the combination practical (in terms of actual implementation)?

· Does the combination have particular impacts in terms of equity?

· Is the combination too complicated to be introduced in practice?

Questions concerning passenger transport 

If an economic measure such as road pricing/ fuel taxes/ vehicle-related fees/ vehicle ownership taxes were introduced alongside HOV lanes, what would the overall levels of benefit be? 

· Would there be an improvement in benefits compared to the introduction of the specific economic measure alone?

· What levels would be needed for road pricing/ fuel taxes/ vehicle-related fees/ vehicle ownership taxes to generate positive benefits on indicators such as mode split change, environmental improvements, congestion?

· Would there be practical or political problems in introducing a package comprising a specific economic measure with HOV lanes?

If a financial incentives such as to rail operators or in order to open rail lines were introduced alongside the expansion of conventional rail-based transport infrastructure, what would the overall levels of benefit be? 

· Would there be an improvement in benefits compared against the introduction of the specific financial incentives alone?

· What levels would be needed for the incentives to generate positive benefits (such as mode split change, environmental improvements, congestion)?

· Would there be practical or political problems in introducing a package comprising a specific economic measure with the extension of rail infrastructure?

For air transport, what level of pricing (such as differentiated landing charges, emission trading, kerosene taxes or slot pricing) is needed to replicate or generate overall benefits compared with the current system?

· What levels of pricing are needed to generate specific benefits on particular indicators (e.g. to reduce air traffic by 5%, 10% and 15%)?

If air slot pricing is not introduced alone, but alongside other measures such as slot allocation, regulations on pricing or competition policy, what levels of benefit could be achieved by the package?

· Is the combination of slot pricing and other instruments feasible in terms of political acceptability?

· Does it have particular positive or negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework (e.g. congestion, environmental benefits)?

· Is the combination practical (in terms of actual implementation)?

· Does the combination have particular impacts in terms of equity?

· Is the combination too complicated to be introduced in practice?

Questions concerning freight and passenger transport 

For air transport, what level of emission charging is needed to replicate or generate overall benefits compared with the current system?

· What levels of charging are needed to generate specific benefits on particular indicators (e.g. to reduce noise and emission levels by 5%, 10% and 15%)?

If air emission charging is not introduced alone, but alongside other measures such as slot allocation or regulations on pollutants, what levels of benefit could be achieved by the package?

· Is the combination of emission charging and other instruments feasible in terms of political acceptability?

· Does it have particular positive or negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework (e.g. congestion, environmental benefits)?

· Is the combination practical (in terms of actual implementation)?

· Is the combination too complicated to be introduced in practice?

For air transport, what levels of differentiated landing charges are needed to replicate or generate overall benefits compared with the current system?

· What levels of differentiated landing charges are needed to generate specific benefits on particular indicators (e.g. to reduce noise and emission levels by 5%, 10% and 15%)?

If differentiated landing charges are not introduced alone, but alongside other measures such as regulations on pollutants, what levels of benefit could be achieved by the package?

· Is the combination of landing charges and other instruments feasible in terms of political acceptability?

· Does it have particular positive or negative side effects in terms of any of the impact indicators in the SPECTRUM assessment framework (e.g. congestion, environmental benefits)?

· Is the combination practical (in terms of actual implementation)?

· Is the combination too complicated to be introduced in practice?

3. Case studies and modelling framework

The following sections will examine the interfaces between modes and between interurban transport systems and urban and rural systems based on the packages of instruments and modelling methodology. This would involve also the modelling of case studies for both passengers and freight. The aim of the passenger and freight case studies will be to assess packages of measures in combination, which should provide an answer whether inter-modal and interconnection issues could be dealt with. This can be reached by studying a number of modes and examining connections between interurban transport systems and urban and rural transport systems. 

The case studies will be based on a modelling approach that will require outputs that would be consistent with cost-benefit analysis methodologies and would be based on the concept of welfare (i.e. as a sum of producer surplus, consumer surplus, government surplus and external benefits), which were developed in the assessment framework of Deliverable 5 (SPECTRUM 2003a). 

The following passenger and freight transport models have been used for this study: Eurorail model, Norwegian National Transport Model for Passengers, MOBILEC, Great Britain Freight Model and SCENES (see Table 1).

In order to get a clearer understanding of the results and the complexity involved, a three stage comparison of the models used in the case studies has been undertaken. Firstly, the models are compared by the most characteristic specifications and parameters, since each model has been developed on certain a-priori constraints. For example, Table 1 shows the application of the models in regard to type of transport. The SCENES model will be used for showing the integration of the different transport types. Secondly, the models are placed in the overall framework for obtaining an idea about the “influence of the model environment”, i.e. with the input and output variables of the model, as well as the outcome and barriers. Thirdly, the results of the modelling exercise are compared.

Table 1: Overview of the models

	Transport
	Models used

	Passenger
	EURORAIL

NTM Norway
	SCENES

	Freight
	MOBILEC

GBFM
	


For the first comparison stage, the following specifications and parameters were selected:

· Zones or regions 

· Travel-distance costs and travel-time costs and 

· Elasticities.

Parameters in the models

► Zones or regions of the model

In the EURORAIL model the network model is based on six regions: In the UK there are three regions, i.e. Greater London, South East & East Anglia and rest of UK; in France: Paris Region and Northern part of Paris Basin, while Belgium and Luxemburg are united as the sixth region. 

In the Norwegian National Transport Model for Passengers, the network model is based on 1428 zones. In Norway there are 435 communes and the smallest statistical units has 13420 inhabitants. The 1428 zones are an aggregate of the 13420 zones. The aggregation has been such that a zone would not cover 2 adjacent communes.

In the model MOBILEC-BENELUX five countries are taken into account. These are distinguished into the following regions or zones:

· Belgium on the level of 43 sub-regions (“arrondissementen”, NUTS 3);

· Netherlands on the level of 40 sub-regions (“coropgebieden”, NUTS 3);

· Luxemburg on the level of 1 region (“country”);

· France on the level of 1 region (“country”);

· Germany on the level of 1 region (“country”).

The ODIT survey of the Great Britain Freight Model (GBFM) is used simply to generate patterns of distribution by GB zones. External flows of EU origin/destination are not subdivided, as it is normally sufficient to know the country of origin.

For Internal-EU flows, regions of origin and destination on both sides of the Channel are generated, using NUTS 3 definitions (counties) for GB, and NUTS 2 (e.g. French Regions, German Länder) on the Continent. 

The SCENES model is based on a zonal structure encompassing 244 internal and 21 external zones at a NUTS 2 level (further details of the specific zonal level by country is included in Annex G1.4)

► Travel-distance-costs and travel-time-costs

EURORAIL uses the following generalised cost parameters to calibrate the mode choice functions:

· Value of time (EUR/hr)

· In-vehicle time (as proportion of physical time)

· Headway effect (equivalent penalty in in-vehicle minutes to reflect effect of service frequency)

· Access time (as proportion of physical time)

· Interchange (mins) (Equivalent penalty in in-vehicle minutes to reflect the physical inconvenience of interchange). 

· Board (mins) (Penalty for waiting to board. Calculated as twice the average wait time in terminal)

Values of time for business and leisure passengers have been determined through survey information about income levels for international passengers (distinguishing between business and leisure). These values are calculated with reference to 1995 income levels.

Table 2: Values of time (€/hr) in the Eurorail model

	
	Business
	Leisure

	
	Air
	Eurostar
	Air
	Sea car
	Car Le Shuttle
	Eurosstar

	Value of time (€/hr)
	37.50
	37.50
	10.50
	9.00
	9.00
	7.50


In the Norwegian NTM, the value of travel time (in Euro/hour) is specified as follows: 

Table 3: Value of travel time (in €/hour) in the NTM

	Mode of travel 
	Car
	Air
	Bus
	Train
	Boat

	In vehicle and auxiliary time
	15.7
	30.1
	7.1
	9.5
	7.1

	Waiting and transfer time
	
	12.0
	1.4
	1.9
	1.4


The official Norwegian values of time (Minken, Eriksen et al. 2001) are used in the calculation of the generalised cost of travel. 

The running cost for car in the base year is about 0.19 €/km.

In MOBILEC travel-time costs are calculated quite simply to the passing of time and travel-distance costs which arise only when vehicles are actually moving ((Blauwens, De Baere et al.2002) include an extensive explanation). For travel-time costs and travel-distance costs, the following sources are used:

· Dutch Ministry of Transport, Public Works and Water Management;

· FUCAM (University of MONS);

· University of Antwerp;

· IWT (Belgian Institute of Road Transport);

· NIS (Belgian National Institute of Statistics);

· NMBS (Belgian National Railways Company).

The absolute values of the travel-time costs and travel-distance costs used are not reported, due to confidentiality reasons between the partners of MOBILEC-BENELUX.

In GBFM the emphasis is based on detailed cost models, i.e. to predict the out-of-pocket costs for given network paths. Generalised cost values are constructed as a function of out-of-pocket costs, door-to-door travel time and the variability of travel time (otherwise referred to as reliability). The function parameters, such as value of time and value of reliability, have not been estimated within GBFM, but have been drawn from the results of Stated Preference interviews carried out by Leeds University (Fowkes and Tweddle 1997).

GBFM uses a single value of time, which is set at 1.04% of the hourly freight rate.
The cost of road haulage has been based upon a series of studies carried out by MDS Transmodal since the 1980s (MDS Transmodal 1999). The key numbers are the rates for distance related costs (31.74 pence per kilometre) and fixed costs (28 pence per minute for the vehicle and the driver).

In the SCENES model transport supply is reflected within detailed European networks for highways, rail, inland waterways, ferries and coastal shipping, together with a set of analytic functions to determine the costs and times of travel. These costs and times are the output from the transport model and feed into the demand model in the form of disutiliites. 

► Elasticities

In EURORAIL, the following price elasticities are used:
Table 4: Price elasticities in the Eurorail model

	
	Total

	Rail
	-0.59

	Air
	-0.57

	Car
	-0.12


In the Norwegian NTM the following elasticities are applied:

Table 5: Income elasticity in the NTM
	 
	Business
	Visit
	Other private purposes
	Total

	Car
	0.51
	0.38
	0.37
	0.44

	Bus
	0.04
	0.12
	0.15
	0.16

	Boat
	-0.29
	0.09
	0.17
	0.11

	Rail
	0.24
	0.12
	0.14
	0.16

	Air
	0.75
	0.45
	0.47
	0.59

	Total
	0.59
	0.35
	0.34
	0.42


Table 6: Price elasticity values in the NTM

	 
	Total NTM5

	Car
	-0.11

	Bus
	-0.37

	Boat
	-0.37

	Rail
	-0.30

	Air
	-0.35


MOBILEC draws on the externally determined elasticities, with respect to passenger transport (consumptive mobility and commuter traffic):

Table 7: Income elasticities in MOBILEC

	
	Income

	Consumptive mobility

· by car

· by train

· by bus
	0.5

0

0

	Commuter traffic

· by car

· by train

· by bus
	0.5

0

0


Table 8: Travel-time elasticities in MOBILEC

	
	Travel-time car
	Travel-time train
	Travel-time bus

	Consumptive mobility

· by car

· by train

· by bus
	-1.00

0.13

0.17
	0.02

-1.49

-0.08
	0.04

-0.30

-1.28

	Commuter traffic

· by car

· by train

· by bus
	-1.40

0.80

0.89
	0.02

-1.68

-0.07
	0.04

-0.19

-2.02


Table 9: Travel-distance costs elasticities in MOBILEC

	
	Travel-distance cost car
	Travel-distance cost train
	Travel-distance cost bus

	Consumptive mobility

· by car

· by train

· by bus
	-0.61

0.09

0.12
	0.01

-0.99

-0.05
	0.02

-0.04

-0.82

	Commuter traffic

· by car

· by train

· by bus
	-0.20

0.15

0.17
	0.01

-0.50

-0.01
	0.02

0.00

-0.37


All other elasticities in MOBILEC are endogenous in the model. It is not possible to calculate one general elasticity for the model as such, since the elasticities are region specific, and therefore origin-destination specific. It should be noted that more than 7,000 relations are included in the model.

GBFM does not have an overall generalised cost or price elasticity relating changes in prices of goods or the overall cost of transport to the level of freight activity.

In SCENES elasticities are not set exogenously and would be origin-destination specific.

Framework for modelling

A modelling methodology has been established in order to predict the impacts of individual transport instruments and combinations of instruments quantitatively (see Figure 1). This methodology is consistent with the assessment methods used to establish the outcomes of packages of instruments. 

Figure 1: Overall framework
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The overall framework describes the connection between the instruments and the models with their input and output. The outcome, which in turn can be compared again with the initial instruments, is then dependent on the barriers such as political acceptability or administrative issues. This is mentioned to show the difference between “theoretical and practical outcomes”. 

Based on this overall framework, specific frameworks were developed for each modelling case study to see where there are differences between the models and if the results will be comparable (see Figure 2-5). This constitutes the second level of comparison, i.e. the model integration level whereas the first level of comparison was the model specific level.

Similar instruments have been modelled in the passenger case studies, such as rail fares (Eurorail) and price regulations (NTM), rail infrastructure improvement and increase in rail frequency. All models have simulated fuel taxes. Eurorail models additionally SMC pricing and road infrastructure improvements, while NTM added speed limits on roads. 

The comparison of the specific frameworks of the freight case studies shows that the main difference between the models is that MOBILEC is also able to model inland navigations in comparison to GBFM, which only modelled road and rail options. Both models have the input variables travel distances, travel times, travel-time costs and travel-distance costs, while MOBILEC includes additionally real wages, infrastructure and load factors/ occupancy rates. So it is not only possible to have the output tonnes lifted and tonne kilometres by mode but also data about the economy like regional product, employment and investments. In the MOBILEC case study, the outcome is dependent on issues regarding administration and political acceptability, e.g. national (Belgian) and regional decision powers with respect to fuel taxes and infrastructure measures. It can be shown that some negative effects can be changed into positive ones if packages of instruments are combined.
The effects of combined measures in the GBFM show how they do compare with MSC based road pricing measures.

An overview of the combinations of instruments in each model is given in Table 10 with page links to the synthesis. Table 11 gives an overview of the single-modelled instruments for the different models with page links to the synthesis. 





Table 10: Overview of the combinations of instruments for the different models (with page links to the synthesis)

	Model
	Economic instruments
	In combination with …
	Page

	EURORAIL
	Social marginal cost pricing
	· Phy: Expansion of conventional rail-based transport infrastructure

· Phy: Expansion of existing road networks
	105
105

	
	Out-of-pocket costs (car)
	· Eco: Out-of-pocket costs (rail)
	107

	NTM Norway
	Fuel taxes
	· Reg: Speed limits
	101

	
	Price regulation for service provision (rail fares)
	· Phy: Expansion of conventional rail-based transport infrastructure – public transport frequency + 
Reg: Speed limits
	102

	
	Fuel taxes + Price regulation for service provision (rail fares)
	· Phy: Expansion of conventional rail-based transport infrastructure – public transport frequency
	100

	MOBILEC
	Fuel taxes
	· Phy: Expansion of conventional rail-based transport infrastructure

· Phy: New and/or improved infrastructure on seaports 

· Phy: Expansion of existing road network

· Phy: Expansion of conventional rail-based transport infrastructure + 
Phy: New and/or improved infrastructure on seaports
	100
101
101
101

	GBFM
	Financial incentives to rail operators
	· Phy: Expansion of conventional rail-based transport infrastructure
	106

	
	Financial incentives to rail operators
	· Phy: Expansion of conventional rail-based transport infrastructure + 
Reg: Social regulations of working conditions
	106

	SCENES
	Fuel taxes


	· Eco: Social marginal cost pricing

· Phy: TEN infrastructure expansion (all modes)
	99
99

	
	Social marginal cost pricing
	· Phy: TEN infrastructure expansion (all modes)
	105

	
	Fuel tax + Social marginal cost pricing
	· Phy: TEN infrastructure expansion (all modes)
	100


Table 11: Overview of the single-modelled instruments for the different models (with page links to the synthesis)

	Model
	Economic instruments
	Regulatory instruments
	Physical instruments

	EURORAIL
	· Fuel taxes (p97)

· Price regulation for service provision-Rail fares (p102)

· Out-of-pocket costs–car (p107)
	
	· Expansion of conventional rail-based transport infrastructure (p108)

· Expansion of existing road networks (p110)

	NTM Norway
	· Fuel taxes (p97)

· Price regulation for service provision-Rail fares (p102)
	· Speed limits (p111)
	· Expansion of conventional rail-based transport infrastructure– public transport frequency (p108)

	MOBILEC
	· Fuel taxes (p97)
	
	· Expansion of conventional rail-based transport infrastructure (p108)

· Expansion of existing road networks (p110)

· New and/or improved infrastructure on seaports (p110)

	GBFM
	· Fuel taxes (p97)

· Road pricing at marginal social cost (p103)

· Financial incentives to rail operators (p105)

· Infrastructure access rights allocation in the rail sector-tunnel access (p105)
	· Social regulations of working conditions (p111)
	· Expansion of conventional rail-based transport infrastructure (p108)

	SCENES
	· Fuel taxes (p97)

· Social marginal cost pricing (p104)
	
	· TEN infrastructure expansion-all modes (p111)


3.1. Passenger case study 1: London-Brussels-Paris

3.1.1. Introduction to the case study 

This passenger Case Study involves a multi-modal analysis of passenger traffic on the London-Paris-Brussels corridor. It concerns analysis of rail, air and road travel. For road traffic, two options for crossing the Channel are examined: ferry services and Le Shuttle.

The case study examines individual instruments as well as combinations of economic, regulatory and physical measures. This will allow for assessment of existence of synergies between instruments.

The following modes have been examined in the London-Brussels-Paris Case Study:
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For London to Paris and London to Brussels corridors the current situation is characterised by limited periods with capacity constraints (mainly as a result of the opening of the Channel Tunnel in 1994). Periods of capacity constraints concern weekday commuting in the areas around the capital cities and leisure travel periods.

The characteristics of the corridors (international long distance) imply that the main travel purposes are independent and inclusive holidays along with a significant number of business travel (DETR by Arthur D. 2000). In 1998, there were 81.2 million Cross-Channel trips of which some 46 million were independent or inclusive holidays, while business trips amounted to around 17 million. The majority of these trips were made by air (51%), car had a modal share of 26%, coach 11% and rail 8% (1998 figures).

The only main infrastructure expansion with respect to these corridors between now and 2010 is the Channel Tunnel Rail Link (CTRL) in the United Kingdom. CTRL is envisaged to open in full by 2007.

A number of studies have been undertaken in relation to the Channel Crossing traffic including, e.g. (Heddbaut 1996), (PETS 2000) and (EUROSIL 1997). The present study will build on these studies and others to examine the impact of a battery of transport policy instruments.

3.1.2. Data description

The model used is an adapted version of the so-called EURORAIL model, which was used in 1998 to forecast market segments for international traffic using the Channel Tunnel. The basic structure is a series of mode choice models for the modes: rail, air, and road (ferry or Le Shuttle). This is based on a binomial logit model framework, where two modes are considered at any one time. 

This model requires three main groups of inputs:

· Demand matrices between each pair of zones by each of the current cross-Channel modes

· Network variables for each pair of zones

· Logit model parameters regarding the importance of the various network variables and passengers’ sensitivity to the variables

Demand matrices

The demand matrices for the base year (1996) in the model runs is based on OD information included in the Department for Transport's publication "Cross-Channel Passenger Traffic" (Department for Transport 2003). These data are derived from various passenger surveys, including the International Passenger Survey (IPS), Sea Passengers returns, Accompanied Passengers Vehicles return, Air Passengers returns and Travel Trends supplement survey (Department for Transport 2003). The OD information is available for 1991 and 1996 thereby allowing examination of the influence of the Channel Tunnel on travel patterns.

Demand matrices for future years are estimated using simple growth rates to each modal matrix. These growth rates are derived from analysis of historic trends and consideration to possible differential growth rates for different zones.

In Table 12 examples of recent forecasts for the Channel Tunnel crossing traffic are shown, although other forecasts are available (DETR by Arthur D. 2000).

Table 12: Cross-Channel Traffic Growth Forecasts

	
	1998-2000 

(% p.a.)
	2001-2005

(% p.a.)
	2006-2010

(% p.a.)
	2011-2025

(% p.a.)

	Business inbound
	1.0
	3.0
	3.0
	2.0 for 2011-2015, 

declining 0.5% every five year interval

	Business outbound
	1.0
	3.0
	3.0
	2.0 for 2011-2015, 

declining 0.5% every five year interval

	Leisure inbound
	6.0
	4.0
	4.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval

	Leisure outbound
	5.0
	5.0
	3.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval

	Total
	5.0
	4.0
	4.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval


Source: (DETR by Arthur D. 2000)
Network variables

This includes information about fare, travel time, access and egress and service frequency for each pair of zones. Two main components of data are required for each mode:

· A representation of the physical network including details regarding distance

· Details concerning services offered by the operators (fares, average link speeds) for rail, car and air.

As part of the previous application of the Eurorail model these data are available for the relevant network variables. In addition, information about vehicle operating cost parameters for car journeys has been based on (Affuso, Masson et al. 2003). 

3.1.3. Instruments and scenarios

Total passenger demand by market segment and for each zonal pair is based on:

· Base year (1996) demand data by market segment (business and leisure) and zonal pair

· Annualised growth rates for the period 1997 - 2012. The growth rates are based on assumptions regarding future economic growth, population and competitive scenarios for transport modes (notably between air and rail).

Modal specific demand forecasts are produced for 2012 on the basis of data regarding:

· Eurostar services (transit times, frequencies)

· Eurostar fare structure

· Service levels on the competing modes (air, ferry and Le Shuttle)

· Fares on the competing modes (air, ferry and Le Shuttle)

· Vehicle operating costs for car

General scenario characteristics

All (reference and policy) scenarios concern passenger demand forecasts for 2012. The reference scenario for 2012 represents a Do-Nothing, while the policy scenarios examines various Do-Something options.

In general the model can examine the following broad changes:

· Network changes (all modes)

· Service changes (all modes)

· Tariff changes (all modes)

· Population and income changes

The following modes are covered: rail, air and car (ferry and Le Shuttle)

Policy scenarios

A total of 13 alternative scenarios have been considered. Instruments considered included fuel taxation, SMCP pricing, rail fares, rail infrastructure expansion and road infrastructure expansion.

A.
Fuel taxation

In Scenarios 1 and 2 the effects of changes in the fuel tax level is modelled. Scenario 1 assesses the impacts of a 25% fuel tax increase, while Scenario 2 involves a 25% reduction of fuel tax. The two scenarios are included in the London-Brussels-Paris case study to facilitate comparisons with the other case studies, where similar scenarios are considered.

B.
Speed for rail travel

Scenario 3 examines the impact of changes in speed for rail. A 10% increase in rail travel speed is modelled. The increased rail speed is assumed to be the result of infrastructure expansion for rail, although the schemes are not specified as part of the modelling. Infrastructure costs generated for this improvement are estimated on the basis of information concerning construction cost per kilometre (Affuso, Masson et al. 2003).

C.
Speed for car travel

In Scenario 4 the impacts of changes in speed for car travel are examined. A 10% increase in car travel speed is modelled. The increased speed is assumed to be the result of infrastructure expansion for car, although the schemes are not specified as part of the modelling. Infrastructure costs generated for this improvement are estimated on the basis of information concerning construction cost per kilometre (Affuso, Masson et al. 2003).

D.
Speed for car and rail travel

Scenario 5 examines the impact of changes in speed for rail and car. A 10% increase in car and rail travel speed is modelled. The increased speed is assumed to be the result of infrastructure expansion, although the schemes are not specified as part of the modelling. Infrastructure costs generated for this improvement are estimated on the basis of information concerning construction cost per kilometre (Affuso, Masson et al. 2003).

E.
Rail fares

Two scenarios (6 and 7) are assessing the implications of increased rail fares for passengers. In Scenario 6 rail fares are increased by 10% compared to the level in the reference scenario, while Scenario 7 examines the effects with 20% higher rail fares.

F.
Out-of-pocket costs car

Out-of-pocket costs for car-based travel are increased by 10% in Scenario 8 and 20% in Scenario 9. Out-of-pocket costs includes in this model expenses for fuel and ferry/Le Shuttle fees. Other costs such as depreciation, wear and tear are not considered in the assessment.

G.
Out-of-pocket costs car and rail

Two scenarios (10 and 11) are assessing the implications of increased out-of-pocket costs for rail and car based travel. Out-of-pocket costs for rail include fares, while for car the costs modelled are fuel and ferry/Le Shuttle fees. The impacts are tested for 10% higher out-of-pocket costs (Scenario 10) and 20% higher out-of-pocket costs (Scenario 11) compared to the reference scenario.

H.
Internalisation of externalities and rail infrastructure improvements

Scenario 12 involves changed level of user costs to include a charge for external costs per passenger kilometre. This charge is introduced for all modes (rail, air and car) and reflects marginal social costs concerning air pollution, noise, accidents, congestion, global warning and infrastructure (wear and tear). In addition, the scenario includes a 10% increase in rail travel speed. The increased rail speed is assumed to be the result of infrastructure expansion for rail.

I.
Internalisation of externalities and road infrastructure improvements

In Scenario 13 user costs are changed to include a charge for external costs per passenger kilometre. This charge is introduced for all modes (rail, air and car) and reflects marginal social costs concerning air pollution, noise, accidents, congestion, global warning and infrastructure (wear and tear). In addition, the scenario includes a 10% increase in car travel speed. The increased speed for car travel is assumed to be the result of road infrastructure expansion.

3.1.4. Model results

In this section model results from the runs undertaken will be presented. The emphasis will be on changes in transport demand and the resultant changes in modal split. 

Table 13: Passenger trips by mode per year for a number of scenarios

	
	Rail 
	Air
	Car – Le Shuttle 
	Car – Ferry

	Reference Scenario 2012
	6410.4
	6394.7
	2380.1
	5776.7

	(1) Fuel Taxation + 25%
	6584.5
	6687.1
	2244
	5446.3

	(2) Fuel Taxation –25%
	6275.8
	6169
	2485.3
	6031.9

	(3) Speed for rail travel +10%
	6742.8
	5940.8
	2420.9
	5875.5

	(4) Speed for car travel +10%
	6277
	6168.6
	2485
	6031.2

	(5) Speed for car and rail travel +10%
	6581.2
	5725.1
	2525.7
	6129.9

	(6) Rail fares +10%
	5632.4
	7708.2
	2223.9
	5397.5

	(7) Rail fares +20%
	4895.5
	9103
	2031.9
	4931.5

	(8) Out-of-pocket costs car +10%
	6488.2
	6525.3
	2319.4
	5629.1

	(9) Out-of pocket costs car +20%
	6565.7
	6655.6
	2258.7
	5482

	(10) Out-of-pocket costs car and rail +10%
	5692
	7855
	2163.7
	5251.3

	(11) Out-of-pocket costs car and rail +20%
	4982.5
	9417.2
	1914.8
	4647.3

	(12) Internalisation of externalities and speed for rail travel +10%
	6918.2
	6011.1
	2343.9
	5688.7

	(13) Internalisation of externalities and speed for car travel + 10%
	6460.2
	6245.8
	2409.1
	5846.9


The results for modal passenger demand indicate that the examined instruments/ packages of instruments can have some impacts on modal split. In particular, Scenario 12 involving internalisation of externalities (in the form of charges based on marginal external costs) and reduced rail journey times generate a significant shift from car (le-shuttle and ferry) and air towards rail. 

However, it should also be noticed that a 25% increase in fuel taxation for car based modes does not have a strong effect on modal split as there is only an approximately 2.5% shift away from car towards rail and air based modes (implying a fuel tax elasticity of around –0.1).

The strongest demand effects occur for those scenarios where rail fares are changing, either alone as the case of scenarios 6 and 7 or in combination with car out-of-pocket cost (e.g. scenarios 10 and 11). These scenarios result in substantial changes towards air based travel.

Table 14: Changes in passenger trips relative to the 2012 reference scenario (per cent) 

	 
	Rail 
	Air
	Car – Le Shuttle 
	Car – Ferry

	Reference Scenario 2012
	 
	 
	 
	 

	(1) Fuel Taxation + 25%
	2.7%
	4.6%
	-5.7%
	-5.7%

	(2) Fuel Taxation –25%
	-2.1%
	-3.5%
	4.4%
	4.4%

	(3) Speed for rail travel +10%
	5.2%
	-7.1%
	1.7%
	1.7%

	(4) Speed for car travel +10%
	-2.1%
	-3.5%
	4.4%
	4.4%

	(5) Speed for car and rail travel +10%
	2.7%
	-10.5%
	6.1%
	6.1%

	(6) Rail fares +10%
	-12.1%
	20.5%
	-6.6%
	-6.6%

	(7) Rail fares +20%
	-23.6%
	42.4%
	-14.6%
	-14.6%

	(8) Out-of-pocket costs car +10%
	1.2%
	2.0%
	-2.6%
	-2.6%

	(9) Out-of pocket costs car +20%
	2.4%
	4.1%
	-5.1%
	-5.1%

	(10) Out-of-pocket costs car and rail +10%
	-11.2%
	22.8%
	-9.1%
	-9.1%

	(11) Out-of-pocket costs car and rail +20%
	-22.3%
	47.3%
	-19.5%
	-19.6%

	(12) Internalisation of externalities and speed for rail travel +10%
	7.9%
	-6.0%
	-1.5%
	-1.5%

	(13) Internalisation of externalities and speed for car travel + 10%
	0.8%
	-2.3%
	1.2%
	1.2%


Table 15: Modal split for a number of scenarios

	
	Rail 
	Air
	Car – Le Shuttle 
	Car – Ferry

	Reference Scenario 2012
	30.6%
	30.5%
	11.4%
	27.6%

	(1) Fuel Taxation + 25%
	31.4%
	31.9%
	10.7%
	26.0%

	(2) Fuel Taxation –25%
	29.9%
	29.4%
	11.9%
	28.8%

	(3) Speed for rail travel +10%
	32.1%
	28.3%
	11.5%
	28.0%

	(4) Speed for car travel +10%
	29.9%
	29.4%
	11.9%
	28.8%

	(5) Speed for car and rail travel +10%
	31.4%
	27.3%
	12.0%
	29.2%

	(6) Rail fares +10%
	26.9%
	36.8%
	10.6%
	25.7%

	(7) Rail fares +20%
	23.4%
	43.4%
	9.7%
	23.5%

	(8) Out-of-pocket costs car +10%
	31.0%
	31.1%
	11.1%
	26.9%

	(9) Out-of pocket costs car +20%
	31.3%
	31.8%
	10.8%
	26.2%

	(10) Out-of-pocket costs car and rail +10%
	27.2%
	37.5%
	10.3%
	25.1%

	(11) Out-of-pocket costs car and rail +20%
	23.8%
	44.9%
	9.1%
	22.2%

	(12) Internalisation of externalities and speed for rail travel +10%
	33.0%
	28.7%
	11.2%
	27.1%

	(13) Internalisation of externalities and speed for car travel + 10%
	30.8%
	29.8%
	11.5%
	27.9%


Modal share for rail varies in the range from 23.4% (scenario 7) to 33.0% (scenario 12). In the case of car the changes in modal shares are smaller: car-le shuttle trips obtains a modal share in the range from 7.2% (scenario 11) to 12.0% (scenario 5) while the corresponding figures for car-ferry trips are belonging to a range from 21.1% (scenario 11) to 29.2% (scenario 5).

The modal share for air trips shows larger degree of variability ranging from 27.3% (scenario 5) to 47.2% (scenario 11).

3.1.5. Analysis

On the basis of the model results outlined in Section 3.1.4 the change in the high level objective function relative to the reference scenario will be compared for the different policy scenarios in order to determine the optimal strategy for the London-Paris-Brussels corridor. The high level objective function used for the assessment was introduced as part of the high level framework outlined in SPECTRUM deliverable D5 (SPECTRUM 2003a). Further details are included below.

In addition, the interaction between instruments will be considered comparing the changes in welfare with respect to different combinations of the assessed instruments. Furthermore the implications on equity will be considered, with specific reference to how the different scenarios create differential impacts between zones/countries.

Assessment of high level objective function

The high level objective function used for assessment of the different runs undertaken in EURORAIL has the following form:
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where

OF
is the high level objective function

t*
is the horizon year

r
is a discount rate

CSt
is the consumer surplus for the traveller in year t

PSt
is the producer surplus for transport operators and other transport firms in year t 

GSt
is the government surplus in year t

MCFt
is the shadow cost of public funds in year t producer surpluses, benefits to the government, and external costs 

Envt
is the external costs defined as global warming, congestion, air pollution, accidents and noise (additional wear and tear of infrastructure are also included here)

It should be noted that producer surplus only considers changes in revenue, that it is assumed that costs for the public transport operators do not change as a result of the different transport instruments. Changes in government surplus include changes in taxation revenue (either from SMCP or fuel taxation) and expenditure on infrastructure expansion. The value used for the shadow cost of public funds is 1.2.

Table 16 shows the changes in the value of the high level objective function relative to the reference scenario. 

Table 16: Changes in high level objective function relative to the reference scenario in (million Euro/year)

	
	Consumer surplus 

(year t)
	Externalities (year t)
	CO2 (year t)
	Government surplus

(year t)
	Producer surplus (year t)
	Total (OF)

	(1) Fuel Taxation + 25%
	-50.4
	3.6
	-1.2
	40.3
	37.8
	463.2

	(2) Fuel Taxation –25%
	40.8
	-2.8
	0.9
	-48.9
	-29.2
	-602.4

	(3) Speed for rail travel +10%
	46.7
	-2.1
	2.1
	-3776.1
	7.8
	-2883.2

	(4) Speed for car travel +10%
	38.4
	-2.8
	0.9
	-809.1
	-29.1
	-552.8

	(5) Speed for car and rail travel +10%
	85.2
	-4.8
	2.9
	-4585.2
	-22.8
	-3455.9

	(6) Rail fares +10%
	-72.2
	6.7
	-6.0
	-14.8
	86.7
	7.4

	(7) Rail fares +20%
	-136.9
	14.3
	-12.3
	-33.0
	166.2
	-25.9

	(8) Out-of-pocket costs car +10%
	-22.8
	1.6
	-0.5
	-5.8
	16.9
	-163.1

	(9) Out-of pocket costs car +20%
	-45.1
	3.2
	-1.0
	-11.5
	33.7
	-317.6

	(10) Out-of-pocket costs car and rail +10%
	-94.5
	8.3
	-6.6
	-20.5
	104.0
	-142.4

	(11) Out-of-pocket costs car and rail +20%
	-179.3
	17.6
	-13.6
	-44.1
	200.2
	984.1

	(12) Internalisation of externalities and speed for rail travel +10%
	-85.9
	-0.25
	1.9
	-3625
	30.5
	-903.1

	(13) Internalisation of externalities and speed for car travel + 10%
	-96.1
	-1.0
	0.7
	-655.4
	-5.0
	1614.2


Note: The last column represents the NPV value calculated over a 30-year period with a 5% discount factor. Therefore, this value cannot be obtained by summing the values included in Columns 2-6.
The results show that it is possible to construct scenarios that will lead to an increase in the value of the high level objective function. In this way the reference (do-nothing) scenario does not represent a welfare optimum in the forecast year 2012. In particular, a package combination fair pricing for all modes (rail, air and car) combined with road infrastructure improvements lead to the largest positive change in the high level objective function among the set of policy packages examined. 

This package would involve charging modes for external costs incurred where it is assumed that fuel taxation is kept at the levels in the reference scenario. In addition, the package included road infrastructure improvements to ensure reduced journey times for road users through high speeds (+10%). In this context it should be noticed that road infrastructure improvements is less expensive than rail infrastructure improvements (Affuso, Masson et al. 2003)
Other packages with positive changes in the high level objective function include: (1) increased fuel taxation (scenario 1), (2) Increased rail fares (scenario 7), (3) increased out-of-pocket costs for car and rail (scenario 11). The other packages examined in this case study lead to reduced values of the high level objective function compared to the reference scenario. 

It should be noticed that packages that include rail infrastructure expansion all fail to increase the high level objective function. Although rail infrastructure improvements may lead to journey time savings and hence higher consumers’ surplus, these positive impacts appear to be insufficient to outweigh the significant infrastructure costs associated with such schemes.

Interactions between instruments

Interactions between instruments will be examined with reference to the following instruments: out-of-pocket costs for road and rail, rail infrastructure improvement and road infrastructure improvement, fair pricing and road/ rail infrastructure improvements.

Table 16 indicates that there exist synergies between several policy instruments. In particular, the results suggest that synergies exist between pricing instruments for road and rail. The scenario with out-of-pocket costs increases of 20% for both rail and car generates a positive value of the high level objective function, in contrast to negative values if only rail or car out-pocket costs increases by 20%. The positive effect of combining the two pricing instruments is primarily due to higher producer surplus for rail and air.

Also, the preferred package suggests synergies with respect to the instruments included. In this case the value of the high level objective function is strongly positive (1,614.2 mln euro) with both fair pricing and road infrastructure improvement compared to a negative value if only road infrastructure improvements are adopted (-552.8 mln euro). The value of the high level objective function increases in the combined scenario by 2,167 mln. Euro compared to the scenario with road infrastructure improvements alone.

This package is interesting because it addresses both the issue regarding promotion of efficiency of transport use (through pricing) as well as the revenue recycling in terms of how the revenue collected from fair pricing for all modes should be used. A comparison of Scenario 12 and Scenario 13 (the preferred) would suggest that it is welfare enhancing to use the fair pricing revenue on road rather than rail infrastructure improvement. However, there may be other concerns (equity perspective) that would result in a different policy recommendation. 

Equity impacts of optimal package

The analysis in the previous section focused on the efficiency objective. However, the SPECTRUM high level framework also includes consideration to the equity objective (as outlined in SPECTRUM Deliverable D5). Below, the possible equity impacts of the preferred policy package will be considered. 

The available information about changes in passenger demand for different market segments and journey purposes is provided for each OD pair but available as the total of both directions, i.e. from/to each zone-pair. Therefore, it is not possible to compare changes between countries. 

Instead the analysis will focus on whether there are differences between how business and leisure demand is influenced with reference to the optimal package. Modal differences will also be considered in this comparison. This analysis will examine the changes in consumers’ surplus for the different market segments/ modes. 

For both market segments (business and leisure) reduced consumers’ surplus is the outcome in this scenario compared to the reference scenarios. It does though appear that leisure demand experience a slightly stronger negative impact compared to business travel due based on a comparison of the share of business of total demand and the share of the total loss of consumer surplus for business. This is confirmed in Table 17, which shows that the average consumers’ surplus loss for leisure travel per trip is larger compared to the average for business travel.

Table 17: Changes in consumers’ surplus by market segment and mode

	
	Leisure
	
	Business

	
	Rail
	Air
	Car-Le Shuttle
	Car-Ferry
	Total
	Rail
	Air
	Total

	CS
	-11.27
	-28.82
	-12.32
	-29.91
	-82.32
	-9.06
	-4.70
	-13.76

	PAX
	3.58
	5.37
	2.41
	5.85
	17.21
	2.88
	0.88
	3.75

	CS/PAX
	-3.15
	-5.37
	-5.12
	-5.12
	-4.78
	-3.15
	-5.36
	-3.67


Note: CS: change in consumers’ surplus (mln euro); PAX: no. of passenger trips (mln); CS/PAX: change in consumers’ surplus per passenger trip (euro/passenger).

Although consumers’ surplus for all modes are lower compared to the reference scenario the package results in lower average losses for car based demand than for air due to the positive impacts on journey time savings (as shown in Table 17). This is the result of negative impacts from SMCP pricing and positive impacts from road infrastructure expansion. This may suggest that the optimal package (in efficiency terms) may also have positive implications for equity under the assumption that users of air travel have relative higher average income than car users.

Available evidence suggests that users of air have relative higher incomes compared to car users. Civil Aviation Authority (CAA) surveys among international air passengers concerning average income suggest that for UK households the average income in 1995 was £31,700 per year, while for Non-UK households the average was £42,400 per year. This should be contrasted with average UK household income in 1995 of £19,500 (national) and £24,200 (South East). 

3.1.6. Conclusion

A reference scenario and a range of alternative policy scenarios have been designed and assessed with specific reference to the forecast year 2012. A total of 13 alternative scenarios have been considered.

Our results suggest that that it is possible to construct scenarios that will lead to an increase in the value of the high level objective function compared to the reference scenario. The preferred package involves a combination of fair pricing for all modes combined with road infrastructure improvements. This package results in substantial larger values of the high level objective function compared to the other 12 scenarios.

It should be noted that there could be policy packages not included in the analysis with larger values of the high level objective function. Therefore, the optimal package could be a local optimum rather than a global one. However, the selection of policy packages has been based on the goal to achieve a comprehensive coverage of the possible spectrum of policy instruments available to decision makers.

Further analysis would be required to determine optimal revenue recycling strategies with respect to revenue from fair pricing initiatives. The results suggested that it could be more beneficial to use fair pricing revenue on road rather than rail infrastructure improvements, as interurban rail investment appears as relatively more expensive than interurban road schemes. However, a firm conclusion on revenue recycling should consider other possible ways to allocate the revenue.

Our results also indicate the presence of synergies between several policy instruments. In particular, there may be synergies between fair pricing and road infrastructure improvements as well as between pricing for different modes (e.g. car and rail).

The available information suggests that the preferred package may not only be efficiency enhancing but could also result in positive implications on equity provided that low income households use a car rather than air for travel between the UK and Belgium/ France zones.

3.2.  Passenger case study 2: NTM

3.2.1. Introduction to the case study 

The Norwegian case study covers interurban travel in entire Norway. Norway (excluding Svalbad) has an area of 385.155 square kilometres and has a population of about 4.6 million and a population density of about 14.1 per square kilometres. The case study covers all modes of travel, car air, rail, bus and boat.  Norway is quite a dispersed country and the interurban passenger travel in Norway practically experiences no congestion by any of the modes of travel.

The main focus of the case study is to define an optimal package of instruments that includes economic, regulatory and physical policies, the interactions of instruments within the package and its distributional impacts. The Norwegian National Model System for Passenger Travel (NTM), a multi-modal model system, has been applied in this case study. The NTM has been developed at the Institute of Transport Economics (Ramjerdi and Rand 1992) (Ramjerdi and Rand 1996) (Hamre 2002).

The next section 3.2.2 describes the input and output variables and the assessment procedure that has been used in this case study.  Section 3.2.3 describes the construction of a reference scenario and packages of instruments for evaluation. This section briefly describes the criteria for the selection of the instruments and their levels.  Model runs are presented in section 3.2.4. Section 3.2.5 focuses on the analysis of the results. In this section a comparison of the high level objective function of the alternative packages and single instruments are presented. This section also examines the interactions between instruments in a package and presents an evaluation of the potential distributional impact of the “optimal” package. Some conclusions are presented in section 3.2.6.

3.2.2. Data description

In the first part the input and output variables connected to the NTM are described. Other input variables such as values of travel time savings and externalities along with other assumptions are described while presenting the assessment procedure. 

Input and output variables

The Norwegian National Model System for Passenger Travel (NTM)

The NTM covers travel purposes business work, visit, recreation and other private travels and travel modes car, air, rail, bus and boat. It comprises of different sub-models as follows: 

· Disaggregate and aggregate license holding models

· Disaggregate car ownership models

· Disaggregate models for long distance travel demand comprising models for travel frequency and models for mode and destination 

· Segmentation model

· Network model

In Appendix D1, a more detailed description of the NTM is provided. 

The NTM is designed to produce medium- to long-term forecasts and it can address different factors that can influence demand for travel. Figure 6 shows the structure of the NTM and Table 18 shows the different variables in models of mode choice and destination. The explanatory variables in the models for license holding and car ownership are only socio-economic and demographic variables (see Appendix D1).

Figure 6: The structure of the NTM


Table 18: The main variables in the frequency and mode/destination choice models 

	Level of service, car
	Level of service, scheduled modes
	Socio-economic variables of travellers
	Zones / Attractions at destination 

	· Travel time ”door to door”

· Fuel cost 

· Toll cost / ferry cost 

· Car availability (license holding and car ownership)


	· Onboard time

· Access/egress time 

· Waiting time (based on frequency)

· Number of transfers

· Fare 
	· Sex and age

· Income (personal or for household)

· Employment / profession

· Household category and car availability

· Zone/geography/centrality
	· Population

· Employment in different sectors of industry

· Hotels (hotel beds)

· Cottages / holiday houses

· Transport services


In the NTM a scenario is defined in terms of

· Transport networks (car, air, rail, bus and boat) including volume delay functions and transit lines 

· Fuel costs and fares for scheduled modes

· Socio-economic variables 

· Demographic variables

· Land use

A policy instrument is simulated in terms of the input variables. The changes in the level of services (different travel time components and travel costs) as the result of changes in the networks and changes in costs of travel are calculated in the network. The level of service data and other variables (socio-economic and demographic variables) are used for the calculation of demand for travel by mode and travel purpose. Run time for a scenario is approximately 3 hours.  Model outputs are:

· Demand matrices by travel purpose and model of travel

· Level of service matrices

· Vehicle kilometres by mode  

· Logsum values from mode/destination choice models 

The outputs are used for the calculations of the high level objective function. 

Unit values used in the case study

For the calculation of the consumer surplus and externalities the following unit values have been adopted in this case study. 

Table 19: Values of externalities  (in Euro/vehicle kilometres)

	Mode
	CO2
	Emissions
	Noise
	Accidents
	Wear and tear
	Total 

	Car
	0.011
	0.018
	0.019
	0.075
	0.000
	0.124

	Bus
	0.102
	0.123
	0.189
	0.081
	0.039
	0.534

	Train
	0.110
	0.166
	0.086
	0.866
	1.102
	2.331

	Air
	0.634
	0.079
	0.461
	0.163
	0.472
	1.809


Assessment procedure

Deliverables 4 (SPECTRUM 2003) and 6 (SPECTRUM 2004b) of SPECTRUM define the high level objectives in terms of efficiency and equity. Economic efficiency comprises of:

· Consumer surplus or user benefits for the travellers
· Producer surplus for all the transport operators and other transport related firms, defined as revenue minus costs including Taxes
· Government surplus, defined as tax revenue net of 
· investments, maintenance and implementation costs (if not included in the producer surplus)
· External costs defined as accident, noise and pollution costs and other external effects
· Effects on other markets of the economy

Appraisal of the sustainability of strategies in the following general form:
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where

OF
is the high level objective function

t*
is the horizon year

r
is a discount rate

CSt
is the consumer surplus in year t

PSt
is the producer surplus in year t 

GSt
is the government surplus in year t

MCFt
is the shadow cost of  public funds in year  t producer surpluses, benefits to the government, and external costs 

Envt
is the external costs defined as accident, noise and pollution costs and other external effects
(t
is the shadow cost of CO2 emission, reflecting national CO2 targets for year t,

gt
is the amount of CO2 emissions in year t,

The following describe the specific assumptions in the calculation of the high level objective function. 

Consumer surplus
The rule-of-half is used for the calculation of the consumer surplus. The official Norwegian values of time are used in the calculation of the generalised cost of travel. Table 20 shows these values. 

Table 20: Value of travel time (in Euro/hour)

	Mode of travel 
	Car
	Air
	Bus
	Train
	Boat

	In vehicle and auxiliary time
	15.7
	30.1
	7.1
	9.5
	7.1

	Waiting and transfer time
	
	12.0
	1.4
	1.9
	1.4


Producer surplus

For the calculation of the producer surplus it is assumed that the transport operators do not change their level of services as the result of a change in the demand for travel. This assumption implies that the changes in their costs are zero. The only exception is when a package of instruments includes an increase in rail frequency of services. In that case the change in the operating costs is related to increase in labour, rolling and energy costs. Appendix D2 shows the details of the calculation of the changes in operating costs due to an increase in rail frequency.    

The changes in revenues for all operators are calculated and based on demands for travel and the levels of fare before and after the introduction of a package of instruments.

Government surplus

The changes in the government surplus will be based on the changes in tax revenues (due to changes in demand for car travel or changes in fuel price) and any change in the level of subsidy to rail. It is assumed the change in the level of subsidy to rail is equal to the change in rail revenue minus any change in the cost of the provision of rail services. 

Investment, maintenance and implementation costs

In the following section the different instrument that are evaluated in this case study will be presented. It is assumed that there is no cost associated with the implementation of any of the instruments and the “feasible” package for the government. 

Since the packages of instruments selected in this case study do not include any investment in infrastructure, there is no residual value at the end of the horizon year for analysis

Effects on other markets of the economy

A marginal cost of public funds (MCF) of 1.2 will be used in the calculation (official recommendation). A sensitivity analysis will be conducted by using a MCF of 1.0 to 1.4.

Intra-generational equity

The intra-generational equity in this case study is limited to the emissions of the greenhouse gases, mainly CO2 emissions. 

Intergenerational equity

The intergenerational equity analysis will be conducted only for the feasible scenario with the highest score with respect to efficiency. The analysis will be limited to the evaluation of the changes in the logsum measure (see Chapter 8 (SPECTRUM 2004b)). 

Evaluation of the interactions of instruments 

The definitions of the types of interaction have been provided in SPECTRUM Deliverable 4 (SPECTRUM 2003) and SPECTRUM Deliverable 2 (SPECTRUM 2004a). The interactions will be evaluated by the calculation of the total effects of each single instrument, and the combinations of 2 or 3 instruments in the  “optimal” package.

3.2.3. Instruments and scenarios

The base year in this case study is 2001 and the horizon is 2012. A reference scenario for 2012 is defined by appropriate changes in the networks and transit lines and volume delay functions to account for any change in the supply of transport by all modes of transport as well as changes in costs of travel. Other variables that define the reference scenario are changes in income, demographic changes, and changes in land use. 

An alternative scenario in 2012 is formulated by including a given package of instruments in the reference scenario. This implies that socio-economic, demographic and land use variables in all the alternative scenarios are the same as the reference scenario in 2012. 

The following criteria are used for the selection of instruments and the packages of instruments for formulating alternative scenarios and for evaluation relative to the reference scenario. 
1. Capabilities of NTM5 in simulating an instrument
2. Results from NTM5 runs 

3. The present debates on transport policies and evaluation of what will be politically acceptable

4. Discussions with the reference group of the project

The present transport policies in Norway are close to optimal. Fuel taxes cover the transport related externalities and the level of subsidies for rail seems reasonable. There is no political acceptance for too large changes in the current policies. Consequently the following instruments were selected for screening in the Norwegian case study:

Economic measures:

Fuel tax (-25%, +25%, +50%)

Price regulation for service provision, 

· Rail fare  (-25%, -10%, +10%)

· Air fare (-25%)
Regulatory measure:

Changes in speed limits on road network 

· Speed limit alternative A: (100 km/h → 110 km/h, 80 km/h → 75 km/h)

· Speed limit alternative B: (100 km/h → 110 km/h, 80 km/h → 70 km/h)

Physical instrument:

Expansion of conventional rail-based infrastructure

· Rail frequency (+1% per year)
 

The above instruments and combinations of these in a package were used to formulate alternative policy scenarios in 2012. Some 18 scenarios were formulated. Appendix D3 shows some model calculations for these scenarios. 
The initial screening of the results and other criteria set for the selection of the instruments narrowed the scope to road and rail only and eliminated some levels of the instruments. The results of the models runs for following instruments and packages of these will be presented in the next section. 

Economic measure:

Fuel tax (- 25%, +25%)

Price regulation for service provision, 

· Rail fare  (-10%, +10%)

Regulatory measure:

Changes in speed limits on road network 

· A: (100 km/h → 110 km/h, 80 km/h → 75 km/h)

Physical instrument:

Expansion of conventional rail-based infrastructure

· Rail frequency (+1% per year)

3.2.4. Model results

Table 21 shows the description of 10 alternative scenarios and the reference scenario. This table also shows the passenger kilometres and the changes in passenger kilometres in the alternative scenarios relative to the reference scenario. All the changes are according to the expectation and the sizes of the changes relate to the model elasticity values (see Appendix D1).   

Table 21: Passenger kilometres per day for a number of scenarios 

	Scenario description
	Alt.
	Passenger-kilometres, car
	Change relative to the reference scenario

	Reference scenario 2012
	0
	36295232
	0.0%

	Fuel tax +25%
	1
	35347224
	-2.6%

	Rail frequency +1% per year
	6
	36218666
	-0.2%

	Speed limit: A
	10
	34899393
	-3.8%

	Rail fare +10%
	12
	36346337
	0.1%

	Rail fare –10%
	13
	36239601
	-0.2%

	Fuel tax –25%
	14
	37415706
	3.1%

	Package 1: Fuel +25%, rail fare-10%, rail freq +1%/year
	15
	35212753
	-3.0%

	Package 2: Fuel +25%, rail fare+10%, rail freq +1%/year 
	16
	35323178
	-2.7%

	Package 3: Fuel –25%, Speed limit A
	17
	35972784
	-0.9%

	Package 4: Rail fare: –10%, rail freq +1%/year, Speed A
	18
	34766712
	-4.2%


Table 22 show the number of trips per day by different modes in the same scenarios while Table 23 shows the corresponding percentage changes in the number of trips relative to the reference scenario.

Table 22: Trips per day by mode

	
	Alt.
	Total
	Car
	Bus
	Boat
	Rail
	Air

	Reference scenario 2012
	0
	209886
	144961
	7369
	6273
	15965
	35318

	Fuel tax +25%
	1
	208352
	142112
	7555
	6413
	16316
	35956

	Rail frequency +1% per year
	6
	210028
	144638
	7349
	6263
	16527
	35252

	Speed limit: A
	10
	208446
	142178
	7532
	6583
	16276
	35876

	Rail fare +10%
	12
	209795
	145170
	7387
	6285
	15588
	35365

	Rail fare –10%
	13
	209985
	144732
	7350
	6260
	16376
	35266

	Fuel tax –25%
	14
	211681
	148300
	7161
	6110
	15564
	34546

	Package 1
	15
	208603
	141547
	7512
	6389
	17325
	35831

	Package 2
	16
	208401
	142004
	7552
	6416
	16492
	35938

	Package 3
	17
	210190
	145459
	7323
	6420
	15877
	35112

	Package 4
	18
	208696
	141615
	7490
	6558
	17280
	35753


Table 23: Percentage change in the number of trips relative to the reference scenario

	
	
	Change in the no. of trips relative to the reference scenario

	Scenario
	Alt.
	Total
	Car
	Bus
	Boat
	Rail
	Air

	Fuel tax +25%
	1
	-0.7%
	-2.0%
	2.5%
	2.2%
	2.2%
	1.8%

	Rail frequency +1% per year
	6
	0.1%
	-0.2%
	-0.3%
	-0.2%
	3.5%
	-0.2%

	Speed limit: A
	10
	-0.7%
	-1.9%
	2.2%
	4.9%
	2.0%
	1.6%

	Rail fare + 10%
	12
	0.0%
	0.1%
	0.2%
	0.2%
	-2.4%
	0.1%

	Rail fare –10% 
	13
	0.0%
	-0.2%
	-0.3%
	-0.2%
	2.6%
	-0.1%

	Fuel tax -25%
	14
	0.9%
	2.3%
	-2.8%
	-2.6%
	-2.5%
	-2.2%

	Package 1
	15
	-0.6%
	-2.4%
	1.9%
	1.8%
	8.5%
	1.5%

	Package 2
	16
	-0.7%
	-2.0%
	2.5%
	2.3%
	3.3%
	1.8%

	Package 3
	17
	0.1%
	0.3%
	-0.6%
	2.3%
	-0.6%
	-0.6%

	Package 4
	18
	-0.6%
	-2.3%
	1.6%
	4.5%
	8.2%
	1.2%


Table 24 and Table 25 show the changes in the high level objective functions of the 10 alternative scenarios relative to the reference scenario in 2012. As these tables show, it is assumed that the marginal cost of public funds that applies to the changes in government surplus is equal to 1.2. In the next section a sensitivity analysis by using a MCF of 1.0 to 1.4 will be presented.

Table 24: Changes in the high level objective function relative to the reference scenario in Euro/day 
	
	Alt 1
	Alt6
	Alt 10
	Alt 12
	Alt 13

	
	fuel +25
	Rail freq.
	Speed (A)
	Rail fare+10%
	Rail fare-10%

	Consumer surplus
	-3013528
	545636
	-2061063
	-561640
	577717

	
	
	
	
	
	

	Externalities 
	
	
	
	
	

	Accidents road
	27590
	2228
	26200
	-1487
	1619

	Other ex. road (emissions, noise, wear/tear)
	13795
	1114
	13100
	-744
	810

	Other ex. Rail (emissions, noise, wear/tear)
	
	-94536
	
	
	

	
	
	
	
	
	

	CO2:
	
	
	
	
	

	CO2 road
	33321
	2691
	29062
	-1796
	1955

	CO2 train
	
	-7709
	
	
	

	
	
	
	
	
	

	Total 
	377639
	-71745
	356033
	-20358
	22161

	
	
	
	
	
	

	Government surplus 
	
	
	
	
	

	Fuel tax
	302865
	-2176
	-280048
	1452
	-1581

	Cost (increased rail frequency)
	0
	-69279
	0
	0
	0

	Change in rail revenue
	14739
	11583
	14447
	10050
	-9366

	Total *1.2
	381125
	-71846
	-318721
	13803
	-13136

	
	
	
	
	
	

	Producer surplus
	
	
	
	
	

	Air
	102990
	-9694
	93802
	6942
	-7642

	Bus
	7033
	-773
	6825
	664
	-721

	Boat
	2240
	-115
	1822
	144
	-159

	Total
	112263
	-10581
	102448
	7751
	-8522

	
	
	
	
	
	

	Total
	1469101
	-211906
	-3504414
	-402673
	419684


Table 25: Changes in the high level objective function relative to the reference scenario in Euro/day 
	
	Alt 14
	Alt 15
	Alt 16
	Alt 17
	Alt 18

	
	Fuel -25%
	Package 1
	Package 2
	Package 3
	Package 4

	Consumer surplus
	3088618
	-1581891
	-2827628
	993055
	-1892895

	
	
	
	
	
	

	Externalities 
	
	
	
	
	

	Accidents road
	-32609
	28289
	29099
	9384
	33547

	Other ex. road (emissions, noise, wear/tear)
	-16304
	14145
	15752
	4692
	16954

	Other ex. train (emissions, noise, wear/tear)
	
	-94536
	-94536
	
	-94536

	
	
	
	
	
	

	CO2:
	
	
	
	
	

	CO2 road
	-39383
	40672
	35166
	11334
	43725

	CO2 train
	
	-7709
	-7709
	
	-7709

	Total 
	-446341
	291479
	306080
	128447
	361642

	
	
	
	
	
	

	Government surplus 
	
	
	
	
	

	Fuel tax
	-317264
	297790
	277919
	-464995
	-284539

	cost (increased rail frequency)
	0
	-69279
	-69279
	0
	-69279

	Rail
	-16703
	26352
	40951
	-293
	22544

	Total *1.2
	-400761
	305835
	299509
	-558345
	-397529

	
	
	
	
	
	

	Producer surplus
	
	
	
	
	

	Air
	-112628
	84627
	100393
	-16580
	75648

	Bus
	-7909
	5438
	6941
	-1077
	6817

	Boat
	-3146
	2191
	126
	-233
	2090

	Total
	-123683
	92257
	107461
	-17890
	84555

	
	
	
	
	
	

	Total
	-1721101
	2021707
	864438
	-3672771
	-4135199

	
	Alt 14
	Alt 15
	Alt 16
	Alt 17
	Alt 18


These tables show that a package of increased fuel tax by 25%, a decrease of rail fare by 10% and an increase in rail frequency (Alt. 15) achieve the highest score with respect to the high level objective function closely followed by a scenario in which only fuel tax in increased by 25% (Alt. 1).

The examination of Table 24 and Table 25 shows that: 

· Only the scenarios that include an increase in fuel tax of 25% have a positive value of the high level objective function. This is explained by the high reductions in CO2 emissions as well as the high increase in the government surplus. 

· Scenarios that include the change in speed limit have a negative value of the high level objective function. Note that the decrease in CO2 costs as a result of the change in speed limit is similar to an increase in fuel tax. However the government surplus, due to the loss of tax revenues, is negative in the scenarios that include the change in speed limit. 

· The high level objective function for the scenario in which rail frequency is increased is slightly negative while the high level objective function for a scenario in which rail fare is increased is slightly positive. The cost associated with an increase in rail frequency is the explanation. The decrease in rail fare also results in a small positive change in the high level objective function. The initial mode share and the low elasticity values associated with rail is the explanation for the small changes. 

3.2.5. Analysis

This section focuses on:

· A sensitivity analysis of the effect of the marginal cost of public funds (MCF) on the high level objective function

· The evaluation of the interactions between instruments 

· The distributional impacts of the “optimal” package

Effect of the MCF on the high level objective function

Table 26 shows the effects of the MCF on the high level objective functions of the 10 alternative scenarios evaluated in this study. This table shows that the values of the high level objective functions are substantially changed. This is due to the importance of the contribution of the government surplus to the high level objective function (see Table 24 and Table 25). While the assumption about the value of the MCF affects the ranking of the scenarios, it does not affect the choice of the “best” scenario.

Table 26: Effect of MCF on the high level objective function

	Scenario
	Alt.
	MCP=1.0
	MCP=1.2
	MCP=1.4

	Fuel price +25%
	1
	940608
	1469101
	1997595

	Rail frequency +1% per year
	6
	-112279
	-211906
	-311533

	Change in speed on road network (A)
	10
	-3062455
	-3504414
	-3946373

	Rail fare + 10%
	12
	-421813
	-402673
	-383534

	Rail fare –10% 
	13
	437899
	419684
	401469

	Fuel price –25%
	14
	-1165379
	-1721101
	-2276823

	Package 1: fuel+25%, rail fare –10%, rail freq
	15
	1597616
	2021707
	2445797

	Package 2: +fuel+25%,rail fare+10%, rail freq
	16
	449119
	864438
	1279756

	Package 3: fuel -25%, speed
	17
	-2898533
	-3672771
	-4447009

	Package 4: rail fare-10%, rail freq, speed
	18
	-3583958
	-4135199
	-4686439


Interactions between instruments

Table 27 shows the interaction between package 1 with the single instruments in these packages. The examination of this table suggests that the instruments in the package are complementary since:


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

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

Welfare gain (A+B+C) > Welfare gain C
Table 27: Interactions of package 1 with single instruments in the package

	Scenario
	Alt.
	High level objective function in Euro/day

	Fuel+25%
	1
	1469101

	Rail fare –10%
	13
	419684

	Rail frequency +1% year
	6
	-211906

	Total
	
	1676879

	
	
	

	Package 1: fuel+25%, rail fare –10%, rail freq
	15
	2021707


Indeed the combination of fuel tax with either an increase in rail fare or an increase in rail frequency results in a similar type of interaction. The rather large benefit of the increase in fuel tax will decrease by the negative effect of either an increase in rail fare or an increase in the rail frequency. 

Table 28
 shows the interaction between packages 2 with the single instruments in this package. The examination of this table suggests additivity since:


Welfare gain (A+B+C)
[image: image6.wmf]»

 Welfare gain A + Welfare B + Welfare C

Indeed the combination of fuel tax with either an increase in rail fare or an increase in rail frequency results in a similar type of interaction. The rather large benefit of the increase in fuel tax will decrease by the negative effect of either an increase in rail fare or an increase in the rail frequency. 

Table 28: Interactions of package 2 with single instruments in the package

	Scenario
	Alt.
	High level objective function in Euro/day

	Fuel+25%
	1
	1469101

	Rail fare +10%
	12
	-402673

	Rail frequency +1% year
	6
	-211906

	Total
	
	854522

	
	
	

	Package 2: fuel+25%, rail fare +10%, rail freq
	16
	864438


Table 29 shows the interactions of a decrease in fuel tax and the decrease in speed limit. The results presented in this table suggest a synergy between these two instruments since:


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

Table 29: Interactions of package 3 with single instruments in the package

	Scenario
	Alt.
	High level objective function in Euro/day

	Fuel- 25%
	14
	-1721101

	Speed (A)
	10
	-3504414

	Total
	
	-5225515

	
	
	

	Package 3. Fuel- speed
	17
	-3672771


An evaluation of the intra-generational equity implications of the “optimal” package

This section focuses on the geographical distribution of the welfare changes of the “optimal” package (Package 1: scenario Alt. 15) compared to the reference scenario. For this purpose a “logsum” measure is used defined as (see (SPECTRUM 2004b), chapter 8): 
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Table 30 shows the logsum values for the reference scenario and for package 1 (scenario Alt. 15) and their differences for all the counties in Norway. This table shows that the welfares in all counties are decreased, but the decrease is rather similar. An examination of Table 25 shows that there would be a decrease in consumers’ surplus as the result of package 1 compared with the reference scenario. This explains the decrease in welfare as captured by the “logsum” values. 

Table 30: “Logsum” values for reference scenario and package 1 by counties in Norway

	County
	Reference
	Package 1: fuel+25%, rail fare –10%, rail freq 
	Package 1-Referrnce

	Østfold
	8.10
	8.08
	-0.02

	Akreshus
	8.36
	8.34
	-0.02

	Oslo
	8.42
	8.40
	-0.02

	Hedmark
	8.42
	8.39
	-0.03

	Oppland
	8.38
	8.36
	-0.02

	Buskerud
	8.37
	8.35
	-0.02

	Vestfold
	9.22
	9.21
	-0.01

	Telemark
	8.87
	8.85
	-0.02

	Aust-Adger
	8.43
	8.41
	-0.02

	Vest-Adger
	8.12
	8.10
	-0.02

	Rogaland
	8.14
	8.12
	-0.02

	Hordaland
	8.05
	8.04
	-0.01

	Sogn og Fjordane
	7.91
	7.88
	-0.03

	Møre og Romsdal
	7.66
	7.64
	-0.02

	Sør-Trøndelag
	7.77
	7.75
	-0.02

	Nor-Trøndelag
	7.50
	7.48
	-0.02

	Nor-Trøndelag
	6.74
	6.72
	-0.02

	Norland
	6.68
	6.65
	-0.03

	Finnmark Finnmarku
	6.11
	6.08
	-0.03

	
	
	
	

	  Total 
	151.28
	150.84
	-0.44

	Average
	7.96
	7.94
	-0.02

	Minimum
	6.11
	6.08
	-0.03

	Maximum 
	9.22
	9.21
	-0.01


3.2.6. Conclusion

For the Norwegian case study a reference scenario along with 10 alternative policy scenarios were designed for 2012. The starting point is 10 alternative scenarios and the reference scenario. Each of these scenarios includes a single instrument or a combination of instruments among a set of “feasible” instruments, including pricing, regulatory and infrastructural instruments. The criteria for “feasibility” included political acceptance as well as financial constraints. 

It was pointed out that the present transport policies regarding long distance travel in Norway is considered to be close to optimal. However this case study suggests that there are potential gains from an increase in the fuel tax in Norway. An increase in the fuel tax combined with a decrease in rail fare (price regulation) and an expansion of rail-based infrastructure in terms of increasing the frequency of services will potentially produce additional benefits. The study suggests that these instruments are potentially complementary. 

The geographical distribution of the welfare in the “optimal” package (a package that includes a fuel tax increase of 25%, a decrease in rail fare by 10% and an increase in rail frequency of 1%/year) was compared to those in the reference scenario. The changes seem to be similar for all counties in Norway.

3.3. Freight case study 1: MOBILEC

3.3.1. Introduction to the case study 

In this freight case study, the focus is on the Antwerp-Ruhr corridor. Starting from the current inter-modal network, a number of realistic scenarios have been selected for further elaboration. These allow for economic, physical as well as regulatory measures to be taken. The scenarios are evaluated based on the MOBILEC model developed at the University of Antwerp. Separate measures are selected taking into account their political acceptability and practical feasibility for implementation. 

A reference scenario (“do-nothing case”) is formulated, where the capacity of the infrastructure is constant in course of time. This scenario is also called the scenario of unchanged policy. A couple of other scenarios are set up and compared with the reference scenario. In this way, the effects of measures can be calculated and detected.

A tariff scenario will give the effects of pricing measures to road transport. The implementation of pricing instruments is detailed and allows checking the sensitivity of the road transport system for price changes.

An extension scenario for the road network is formulated, where the capacity of the road infrastructure is extended in all regions in such a way that travel time of the road traffic does not rise in spite of the increasing road traffic. 

It is also possible to calculate an extension scenario for rail and inland navigation. This means that the effects of infrastructural changes (in terms of distance and transportation time) will be quantified. 

In the next step, a number of scenarios are outlined where combinations of two or more (economic, physical and/or regulatory) measures are elaborated. The combination will entail two or more measures which were analysed individually above. 

In this way, a reasonable and feasible package of measures is tested for its consequences on the transport network. 

3.3.2. Data description

MOBILEC (MOBILity/EConomy) is a dynamic, interregional model that describes the interaction between transport and economy in connection with infrastructure and other regional features. Both freight transport and passenger transport are included within one model.

The model has region specific production functions. The production functions of MOBILEC do not contain the total infrastructure as a production factor, but the part of it that is utilized by transport for the production. The infrastructure utilized is identified with the mobility for productive ends, expressed in terms of the number of passengers and the number of tonnes of goods that have been moved through this infrastructure.

Transport of goods and business traffic relates to productive mobility (expressed in the number of tonnes or passengers between two points in space). If the moving motive refers to shopping, attending of education courses, paying of visits/staying, recreation/sport and driving/walking, it is a matter of consumptive mobility (expressed in the number of passengers between two points in space). The nature of commuter traffic is more complicated to establish. Commuter traffic is the consequence of a productive performance outside the residence; for that reason it is a matter of productive mobility. On the other hand, it can be assumed that commuter traffic is the consequence of the consumptive wish of living in a more attractive environment that the one is working; in this view commuter traffic should be counted as consumptive mobility. This difficulty results in separate mathematical equations for commuter traffic in the model.

The production function contains productive mobility and no consumptive mobility. In accordance with the production function, the direction of the causal connection goes from mobility to economy. In the case of consumptive mobility, the consumption function, which describes the relation between income and consumption, plays a part. In accordance with the consumption function, the direction of the causal connection goes from economy to mobility.

Infrastructure is a limiting condition – to be changed by policy – for the total of productive and consumptive mobility and therefore for the economic development. Before the maximum mobility is reached, the limiting effect of infrastructure is revealed in the form of increased travel time and mobility price. The mobility price is defined as generalized transport costs per passenger or per tonne (freight transport). It consists of two parts: travel-distance costs and travel-time costs; travel-time costs are the result of monetary evaluation of travel time. The smaller the difference between the actual mobility and the maximum possible mobility (capacity of infrastructure), the lower is the velocity of transport and the greater the travel-time costs. The type of infrastructure imposes restrictions on the means of transport and its velocity. These restrictions, too, are expressed in the mobility price. 

The model makes use of matrices of origin-destination where the quality of accessibility within and between regions is expressed in terms of travel distance, travel time, travel-distance costs and travel-time costs, on the basis of a network of infrastructure. It generates the flows of transport within a region and between pairs of regions. It takes into account that the infrastructure of a region is utilized by transit traffic between other regions.

Infrastructure is one of the factors that characterize regions. Other regional features in the model are technological development, regional production structure, urbanisation (agglomeration economies and diseconomies), level of wage rate, existence of recreation areas, size of the population related to the area and the employment, investment premiums and geographic position. Their influence on the economy and mobility is also taken into consideration. 

The model (see (Van de Vooren 2004), for a more extensive and mathematical treatment) works as follows.

The regional income in period t determines regional (private) saving in period t, which – dependent on the balance of government spending in the region and taxes levied in the region, and on the balance of payments of the region – is used as (private) investment. Regional (private) investment is just an extension of the (private) stock of capital goods; so the region disposes of a larger stock of capital goods at the beginning of the next period t+1 than at the beginning of period t.

Neoclassical economic theory implies that the marginal labour productivity determines the real wage rate. This relation is reversed in MOBILEC in order that it can simulate unemployment. The real wage rate, agreed by employers and employees, is considered as an exogenous variable. It determines the marginal labour productivity. The real price of productive mobility determines the marginal mobility productivity.

The stock of capital goods, the marginal labour productivity and the marginal mobility productivity in period t+1 determine – given the production function – simultaneously the regional product, the employment and the productive mobility in period t+1. The state of technology, the regional structure of production and the degree of urbanisation in period t+1 are exogenous. The regional product accrues to the population in the form of regional income, which influences the consumptive mobility and the commuter traffic in period t+1. The consumptive mobility also depends on the price of consumptive mobility as well as the metropolitan character and the existence of recreation areas in the own region in relation to other regions. The commuter traffic also depends on the mobility price of commuter traffic as well as the per capita employment in the own region in relation to other regions.

From this point, the process starts again: the regional income determines regional saving in period t+1, which is used as investment in the own region or elsewhere, etc. The mobility prices rise as a result of an increasing utilization of the available infrastructure, what has a negative influence on the growth of economy and mobility. Substitution between transport modes is possible in the model.

This system of relations produces, as most important output, time paths of the following variables:

· regional/national product, employment and investment by region;

· transport of goods by lorry, train and ship (productive mobility) within a region and between regions;

· transport of passengers by car, train and bus/tram/metro within a region and between regions, split up into business traffic (productive mobility), commuter traffic and other traffic (consumptive mobility).

The model can be used for forecasting these time paths and for calculating effects of transport policy (including a levy on mobility) and spatial planning. 

The last version of the model is MOBILEC-BENELUX (Belgium, Netherlands, Luxemburg). Therefore, it is possible to calculate cross-border effects. This version contains 7,388 origin-destination relations and 13 periods. For Belgium, 43 sub-regions (districts, “arrondissementen”, NUTS 3) are taken into account and 40 sub-regions (“coropgebieden”, NUTS 3) for the Netherlands. In the model, Germany and France are also included, in the sense that in those 2 countries, the evolution of the economy is taken exogenous. This version has been developed at the University of Antwerp.

3.3.3. Instruments and scenarios 

In this freight case study, 10 scenarios are developed: 1 reference scenario (“do nothing case”) and 9 other scenarios. The reference scenario has to be seen as a starting point, to be compared with the other scenarios. The 9 other scenarios are always a specific adaptation of the reference scenario.

All scenarios are based on the following assumptions:

· Rise of the real wage rate of 1.7 % by year;

· Decrease of the average number of passengers by car with 0.3 % by year and Increase of the average load by lorry, train and ship with 0.7 % by year.

We make the following additional assumptions for the reference scenario:  

· Constant capacity of the roads;

· Constant real travel-distance cost by kilometre;

· Constant travel time by train and ship.

The reference scenario is also based on the “European coordination”-scenario of the Dutch Central Plan Office. That scenario is characterized by an economic growth of 2.75% per year on average between 1995-2020. The reference scenario will be simulated in such a way that as output an economic growth of more or less 2.75% as well in Belgium and the Netherlands over the period 2000-2030 will be obtained. 

In this case study, all results are reported on the basis of the period 2001-2013. Although the standard output of MOBILEC-BENELUX is 2000-2030, an additional tool was programmed to be able to report on a period that is comparable with the other case studies.

As agreed with the other partners, the base year is 2004 and the target year of modelling is 2012. Since measures are introduced in the period 2003-2005 (the period of analysis in MOBILEC is 3 years), the effect will already take place in that period. To be able to compare the scenarios, the period 2000-2002 (and thus the year 2001) had to be selected, since the results (output) in that period is equal for all scenarios. 

We examine nine other scenarios, which will be compared with the reference scenario:

Option 1: Tariff scenario

As agreed with the other case studies, each partner should model an increase in fuel tax by 25% from the reference year of 2004 to the year 2012. This was possible in MOBILEC in the following way. As well for passenger transport and freight transport, a distinction is made between travel-distance costs per kilometre and travel-time costs per hour. Fuel cost is a part of the travel-distance costs. After studying the basic data, it was possible to calculate the relative part of the fuel cost in the travel-distance cost (which is defined differently for passenger transport and freight transport in the model). Based on that information, an increase of the travel-distance cost per kilometre of 5.29% for passenger transport by car and 15.25% for freight transport by lorry is assumed. All other assumptions are the same as in the reference scenario.

Option 2: Road extension scenario

In this scenario, the capacity of the road infrastructure is extended in all regions in such a way that the travel time of the road traffic does not rise in spite of the increasing traffic. All other assumptions are the same as in the reference scenario.

Option 3: Rail freight scenario

This scenario introduces an infrastructural change on the relation between the district Antwerp (“arrondissement”) and Germany. The effect of a decrease of the distance and the travel time by 10% from the period 2003-2005 is simulated with respect to rail freight transport. This scenario makes it possible to analyse the effects of the re-activation of the Iron Rhine and/or the introduction of a second rail freight access to the port of Antwerp. All other assumptions are the same as in the reference scenario.

Option 4: Inland navigation freight scenario

In this scenario a decrease of the travel time with 10% from the period 2003-2005 is assumed with respect to inland navigation freight transport. The scenario encompasses both physical measures (for example: improvement of locks) and regulatory measures (improvement of efficiency of loading and unloading conditions of port workers) All other assumptions are the same as in the reference scenario.

Option 5: Rail freight scenario and inland navigation freight scenario

This scenario is the combination of options 3 and 4.

Option 6: Tariff scenario and rail freight scenario

This scenario is the combination of options 1 and 3.

Option 7: Tariff scenario and inland navigation freight scenario

This scenario is the combination of options 1 and 4.

Option 8: Tariff scenario and rail freight scenario and inland navigation freight scenario

This scenario is the combination of options 1, 3 and 4.

Option 9: Tariff scenario and road extension scenario

This scenario is the combination of options 1 and 2.

3.3.4. Model results

In the following seven tables, the results of the reference scenario and the 9 other options are reported. The average growth per year is reported of the real domestic (regional) product, employment and transport of goods by transport mode in Total Belgium and district Antwerp. The evolution is shown between 2001 and 2013. Those calculations have been specifically programmed for the SPECTRUM project, since the standard output gives the growth between 2000 and 2030.

The quantitative results by districts are aggregated to Total Belgium. The results are point estimates. A sensitivity analysis is necessary to give information about the confidence of the estimates.

The transport growth has been calculated on the basis of quantities of tonnes. The model also reports the average growth per year of passengers by transport mode. Since this is a freight case study, those figures are not reported explicitly. Anyhow the interaction between freight transport and passenger transport is taken into account in the calculations.

Some scenarios are simulations on a very detailed scale. For example, options 3 and 4 are characterized by an infrastructural change on the relation between district Antwerp and Germany. Since those are only two relations on a total of 7.388 relations the effects on a national scale will be rather small. Therefore, more detailed tables are given. Table 34 and Table 35 give the yearly evolutions of the district Antwerp. Table 36 and Table 37 give an indication of the yearly growth of the transported tonnes between the district Antwerp and Germany.

Table 31: Average growth per year (%) of the real domestic product, employment and transport of goods by transport mode in Total Belgium in the period 2001-2013: Reference scenario and options 1-4

	
	Reference scenario
	Option 1
	Option 2
	Option 3
	Option 4

	Domestic product
	2.7306
	2.7133
	2.7663
	2.7308
	2.7311

	Employment
	0.9612
	0.9444
	0.9955
	0.9613
	0.9616

	Transport of goods

· by lorry

· by train

· by ship
	2.1674

2.5859

2.7936
	1.9063

2.5725

2.7766
	2.6079

2.6125

2.8285
	2.1675

2.6322

2.7938
	2.1677

2.5864

2.8839


Table 32: Average growth per year (%) of the real domestic product, employment and transport of goods by transport mode in Total Belgium in the period 2001-2013: Options 5-9

	
	Option 5
	Option 6
	Option 7
	Option 8
	Option 9

	Domestic product
	2.7313
	2.7134
	2.7138
	2.7139
	2.7424

	Employment
	0.9617
	0.9445
	0.9448
	0.9449
	0.9724

	Transport of goods

· by lorry

· by train

· by ship
	2.1678

2.6327

2.8842
	1.9064

2.6187

2.7768
	1.9066

2.5730

2.8670
	1.9067

2.6193

2.8672
	2.2625

2.5942

2.8052


Table 33: Change of the average growth per year (%) of the real domestic product, employment and transport of goods by transport mode in Total Belgium in the period 2001-2013 relative to the reference scenario

	 
	 
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5
	Option 6
	Option 7
	Option 8
	Option 9

	Domestic product
	 
	-0.006
	0.013
	0.000
	0.000
	0.000
	-0.006
	-0.006
	-0.006
	0.004

	Employment
	 
	-0.017
	0.036
	0.000
	0.000
	0.001
	-0.225
	-0.017
	-0.017
	0.012

	Transport of goods (tonnage)
	lorry
	-0.120
	0.203
	0.000
	0.000
	0.000
	-0.120
	-0.120
	-0.120
	0.044

	
	train
	-0.005
	0.010
	0.018
	0.000
	0.018
	0.013
	-0.005
	0.013
	0.003

	
	ship
	-0.006
	0.012
	0.000
	0.032
	0.032
	-0.006
	0.026
	0.026
	0.004


Table 34: Average growth per year (%) of the real regional product, employment and transport of goods by transport mode in district Antwerp (“arrondissement Antwerpen”; NUTS 3) in the period2001-2013: Reference scenario and options 1-4

	
	Reference scenario
	Option 1
	Option 2
	Option 3
	Option 4

	Regional product
	3.9596
	3.9412
	4.0033
	3.9604
	3.9625

	Employment
	2.2242
	2.2061
	2.2671
	2.2250
	2.2270

	Transport of goods

· by lorry

· by train

· by ship
	2.8115

3.1189

3.1199
	2.5548

3.1047

3.1044
	3.3872

3.1505

3.1550
	2.8120

3.2166

3.1204
	2.8131

3.1200

3.3025


Table 35: Average growth per year (%) of the real regional product, employment and transport of goods by transport mode in district Antwerp (“arrondissement Antwerpen”; NUTS 3) in the period 2001-2013: Options 5-9

	
	Option 5
	Option 6
	Option 7
	Option 8
	Option 9

	Regional product
	3.9633
	3.9420
	3.9441
	3.9449
	3.9781

	Employment
	2.2278
	2.2069
	2.2089
	2.2097
	2.2423

	Transport of goods

· by lorry

· by train

· by ship
	2.8136

3.2177

3.3030
	2.5553

3.2024

3.1049
	2.5564

3.1058

3.2870
	2.5569

3.2035

3.2875
	3.0405

3.1310

3.1337


Table 36: Average growth per year (%) of the transport of goods by transport mode on the relation from district Antwerp (“arrondissement Antwerpen”; NUTS 3) to Germany in the period 2001-2013: Reference scenario and options 1-4

	
	Reference scenario
	Option 1
	Option 2
	Option 3
	Option 4

	Transport of goods

· by lorry

· by train

· by ship
	2.0960

2.7729

3.0371
	1.7597

2.7622

3.0244
	2.6284

2.7985

3.0673
	2.0964

3.6797

3.0377
	2.0975

2.7746

3.4942


Table 37: Average growth per year (%) of the transport of goods by transport mode on the relation from district Antwerp (“arrondissement Antwerpen”; NUTS 3) to Germany in the period 2001-2013: Options 5-9

	
	Option 5
	Option 6
	Option 7
	Option 8
	Option 9

	Transport of goods

· by lorry

· by train

· by ship
	2.0979

3.6814

3.4947
	1.7601

3.6689

3.0250
	1.7612

2.7639

3.4814
	1.7616

3.6706

3.4820
	2.2062

2.7837

3.0500


3.3.5. Analysis

The reference scenario shows an average economic growth in total Belgium of 2.7306% per year in the period 2001-2013. It is accompanied with an average growth of employment of 0.9612% per year. The transport of goods by train and ships grows more than by lorry. The growth rates in the district Antwerp are higher than on the federal (national) level. All other scenarios have to be compared with this reference scenario: it is a starting point for further analysis.

The rise of the travel-distance costs per kilometre in the tariff scenario (option 1) has a negative effect on the growth of the regional product, employment and transport. Because of the lower economic growth, the transport of goods by train and ship also decreases. The negative effect of economic growth is larger than the positive effect of substitution (here: from lorry to train or inland navigation; considered as positive). This option shows the lowest growth of transport by lorry in comparison with all other scenarios.

It is important to note that in the tariff scenario, the spending of the revenues is not taken into account. Introducing the tariff scenario generates a lower economic growth. The government can spend the revenues in several manners, in such a way that it can generate a higher economic growth. Possible ways of spending the revenues are: increase of government consumption, decrease of taxes, decrease of the government deficit, decrease of social security premiums in the gross wage rate and improvement of infrastructure (for further research, see (Van de Vooren and Pauwels 2004)).

As a result of the road extension scenario (option 2), the travel time costs of the lorry does not rise any longer, which has a positive effect on the growth of the regional product, employment and transport by lorry. In Total Belgium, the growth of transport of goods goes from 2.1674% to 2.6079%. In the district Antwerp, the corresponding growth is from 2.8115% to 3.3872%. Thanks to the higher economic growth, the transport of goods by train and ship also profit. The positive effect of economic growth is higher than the negative effect of substitution (here: from rail or inland navigation to road; considered as negative).

In the road extension scenario, it is not taken explicitly into account how the new infrastructure has been financed. There are several ways of financing and each of them will have a specific effect on new simulations (for further research, see (Van de Vooren and Pauwels 2003)).

The effects of the rail freight scenario (option 3) are rather small on a national level. As a result of the decrease of the distance and travel time by 10% on the relation district Antwerp and Germany, a rise of the rail freight transport in Belgium (from 2.5859% to 2.6322%) can be noticed. On a national level the differences between the reference scenario and the rail freight scenario are very small. This is logical, because the simulations are on a very detailed scale. 

To see the significant effects of option 3, one should analyse the transport of goods on the origin-destination relation between the district Antwerp and Germany (Table 36). It can be seen that there is higher growth of rail freight in option 3 than in the reference scenario (from 2.7729% to 3.6797%).

The same conclusions can be drawn for the inland navigation freight scenario (option 4). In this option, the difference between the reference scenario and option 4 is even smaller, because only the effect of a decrease of the travel time by 10% on the relation between the district Antwerp and Germany are simulated. The distance is the same as in the reference scenario. The inland navigation freight transport goes from 2.7936% per year to 2.8839% in Total Belgium. Table 36 shows the effect on a detailed scale: from 3.0371% per year in the reference scenario to 3.4942% in the inland navigation freight scenario.

Options 5-9 are combinations of the previous options. This means that effects on economy, employment and transport can be strengthened and weakened because of the interacting effects. In those scenarios combinations of pricing, physical as well as regulatory measures are simulated.

Option 5 (combination of rail freight scenario and inland navigation freight scenario) calculates the effects of an improved rail and inland navigation connection between the district Antwerp and Germany. Compared with the reference scenario, the extra growth of inland navigation and rail freight, as well on a national level (Table 32), on the level of district Antwerp (Table 35) as on the level of the Antwerp-Germany connection (Table 37) can be noticed.

In option 6 (combination of tariff scenario and rail freight scenario), a slightly lower growth of rail freight compared with option 3 (rail freight scenario) can be noticed: 2.6187% in option 6 and 2.6322 in option 3 (Table 31 and Table 32). The same conclusion applies to Table 34 and Table 35 (district Antwerp) on the one hand and Table 36 and Table 37 (relation district Antwerp and Germany) on the other hand. 

The same analogous conclusions with respect to inland navigation apply to option 7 (combination of tariff scenario and inland navigation freight scenario).

In Table 32, Table 35 and Table 37 the results are shown of option 8 (combination of tariff scenario and rail freight scenario and inland navigation freight scenario).

The results of option 9 (combination of tariff scenario and road extension scenario) show that the negative effects of the tariff scenario (option 1) is compensated with the positive effects of the road extension scenario (option 2). Compared with the reference scenario, a stronger growth of the domestic product can be noticed: from 2.7306% (reference scenario) to 2.7424% (option 9), compared with 2.7133% in the tariff scenario.

3.3.6. Conclusion

On the basis of an adapted version of MOBILEC-BENELUX, ten scenarios were developed: one reference scenario (used as a benchmark) and nine other scenarios. The latter scenarios are always a specific adaptation of the reference scenario. Those scenarios comprise pricing measures as well as physical and regulatory measures.

MOBILEC-BENELUX is a dynamic model that describes the relation between economy, mobility, infrastructure and other regional features. It takes explicitly into account transit traffic. As well freight transport and passenger transport is included in 1 model. The model takes into account the interaction between economy and mobility. This means: there is an influence of economy on mobility, but there is also an influence of mobility on economy. MOBILEC-BENELUX reports on the level of the districts (“arrondissementen”) of Belgium, regions (“coropgebieden”) in the Netherlands and Luxemburg. Germany and France as a whole are also included. In other words, 7.388 origin-destinations are included.

The main formula is a region specific Cobb-Douglas production function, in which transport is also considered as a production factor. The effects of a change of the following variables can be calculated: real wages, infrastructure network, travel distances, travel times, load factors, occupancy rates,... The model gives as output the effects on mobility and economy, namely regional product, employment and investments. But also freight transport by lorry, train and ship and passenger transport by car, train and tram/bus/metro. The passenger transport is also split into productive mobility, consumptive mobility and commuting traffic.

The tariff scenario simulates the effects of an increase in fuel tax by 25%. In the road extension scenario, the capacity of the road infrastructure is extended in all regions in such a way that the travel time of the road traffic does not rise in spite of the increasing traffic.

The rail freight scenario simulates the effect of a decrease of the distance and travel time by 10% on the link between the district Antwerp (“arrondissement”) and Germany. On the same link, a decrease of the travel time by 10% is simulated in the inland navigation freight scenario.

The first scenarios (reference scenario, tariff scenario, road extension scenario, rail freight scenario and inland navigation scenario) were scenarios with individually taken measures. The other scenarios comprise combination of measures (as well pricing, physical and regulatory measures).

All results are reported on the level of Total Belgium, the district Antwerp and the origin-destination relation between the district Antwerp and Germany. Yearly evolutions between 2001 and 2013 are indicated.

The analysis shows that it is important to simulate the effects of combined measures, since some negative effects (at first sight) can be changed into positive effects.

3.4. Freight case study 2: Great Britain Freight Model (GBFM)

3.4.1. Introduction to the case study

Great Britain rail freight tonnage and market share continually fell from 1952 to about 1994. By 1994 rail accounted for 5% of the GB freight market in terms of tonnes and 6% in terms of tonne-kilometres. There has been a shift towards larger bulk movements, with a limited commodity base of coal, metals, minerals, building aggregates and declining amounts of oil and chemicals.

The long-term decline in rail freight was part of the motivation behind the privatisation of the sector, which lead to two major rail freight operators. EWS Railways inherited bulk freight, postal traffic and wagon load traffic. Freightliner Limited operated inter-modal services, mainly connecting larger cities to key ports for deep-sea container trade.

The key issues for rail freight, highlighted in the Strategic Rail Authority’s Freight Strategy are (Strategic Rail Authority 2001):

1. Capacity - reserved slots in the timetable for freight trains.
2. Loading gauge – the height and width restrictions on the freight units.
3. Network speed – the ability to schedule paths for trains of different speed, andthe need to raise overall transit times.

4. Train Length – the ability to handle 750 metre trains on the main freight routes,resulting in greater efficiency and lower costs for operators.

5. Reliability – the minimisation of network-related delays.
6. Charging Structure – currently set by the regulator.
7. Outside Railtrack’s network, it is also important to consider the role of Eurotunnel, operating the only through rail link to the Continent, and its charging structure. So far, Channel Tunnel through freight has not enjoyed the same levels of growth as Eurotunnel’s own shuttle service.
Open access freight operators have helped introduce small amounts of freight to rail that would otherwise have been carried by road. 

Growth in rail freight halted in 1999 and was hit hard thereafter in the aftermath of the Hatfield derailment, which lead to speed restrictions across the network.

At the same time the government aims to fulfil obligations to environmental commitments, requiring the transfer of freight from road to rail and other more sustainable transport models (Department of Environment Transport and the Regions 2000), which focused on inter-modal operations and promoted via grant aid schemes.

The future plans for freight were outlined in the Governments’ Ten Year Plan for transport. The aim was to deliver growth of 80% in terms of tonne-kilometres in the decade to 2010, and was incorporated into the Strategic Rail Authority’s strategic plan (Strategic Rail Authority 2001). 

This analysis also demonstrated that Channel Tunnel rail freight would not form the cornerstone of the revival of the industry. This was severely affected by the asylum seeker problem, and actually led to freight operations ceasing through the Channel Tunnel for a time. Freight operations are now increasing again, but are still making considerable losses. At the moment EWS’s Channel Tunnel track access costs are subsidised by the SRA, but at the end of April 2005 this subsidy will currently cease, and whilst in 2006 there will be open access to the channel tunnel for freight operators, it remains questionable whether, without subsidy, such operations will be viable. There is currently an embryonic access regime in operation by Eurotunnel, with path prices published on their website. 

The classic rail-friendly industries such as coal and steel were originally developed around the rail network, with direct access and dedicated trainload services. In contrast, the emerging growth areas in freight have developed around the motorway network, requiring potential rail customers to use road haulage to connect their distribution centres to the rail network. Thus a typical rail journey for an inter-modal unit may require two sets of terminal charges and two road haulage connections.

There are also many interesting issues at play in the road freight sector. Roads are becoming increasingly congested, adding to the cost of haulage. The government is also planning legislation to charge HGV operations per mile rather than via the fuel duty in an effort to create a level playing field for domestic operators up against foreign hauliers who can fill up on cheaper fuel. The government is also planning to introduce restrictions on long working hours via the Road Transport Directive, in line with the rest of Europe.

Within the context of the current upheavals in the road and rail freight sector, the Great Britain Freight model was used to examine the impact of proposed legislation in the road sector alongside the effect of investments in the rail sector. The effect of changes in access regimes on freight via the channel tunnel was examined. In modelling the impacts of these proposed economic (rail subsidies), regulatory (RTD) and physical (rail investment) instruments a very interesting mix develops, from which synergies and interactions can be examined in the context of what is known to be government plans. 

The GBFM has a number of drawbacks, which make it impossible to carry out a full appraisal. It is very difficult to calculate user benefits, as a measure of Generalised Cost cannot be extracted easily from the model. It is also difficult to gauge the profitability of producers. The approach focuses on non-user benefits, and a form of appraisal is carried out based on changes in tonne-kilometres and associated external cost valuations.  A marginal social cost road user-charging scenario is used to provide a benchmark modal shift, i.e. what would the modal shift be if road haulage is priced at MSC? Any policies involving rail subsidies interacted with this will obviously be sub-optimal, so packages including both these instruments are not considered. The emphasis is on which combination of other instruments moves towards this optimal modal shift.  

3.4.2. Data description

The Great Britain Freight Model (GBFM) is a computer program designed to analyse freight traffic flows in Great Britain. It combines a number of data sources and computer algorithms within a single system and applies simple micro-economic rules, seeking to explain the distribution of freight traffic, including commodity, mode, and route.

The model is made up of a database of freight movements, associated simplified networks and cost parameters. It has two modules, international and domestic, each of which is given inputs that have the bulk and non-bulk traffic split as a given. The two modules are linked together, so that international traffic is assigned to the domestic network and is distinguished from the purely domestic flows. All the data described below is packaged with GBFM itself. A more detailed description of GBFM is provided in Appendix F1.
Demand Data

The model is based upon published databases of freight flows from 1999 (Department of Environment Transport and the Regions 2000), without constructing a model of trip generation.

International Traffic

Within GBFM, the two sets of trade data are aggregated according to the following specification. 

· For non-EU Countries: Partner Country, 2 digit SITC (Standard International Trade Classification
) Commodity, sea mode, UKport, and tonnes traded.

· For EU Countries: Partner Country, 2 digit SITC Commodity, and tonnes traded.

The key differences are the presence or absence of port and mode. For Extra-EU data, the model does not have to estimate the mode by which the trade arrives in the UK or consider the network structures - it is simply a matter of record, and the model can proceed to the inland trip to the GB destination. For Intra-EU trade flows, the commodity information must be used to split the trade into two groups (unitised and non- unitised). Then the model must generate paths across the Continent and Ireland in order to determine the UK ports of entry or exit.

In neither case is it possible to determine the regional (i.e. sub-national) distribution. This has been achieved by marrying the trade data to the Department of Transport’s ODIT 1991 (Origin and Destinations of International Trade) database, which is used to relate ports to their hinterland (Department for Transport 1991). 

For Extra-EU flows, the ODIT survey is used simply to generate patterns of distribution by GB zones. Extra EU origins/destinations are not subdivided, as it is normally sufficient to know the country of origin.

For Intra-EU flows, regions of origin and destination on both sides of the Channel are generated, using NUTS 3 definitions (counties) for GB, and NUTS 2 (e.g. French Regions, German Länder) on the Continent. When considering port choice, it is clearly necessary to be able to distinguish between Bretagne-Cornwall flows and Normandie-Kent flows.

The process of linking national flows to regions is generally carried out outside GBFM, although there are exceptions (e.g. Ireland), where ODIT does not provide any information, and so, a simple gravity model is used.

Domestic Traffic: Road

The domestic road freight sector is derived from the Continuing Survey of Road

Goods Transport (CSRGT), collected by (Department of Environment Transport and the Regions 2000).

The Continuing Survey of Road Goods Transport shows:

· Counties of origin and destination
· Product types (2 digit NST)
· Tonnes lifted
· Vehicle type
The CSRGT databases are updated annually. They are processed outside GBFM, and converted into a single flat file, containing revised zone codes. Data for Northern Ireland is not used. 

Domestic Traffic: Rail

The rail database is based on a sample of rail freight data, acquired with Strategic Rail Authority support from Network Rail’s Paladin mainframe. The database contains a full record of rail freight movements for a two-month period in May and June 2001; a sample designed to avoid instances of network disruption. It contains over 540,000 records, each relating to a train movement on the network. The records contain information on wagons, weights, commodities, origin and destination stations, dates and times.

The raw data is broken down so that individual trainloads are identifiable. Where a rail journey spans a series of hauls, each section of the journey is visible. The result of this analysis is a database that can provide county-by-county origin destination matrices by identifiable rail sectors. The software developed in this process can now be used to convert raw data from Paladin into a useable form, suitable for use within a transport model.

Road Network

The road network is based on the Department for Transport’s National Transport Model 2000 road network (Department for Transport 2000). The version used in the current model contains approximately 27,500 links. Each link has attributes for:

· FORGE (model of the U.K. Department for Transport to handle capacity constraint of car traffic at a regional level) area type 
· Sub-region code
· Road Type (motorway, trunk dual, trunk single, principal dual, principal single, Broads, and C & unclassified)

· Speed
· SLM (Sensitive Lorry Miles) category
· Toll
Road Costs

The cost of road haulage has been based upon a series of studies carried out by MDS Transmodal since the 1980s (MDS Transmodal 1999). The key numbers are the rates for distance related costs (31.74 pence per kilometre) and fixed costs (28 pence per minute for the vehicle and the driver).

Rail Network

The rail network has been simplified to a database of ‘services’, i.e. hyperlinks from loading terminal to unloading terminal. They are defined for specific rail businesses, using the classification adopted by the Freightmaster publication Freightliner (Freightmaster 2004). The database of services has been extracted from the Railtrack OD database, using known train movements and wagon details to match the records to a set of rail businesses. 

Parameter values

GBFM uses a single value of time, based on work done by the University of Leeds (Fowkes and Tweddle 1997). This is set at 1.04% of the hourly freight rate. GBFM also does not have an overall generalised cost or price elasticity relating changes in prices of goods or the overall cost of transport to the level of freight activity.

Freight is forecast to grow in line with future growth in economic activity. Growth rates for the 20 commodity groups (with a rail/road split only for Coal and Coke) are calculated by a combination of regression forecasts (tonnes lifted on GDP) and historic trends in tonnes lifted.
3.4.3. Instruments and scenarios

2004 Base

The GBFM data dates back to 2000. By 2004, the ten year plan had already been in place for 4 years, so in the absence of more recent data, a proportion (approximately 2/5) of the overall predicted effect of the ten year plan was attributed to have already been realised by 2004.

2012 Do nothing

Although a do nothing scenario implies no changes, one still has to factor in forecast economic growth, and technological advancements predicted over the next few years that will increase vehicle efficiency and size. 

Social Regulation of Working Conditions

On 23 November 1993, Council Directive 93/104/EC introduced working time provisions for most sectors of employment. However, employees in the transport sector were excluded temporarily. The UK implemented the original directive in 1998, by way of the "Working Time Regulations 1998". 

In 1998 the Commission published a sector specific proposal for mobile workers in the road transport sector (European Commission 2002). Agreement at European level for the sector specific proposal was delayed - largely because of the difficulty in reaching agreement on whether to include self-employed drivers. A text for the Road Transport Directive (RTD) was agreed by the Council of Ministers and the European Parliament at the end of 2001 and finally adopted and published in the Official Journal on 23 March 2002, and gave Member States 3 years to transpose and implement the Directive. 

The UK Regulations need to come into force by 23 March 2005 and will cover mobile workers (as defined by the RTD) employed by undertakings who are participating in road transport activities that are covered by EU drivers' hours rules. Self-employed drivers (again, as defined under the RTD), will not be affected until 23 March 2009. The Department for Transport will draft the regulations for Great Britain. Separate regulations will apply to Northern Ireland. 

The main provisions under the RTD are:

· Working time is limited to an average 48 hour week over a 4 month reference period. 

· Up to 60 hours working time can be performed during a single week, providing the average working time does not exceed 48 hours per week during the reference period. 

· Working time at night is limited to 10 hours in any 24 hour period. 

· Workers cannot work more than 6 consecutive hours without taking a break. If working between 6-9 hours, a break of at least 30 minutes is required. If working over 9 hours, breaks totalling 45 minutes are required. 

· Derogations are available that would permit an extension to the 4 month reference period, and allow night workers to work longer than 10 hours.

Unlike preceding legislation on working time, individuals cannot choose to "opt-out" of the average 48-hour week. However, any time classified as a break, rest, or a "period of availability" (see section 3) does not count towards any of the working time limits. These periods are not defined as working time under the RTD. 

· With 81 per cent of all domestic freight delivered by road, the working time restrictions could have far-reaching implications – particularly regarding night-time deliveries.

The proposed 48-hour working week would represent a significant reduction over the current operations, where drivers average around 55 hours per week. 

The RTD could produce a number of alternative or linked impacts on the freight transport industry:

· Reductions in driver productive time, increasing fixed costs per hour. The Freight Transport Association estimate the RTD could increase operating costs by 12% per annum. 

· Movement of driver employment away from in-house to sub-contracted owner/operators, to exploit the less-stringent RTD framework for smaller hauliers and self-employed drivers

· Reduced nighttime trucking activity, leading to increased daytime HGV traffic levels, which, in turn, would create more traffic congestion. 

· Movement of freight transport activity away from the more regulated HGV sector towards the relatively unregulated light goods vehicle sector ("white van man"), allowing operators to move goods at faster speeds, without tachographs, more stringent driver training or licensing. 

The total impact of the RTD on the UK freight industry has been estimated by FTA at a cost of between £1bn and £3.3bn per annum.

The implementation of the RTD offers scope for rail freight to exploit the potential constraints of the RTD on road haulage, through greater competitiveness on costs  and in terms of transit times, particularly at night.
Road Pricing

Lorry Road User Charging

The aim of the road pricing measure is to costlessly recover the full social cost of road haulage, over and above that which is already recovered through fuel duty and the Vehicle Excise Duty.  The following table provides the required marginal cost and revenue valuations (Sansom, Nash et al. 2001).

We use the high cost estimates, which are very much an upper bound, so the following forecasts are very much an upper limit on the likely optimal diversion of freight to rail.

Table 38: Marginal Cost and Revenue for Articulated Heavy Goods Vehicles (pence/ vkm), high cost estimates

	Infrastructure operating cost and depreciation
	9.82

	Congestion
	24.89

	External
	1.4

	Air Pollution
	7.63

	Noise
	4.35

	Climate change
	2.86

	Total
	51

	Vehicle Excise Duty
	2.5

	Fuel Duty
	14.47

	VAT on fuel duty
	2.53

	Total
	19.5

	Difference (Costs- Revenues)
	31.5


In order to implement this full marginal cost recovery level of road charging, a simple charge at a single rate of 31.5p per km for all roads is assumed as a replacement to existing vehicle excise duty and fuel duty.  

Extension of conventional rail-based transport infrastructure

The UK Government’s original 10 Year Plan, published in July 2000, set out the investment framework for transport for the next 10 years. The aim of investment in the railways, was to increase their use for both passenger and freight, to provide new capacity to meet the demand, and to provide an improvement in the level of quality of service to the customers of the railways, thus making a significant contribution in reducing future levels of congestion on the roads.

The investment will be carried by the private sector - Network Rail and Operators - but the Government and the public sector will continue to provide financial support through revenue support, capital payments or act as primers to attract private capital

The total railway investment required over the ten years was estimated to be around £49 billion, of which £34 billion was expected to be sourced from private investment. In addition, £14 billion was estimated to be required for resource (non-capital) expenditure.

The proposed breakdown of Government funding for the railways was as follows:

· £12 billion revenue support for passenger and freight train operators 

· £7 billion contribution to Rail Modernisation Fund, which will lever additional private capital 

· £4 billion of capital repayments for renewal schemes 

· £5 billion for completion of Channel Tunnel Rail Link and new hub at St Pancras/Kings Cross 

The proportion of investment for freight was assumed to be £4 billion, including investment in gauge enhancements, new interchanges, new rolling stock and capacity enhancements to cater for a projected 80 per cent growth in rail freight volumes by 2010. The Plan had indicated that it was possible to increase the market share of rail from the then current 7 percent to 10 percent by 2010.

The effects of these investments will be increases in freight speeds, increase in train length, increase in quality of service, terminal capacity and a reduction in terminal turnaround times.

Subsequent to the modelling work carried out in this case study, the government published a revised ten-year plan. However, given that the GBFM has been designed around the original plan, with future forecasts and network developments forming important inputs to the modelling, it was decided to retain the original ten-year plan as a measure in the analysis. 

Financial incentives to Rail operators 

Company neutral revenue support

This is a grant providing revenue support to the movement of inter-modal containers in Great Britain. It applies to deep-sea, short-sea and domestic inter-modal freight. Grant support is based on traffic moved rather than on characteristics of a particular operator, and thus is on a non-discriminatory basis. According to the SRA (Strategic Rail Authority 2004), ‘this impartiality should enhance fair competition amongst freight operators and enable services to be developed in response to market needs.’ The aim of this scheme is to reduce the number of sensitive lorry miles in Great Britain, shifting the traffic to rail. The support scheme came into place in April 2004, and is initially for a three-year period, with an extension subject to evaluation. For the modelling purposes, it is assumed to be in place through to 2012.

Channel Tunnel Access charging 

The future situation regarding freight use of the Channel tunnel is extremely uncertain. At the moment there is one operator, English Welsh and Scottish Railways, EWS, who use the tunnel for through freight, and Eurotunnel run a shuttle service for transport trucks weighing up to 44 tonnes and own 50% of the capacity. The EWS operation is heavily subsidised, and this subsidy will be cut in 2006. From March 2003 there has been, in theory, a more liberal access regime for operators using the tunnel. Eurotunnel currently publish access costs in their Network Statement (Eurotunnel 2004). However, without subsidisation it is difficult to know how much extra, if any, freight will be attracted to the tunnel in the future. A scenario was simply examined where tunnel access charges are cut to zero, to see how much rail freight traffic could potentially be transferred to the tunnel. Use of the tunnel is also likely to be more favourable with the completion of the high speed Channel Tunnel rail link due in 2006, and this is factored into the ten year plan.

The table below shows how the ten-year plan and default settings for 2012 are implemented. (No difference between 2010 and 2012 values are assumed, except for GDP growth).

Table 39: Implementation of ten-year plan and 2012 default values in GBFM

	GBFM Variable
	2000 value
	2004 Estimation
	2010 Prediction

	Road Default 2012 settings

	Fuel prices
	0.63p per litre

0.4p per litre
	0.62p per litre

0.58p per litre
	0.62p per litre

0.58p per litre

	Fuel efficiency
	2.51 km per litre
	2.68 km per litre
	2.94km per litre

	Vehicle weight

(100= base)
	100
	102.4
	106

	10 Year Plan Settings



	Bulk Rail

	Preparation time
	8hrs
	7.2hrs
	6hrs

	Cargo speed
	35kph
	39kph
	45kph

	Inter-modal Rail

	Preparation time
	8hrs
	7.2hrs
	6hrs

	Train speed
	50kph
	54kph
	60kph

	Maximum trailing length
	550m
	630m
	750m

	Quality of service indicators
	89%
	90%
	92%


The table below shows the values used for the other instruments used in these scenarios.

Table 40: Implementation of other instruments through settings in GBFM

	Instrument
	How implemented

	Road User Charging
	Vehicle excise duty set to zero

Increase in running cost per km of 31.5p per km to recover all external costs of road haulage.

	Road Transport Directive
	Average road transport working hours cut from 12 hours to 9.6

	Company Neutral Revenue Scheme
	Triggered within GBFM

	Channel Tunnel access charging
	Cut from £10 per tonne to zero

	Fuel Taxes
	Increased fuel prices by 17.5% (equivalent to a tax rise of 25% assuming tax rate of 75% of total fuel price)


3.4.4. Model results

The GBFM looked at a time horizon from 2004 to 2012 to be unitary with other case studies and make results comparable. In total ten modelling runs, detailed in the table below, were undertaken.

Table 41: Summary of scenarios modelled

	
	Scenario name
	(E)conomic/ (P)hysical/ (R)egulatory
	Types of instruments
	Modes affected

directly

	1
	No instruments
	
	NA
	NA

	2
	MSC road user charging (RUC) 
	E
	Road pricing
	Road

	3
	Road Transport directive (RTD)
	R
	Social Regulation of Working Conditions
	Road

	4
	Ten year plan (TYP)
	P
	Extension of conventional rail-based transport infrastructure
	Rail

	5
	Company neutral grant (CNRS)
	E
	Financial incentives to rail operators
	Rail

	6
	Channel Tunnel access charging (TAC)
	E
	Financial incentives to rail operators
	Rail

	7
	TYP, CNRS
	E, P
	Extension of conventional rail-based transport infrastructure 

Financial incentives to rail operators 
	Rail

	8
	Prorail (TYP, CNRS, TAC)
	E, P
	Financial incentives to rail operators Extension of conventional rail-based transport infrastructure
	Rail

	9
	All measures

RTD, TYP, CNRS, TAC
	E, R, P
	Financial incentives to rail operators Social regulation of working conditions

Extension of conventional rail-based infrastructure
	Road, Rail

	10
	Fuel Taxes (FUEL)
	E
	Increase in Fuel taxes
	Road


Scenario 1 deals with the as now situation projected to 2012, i.e. no actual measures directly implemented. However, this does include forecast economic growth, and technological advancements increasing road vehicle fuel efficiency and size. For reasons discussed in the introduction, the 2012 do nothing projection was treated as the base scenario. 

Scenarios 2 -6 examine the impact of individual instruments for road and rail. Scenario 7 combines the infrastructure plans of the ten-year plan with the company neutral rail grants as these are actually considered alongside the infrastructure plans when the ten-year plan was developed. Scenario 8 combines all the rail instruments to create a ‘Pro-rail’ package. Scenario 9 implements all the instruments 3-6 together.

In this way it was possible to look at the degree of complementarity, additivity and synergy between road instruments and rail instruments and compare their effectiveness with that of marginal cost pricing.

A final scenario based on increasing road fuel taxes was included primarily as a means of comparing results across the case studies using a scenario common to all.

Appraisal methodology

Unlike MOBILEC, GBFM is a partial equilibrium model, thus does not model interactions between the freight and other sectors. In other words, only direct effects of freight policies on freight transport can be examined.

Determining user benefits in freight, based on measures of consumer surplus is extremely difficult. For this reason, the appraisal was based on non-user benefits.

For these purposes, GBFM will report changes in tonnes lifted and tonne kilometres for commodities. In order to carry out an appraisal of the different options, the following valuations from (Sansom, Nash et al. 2001) were used.

Table 42: Marginal Cost and Revenue Analysis for Rail Freight 1998 £ / train km, high cost estimates

	
	Category

	Costs
	Rail Bulk
	Rail Other

	Marginal infrastructure usage
	1.79
	0.88

	
	
	

	Vehicle operating cost
	8.60
	9.70

	Air pollution
	1.2
	1.2

	Noise
	0.563
	0.563

	Climate change
	0.525
	0.525

	Total
	12.68
	12.87

	
	
	

	Revenue
	13.01
	13.61

	
	
	

	Difference

Cost - Revenue
	-0.33
	-0.74


Note:  High cost estimates apply to environmental categories only; infrastructure costs, operating costs and revenues do not have a lower-upper range.

Table 42 suggests that bulk and non-bulk freight services in 1998 were typically earning revenue some £0.33 and £0.74 respectively in excess of marginal social cost. From Table 38 it can be noticed that there is a benefit of 31.5p per vehicle km from relieving the roads of this traffic. Assuming an average load of 900 tonnes that would otherwise use road and requires 45 articulated goods vehicles there is a benefit of £14.18 (=31.5*45) to add to the revenue earned by trains in excess of marginal social cost. So the total benefit of the freight service is £14.51 and £14.92 per train km for bulk and non-bulk respectively. 

Figure 7: Marginal private and social cost of Road Haulage
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The diagram above illustrates the welfare loss associated with the social cost not being met by the private cost of road haulage. It leads to a higher than optimal road mode share and road heavy goods vehicle kilometres of S1 (>S*). At non-trivial reductions in vehicle kilometres, the gap between marginal social cost (MSC) and marginal private cost (MPC) will fall to below 31.5p, so this has to be accounted for in the appraisal. For example, if a policy reduced road tonne kilometres to S*, the average difference between MSC and MPC, and hence value to use in the appraisal, for each reduced tonne km would be 15.75p.
These valuations were then uplifted to 2004 prices using the Retail Prices Index, and divided by 900 (assuming a train carries on average 900 tonnes) to get a figure per tonne kilometre for bulk and non-bulk freight, which could be used in conjunction with the changes in tonne kilometres under the various scenarios to determine the overall welfare effects.

3.4.5. Analysis

The following figure shows the change in mode shares for road and rail following the various scenarios.

Figure 8: Rail mode shares under alternative scenarios by tonnes lifted and tonne kilometres.
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Table 43 shows the total tonnes lifted and tonne kilometres, by mode for each scenario, with the appraisal methodology described above, applied based on the values from Table 42. Rail was broken down into bulk and non-bulk as these utilise different values.

It is important to note the long distances typically associated with rail freight compared to road - rail is simply too expensive over most short distances except for bulk deliveries which can deliver to and from private sidings. For this reason, rail’s market share of tonnes lifted is lower than that of tonne kilometres.

Changes in tonnes lifted across the scenarios do not reflect differences in the total level of goods being transported. In other words, there is no feedback from the cost of transport to the overall level of economic activity and hence the amount being transported. The difference arises from the way goods are carried; i.e. if a consignment switches to rail, but there is still a road collection or delivery leg involved, it will be counted as ‘lifted’ twice, so will contribute to an increase in tonnes lifted. 

The increase in tonnes lifted and tonne kilometres from 2004 to scenario 1, ‘Do nothing’ does reflect the increase in economic activity forecast up to 2012, which is the key driver of freight growth. All scenarios lead to an increase in total tonnes lifted, but this is because of the increase in rail and this implies ‘double counting’ of some tonnes. 

From Figure 8 it can be seen that, for the ‘do nothing’ scenario, rail freight will fall to below 5% and 10% respectively for tonnes lifted and tonne kilometres. In absolute terms, Table 43 shows how, if nothing is done, tonnage and tonnes lifted will fall for rail and increase for road compared to 2004. This reflects the increasing fuel efficiency, loading capacity and the continued decline of bulk rail markets such as coal and coke.

This increase in overall freight is so large that, despite reducing road’s market share, each scenario except RUC leads to an increase in road tonne kilometres and road tonnes lifted above current 2004 levels. RUC doubles rail’s market share in terms of both tonnes and tonne km compared to the ‘do nothing’ scenario. This leads to a comparative welfare increase of £276 million.

All the other ‘do something’ scenarios (3-10) do however achieve a reduction in tonne kilometres and tonnes lifted for road compared to the ‘do nothing’ scenario. This can also be seen in Figure 8 as an increase in rail’s market share. Aside from RUC, the high cost of the Road Transport Directive on road haulage has the largest effect of a single instrument on switching freight from road to rail, increasing rail’s market share by 40% of current levels. Table 43 shows this also has the largest impact on welfare of all the single measures, with an increase of £131 million.

Scenario 7 includes the infrastructure investment of the ten year plan (TYP) alongside the financial incentives offered as part of the plan (CNRS). This scenario actually increases rail tonne km market share by almost a half on 2004 levels to just over 15%, with an increase in tonnes lifted to almost 7%. The table shows there is complementarity between these instruments - individually, CNRS and TYP lead to an increase in welfare of  £101 million and £112 million respectively, but when combined, welfare is increased by just £165 million. Compared to the ‘do nothing’ scenario, the CNRS scenario just affects non-bulk rail, as it was designed to do.

Scenario 8, PRORAIL, combines the ten-year plan infrastructure (TYP) and subsidy measures (CNRS) with a reduction in the cost of freight through the channel tunnel (TAC). Figure 8 shows this scenario increases rail’s market share of tonnes lifted to over 8% and of tonne kilometres to almost 18%. Again, there is complementarity between all three measures, with TYP, CNRS and TAC leading to an increase in welfare of £112 million, £101 million and £71 million, whereas jointly they increase welfare by just £155 million.

When all the measures 3-6 are combined in scenario 9, ALL, they interact to greatly improve rail’s market share on 2004 levels, leading to a doubling of rail’s market share to 10% and 21% for tonnes lifted and tonne kilometres respectively. This is the only scenario that matches the modal shift of RUC. Again there is complementarity between the instruments in this scenario. This increases welfare by £199 million. Even here the welfare effect is not as great as in RUC, because road tonne kilometres are not reduced by as much as in RUC. This is because ALL offers a subsidy for multimodal operations, whereas RUC just makes road haulage more expensive.

The final scenario 10, FUEL, shows that with an increase in fuel tax of 25% for road haulage, there will be a slight shift to rail that does not even recover current 2004 levels. This scenario increases welfare by just £34 million.

Table 43: Tonnes Lifted, Tonne kilometres by Scenario, and Change in Tonnes Lifted, Tonne kilometres and Welfare relative to the “do nothing” scenario
	 
	2004
	1) Do nothing
	2) RUC
	3) RTD
	4) TYP
	5) CNRS
	6) TAC
	7) TYP + CNRS
	8) PRORAIL
	9) ALL
	10) FUEL

	
	
	
	
	
	
	
	
	
	
	
	

	Absolute tonnes lifted (million)

	Bulk rail
	61.7
	50.9
	71.2
	72.9
	53.9
	51.0
	51.7
	53.9
	55.7
	75.3
	53.0

	Non-bulk rail
	34.0
	37.4
	104.8
	70.1
	60.4
	60.4
	59.3
	72.7
	96.5
	121.5
	40.9

	Total Rail
	95.6
	88.3
	175.9
	143.0
	114.3
	111.3
	110.9
	126.6
	152.3
	196.8
	93.9

	Road
	1680.9
	1727.8
	1678.7
	1683.8
	1724.6
	1727.7
	1734.1
	1725.0
	1734.9
	1687.4
	1723.4

	Total 
	1776.5
	1816.1
	1854.7
	1826.8
	1838.9
	1839.0
	1845.0
	1851.6
	1887.1
	1884.2
	1817.2

	Change in tonnes lifted (%)

	Bulk rail
	
	
	39.7%
	43.1%
	5.8%
	0.05%
	1.4%
	5.8%
	9.4%
	47.8%
	4.0%

	Non-bulk rail
	
	
	180.3%
	87.5%
	61.5%
	61.5%
	58.6%
	94.6%
	158.3%
	225.1%
	9.3%

	Total Rail
	
	
	99.2%
	61.8%
	29.4%
	26.0%
	25.6%
	43.4%
	72.4%
	122.8%
	6.3%

	Road
	
	
	-2.8%
	-2.5%
	-0.2%
	-0.01%
	0.4%
	-0.2%
	0.4%
	-2.3%
	-0.3%

	Total 
	
	
	2.1%
	0.6%
	1.3%
	1.3%
	1.6%
	2.0%
	3.9%
	3.7%
	0.1%

	Absolute tonne km (million)

	Bulk rail
	9018
	7911
	11325
	10665
	8305
	7912
	7977
	8305
	8496
	11008
	8287

	Non-bulk rail
	8667
	10465
	28027
	18263
	18741
	17183
	18024
	21331
	27490
	30784
	11193

	Total Rail
	17685
	18376
	39352
	28928
	27046
	25095
	26001
	29636
	35986
	41792
	19481

	Road
	154275
	175080
	151322
	166627
	168223
	168929
	171112
	166037
	165111
	160495
	173135

	Total
	171960
	193457
	190674
	195555
	195269
	194024
	197112
	195673
	201097
	202288
	192615

	Change in tonne km (%)

	Bulk rail
	
	
	43.2%
	34.8%
	5.0%
	0.01%
	0.8%
	5.0%
	7.4%
	39.1%
	4.8%

	Non-bulk rail
	
	
	167.8%
	74.5%
	79.1%
	64.2%
	72.2%
	103.8%
	162.7%
	194.2%
	7.0%

	Total Rail
	
	
	114.1%
	57.4%
	47.2%
	36.6%
	41.5%
	61.3%
	95.8%
	127.4%
	6.0%

	Road
	
	
	-13.6%
	-4.8%
	-3.9%
	-3.5%
	-2.3%
	-5.2%
	-5.7%
	-8.3%
	-1.1%

	Total
	 
	 
	-1.4%
	1.1%
	0.9%
	0.3%
	1.9%
	1.1%
	3.9%
	4.6%
	-0.4%

	Appraisal (£2004 million)

	Total welfare change
	 
	 
	227.93
	131.37
	111.69
	101.01
	71.40
	139.83
	155.44
	199.00
	33.86


Changes in port traffic

GBFM categorises Channel Tunnel traffic as a separate commodity, allowing us to calculate how much extra tunnel traffic is generated under various scenarios. The results for scenarios 1,2, 6 and 9 are included in the table below.

Table 44: Channel tunnel traffic under various scenarios

	
	Road Tonnes (000s)
	Road TKms (000)
	Rail Tonnes (000s)
	Rail TKms (000s)
	Total Tonnes (000s)
	Total TKms (000s)

	
	
	
	
	
	
	

	1) Do nothing
	5,194
	410,487
	5,194
	1,654,158
	10,388
	2,064,646

	2) RUC
	7,805
	462,628
	7,805
	2,665,389
	15,609
	3,128,017

	6) TAC
	20,304
	1,571,883
	20,304
	5,734,636
	40,608
	7,306,518

	9)ALL
	29,619
	2,284,046
	29,619
	8,264,767
	59,238
	10,548,813


We see that scenario 6 involving the removal of the tunnel toll succeeds in generating almost a three-fold increase in tunnel traffic (as measured in tonnes). For scenario 9, involving all measures including the removal of the channel tunnel toll, this leads to almost a five-fold increase in tunnel traffic.

GBFM also forecasts the amount of traffic going through ports and freight terminals.  This is useful in explaining where the growth in the channel tunnel freight is abstracted from. For this reason it is just focused on the effect of the scenario 6, the removal of tunnel access charges, and scenario 9, combining all the instruments relative to the do nothing scenario. The full results are displayed in tables F2.1 and F2.2 in the Appendix F. 

Most of the extra channel tunnel import and export traffic generated in scenario 6 comes from the ports of London, Goole, Harwich, Folkestone and Dover. Most of the increase in channel tunnel traffic is handled at Trafford Park, Hams Hall, Wakefield and Willesden rail freight depots.

In scenario 9, there is significant abstraction of exports and imports from the ports of Folkestone, Dover, Harwich and Felixstowe. The largest expansion of export traffic is seen at Mossend, Hams Hall, Wakefield, Trafford Park and Willesden rail freight depots. The largest expansion of import traffic is found at Daventry, Hams Hall, Wakefield, Trafford Park and Willesden rail freight depots and the Port of London.

3.4.6. Conclusion

In this case study the Great Britain Freight Model was used to examine a range of physical, economic and regulatory measures primarily aimed at making rail more competitive relative to road. The increase in tonnes lifted and tonne kilometres reflects the increase in economic growth forecast from 2004 to 2012. This overall forecast increase in freight from 2004-2012 is such that only road user charging successfully leads to a decrease in road tonne kilometres below current levels.

If no instruments are used then rail will lose not only its market share, but in absolute terms the number of tonnes lifted and tonne kilometres will fall, due to increased load bearing capacity and fuel efficiency of road vehicles, and the continuing deterioration of key bulk rail markets such as coal.

Of the single instrument measures that were examined, all helped to maintain or increase rail’s market share and increase rail tonnes lifted and tonne kilometres at the expense of road from the do nothing scenario. 

All the packages of measures that were examined showed a degree of complementarity between the instruments.

The only package which comes close to, the effectiveness of road user charging at marginal cost involves all instruments combined. This lead to a doubling of rail’s market share, but a welfare impact slightly below that of road user charging. Whilst the large increase in road transport costs required by road user charging policy is not politically acceptable in the current climate, (as shown by recent fuel protests), it is questionable whether the other policies would be as efficient to implement in practice.

4. European scale assessment

4.1. Introduction to SCENES

The SCENES transport model is composed of passenger and freight demand modules and a compatible passenger and freight transport model. This model was developed within the FP4 project of the same name building on a model established in the STREAMS project (ME & P 2002). It covers the EU15 member states, Norway, Switzerland plus eight Central and Eastern European Countries (CEEC): Hungary, Poland, Czech Republic, Slovakia, Slovenia, Latvia, Lithuania and Estonia. All travel within this area is modelled, in 244 internal zones. Trade with the rest of the world is also included, with 21 external spatial zones.

The modelling structure developed is essentially a comprehensive framework for modelling at the European scale, in that all aspects of the transport market are accounted for within the model using a detailed European network for assignment. The passenger model is a conventional four-stage transport model. Passenger transport modes considered include: car, bus/coach, rail, air and slow. The freight model utilises national accounts data and input-output techniques within a complex regional economic model framework. Freight transport modes considered comprise roads, rail, inland waterways (IWW), short sea shipping (SSS).

The base year model comprises the total amounts of observed passenger travel and freight movements for the EU and for travel and movements to and from the EU. The passenger model also contains travel within and between eight CEE Countries. These total volumes of travel and movement are also in line with more disaggregate data at the country-pair and national level. The base year is 1995, while forecasts are available for 2020 (ME & P 2002) with reference to different scenarios, including different transport cost patterns. In addition, other SCENES forecasts are available for 2010 (and 2020) from the EC TIPMAC and IASON projects (TIPMAC 2004). The model applications also included improvements to the original SCENES model in terms of a fully integrated version of the model for freight and passengers. This includes highway constraint for road modes (passenger and freight).

The role of SCENES within the SPECTRUM project is to facilitate analysis of transport instruments on a European scale. This complements the other case study work undertaken as part of the interurban work area of SPECTRUM. These case studies focused on local/regional or national levels of assessment. The SCENES model allows for assessment both on an aggregated European level and for individual countries. 

4.2. Model and data description

SCENES is a “bottom up” model from the zonal level with a comprehensive detail regarding demographic, economic, socio-economic and transport factors. The overall structure of the SCENES model is similar to a traditional four-stage model comprising Generation, Distribution, Modal Split and Assignment components. However, the costs and times generated from the transport model is used as input in the demand models (passenger and freight respectively) in the form of disutilities, thereby providing an integrated model with feed-backs between supply and demand. The key role of the model is to produce European level transport forecasts.

SCENES covers the EU15 member states, Norway, Switzerland plus eight Central and Eastern European Countries (CEEC): Hungary, Poland, Czech Republic, Slovakia, Slovenia, Latvia, Lithuania and Estonia. All travel within this area is modelled, in 244 internal zones. Trade with the rest of the world is also included, with 21 external spatial zones. For specific information about the zones in the different countries, see Table G1.4 (Appendix G).

Transport model

The transport model (supply) involves a representation of cost and times for passenger and freight travel for all zonal pairs covered in the model. These costs and times are specified within a multi-modal framework for road, rail, air, shipping, inland waterways and pipeline.

Passenger demand model

Passenger demand is modelled on the basis of zonal level socio-economic and behavioural data (trip rates), relating to 20 population groups in each zone and 10 trip purpose categories. This information is used to specify a matrix of travel. For the base year 1995 the passenger demand model reproduces the following passenger travel characteristics:

· Number of trips per person (per day / year) by purpose

· Number of trips per person (per day / year) by purpose, over different distance ranges

· Number of trips by mode (car, bus, rail, non-mechanised, and air)

· Number of international tourism trips, by country pair

· Modal share over different distance ranges

Passenger kilometres travelled by mode (car, bus, train, air) by country provides at the aggregated level the main validation parameter.

Freight demand model

The freight model utilises national accounts data and input-output tables for each of the 15 EU countries to establish the pattern of trade by sector for national and international trade. Estimates of final demand by sector are made at the zonal level; this demand creates intermediate demand within the input-output structure and these demands are met by production (sector by sector). Ultimately, a matrix of monetary trade is produced by the model. The model generated freight volume can be combined with the passenger travel matrix for assignment to the networks within the common transport module. 

For the base year 1995 the freight model reproduces the following characteristics allowing for validation:

· National tonnes by commodity type (transport flow)

· International tonnes by country pair and transport flow (including EU imports / exports)

· National tonne-km by transport flow, mode and country

· Tonne-km on EU transport networks, by mode and country

Forecasting

Forecasts within SCENES require specification of two elements: an external scenario and a range of transport policy scenarios. The external scenario comprises assumptions regarding:

· Population by group, by zone, on the basis of country forecasts

· Car ownership rates by country / zone

· Income growth by country

· Improvements to the transport infrastructure networks

· Trends in vehicle occupancy

· Trends in international trip rates, and other trip rates

In addition, the transport scenarios concerns different assumptions about how transport costs will develop in the future distinguishing between modes where relevant.

The specific framework (which is based on the overall framework described in Chapter 3) of the multi-modal model SCENES (Figure 9) depicts that for freight and passenger transport the instruments fuel taxes, SMCP pricing and TEN infrastructure expansions were used. The input variables are slightly different to the other models as they include population, car ownership rates, improvement to transport infrastructure, vehicle occupancy, trip rates and transport cost scenarios. The output variables also differ from the other models as they include additionally change of average speed, of total transport costs, in unit costs and in total passenger or tonne hours per year. The results show that there is some evidence of synergy. 


4.3. Instruments and scenarios

The reference scenario used in this application of SCENES is in general the so-called Business-as-usual (BAU) scenario specified in the TIPMAC project (TIPMAC 2003). In particular, the TIPMAC BAU includes economic assumptions regarding GDP and population based on E3ME and transport cost scenarios concerning the annual percentage changes in cost by mode, in lorry loading and in rail speeds (TIPMAC 2003).  The transport cost assumptions in BAU are set out in Table G1.1 (Appendix G). The economic assumptions relating to GDP, employment and population are included in Table G1.2 (Appendix G).

Furthermore, it includes a number of policy measures in accordance with the action plan set out in the EC Transport White Paper from 2001 (European Commission 2001). It is assumed that these measures are adopted and implemented by 2010 well in advance of the forecast year 2020. These measures encompass economic, regulatory and physical instruments as outlined in Table G1.3 (Appendix G).

It should be noticed that in contrast to the TIPMAC BAU Scenario the Reference Scenario for the SPECTRUM application of SCENES does not contain any of the TEN priority schemes included in the Van Miert List 1 (see Appendix G3). These schemes are included as part of Option B (infrastructure expansion (see below)).

Option A – Introduction of SMCP for all modes

Option A consists of SMCP pricing applied to the "without infrastructure" network. SMCP pricing replaces existing fuel taxes and road tolls.  This is different from the TIPMAC assumption that existing levels of fuel tax would be retained with SMCP on top. This can lead to an increase in road traffic in highly taxed countries, and to an increase in motorway use in heavily tolled countries such as France and Italy. Charges will be applied to all modes.  

SMCP charges are specified per tonne-km for freight and per person-km for passengers. The charges are based on the short run marginal cost per passenger/ tonne kilometre regarding: global warming, congestion, air pollution, infrastructure, accidents and noise. For road modes a conversion is made based on average truck loading and car occupancy in each country to apply charges per vehicle/km to trucks and cars. The currency units in SCENES are 1995 ECU.

The same sort of scheme needs to be applied to Passenger and Freight charging on the same infrastructure. That is, if passenger charges are specified by zone or country then freight charges must be specified in similar fashion and not according to some completely different structure (such as charges by link type regardless of zone or country).  In particular, the ratio of charges for e.g. car to truck, or passenger train to freight rail must be constant for a given country (though it can vary between country).

The Option A run uses the TIPMAC SMCP charges but with zonal differentiation as was used for IASON (based on population density).  Mountainous zones will not be treated differently from other zones. These charges are included in Appendix G2.

Option B – Infrastructure expansion

Option B consists of infrastructure improvements run with TIPMAC "Business as Usual" assumptions and costs. In this way, the SPECTRUM SCENES applications have involved two networks: With TENs” (Option B) and “Without TENs” (Option A, SMCP).  

The network changes are based on the Lists (0-3) of the van Miert review of the Trans-European Network priority projects (see Appendix G3).  It will be based on the Option A "Without Infrastructure" network that will already contain list 0. In addition, it contains: (1) All List 1 projects inasmuch as they can be represented in SCENES, (2) Selected List 2 projects. In the end only the High-capacity rail crossing of the Pyrenees was included from List 2 as the other schemes were considered to have limited overall effects on traffic flows. Van Miert List 3 projects has not been included as, if built, they would probably not be completed until after 2020.

In practice, some of the List 1 schemes are already partially or completely included in the TIPMAC BAU 2020 network, based on previous TEN-T plans. Therefore the Option A “without TENs” network has actually been reduced from the TIPMAC 2020 network during the Option A phase of the work.

National infrastructure improvements that are not on any of the Van Miert lists have been left as they are in the SCENES 2020 network.  These upgrades were based on an IRPUD future year network received in 2003 from the Department of Spatial Planning, University of Dortmund (IRPUD - Institut für Raumplanung Universität Dortmund 2003).

Other runs

A series of additional runs have been undertaken. The runs primarily concern different assumptions concerning extent of SMCP and/or changes in fuel taxation, These runs are listed below.

C.
Combination of Option A and B.

SMCP for all modes (Option A) combined with TEN infrastructure expansion (Option B). This facilitates assessment of the interaction between pricing and physical instruments.

D.
Fehmarn Fixed Link

One run included the Fehmarn Fixed Link (from the Van Miert review of TEN infrastructure schemes) as part of the expansion of the infrastructure (Option B), while another run excluded this scheme. In this way, it is in principle possible to assess the specific impact of one scheme on transport demand. It should be noticed that SCENES is not geared to single scheme assessment. Therefore, the results of this run have not been reported in the analysis.

E.
Motorways of the sea

Option B included the Motorways of the sea as part of the expansion of the transport infrastructure according to the Van Miert review of the Trans-European Network (TEN). However, the “motorways of the sea” project is only very vaguely specified at present. Therefore, a run was performed where this scheme was excluded. This means the run was similar to Option B, except for the exclusion of the scheme Motorways of the Sea.

F.
Fuel tax + 25% (Option A Network)

An increase in fuel taxes of 25% has been modelled. The run is with respect to the Option A Network, i.e. without the infrastructure expansion included in Option B. This run allows for comparison to the other WP7 case studies. It should be noticed that this run does not include SMCP implementation.

G.
Fuel tax + 25% (Option B Network)

An increase in fuel taxes of 25% has been modelled. The run is with respect to the Option B Network, i.e. with the infrastructure expansion included in Option B. This run allows for comparison to the other WP7 case studies. It should be noticed that this run does not include SMCP implementation.

H.
SMCP road only

This run examines the effects of implementing SMCP only for road based transport. SMCP charges for road based transport are levied for both passenger and freight. The results of this run can be compared to Option A, where SMCP was introduced for all modes. 

I.
SMCP HGV only

This tests for the effects of implementing SMCP only for road based freight transport. The results of this runs can be compared to Option A, where SMCP was introduced for all modes and both passenger and freight. Also a comparison of the run with SMCP for both road passenger and freight is of importance to demonstrate the effects of restricting SMCP for roads to freight only.

J.
SMCP +10%

SMCP + 10% examines the implications of higher SMCP charges compared to the values used in Option A. This acts as a sensitivity test for the results obtained with the TIPMAC SMCP charges. It would be straightforward to undertake a run with 10% lower SMCP charges compared to the Option A values.

K.
Fuel tax  + SMCP (Option A Network)

This examines the implications of fuel taxation on top of the SMCP charges with reference to the Option A Network. The run facilitates an assessment of the interaction between two pricing instruments: SMCP charging and fuel taxation. 

L.
Fuel tax +25% + SMCP (Option B Network)

This will examine the implications of fuel taxation on top of the SMCP charges. The run facilitates an assessment of the interaction between pricing and physical instruments: SMCP charging, fuel taxation and infrastructure expansion. 

The selected runs allow for assessment of the interaction going from single instrument (SMCP, fuel taxation or infrastructure expansion) to packages of these instruments (either different two instrument packages or a package of all three instruments). 

4.4.  Model results

In this section model results from the runs undertaken will be presented. The emphasis will be on changes in transport demand (passenger and freight) as well as in unit costs for passenger and freight modes respectively. 

Table 45: Passenger kilometres by mode per year for a number of scenarios, EU15 (billion passenger km)

	
	Car 
	Coach
	Train
	Air
	Slow
	Total

	Reference scenario 2020
	5225.1
	412.2
	312.2
	1559.7
	196.7
	7705.9

	(1) SMCP (Option A)
	3868.6
	422.2
	415.2
	1312.2
	209.7
	6228.0

	(2) TEN – Infrastructure expansion (Option B)
	5239.6
	411.6
	323.1
	1544.7
	196.7
	7715.7

	(3) Option A and B
	3863.5
	420.0
	447.5
	1293.6
	209.7
	6234.4

	(4) Option B excl. Motorways of the Sea
	5037.0
	409.4
	318.3
	784.8
	196.7
	6746.2

	(5) SMCP excl. rail
	3825.0
	414.6
	494.9
	1322.8
	209.4
	6266.7

	(6) SMCP road freight only
	5246.4
	412.8
	309.8
	1549.1
	196.7
	7714.8

	(7) SMCP + 10 %
	3677.2
	430.7
	450.0
	1322.6
	211.7
	6092.2

	(8) Fuel Tax 25% 
	4917.7
	428.2
	326.0
	1635.8
	197.2
	7504.8

	(9) Fuel Tax and SMCP
	3251.6
	475.8
	516.5
	1471.8
	215.5
	5931.2

	(10) Fuel Tax 25% and TEN infrastructure expansion
	4930.7
	427.4
	338.5
	1621.2
	197.2
	7515.0

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	3247.3
	471.8
	557.4
	1443.3
	215.5
	5935.2


The results for passenger demand suggest that introduction of SMCP will lead to reduced car passenger kilometres, while coach and especially train passenger kilometres increase. Total passenger kilometres decrease by approx. 20%. In the case of the TEN infrastructure expansion total passenger kilometres remains largely constant but there is a small modal shift towards rail. Option A combined with Option B is similar to Option A alone in terms of impact on passenger kilometres.

The lowest level of passenger demand is recorded for the scenario with fuel taxation and SMCP charges (mainly due to reduced car transport demand). In this scenario there is a significant shift towards rail transport.

Table 46: Changes in passenger kilometres by mode per year relative to reference scenario, EU15 (per cent)

	
	Car 
	Coach
	Train
	Air
	Slow
	Total

	(1) SMCP (Option A)
	-26.0%
	2.4%
	33.0%
	-15.9%
	6.6%
	-19.2%

	(2) TEN – Infrastructure expansion (Option B)
	0.3%
	-0.1%
	3.5%
	-1.0%
	0.0%
	0.1%

	(3) Option A and B
	-26.1%
	1.9%
	43.3%
	-17.1%
	6.6%
	-19.1%

	(4) Option B excl. Motorways of the Sea
	-3.6%
	-0.7%
	2.0%
	-49.7%
	0.0%
	-12.5%

	(5) SMCP excl. rail
	-26.8%
	0.6%
	58.5%
	-15.2%
	6.5%
	-18.7%

	(6) SMCP road freight only
	0.4%
	0.1%
	-0.8%
	-0.7%
	0.0%
	0.1%

	(7) SMCP + 10 %
	-29.6%
	4.5%
	44.1%
	-15.2%
	7.6%
	-20.9%

	(8) Fuel Tax 25% 
	-5.9%
	3.9%
	4.4%
	4.9%
	0.2%
	-2.6%

	(9) Fuel Tax and SMCP
	-55.3%
	2.0%
	-4.4%
	47.6%
	-83.3%
	-30.1%

	(10) Fuel Tax 25% and TEN infrastructure expansion
	-5.6%
	3.7%
	8.4%
	3.9%
	0.2%
	-2.5%

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	-37.9%
	14.5%
	78.5%
	-7.5%
	9.6%
	-23.0%


Table 47: Tonne kilometres by mode per year for a number of scenarios, EU15 (billion tonne kilometres)

	
	Road
	Rail
	IWW
	SSS
	Other
	Total

	Reference scenario 2020
	2728.8
	352.5
	290.7
	2365.5
	35.1
	5772.7

	(1) SMCP (Option A)
	2521.4
	368.7
	284.1
	2274.7
	33.5
	5482.4

	(2) TEN – Infrastructure expansion (Option B)
	2692.5
	368.2
	286.1
	2647.3
	34.9
	6028.9

	(3) Option A and B
	2474.2
	385.1
	279.9
	2533.6
	33.5
	5706.4

	(4) Option B excl. Motorways of the Sea
	2537.5
	319.0
	254.6
	1781.2
	30.0
	4922.4

	(5) SMCP excl. rail
	2500.2
	410.3
	282.1
	2268.1
	33.5
	5494.0

	(6) SMCP road freight only
	2485.4
	409.2
	307.1
	2273.9
	34.3
	5510.0

	(7) SMCP + 10 %
	2443.4
	376.7
	280.9
	2525.7
	33.1
	5659.7

	(8) Fuel Tax 25% 
	2660.8
	367.2
	293.9
	2374.9
	34.9
	5731.7

	(9) Fuel Tax and SMCP
	2333.5
	420.5
	298.5
	2302.1
	32.9
	5387.5

	(10) Fuel Tax 25% and TEN infrastructure expansion
	2657.3
	389.5
	296.7
	2362.3
	34.9
	5740.8

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	2326.1
	440.3
	299.9
	2295.5
	33.0
	5394.8


The results for freight demand suggest that introduction of SMCP will lead to reduced road based tonne kilometres, while rail tonne kilometres increase. Total tonne kilometres decrease by approx. 5%. In the case of the TEN infrastructure expansion (Option B) total tonne kilometres increase by around 4.5%. Option A combined with Option B is similar to Option A alone in terms of impact on road based tonne kilometers, although this scenario leads to a smaller decrease in total freight demand (mainly due to a stronger shift towards rail).

The combined package of fuel taxation, SMCP and TEN infrastructure expansion result in reduced tonne kilometres for road, while rail increases significantly.

Table 48: Changes in tonne kilometres relative to reference scenario, EU15 (per cent)

	
	Road
	Rail
	IWW
	SSS
	Other
	Total

	(1) SMCP (Option A)
	-7.6%
	4.6%
	-2.3%
	-3.8%
	-4.5%
	-5.0%

	(2) TEN – Infrastructure expansion (Option B)
	-1.3%
	4.5%
	-1.6%
	11.9%
	-0.6%
	4.4%

	(3) Option A and B
	-9.3%
	9.2%
	-3.7%
	7.1%
	-4.6%
	-1.1%

	(4) Option B excl. Motorways of the Sea
	-7.0%
	-9.5%
	-12.4%
	-24.7%
	-14.5%
	-14.7%

	(5) SMCP excl. rail
	-8.4%
	16.4%
	-3.0%
	-4.1%
	-4.7%
	-4.8%

	(6) SMCP road freight only
	-8.9%
	16.1%
	5.7%
	-3.9%
	-2.2%
	-4.6%

	(7) SMCP + 10 %
	-10.5%
	6.9%
	-3.4%
	6.8%
	-5.6%
	-2.0%

	(8) Fuel Tax 25% 
	-2.5%
	4.2%
	1.1%
	0.4%
	-0.5%
	-0.7%

	(9) Fuel Tax and SMCP
	-14.5%
	19.3%
	2.7%
	-2.7%
	-6.2%
	-6.7%

	(10) Fuel Tax 25% and TEN infrastructure expansion
	-2.6%
	10.5%
	2.1%
	-0.1%
	-0.7%
	-0.6%

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	-14.8%
	24.9%
	3.1%
	-3.0%
	-6.0%
	-6.5%


Table 49:  Passenger transport unit costs by mode per year for a number of scenarios, EU15 (1995 ECU per passenger km)

	
	Car 
	Coach
	Train
	Air
	Slow
	Total

	Reference scenario 2020
	0.040
	0.073
	0.176
	0.154
	0.000
	0.069

	(1) SMCP (Option A)
	0.086
	0.094
	0.173
	0.183
	0.000
	0.110

	(2) TEN – Infrastructure expansion (Option B)
	0.040
	0.073
	0.175
	0.153
	0.000
	0.069

	(3) Option A and B
	0.086
	0.094
	0.167
	0.183
	0.000
	0.110

	(4) Option B excl. Motorways of the Sea
	0.042
	0.073
	0.177
	0.302
	0.000
	0.079

	(5) SMCP excl. rail
	0.086
	0.094
	0.158
	0.182
	0.000
	0.110

	(6) SMCP road freight only
	0.040
	0.073
	0.176
	0.154
	0.000
	0.069

	(7) SMCP + 10 %
	0.093
	0.097
	0.168
	0.186
	0.000
	0.116

	(8) Fuel Tax 25% 
	0.046
	0.073
	0.174
	0.153
	0.000
	0.075

	(9) Fuel Tax and SMCP
	0.110
	0.096
	0.161
	0.184
	0.000
	0.128

	(10) Fuel Tax 25% and TEN infrastructure expansion
	0.046
	0.073
	0.172
	0.153
	0.000
	0.075

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	0.110
	0.096
	0.156
	0.183
	0.000
	0.127


Table 49 (and Table 50) shows how passenger transport unit cost changes according to the scenario adopted. In particular, significant (positive changes occur as the result of introducing a zonal based SMCP charge per passenger kilometres. The highest increases in passenger transport unit costs occur in the case where fuel taxation and SMCP are included in the same package.

Table 50: Changes in passenger transport unit costs relative to reference to scenario, EU15 (per cent)

	
	Car 
	Coach
	Train
	Air
	Slow
	Total

	(1) SMCP (Option A)
	115.0%
	28.8%
	-1.7%
	18.8%
	n.a.
	59.4%

	(2) TEN – Infrastructure expansion (Option B)
	0.0%
	0.0%
	-0.6%
	-0.6%
	n.a.
	0.0%

	(3) Option A and B
	115.0%
	28.8%
	-5.1%
	18.8%
	n.a.
	59.4%

	(4) Option B excl. Motorways of the Sea
	5.0%
	0.0%
	0.6%
	96.1%
	n.a.
	14.5%

	(5) SMCP excl. rail
	115.0%
	28.8%
	-10.2%
	18.2%
	n.a.
	59.4%

	(6) SMCP road freight only
	0.7%
	-0.3%
	0.2%
	-0.1%
	n.a.
	0.4%

	(7) SMCP + 10 %
	132.8%
	32.5%
	-4.4%
	21.1%
	n.a.
	68.0%

	(8) Fuel Tax 25% 
	14.8%
	0.2%
	-1.2%
	-0.4%
	n.a.
	9.1%

	(9) Fuel Tax and SMCP
	175.5%
	31.2%
	-8.8%
	19.2%
	n.a.
	85.0%

	(10) Fuel Tax 25% and TEN infrastructure expansion
	14.6%
	0.2%
	-2.2%
	-0.7%
	n.a.
	8.7%

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	175.4%
	31.4%
	-11.5%
	18.6%
	n.a.
	84.0%


Table 51: Freight transport unit costs by mode per year for a number of scenarios, EU15 (1995 ECU per tonne kilometre)

	
	Road
	Rail
	IWW
	SSS
	Other
	Total

	Reference scenario 2020
	0.073
	0.098
	0.049
	0.024
	0.023
	0.053

	(1) SMCP (Option A)
	0.090
	0.102
	0.054
	0.027
	0.024
	0.062

	(2) TEN – Infrastructure expansion (Option B)
	0.072
	0.097
	0.048
	0.025
	0.022
	0.051

	(3) Option A and B
	0.090
	0.100
	0.054
	0.028
	0.024
	0.061

	(4) Option B excl. Motorways of the Sea
	0.078
	0.113
	0.056
	0.032
	0.026
	0.062

	(5) SMCP excl. rail
	0.090
	0.097
	0.054
	0.027
	0.024
	0.062

	(6) SMCP road freight only
	0.090
	0.100
	0.050
	0.030
	0.020
	0.060

	(7) SMCP + 10 %
	0.093
	0.101
	0.054
	0.028
	0.025
	0.062

	(8) Fuel Tax 25% 
	0.076
	0.097
	0.049
	0.024
	0.023
	0.054

	(9) Fuel Tax and SMCP
	0.101
	0.100
	0.054
	0.027
	0.025
	0.066

	(10) Fuel Tax 25% and TEN infrastructure expansion
	0.076
	0.096
	0.049
	0.024
	0.023
	0.054

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	0.101
	0.099
	0.054
	0.027
	0.025
	0.066


Table 51 (and Table 52) shows how freight transport unit cost changes according to the scenario adopted. Significant increases in freight unit costs occur under the SMCP scenarios (Option A, and Option A + B combined). Obviously, combining SMCP charges with fuel taxation will lead to further increases in freight transport unit costs compared to the unit cost with SMCP charges only.

Table 52: Changes in freight transport unit costs relative to reference scenario, EU15 (per cent)

	
	Road
	Rail
	IWW
	SSS
	Other
	Total

	(1) SMCP (Option A)
	23.3%
	4.1%
	10.2%
	12.5%
	4.3%
	17.0%

	(2) TEN – Infrastructure expansion (Option B)
	-1.4%
	-1.0%
	-2.0%
	4.2%
	-4.3%
	-3.8%

	(3) Option A and B
	23.3%
	2.0%
	10.2%
	16.7%
	4.3%
	15.1%

	(4) Option B excl. Motorways of the Sea
	6.8%
	15.3%
	14.3%
	33.3%
	13.0%
	17.0%

	(5) SMCP excl. rail
	23.3%
	-1.0%
	10.2%
	12.5%
	4.3%
	17.0%

	(6) SMCP road freight only
	24.1%
	-1.2%
	2.2%
	10.2%
	7.0%
	16.8%

	(7) SMCP + 10 %
	27.6%
	3.2%
	10.6%
	16.7%
	7.0%
	17.5%

	(8) Fuel Tax 25% 
	4.0%
	-1.0%
	-0.7%
	0.6%
	0.0%
	2.1%

	(9) Fuel Tax and SMCP
	38.4%
	1.7%
	10.0%
	13.7%
	10.3%
	25.2%

	(10) Fuel Tax 25% and TEN infrastructure expansion
	3.5%
	-2.2%
	-0.9%
	0.8%
	-0.1%
	2.1%

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	38.3%
	0.6%
	10.5%
	13.8%
	10.3%
	25.2%


4.5.  Analysis

On the basis of the model results outlined in Section 4.4 the change in the high level objective function relative to the reference scenario will be compared for the different scenarios in order to determine the optimal strategy on a European scale. The high level objective function used for the assessment was introduced as part of the high level framework outlined in SPECTRUM deliverable D5. Further details are included below. 

In addition, it will be considered the interaction between instruments comparing the changes in welfare. Furthermore, it will be assessed the implications on equity with specific reference to how the different scenarios create differential impacts between countries.

Assessment of high level objective function

The high level objective function used for assessment of the different runs undertaken in SCENES has the following form:
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where

OF
is the high level objective function

t*
is the horizon year

r
is a discount rate

CSt
is the consumer surplus for the traveller in year t

PSt
is the producer surplus for transport operators and other transport firms in year t 

GSt
is the government surplus in year t

MCFt
is the shadow cost of public funds in year  t producer surpluses, benefits to the government, and external costs 

Envt
is the external costs defined as global warming, congestion, air pollution, accidents and noise (additional wear and tear of infrastructure are also included here)

It should be noted that producer surplus only considers changes in revenue, that it is assumed that costs for the public transport operators do not change as a result of the different transport instruments. Changes in government surplus include changes in taxation revenue (either from SMCP or fuel taxation) and expenditure on infrastructure expansion. The value used for the shadow cost of public funds is 1.2.

Table 53 shows the changes in the value of the high level objective function relative to the reference scenario. The results obtained suggest that Scenario 7 has the largest positive value of the high level objective function. This scenario involves introduction of Short Run Marginal Prices (SMCP) for all modes that replaces fuel taxation. It should be noticed that the SMCP charges are 10% higher than the SMCP charges included in Option A. This outcome may in part be influenced by the use of average EU15 unit cost/prices for the assessment of consumers’ surplus, producers’ surplus, external costs and government surplus. The second highest value of the high level objective function is obtained for the scenario combining Option A (SMCP) and Option B (TEN Infrastructure expansion). Large positive value is also recorded for SMCP alone (Option A) and SMCP excluding rail modes. In contrast, Option B alone leads to a decrease in the high level objective function.

Table 53: Changes in high level objective function relative to the reference scenario in billion Euro/year

	
	Consumer surplus
	Externalities
	CO2
	Government surplus
	Producer surplus
	Total

	(1) SMCP (Option A)
	-210.51
	38.77
	6.26
	287.17
	36.56
	2432.69

	(2) TEN – Infrastructure expansion (Option B)
	-0.51
	-2.33
	-1.42
	-170.91
	8.65
	-102.39

	(3) Option A and B
	-211.84
	37.33
	5.08
	226.51
	45.60
	4035.93

	(4) Option B excl. Motorways of the Sea
	-143.81
	17.78
	14.09
	-174.38
	0.63
	-1957.51

	(5) SMCP excl. rail
	-324.55
	39.86
	6.25
	383.76
	44.27
	2299.68

	(6) SMCP road freight only
	-28.49
	8.01
	1.31
	4.92
	8.32
	-91.12

	(7) SMCP + 10 %
	-242.99
	42.65
	5.15
	435.27
	58.10
	4583.69

	(8) Fuel Tax 25% 
	-32.01
	8.92
	-0.36
	-8.40
	16.31
	-238.86

	(9) Fuel Tax and SMCP
	-279.06
	80.06
	-3.35
	311.25
	201.61
	4773.21

	(10) Fuel Tax 25% and TEN infrastructure expansion
	-28.49
	8.73
	-0.14
	-179.08
	16.43
	-348.84

	(11) Fuel Tax, SMCP and TEN infrastructure expansion
	-297.31
	57.49
	5.90
	138.70
	88.12
	2348.35


Note: The last column represents the NPV value calculated over a 30-year period with a 5% discount factor. Therefore, this value cannot be obtained by summing the values included in Columns 2-6.
Although the values reported for OF is high it should be noticed that this concerns EU15 and is calculated as the NPV for a 30-year period with a 5% discount factor. Furthermore, a reliability test has been performed comparing this value with the NPV value of annual total GDP in the EU 15 countries (again over a 30 year period with 5% discount factor). The values for the different runs imply a share of GDP between 1 and 3%, which demonstrates that the obtained results are reasonable.

Interactions between instruments

Interactions between instruments will be examined with reference to the following instruments: SMCP pricing alone, fuel tax alone, infrastructure expansion alone, fuel tax and infrastructure expansion, SMCP and Infrastructure expansion, SMCP, Fuel Tax and Infrastructure expansion.

The results suggest that there are synergies between infrastructure expansion and SMCP pricing as the welfare gain from implementing both instruments are higher than the sum of the welfare gain from each instrument implemented separately. 

In scenario 1 with SMCP alone the high level objective function increases by 1561.6 billion euros and TEN infrastructure expansion alone results in a negative change in the high level objective function of –142.4 billion euros. The combined package of SMCP and TEN infrastructure expansion result in a change in the high level objective function of 3159.4 billion euros relative to the reference scenario. In this way introducing SMCP and TEN infrastructure as a package result in a further increase in the value of the high level objective function of 1597.8 bln euros compared to the value for SMCP alone and 3301.8 for TEN infrastructure expansion alone. 

It could be of interest to explore this interaction further by considering whether a similar pattern exist with respect to the preferred run (SMCP + 10%) and TEN Infrastructure expansion.

Equity impacts of optimal package

So far, the analysis has considered overall welfare impacts without examination of variation in welfare impacts among the EU15 countries. In this section the extent to which there are country differences in terms of changes in disutility of transport will be considered. In Table 54 the changes in disutility of travel for the preferred run with 10% higher SMCP charges compared to Option A charges (Scenario 7) are shown.

For all countries the unit travel disutility increases (as the result of the introduction of the SMCP charges). It should be noticed though that because the SMCP charges are specified at the zonal level there are differences between countries. This is caused by the social marginal costs of travel differing between countries. For example, Italy has significantly higher social marginal costs compared to other countries.

Furthermore, it is also possible to identify modal differences, where disutility increases for most modes including road based modes rail (both passenger and freight) experiences reduced levels of travel disutility.

Further analysis of equity aspects could consider user benefit differences for different passenger types and/or differences between economic sectors.

4.6. Conclusion

A reference scenario and a range of alternative policy scenarios have been designed and assessed. The reference scenario mainly reflects the action plan set out in the European Transport White Paper from 2001.

The analysis suggests that there does exist additional policy initiatives that can generate positive welfare changes at an aggregated EU15 level. In particular, the results indicate that introduction of SMCP pricing (with charges +10% compared to Option A charges) is the preferred option. The second-best option would involve a combination of SMCP pricing and TEN infrastructure expansion. In contrast, TEN infrastructure expansion alone has only limited impact and the overall performance of this instrument on its own is negative.

The results suggest that there are significant synergies between SMCP and infrastructure expansion resulting in substantial welfare increases when implemented together compared to the welfare changes where these instruments are implemented individually.

The SCENES model can provide detailed results for different user groups/ commodities along with outputs available at zonal and country levels. A limited analysis of the preferred scenario highlights that disutility increases particular for those countries with high external costs, such as Italy, the former East Germany, France and Ireland. Furthermore, there are modal differences with disutility increasing for most modes except in the case of rail transport where disutility is reduced compared to the reference scenario.

Table 54: Changes in Unit Travel Disutility for preferred run compared to reference scenario (per cent)

	
	
	Freight
	
	
	
	
	Freight Total
	Pax
	
	
	
	
	Pax Total
	Grand Total

	OrigArea
	OrigSet
	road
	rail
	iww
	ship
	other
	
	car
	coach
	train
	air
	slow
	
	

	EU
	Aus
	11.3%
	-0.6%
	2.2%
	9.8%
	0.3%
	8.0%
	42.9%
	-10.5%
	-18.1%
	4.7%
	0.7%
	22.2%
	16.2%

	
	Bel
	10.3%
	0.8%
	-0.9%
	0.0%
	43.5%
	0.9%
	26.8%
	18.1%
	-20.8%
	22.5%
	2.0%
	16.1%
	8.1%

	
	Den
	5.3%
	-36.0%
	9.4%
	44.3%
	0.4%
	3.2%
	28.7%
	7.2%
	-10.5%
	22.8%
	8.1%
	24.7%
	20.6%

	
	Fin
	13.7%
	1.2%
	n.a
	18.8%
	3.1%
	7.2%
	28.5%
	-15.0%
	-11.7%
	17.1%
	5.2%
	24.9%
	15.8%

	
	Fra
	6.5%
	-0.5%
	-0.9%
	1.6%
	7.3%
	3.8%
	42.0%
	0.3%
	-5.0%
	15.4%
	6.3%
	36.9%
	21.7%

	
	GerE
	8.8%
	-0.9%
	2.0%
	3.3%
	-9.1%
	4.3%
	41.0%
	24.8%
	-31.2%
	5.5%
	-3.0%
	32.3%
	19.7%

	
	GerW
	8.1%
	-0.1%
	2.1%
	3.0%
	0.4%
	4.3%
	32.7%
	4.3%
	-14.8%
	20.8%
	7.3%
	26.9%
	15.2%

	
	Gre
	3.2%
	-2.1%
	5.4%
	2.0%
	-15.6%
	-2.0%
	27.3%
	-4.3%
	-28.9%
	21.6%
	-2.0%
	23.4%
	7.6%

	
	Ire
	3.2%
	1.5%
	n.a
	-5.0%
	4.0%
	-5.2%
	21.9%
	1.8%
	-5.3%
	17.0%
	3.8%
	23.5%
	12.2%

	
	ItaN
	18.3%
	4.2%
	11.9%
	-0.9%
	0.4%
	8.7%
	66.1%
	5.0%
	-22.6%
	15.5%
	14.8%
	51.0%
	26.2%

	
	ItaS
	21.1%
	2.0%
	15.3%
	0.7%
	n.a
	9.0%
	56.5%
	-4.6%
	-34.7%
	24.2%
	14.4%
	39.3%
	27.4%

	
	Lux
	9.8%
	-1.2%
	0.8%
	29.3%
	10.3%
	12.2%
	23.5%
	-0.9%
	-9.8%
	13.2%
	9.6%
	16.1%
	12.1%

	
	Ned
	9.7%
	0.5%
	-3.0%
	-2.5%
	7.5%
	-0.7%
	32.8%
	3.1%
	-24.7%
	24.3%
	8.7%
	26.1%
	10.2%

	
	Por
	3.2%
	7.0%
	1.9%
	-3.1%
	n.a
	-2.1%
	21.0%
	36.3%
	-11.6%
	17.0%
	-0.6%
	21.9%
	13.5%

	
	Spa
	9.4%
	-8.4%
	1.6%
	2.2%
	2.5%
	3.8%
	31.5%
	-8.9%
	-15.1%
	22.5%
	-1.7%
	27.9%
	15.8%

	
	Swe
	21.9%
	-10.6%
	12.6%
	-5.5%
	6.3%
	-1.9%
	28.5%
	0.2%
	-13.0%
	23.5%
	6.5%
	21.3%
	0.9%

	
	UK
	6.0%
	1.9%
	n.a
	5.1%
	5.3%
	0.8%
	16.5%
	25.6%
	-0.5%
	15.1%
	2.6%
	17.6%
	12.4%

	EU Total
	
	10.2%
	-1.3%
	0.8%
	8.4%
	4.6%
	3.1%
	34.2%
	2.1%
	-16.3%
	18.0%
	6.2%
	27.8%
	16.0%


5. Comparison of the case studies

5.1. The instruments

In order to obtain a comparison between model performance and results, it was agreed to model an increase of fuel tax by 25% from the reference year of 2004 to the year 2012 as a basic measure in all case studies and other measures are case study specific: 

The passenger case study London-Brussels-Paris models various economic instruments:

· Fuel taxation

· Social marginal cost pricing

· Price regulation for service provision (rail fares)

· Out-of-pocket costs (car and rail)

In addition two physical measures were modelled: rail infrastructure expansion and road infrastructure expansion.

The Norwegian National Model System for Passenger Travel uses two economic instruments: fuel taxes and price regulation for service provision (rail fares). Furthermore, one regulatory instrument (speed limits) and one physical instrument (expansion of conventional rail-based transport infrastructure – public transport frequency) were also modelled.

The freight model MOBILEC used for the calculations the following physical measures: 

· Expansion of existing road network

· Expansion of conventional rail-based transport infrastructure

· New and/or improved infrastructure on seaports

The Great Britain Freight Model (GBFM) looks into economic instruments: 

· Road pricing at marginal social cost

· Financial incentives to rail operators/ Infrastructure access rights allocation in the rail sector (tunnel access)

· Fuel taxes

The regulatory instrument ‘social regulations of working conditions’ was modelled, as well as the physical instrument ‘extension of conventional rail-based transport infrastructure’.

The model SCENES is applied for the calculation two economic instruments:

· Fuel taxes

· Social marginal cost pricing

In addition, the physical instrument of TEN-infrastructure expansion was modelled. 

Table 55: Economic, regulatory and physical instruments used in the case studies

	Model
	Economic instruments
	Regulatory instruments
	Physical instruments

	EURORAIL
	· Fuel taxes

· Price regulation for service provision (rail fares)

· Out-of-pocket costs (car)

· Out-of-pocket costs (rail)

· Social marginal cost pricing
	
	· Expansion of rail-based transport infrastructure

· Expansion of existing road networks

	NTM Norway
	· Fuel taxes

· Price regulation for service provision (rail fares)
	· Speed limits
	· Expansion of conventional rail-based transport infrastructure – public transport frequency

	MOBILEC
	· Fuel taxes
	
	· Expansion of conventional rail-based transport infrastructure

· Expansion of existing road network

· New and/or improved infrastructure on seaports

	GBFM
	· Fuel taxes 

· Road pricing at marginal social cost

· Financial incentives to rail operators/ Infrastructure access rights allocation in the rail sector (tunnel access)


	· Social regulations of working conditions
	· Expansion of conventional rail-based transport infrastructure

	SCENES
	· Fuel taxes

· Social marginal cost pricing
	
	· TEN infrastructure expansion (all modes)


5.2. The results

From the analysis of the model specific and framework comparison it becomes apparent that a description of all parameters would be far beyond the scope of this document and the project. Also from an application point of view, it was agreed by the consortium to model the instrument of a 25% increase in fuel tax and assess its effects on a time horizon up to 2012. Beyond this period of time, the realistic representation would decrease.

The following chapter synthesises the modelled options of the four case studies and SCENES, divided into economic, physical and regulatory instruments, giving some theoretical background. The impacts of the instruments are firstly described on their own and secondly in combination with other instruments. 

Economic instruments

Fuel taxes

The agreement on the fuel tax increase of 25% was not done out of simplicity and comparability between all case studies, but fuel tax is a direct input factor and so it would be interesting to see how the output changes in relation to the different modelling algorithms and the additional combinatorial instruments.

Fuel taxes alone

Higher fuel prices results in combination of reduced driving and increased fuel efficiency. Short-term fuel savings lead to reduced driving and a shift toward more fuel-efficient vehicles owned in multi-vehicle households. In the long run, higher fuel prices encourage consumers to purchase more fuel-efficient vehicles. About two-thirds of long-term fuel savings can be ascribed to increased fuel efficiency and one third from reduced vehicle travel. (Fuel taxes: (Victoria Transport Policy Institute 2004)
The London-Brussels-Paris case study was analysed by EURORAIL. With a 25% increase in fuel taxes, rail and air will gain passenger trips (+2.7% and +4.6%) while car (Le Shuttle) and car (ferry) lose passenger trips. On the other hand, if fuel taxes decrease by 25%, the opposite effects will occur. The modal split is also slightly better for rail and air than in the reference scenario with an increase in fuel taxes. An increase of fuel taxes by 25% will lead to an increase in a welfare benefit by 35 million € over a 30-year period (in NPV), whereas the consumers are the losers in this scenario as they have to pay the taxes. 

The Norwegian National Transport Model for Passengers concludes that only the scenarios that include an increase in fuel tax by 25% have a positive effect on the high level objective function. This is ascribed to the high reductions in CO2 emissions as well as the high increase in government surplus. While the consumer surplus is reduced by 362,203 € per day, government and producer surplus as well as the reduced costs for externalities result in an increase of the total welfare benefit of 176,575 € per day. 

The reduction of passenger kilometres for cars will amount to 2.6% and the total reduction of number of trips to 0.7%. The number of trips per day for 
cars will be reduced by 2%, while trips for buses (+2.5%), boats (+2.2%), rail (+2.2%) and air (+1.8%) will increase. These results are consistent with the established literature. 

Table 56: Change in passenger trips per mode relative to the reference scenario (in %) for fuel taxes +25% (passenger transport)

	
	Rail
	Air
	Car
	Bus 
	Boat
	Total

	EURORAIL
	+2.7%
	+4.6%
	-5.7%
	--
	--
	0.0%

	NTM Norway
	+2.2%
	+1.8%
	-2.0%
	+2.5%
	+2.2%
	-0.7%


Since for the Antwerp-Ruhr corridor MOBILEC considers freight transport as a production factor, the rise of the travel-distance costs per kilometre (+25% fuel tax) has a negative effect on the growth of the gross regional product (-0.006% change of the average growth per year relative to the reference scenario), employment (-0.017%) and transport (lorry: -0.12%, trail: -0.005%, ship: -0.006%). The transport of goods by train and ship also decreases because of this definition of economic growth. The negative effect of economic growth is larger than the positive effect of substitution (here: from lorry to train or inland navigation; considered as positive). This option shows the lowest growth of transport by lorry in comparison to all other scenarios. 

It is important to note that in this scenario, the spending of the revenues is not taken into account. Introducing this scenario generates a lower economic growth. The government can spend the revenues in several manners, in such a way that it can generate a higher economic growth. Possible ways of spending the revenues are: increase of government consumption, decrease of taxes, decrease of the government deficit, decrease of social security premiums in the gross wage rate and improvement of infrastructure.

In the Great Britain Freight Model (GBFM) case study, the 25% fuel taxes increase shows a slight shift from the road haulage. Table 43 shows this scenario increases welfare by just £34 million.

Looking at the detailed change in tonnes lifted, one can see that rail will gain 6.3% while road loses 0.3%. Similar results can be observed with changes in tonne kilometres, i.e. an increase of rail by 6%, with a decrease of road freight traffic by 1.1%.

GBFM did not model combinations where fuel taxes were included.

The differences between the results of the models MOBILEC and GBFM, as they are shown in Table 57 may arise partly because MOBILEC is an equilibrium model of the economy, where changes in transport costs may feed back into overall economic activity. GBFM is based on allocating existing tonnes between different modes; changes in relative costs will not affect the overall level of tonnes lifted.

Table 57: Change in tonnes lifted relative to the reference scenario (in %) for fuel taxes +25% (freight transport)

	
	Road
	Rail
	Ship
	Total

	MOBILEC
	-0.12%
	-0.005%
	-0.006%
	--

	GBFM
	-0.3%
	+6.3%
	
	+0.1%


Note: The figures for MOBILEC are changes relative to the reference scenario of the % change per year.

In SCENES, which combines passenger and freight transport, an increase in fuel taxes by 25% was also modelled. In passenger transport, only the passenger kilometres for cars decreases (-5.9%) while other modes rise between +3.9% and +4.9%, excluding slow modes. This is the result of the rise in passenger transport unit costs for cars by 14.8% while the other modes stay nearly the same. 

Similar results occur when looking at freight transport: Fuel taxes reduce road tonne kilometres by 2.5% and increase rail tonne kilometres by 4.2%. Freight transport unit costs rise for trucks by 4% while for rail they are decreased by 1%. The total change in the high level objective function is –248.8 billion € per over a 30 year period (in NPV terms). 

Table 58: Change in passenger kilometres for cars relative to the reference scenario (in %) for fuel taxes +25% (passenger transport)

	
	Car

	NTM Norway
	-2.6%

	SCENES
	-5.9%


Table 59: Change in tonne kilometres relative to the reference scenario (in %) for fuel taxes +25% (freight transport)

	
	Road
	Rail
	IWW
	SSS
	Total

	GBFM
	-1.1%
	+6.0%
	--
	--
	-0.4%

	SCENES
	-2.5%
	+4.2%
	+1.1%
	+0.4%
	-0.7%


Combination of fuel taxes with social marginal cost pricing

In SCENES, the lowest level of passenger demand is recorded for the scenario with fuel taxation and SMCP (mainly due to reduced car transport demand). In this scenario there is a significant shift towards rail transport.

The combination brings forth the highest reductions in passenger kilometres on the road: -37.8% as well as 5.6% reduction for air, while rail traffic increases by 65.4%. The rising cost on the road sector (+175.5%) is the reason for this massive decrease for cars. 

In the freight sector, the changes are not so significant: road transport loses 14.5% tonne kilometres while rail gains 19.3%. Freight transport unit costs mainly increased in the road sector (+38.4%). The total change in the high level objective function is +1,638.6 billion € (in NPV in terms). 

Combination of fuel taxes with TEN infrastructure extensions (all modes)

SCENES shows that with this combination, car passenger transport can be reduced nearly by as much (-5.6%) as with fuel taxes alone (-5.9%). On the other hand, rail passenger kilometres rise by 8.4% in comparison to 4.4%. Passenger transport unit costs stay at about the same level as in the reference scenario, except for cars, where costs rise by 14.6%. 

In freight transport the main change happens for rail transport, which increases its tonne kilometres by 10.5%. Changes in freight transport unit costs vary between –2.2% for rail and +3.5% for road. 

In this combination, the total change in the high level objective function is positive in comparison to the reference scenario, with 142.6 billion € (in NPV terms).

Combination of fuel taxes, social marginal cost pricing and TEN infrastructure extensions (all modes)

In SCENES this combination of instruments leads to a change in the high level objective function of +1,538.0 billion € (in NPV terms) as well as to a reduction in passenger kilometres for cars (-37.9%) and air (-7.5%) and an increase in rail (+78.5%), coach (+14.5%) and slow modes (9.6%). While all modes result in higher passenger transport unit costs, train transport decreases by 11.5%.

In freight transport, changes are generally not to such an extent. While road tonne kilometres decrease by 14.8%, train shares rise by 24.9%.  The main financial charging takes place in the road sector, with an increase of 38.3% freight transport unit costs. 

Combination of fuel taxes with the extension of conventional rail-based infrastructure and rail fares

In passenger transport, the expansion of infrastructure can include network changes in regard to the frequency of public transport. The assumption is that through increased frequency more people will use public transport instead of individual-based transport. The growing demand could bring down prices and with additional charging of distance-based travel in the road sector, such as fuel taxes, the positive effects on rail usage can be achieved. 

Taking into account these aspects, Norwegian National Transport Model for passengers considers three combinations of instruments where fuel taxes are included. The highest reduction in passenger kilometres per day can be obtained by combining fuel taxes (+25%), rail fares (-10%) and rail frequency (+1% per year), this is –3% in comparison to the reference scenario. The second best solution is a combination of fuel taxes (+25%), rail fares (+10%) and rail frequency (+1% per year) with –2.7% change. For these combinations the trips per day decrease for cars and increase for all other modes. 

The highest change in the objective function relative to the reference scenario is also at the highest in the first mentioned combination (+2,021,707 € per day) where complementarity exists, followed by the second one with +864,438€ per day where the instruments are additive. 

Combination of fuel taxes with the extension of conventional rail-based infrastructure

By increasing the variable cost of driving, increases in fuel tax can be part of freight transport management. (Fuel taxes: (Victoria Transport Policy Institute 2004)) One example of the efficiency enhancement of freight and commercial transport is the improvement of rail transportation infrastructure and services in order to make this mode more competitive compared to road freight. Such measures could be an expansion of the rail network and connection with industrial parks and commercial areas. (Freight transport management: (Victoria Transport Policy Institute 2004))

In the Antwerp-Ruhr freight corridor analysed by MOBILEC, the combination of fuel taxes with the expansion of conventional rail-based transport infrastructure shows a slightly lower growth of rail freight (2.62%) compared with implementing rail freight infrastructure alone (2.63%). It also results in a decrease of 0.225% employment change in comparison to the reference scenario. 

Combination of fuel taxes with new and/or improved infrastructure on seaports (and extension of conventional rail-based infrastructure)

With respect to inland navigation on the Antwerp-Ruhr corridor (MOBILEC) as described above, the same analogous conclusions can be obtained from the combination of fuel taxes and new and/or improved infrastructure on seaports as well as the combination of fuel taxes with infrastructure expansions for rail and sea. 

Combination of fuel taxes with the expansion of existing road networks

In the literature, it was found that the combination of fuel taxes or road pricing with the expansion of existing road networks is incompatible. If fuel and road pricing are used to fund roadway capacity expansion that would otherwise not occur, it may increase total vehicle travel. A rebound effect occurs and refers to increased consumption, which results from actions that increase efficiency and reduce consumer costs. The rebound effect is an extension of the “law of demand”, a basic principle of economics, which states that if prices (costs perceived by consumers) decline, consumption usually increases. Similarly, a program or technology that reduces consumers’ costs tends to increase consumption. These effects are not limited to financial costs; they may involve reductions in time costs, risk or discomfort. For example, strategies that increase fuel efficiency or reduce traffic congestion (and therefore reduce the per-mile cost of driving) tend to increase total vehicle mileage. (Rebound effects: (Victoria Transport Policy Institute 2004)) An additional inducement can be enforced by the increased transport capacity through the expansion of existing road network.

In MOBILEC, the results of the combination of fuel taxes with the expansion of existing road networks in the freight sector show that the negative effects of the fuel taxes on the real domestic product is compensated with the positive effects of the road extension. Compared with the reference scenario, a stronger growth of the real domestic product was noticed: from 2.73% (reference scenario) to 2.74% (combination), compared with 2.71% in the scenario with only fuel taxes. On the other hand, transport of goods by lorry increase the most among all modes from 2.17% growth per year to 2.26%. 

Combination of fuel taxes with speed limits

In the Norwegian National Transport Model, the combination of a decrease in fuel taxes by 25% and the introduction of speed limits in passenger transport results in a highly negative change in the high level objective function with –3,672,771 € per day. In comparison to the reference scenario, the number of trips on the road increases slightly while the rail sector loses shares. 

In the literature it could be found that speed limits should rather be combined with an increase in fuel taxes not a decrease (Fuel taxes: (Victoria Transport Policy Institute 2004)). Although increased fuel taxes can result in greater fuel savings but less vehicle travel reductions than the same amount of revenue collected through per-mile fees, road tolls or parking charges, in combination with speed limits they can have a more positive effect. On the other hand, a reduction of speed increases traffic safety but also has effects on vehicle travel demand.

Rail fares

Rail fares alone

EURORAIL looks at the increase of rail fares in passenger transport between London, Brussels and Paris by 10% and 20%, which results in great losses for rail and car traffic, with the highest change in rail trips by –12.1% (10% increase in rail fares) and –23.6% (20% increase in rail fares). Air traffic would profit on this link with 20.5% resp. 42.4% increase in passenger trips. This would lead to a shift of modal split to air with 36.8%, while rail shares decrease to 26.9% (with a 10% rail fare increase). 

An increase in rail fares by 10% leads to a negative change of the high level objective function of 484.0 million € over a 30-year period, while an increase by 20% reduces the NPV by 1,121.4 million € in the same period. The reason for this, are the high losses in consumer surplus, CO2 and government surplus.

With the National Transport Model for Norway for passenger transport, the economic instrument rail fares were assessed with an assumed increase and decrease of 10%. 

There are virtually no changes in comparison to the reference scenario: An increase of 10% would lead to an increase of 0.1% passenger kilometres per day, while a decrease would result in a decrease of –0.2% passenger kilometres per day. The effects on the number of trips are practically the same.

The changes in the high level objective function relative to the reference scenario is negative when rail fares are reduced by 10% (-48,398 € per day) and positive when rail fares are increased by 10% (50,443 € per day). 

Table 60: Change in passenger trips per mode (in %) for an increase in rail fares by 10% (passenger transport)

	
	Rail
	Air
	Car
	Bus 
	Boat
	Total

	EURORAIL
	-12.1%
	+20.5%
	-6.6%
	--
	--
	0.0%

	NTM Norway
	-2.4%
	+0.1%
	+0.1%
	+0.2%
	+0.2%
	0.0%


Combination of rail fares, rail frequency and speed limits

An example from Great Britain shows the connection between price regulations for service provision (rail fares) and the expansion of conventional rail-based infrastructure. In Great Britain it was concluded that rail was close to covering its marginal costs, except for the more poorly patronised regional services, although this masks undoubtedly undercharging on congested peak services. Season ticket prices on these services (as well as some fares on other services) have been held down by regulation to increase by a 1% per annum, which is less than inflation since privatisation. As part of a review of fares policy, the Strategic Rail Authority has then decided to change this and allowed 1% per annum increases above the rate of inflation. Certainly, rising fares on these services would make sense if they accompanied the introduction of road pricing, which has now been introduced in Central London.

The above argument might suggest that there is a good reason for retaining commuter and inter-city passenger services. With freight services, the more poorly loaded regional services would demand a detailed assessment of their viability.

Whilst leading economists support rationalisation (and the roads lobby, of course, assert that rail is a technology that does not deliver) at the same time there is strong pressure from some regions for much greater emphasis on local services and the reopening of many rural railways. For instance, the Passenger Transport Executives demand a clock face high frequency local services. This will either restrict capacity for other services or require major investment in additional capacity, whilst local authorities and the Countryside Agency (another government body) reconsider widespread rural rail re-openings. (Nash 2003)
Among the combinations of instruments which are carried out by the Norwegian National Transport Model for passengers, the one, which includes rail fares, reduces passenger kilometres per day the most. The combination of rail fares (–10%), rail frequency (+1% per year) and speed limits lead to a decrease of 4.2% passenger kilometres per day in comparison to the reference scenario. The trips per day are reduced in this package by 0.6%. This result could mean that travel time has a major influence on usage.

The high level objective function for the increased rail fare scenario is highly negative with a total of –4,135,199 € per day change relative to the reference scenario. 

Road pricing

Road pricing alone

The travel impacts of road pricing depend on i) the type and magnitude of fees, ii) where it is applied, iii) what alternative routes and modes are available, and iv) what is assumed to be the alternative or base case (Victoria Transport Policy Institute 2004):

· Pricing roads, which would otherwise be free, can shift vehicle travel to un-priced routes, alternative modes and closer destinations, and reduce vehicle trip frequency. 

· Congestion pricing (i.e., higher rates during peak periods) can affect vehicle trips to shift from peak to off-peak periods.

· If road pricing is used to fund expansion of road capacity that would not otherwise occur, it may increase total vehicle travel according to the rebound effect.

· Road pricing reduces total vehicle travel if it is used to fund roadway capacity expansion that would otherwise be un-priced (but funded through other taxes).

· The better the travel alternatives (transit, ridesharing and cycling), the more road pricing will lead to mode shifts.

The effects of road pricing are analysed in the Great Britain Freight Model. The underlying increase in freight is so large that, despite reducing road’s market share, each scenario except road pricing leads to an increase in road tonne kilometres and road tonne lifted above current 2004 levels. Compared to the reference scenario, road pricing doubles rail’s market share in terms of both tonnes lifted and tonne kilometres. This leads to a comparative welfare increase of £228 million.

GBFM categorises Channel Tunnel traffic as a separate commodity and calculates so how much extra tunnel traffic is generated under various scenarios. With road pricing introduced, the total tonnes lifted and tonne kilometres through the tunnel will increase by the half of the values of the reference scenario, whereas tonne kilometres on the road increase only marginally and tonne kilometres on rail nearly double.  

Social marginal cost pricing (SMCP)

SMCP alone

Transport externalities are among the most important environmental problems affecting quality of life in Europe. The theory of environmental policy proposes marginal social cost pricing as one solution to external costs. Although first-best pricing would be impracticable, advances in tolling technology and environmental valuation means that second-best pricing is now a viable option for most transport externalities. There are signs that the European Commission and other bodies are starting to favour pricing over regulatory instruments. However, a key problem, which is often overlooked, is the potential for non-convexities in the transport sector or between transport and the rest of the economy. Non-convexities would mean that market forces under marginal social cost pricing might divert from approaches of the optimal transport system. Therefore pricing instruments, while useful, cannot in themselves be a panacea for transport externalities or bring about a sustainable transport system. (Tinch 2004)
The results for passenger demand by SCENES suggest that the introduction of SMCP will lead to reduced car (-26%) and air (-15.9%) passenger kilometres, while coach and especially train passenger kilometres increase (2.4% and 33%). Total passenger kilometres decrease by approximately 20%. Passenger transport unit costs increase by 115.0% for car, 28.8% for coach and 18.8% for air transport relative to the reference scenario, but decreases by only 2% for rail transport.

For freight demand, the introduction of SMCP will also lead to reduced road based tonne kilometres (-7.6%) and ship tonne kilometres (-2.3% for inland waterways, -3.8% for short sea shipping), while rail tonne kilometres increase (4.6%). Total tonne kilometres decrease by approximately 5%. Regarding freight transport unit costs, costs for all modes increase, whereas road increases most with +23%.

The total change in the high level objective function is +1,561.6 billion € (in NPV terms).

In the option where Social Marginal Cost Pricing is increased by 10%, the values as described above are slightly higher, while the proportional relations do not change. In the freight sector, only short sea shipping changes from a change of tonne kilometres of –3.8% to +6.8%. In this case, the change in the high level objective function is even higher with 3,611.4 billion € (in NPV terms), the highest value among the scenarios examined.

When SMCP is introduced excluding rail transport, the results for rail in the passenger as well as in the freight transport sector are even more positive, while all other modes lose shares (except coach). The objective function is in this case equal to 1,600.9 billion € (in NPV terms). 

When introducing SMCP on road freight transport alone, the changes in passenger kilometres and passenger transport unit costs are marginal for all modes. In the freight sector, the results are similar to the scenario excluding rail transport, whereas in this scenario inland waterways gain tonne kilometres (+5.7%). The change in welfare benefit is slightly negative (-186 billion €). The combination of social marginal cost pricing and fuel taxes was already discussed above under “fuel taxes”.

Combination of social marginal cost pricing and expansion of conventional rail-based infrastructure

EURORAIL describes the internalisation of externalities respective to changes in passenger transport costs to show short-run marginal costs on the connection between London, Brussels and Paris. When combined with the expansion of conventional rail-based infrastructure (which is reflected in an increase in rail speed by 10%) rail gains 7.9% of the passenger trips, while all other modes lose trips, especially air traffic with –6.0%. This results in an increase in modal split for rail to 33.0% while all other modes lose shares. This combinations leads to a negative NPV value of –1,017.0 million € over a 30-year period, whereas negative changes in government surplus relative to the reference scenario are significant. 

Combination of social marginal cost pricing and expansion of existing road networks

In EURORAIL, the expansion of road networks is estimated with an increase in travel speed for passenger cars by 10%. Combined with the internalisation of externalities, the scenario London-Brussels-Paris results in a loss of air passenger trips by 2.3%, while car (ferry) gains 1.2% and rail only 0.8% trips. In comparison to the above combination, it can be seen that the positive effects of the internalisation of externalities are cancelled out by the expansion of existing road networks. This result is also reflected in the modal split, as car (ferry) rise up to 27.9% and car (le shuttle) to 11.5%. This combination leads to a NPV value of +1,705.3 million € over a 30-year period, whereas negative changes in government surplus relative to the reference scenario are significant. This is the highest value obtained among the scenarios considered.

Combination of social marginal cost pricing and expansion of infrastructure (TEN - all modes)

When SCENES combines SMCP with the expansion of transport infrastructure (all modes), the gains for passenger rail transport are higher than if SMCP was introduced alone: +43.3% in comparison to +33% with SMCP alone. Passenger transport unit costs decrease by additional –1.3% for rail when introduced together. In any case the changes in tonne kilometres are not as positive as in the scenarios SMCP excluding rail and SMCP +10%. 

In freight transport, road tonne kilometres are reduced more than in the option with SMCP alone, as well as inland waterway tonne kilometres. On the other hand, rail tonne kilometres are increased by 9.2% and short sea shipping by 7.1%. The changes in freight transport unit costs are slightly smaller compared to if SMCP was introduced alone, except for short sea shipping, where they are increased to +16.7%. 

This combination leads to a highly positive effect on the high level objective function with a change of +3,159.4 billion € (in NPV terms).

Financial incentives to rail operators

Financial incentives to rail operators alone

Subsidies should be specified within a contractual framework to prevent adverse effects of subsidies on productive efficiency. Increasingly, subsidies among European countries are allocated through contracts between an authority and an operator identifying the services to be provided in exchange for payment from the authority. 

The Great Britain Freight Model analyses two different instruments that fall in the category of financial incentives to rail operators, which are part of the governmental plans: company neutral grant and channel tunnel access charging. The last one comes under incentives, because the access charges are reduced to zero and are therefore supporting rail services.

While company neutral grants achieve a negligible reduction in tonnes lifted on the road (-0.01 %) compared to the reference scenario, the reduction in channel tunnel access charges results in a slight increase of 0.4%. This might also be seen as a slight increase in rail’s market share. The total welfare change is larger when company neutral grant is introduced in comparison to the reduction of channel tunnel access charging. 

Combination of financial incentives to rail operators and expansion of conventional rail-based infrastructure

Projects that address rail infrastructure and systems deficiencies in order to provide substantial public benefits may require financial incentives to cover social criteria such as equity and accessibility. In 2002, the Austrian state invested 861 Mio. € in infrastructure of the ÖBB (Austrian National Railway). (Österreichische Bundesbahnen 2003) A focus of incentives on inter-modal investments would be reasonable.

In the Great Britain Freight Model, one combination of instruments includes infrastructure investments on a ten-year plan alongside financial incentives. This scenario actually increases rail tonne kilometres market share by almost a half on 2004 levels to just over 15%, with an increase in tonnes lifted to almost 7%. This can be interpreted as complementarity between these instruments - individually, company neutral grant and a reduction in channel tunnel access lead to an increase in welfare of  £101 million and £112 million respectively, but when combined, welfare is increased by £165 million. Compared to the reference scenario, the introduction of company neutral grant just affects non-bulk rail, as it was designed to do.

The pro-rail combination of subsidy measures, the ten-year plan infrastructure measures and a reduction in the cost of freight through the channel tunnel shows increases in rail’s market share of tonnes lifted to over 8% and of tonne kilometres to almost 18%. Again, there is also complementarity between all three instruments, with every instrument alone leading to an increase in welfare of £112 million, £101 million and £71 million, whereas jointly they increase welfare by £155 million.

Combination of financial incentives to rail operators with extension of conventional rail-based infrastructure and social regulation of working conditions

The EU-Project DESIRE (FP5) examines the modelling possibilities of road pricing and infrastructure improvements and is one of the first ones that attempts to elaborate on results that do not tolling and infrastructure enlargements together. 

It also takes cross financing into account: ”financial resources […] to be used to complete other infrastructure projects, particularly rail, are in the region in question.” (SPECTRUM 2004).
In 2002 the common transport policy of the European Commission proposed a framework directive in the White Paper, setting out the principles and structure of an infrastructure-charging system and a common methodology for setting charging levels, offset by the removal of existing taxes, and allowing cross-financing. (Department for Transport Local Government and the Regions 2001).
If revenue from other modes (e.g. road pricing schemes) can be used to finance capacity enhancement of rail, it may not be optimal from a general equilibrium point of view but may enhance the public acceptability of road pricing. (SPECTRUM 2004)
The Great Britain Freight Model combines the instruments social regulation of working conditions, extension of conventional rail-based infrastructure and financial incentives to rail operators in order to analyse the impacts of currently proposed legislations and investments. It concludes that the instruments interact to greatly improve rail’s market share on 2004 levels, leading to a doubling of rail’s market share to 10% for tonnes lifted and 21% for tonne kilometres respectively. This is the only combination that matches the modal shift of the road pricing scenario. Again there is a complementarity between the instruments when all of them are combined and increases welfare by £199 million. Even here, the welfare effect is not as great as the implementation of road pricing alone. This is because road tonne kilometres are not reduced as much as with road pricing alone. This means that the combination of all instruments offers a subsidy for multimodal operations, whereas road pricing just makes road haulage more expensive.

Variable vehicle-related fees (out-of-pocket costs)

Variable vehicle-related fees alone

Vehicle costs are generally divided into i) variable costs (also called operating costs or out-of-pocket expenses) such as fuel, oil, tire wear, which increase with vehicle use, and ii) fixed costs which are not affected by the vehicle usage.

Depreciation is usually considered a completely fixed cost, but it is also partly variable since increased driving increases the frequency of vehicle repairs and replacement, and reduces so the vehicle resale value. Surveys of used vehicle price guides (which provide guidelines for adjusting prices based on vehicle mileage readings) indicate that mileage-related depreciation averages about as much as vehicle operating costs. Most leased vehicles have additional mileage charges (around this amount) above a certain level of usage. Increased driving also increases the risk of costs associated with a crash, traffic or parking citation. (The cost of driving: (Victoria Transport Policy Institute 2004))

EURORAIL considers for the passenger corridor London-Brussels-Paris an increase in out-of-pocket costs for cars by 10% and 20%. While car traffic (le shuttle and mainly ferry) loses passenger trips, air traffic (+5.2% and +10.4%) gains more than rail traffic (+3.2% and 6.4%). In the modal split, air traffic passes rail shares slightly. With a change of out-of-pocket costs for cars by +20%, rail (32.5%) loses more shares to air traffic (33.7%).

While for out-of-pocket costs of +10% the NPV value over a 30-year period is 171.2 million €, it increases with the rising out-of-pocket-costs (20%) to 270.6 million €.

Combination of vehicle-related fees (car) with out-of-pocket costs for rail

In the EURORAIL model, the combination of an increase of out-of-pocket costs for car and rail by 10% and 20% each, leads to similar results than the increase of rail fares described above. All modes, but mostly rail (-9.7% respectively –20.1%), lose passenger trips while air trips rise by 26.4% respectively 54.7%. This results in an increase of air shares from 30.5% to 38.6% respectively even 47.2% while rail ends up with 27.6% respectively 24.4%. 

With an increase of out-of-pocket costs for car and rail by 10%, the NPV value over a 30-year period is –329.5 million €, while with an increase by 20% for both modes it will be positive with +339.4 million €. 

Physical instruments

Expansion of conventional rail-based transport infrastructure (rail frequency)

In passenger transport, frequency increases in public transports can be a result of network changes through expansion of infrastructure.  Thereby more people will use public transport instead of individual-based transport.

EURORAIL models the extension of rail infrastructure for passenger transport through the increase in speed for rail travel by 10% between Paris, Brussels and London. This leads to an increase of 5.2% rail trips and a decrease in air trips by 7.1%. Car trips rise too but not as much as rail. It also results in a change of modal split for the benefits of rail traffic and at the expense of air traffic. This scenario would lead to a highly negative NPV value of –2,754.9 million € in a 30-year period. 

The Norwegian National Transport Model for Passengers analyses an increase in rail frequency by 1% per year through the expansion of conventional rail-based infrastructure. This leads to a change of –0.2% of passenger kilometres per day and an increase of 3.5% of the number of rail trips relative to the reference scenario. Implemented alone, this instrument would produce a slightly negative welfare benefit of –211,906 € per day due to the negative government and producer surplus.

The negative effect of the increase of rail frequency on the objective function can be compensated when the instrument with the increase in fuel taxes and a change in rail fares are combined. This was already mentioned under “fuel taxes” (page 100). 

The combination of an increase of rail frequency, a decrease of rail fare and the introduction of speed limits leads to the greatest decrease in passenger kilometres of –4.2% and a high change in rail trips per day, which is also described under “rail fares” (page 102).

Table 61: Change in passenger trips per mode (in %) for the expansion of rail based infrastructure (passenger transport)

	
	Rail
	Air
	Car
	Bus 
	Boat
	Total

	EURORAIL
	+5.2%
	-7.1%
	+1.7%
	--
	--
	0.0%

	NTM Norway
	+3.5%
	-0.2%
	-0.2%
	-0.3%
	-0.2%
	+0.1%


Note: EURORAIL uses an increase in rail speed by 10% as a measure of rail infrastructure expansion, while NTM uses an increase in rail frequency by 1% per year (so the results are not directly comparable)

To make freight transport more competitive compared to road freight, the efficiency of freight and commercial transport should be improved by the expansion of rail transportation infrastructure and services. (Freight transport management: (Victoria Transport Policy Institute 2004))

The analysis of the average growth per year (%) of the real domestic product in the freight model MOBILEC shows that rail extension alone or together with extension of sea ports infrastructure (2.73%) leads to a higher growth than those options combined with an increase in fuel taxes (2.71%). The same effect occurs with employment and transport of goods – the options without fuel taxes bring more positive results. 

The effects of the extension of rail infrastructure are rather small on the national level. As a result of the decrease of the distance and travel time by 10% on the relation district Antwerp and Germany, a rise of the rail freight transport in Belgium can be noticed from 2.5% to 2.6%. On a national level, the differences between the reference scenario and this scenario are very small. This is understandable, because it is simulated on a very detailed scale. 

To see the significant effects of the extension of conventional rail-based infrastructure, one should analyse the transport of goods on the origin-destination relation between the district Antwerp and Germany. There is a higher growth of rail freight than in the reference scenario (from 2.77% to 3.68%).

When combining rail infrastructure extensions with fuel taxes, a slightly lower growth of rail freight compared with infrastructure improvements alone can be noticed. This was already discussed under “fuel taxes” (page 100). 

The investment in rail-based transport infrastructure (like it was modelled in the Great Britain Freight Model by the implementation of the ten-year plan) shows that there is only very little reduction of tonnes lifted on the road in comparison to the reference scenario (-0.2%). The change in tonnes lifted on rail with +29.4% is much higher. Looking at the road change in tonne kilometres, a reduction of 3.9% can be obtained, while rail freight increases by 47.2%. The total welfare change for infrastructure improvements in rail is £111.69 million. 

For the effects of the following combinations see Section “financial incentives to rail operators” (page 106): expansion of the conventional rail-based transport infrastructure combined with financial incentives to rail operators; the combination of the expansion of rail infrastructure, financial incentives to rail operators and social regulations on working conditions. 

Table 62: Change in tonnes lifted relative to the reference scenario (in %) for the expansion of rail-based infrastructure (freight transport)

	
	Road
	Rail
	Ship
	Total

	MOBILEC
	0.0%
	+0.018%
	0.0%
	--

	GBFM
	-0.2%
	+29.4%
	--
	+1.3%


Note: MOBILEC uses a decrease of the distance and travel time by 10% as a measure of rail infrastructure expansion, while GBFM models the effects of investments of the ten year plan with increases in freight speeds, increase in train length, increase in quality of service, terminal capacity and a reduction in terminal turnaround times.

The figures for MOBILEC are changes relative to the reference scenario of the % change per year.

New and/or improved infrastructure on seaports

In the freight case study MOBILEC, the results of modelling of new and improved infrastructure on seaports yields similar results as with the improvements in the rail sector. Because of these similarities, the results are not described here.

Expansion of existing road network

EURORAIL models the expansion of the road network on the corridor London-Brussels-Paris by the increase in speed for passenger cars by 10%. This results in an increase in car trips (Le shuttle +4.4% and ferry +4.4%) and a decrease in rail (-2.1%) and air trips (-3,5%), which also affects the modal split, i.e. rail decreases in this scenario to 29.9%. This scenario would lead to a slightly negative NPV value of –222.9 million € in a 30-year period.

As a result of the freight road extension scenario in MOBILEC, one can see that the travel time costs of lorry do not rise any longer, which has a positive effect on the growth of the regional product, employment and transport by lorry. On the national scale of Belgium, the growth of transport of goods increases from 2.2% to 2.6%. In the district Antwerp, the corresponding growth increases from 2.8% to 3.4%. Due to this higher economic growth, the transport of goods by train and ship also profit. The positive effect of economic growth is higher than the negative effect of substitution (here: from rail or inland navigation to road; considered as negative).

The modelling of road infrastructure expansions cannot explicitly take into account the way of financing of new infrastructure. There are several ways of financing and each of them will have a specific effect on new simulations.

The results of the combination of fuel taxes and road extension shows that the negative effects of the increase of fuel taxes are compensated with the positive effects of the expansion of the road network, which was already mentioned in “fuel taxes” (page 101). 

Combination of physical instruments

Combination of expansion of existing road network and expansion of conventional rail-based transport infrastructure

EURORAIL simulates the combination of expansion of road and rail infrastructure for passenger transport through the increase in the modal travel speeds by 10%. The result shows that car traffic profits more from this combination than rail traffic. While Le Shuttle and ferry increases by 6.1%, rail trips change by only +2.7%. In regard to the modal split, ferry traffic reaches 29.2%, while rail increases to 31.4%. This scenario would lead to a highly negative NPV value of –2,998.0 million € in a 30-year period, which is even worse than with the expansion of rail infrastructure alone.

Combination of expansion of conventional rail-based infrastructure and new and/or improved infrastructure on seaports

The freight case study MOBILEC calculates the combination of the effects of an improved rail and inland navigation connection between the district Antwerp and Germany. Compared to the reference scenario, the extra growth of inland navigation and rail freight can be noticed, as well as on the national level, on the level of district Antwerp and on the level of the Antwerp-Germany connection.

TEN Infrastructure expansion (all modes)

When introducing infrastructure expansions by all modes in SCENES, rail will gain shares in passenger kilometres (+3.5%), while all other modes are nearly stable. Changes in passenger transport unit costs are also marginal. 

Regarding freight transport, an increase of rail tonne kilometres by 4.5% and short sea shipping tonne kilometres by +11.9% can be obtained, while road freight decreases by 1.3% and inland waterways by 1.6%. Freight transport unit costs are lowered in all modes slightly, except for short sea shipping where it increases by +4.2%. Infrastructure expansion alone leads to a negative development of the high level objective function, i.e. –102.39 billion €.

The combinations of TEN infrastructure expansion with economic instruments was already described in “fuel taxes” (page 99) and “social marginal cost pricing” (page 105).

Regulatory instruments

Social regulation of working conditions

In 1998 the European Commission published a sector specific proposal for mobile workers in the road transport sector (European Commission 2002). An Agreement at European level for this sector specific proposal was delayed - largely because of the difficulty in reaching agreement on whether to include self-employed drivers. A paper for the Road Transport Directive (RTD) was agreed by the Council of Ministers and the European Parliament at the end of 2001 and finally adopted and published in the Official Journal on 23 March 2002. It has given Member States three years to transpose and implement the Directive. 

As it was shown in the analysis of the Great Britain Freight Model, social regulation of working conditions has some effects on the reduction of road freight traffic (-2.5% of tonnes lifted and -4.8% of tonne kilometres) while the rail sector gains 61.8% of tonnes lifted and 57.4% of tonne kilometres. The total welfare change is £131.37 million.  

The effects of the combination of social regulations on working conditions, the expansion of rail infrastructure and financial incentives to rail operators were already discussed in the section “financial incentives to rail operators” (page 106).

Speed limits

The literature shows that a reduction of speed through traffic calming or speed limits increases traffic safety but also has effects on vehicle travel demand.  The elasticity of vehicle travel demand with respect to travel time is  –0.2 to –0.5 in the short run and –0.7 to –1.0 in the long run, i.e. a 10% reduction in average traffic speeds reduces effected vehicle travel by 2-5% during the first few years, and up to 7-10% over a longer time period. (Speed reductions: (Victoria Transport Policy Institute 2004))

The Norwegian National Transport Model for Passengers simulates changes in speed limits on the road network (100 km/h → 110 km/h, 80 km/h → 75 km/h). Scenarios that include the change in speed limit, have a negative value of the high level objective function: -0.4Mill. € per day when implemented alone and –3.6 Mill. € per day when implemented together with a decrease in fuel taxes by 25%. While the decrease in CO2 costs is similar to an increase in fuel tax, the government surplus is negative in those scenarios due to the loss of tax revenues and the underlying calculation principle

Through the introduction of the proposed speed limits, –3.8% passenger kilometres per day can be saved in comparison to the reference scenario, a combination with the decrease in fuel taxes would result only to –0.9% change.

Looking at the percentage changes in number of trips relative to the reference scenario, speed limits would reduce car traffic by 0.7%, while in all other modes passenger kilometres increase being the largest in the boat sector with 4.9%. Combined with the decrease in fuel taxes, the positive effects of speed limits would be eliminated – car traffic rises by 0.3%, while rail traffic loses 0.6% of the passenger kilometres. 

5.3. Meta-analysis of the case studies and intra-EU-transferability

In order to consider an intra-EU-transferability, there should be at first transferability or a comparison between the modelling case studies of the previous sections. From the model descriptions and specific frameworks, it becomes apparent that the transferability from one model case study to the other is difficult to make because already the preliminaries or a priori either from the modelling side or from the circumstances of the case studies diverge. Thus, in order to establish a meta-analysis, the only way left is to synthesise the model outputs of the same unit ratios. This would also allow to draw a conclusion on the assumptions and to provide an understanding for trend predictions of the models. 

The primary aim of this analysis is not to establish the optimal combination of instruments on an overall basis. This would be a step too far because there are too many specifications of the models and the case studies in particular, which would also involve a reassessment of the case studies in order to make clear and decisive statements. The aim can therefore be to evaluate the significance of a policy instruments. This would mean that this specified policy instruments would have a general influence on an EU basis and would also provide the end-user with a recommendation, on which instrument to focus on in order to obtain the highest effectiveness. 

Methodology

The basic approach is to establish a regression between the relative welfare measure in relation to specific combination of instruments and the level of base traffic and its relative changes. 

The base traffic is given in the passenger models in trips per year or per day (pax km also available), and in the freight models in tonne kilometres per year (billion). 

The relative welfare measure can be calculated from the welfare change of specific combination of instruments and in relation to the base traffic or traffic changes. This division can be understood as a standardisation of the welfare change.

This variable is available for each case study (except MOBILEC) for each alternative scenario. Each scenario from the case study is treated as one observation.

The independent variables in this analysis are set up as dummy variables. The dummy variables can take two forms (variable names are written in italics):

· For each of the policy instruments: fuel tax increase (FT25P), fuel tax decrease (FT25N), rail fares +10% (RF10), investment in roads (IROAD), investment in rail (IRAIL), internalisation of externalities (INT)

· For each of the case studies (except SCENES): EURO, NTM, GBFM

Each of the instrument dummy variables will have either value 0 (if the policy instrument is not examined) or 1 (if the policy instrument is examined). In the case of the case study dummy variables these will take value 1 if the scenario comes from a given case study, otherwise 0.

The model then looks as follows:
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where W is dependent variable and the α’s and β’s are parameters to be estimated together with the value of the intercept using Ordinary Least Squares (OLS). Figure 10 depicts the welfare changes in respect to the different observations of model predictions.

Figure 10: Welfare Changes of base traffic in relation to actual and predicted policy instruments of different LUTR models
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In order to assess the fit of the analysis, the output of the statistical analysis will be summarised:

Outputs

The results from the regression analysis contain standard econometric outputs, including parameter estimates, t-statistics and R². A summary of the two analyses can be found in Table 63. The detailed table can be found in the Appendix H. 

Table 63: Regression results of the meta-analysis

	Regression Statistics
	Base traffic
	Relative Change of Base Traffic

	Multiple R
	0.875
	0.798

	R Square
	0.766
	0.637

	Adjusted R Square
	0.649
	0.373

	Standard Error
	0.052
	0.058

	Observations
	28
	20

	
	
	

	Policy instrument
	t Stat
	t Stat

	Intercept
	0.595
	0.796

	FT25P
	0.360
	0.071

	FT25N
	0.822
	-0.180

	RF10
	0.905
	-0.033

	IROAD
	1.441
	0.754

	IRAIL
	-1.016
	-0.211

	INT
	4.093
	2.364

	EURO
	-3.312
	

	NTM
	-0.999
	-0.559

	GBFM
	1.767
	-1.181


The generally good estimation by the different models can be supported by the relatively high adjusted R². The difference may be due to the higher number of observations in the first case. However, most policy instruments variables are relatively not significant except the INT (internalisation of externalities). The significant positive sign for INT suggests that internalisation of externalities may have a significant (positive) effect on welfare. 

Intra-EU-Transferability

Since the majority of chosen policy instruments does not have statistically speaking a significant effect, it is very difficult to give a clear suggestion for transferring different results within EU countries. Although ‘Internalisation of externalities’ seems to have a significant influence, a further analysis would be required in regard to the models, to see how this measure is handled within the models. From an intuitive understanding, which can also be found in the literature discussion, a possible internalisation could also be approached from an increase in fuel tax, which has been analysed. This means the problem is even more complex from a qualitative perspective than the usual approach of analysis would suggest.

The instruments are mainly economic in nature, so one should also ask in respect to EU transferability what the differences between regional characteristics, geographical location, etc. need to be considered as well as cultural, legal, financial and political barriers. It is not very usual to copy the results from one region precisely to another region. Generally the concept of transferability is taken more broadly with modifications and adjustments in the implementation to the target area e.g. levels of pricing instruments. Transferability can also be used to achieve adverse results by trying to avoid mistakes that happened in other regions. 

6. Limitations of the models and subjects for future research

Despite the limitations and restrictions, which were discussed in the above sections, the most significant aspects are discussed here again. These should be seen as another step for stimulating new research in the area of transport and land-use modelling.

The assessment of transport instrument packages on London-Brussels-Paris Corridor is based on a multi-modal analysis of passenger traffic covering rail, air and car modes within mode-choice model structure (EURORAIL). Although the analysis provides insight into the impacts of a suite of transport instruments for international passenger travel there are limitations to be taken into account. Below, these are outlined. As for any modelling there are assumptions made to make the exercise feasible in terms of providing forecasts for a Reference Scenario and several Policy Scenarios.

· Zonal structure is aggregated to consider trips for the following pairs: Greater London-Paris, Greater London-Paris Basin, Greater London-Belgium+Luxembourg, Rest of UK South East-Paris, Rest of UK South East-Paris Basin, Rest of UK South East-Belgium+Luxembourg. More detailed information about O-D matrices between UK and Belgium/France would allow a finer assessment of the impacts.

· There could be uncertainty about the estimated values for the cost of road and rail infrastructure improvements. These are based on available information about construction costs per kilometre derived from different schemes (dual carriageways/motorways in France and the Channel Tunnel Rail Link in UK both mentioned in (Affuso, Masson et al. 2003)). However, this issue could be addressed through more sensitivity testing of the values used.

· Although the analyses indicate that induced traffic has rather limited importance on the London-Brussels-Paris corridors due to market saturation it would be appropriate to accommodate for this aspect in the modelling. Further work will be carried out to consider the extent to which this can be taken into account.

· The Policy Scenarios assessed have only indirectly considered regulatory instruments. In particular, some evidence on the implications of transport cost changes (as reflected in some of the scenarios) could be interpreted with respect to the impacts of certain regulatory changes (e.g. further deregulation of rail transport). However, a more direct assessment would be preferable. At a general level this would require analysis of how regulatory instruments would translate into transport cost/price changes. 

· Wider economic impacts have not been possible to take into account in the assessment of transport instruments. At a general level these types of impacts could be considered within a general equilibrium model framework. As part of the final phase of the project it may be considered how the different case studies could provide information on this aspect.

· None of the assessed transport instruments concerns air transport as the focus has been on road and rail transport. Further work could examine the implications of different instruments for air travel (e.g. introduction of slot pricing for the airports in the area, or new infrastructure (terminals or runways etc.)

· The calculation of external costs has been based on average EU15 unit costs. Country-specific information about unit costs is available and could be used to test the influence of the chosen unit costs.

· SMCP charges are for the internalisation of externalities based on the average EU15 unit costs relating to external costs. It would be possible to incorporate charges derived as averages of external costs for UK, France and Belgium. It should be noted that this change is unlikely to affect the overall conclusions of the case study.

· In the assessment of economic efficiency producers’ surplus changes for public transport operators includes information about revenue changes only. In effect, it is assumed that changes in patronage by mode do not result in cost changes.

· The results include limited indications concerning the influence of alternative revenue recycling arrangements in case of introduction of fair and efficient pricing. Other packages would need to be examined in order to identify optimal revenue recycling. This should include specific analysis of different road/rail infrastructure improvements. This analysis is not possible in the present model set-up.

· The analysis of equity is limited to consideration of user benefit differences with respect to trip purpose and mode of transport used and not country difference (United Kingdom, France and Belgium). There is some information about household income, unemployment for the zones included in the case study and this could provide the basis for more detailed analysis of equity. This assessment would though involve some additional work. The difficulty is to forecast trip changes at each end of the zonal pairs as the estimation at the moment concerns forecasts for total travel for each zonal pair.

Limitations of the Norwegian National Transport Model system are:

· The Norwegian National model system addresses long distance trips (over 100 kilometres one way). Some of the national networks, specially the road network, are used for travels less than 100 kilometres. Hence some instruments such as tolls are not feasible for evaluation since a large part of the trips that will be cross any toll station are shorter trips. 

· The National model is not able to focus on instruments that focus on nodes, such as airports, etc. In fact the model is not able to address any time-differentiated instrument. 

· A less minor problem with the National model is that changes in population and employment locations are exogenously defined. 

For the freight case study carried out by MOBILEC the following limitations should be noted:

Elasticities

In MOBILEC, elasticities are introduced in two ways: exogenous and endogenous. With respect to passenger transport (consumptive mobility and commuter traffic), the following elasticities are imposed to the model: income elasticities (the effect of a change of the income on consumptive mobility and productive mobility by car, train and bus), travel-time elasticities (the effect of a change of travel time by car, train and bus on consumptive mobility and commuter traffic by car, train and bus) and travel-distance costs elasticities (analogous to travel-time elasticities).

All other elasticities are endogenous in the model. It is not possible to calculate one general elasticity for the model as such, since the elasticities are region specific, and thus origin-destination specific. 

Once elasticities are determined in the model, they remain constant. This means that the relative effect of a 5% change in fuel tax is the same as a 25% change in fuel tax. As such the model starts from an average decision taker, whose relative sensitivity does not change on the basis of a higher absolute value.

As a consequence of this, the user of the model has to be aware of the limitations of the model, in the sense that he/she cannot forecast extreme scenarios (what applies to all traditional models). For example, it does not make sense to calculate the effects of a 100% change in distances (dropping to a zero distance) or the effects of a 100% change in tariffs (effects of the introduction of free public transport).

Unimodal transport

For passengers as well as freight, all transport in the model is performed in a unimodal way. Multimodal transport is not included as such. This is due to the unavailability of the data. Data are reported on a unimodal basis. For example, for freight transport the goods are transported either by lorry, train or ship. Since the model is now on the level of BENELUX (Belgium, Netherlands and Luxemburg) this is a minor problem. But if an extension of the model is considered to a European context, the incorporation of multimodal transport should be analysed.

Transit

Goods or passengers moving from an origin to a destination, have to make use of several transit zones. The more a region is used as a transit zone, the less attractive it will get in the model. In MOBILEC for each origin and destination, the transit zones are fixed. No changes are possible. It could well be that a decision maker in reality changes his/her route based on new information.

Production function

The main formula in the model is a region specific Cobb-Douglas production function. Other production functions may be considered in future versions of the model.

Graphical representation

The output of the model is presented in a rather straightforward way. At this moment, no links are provided with GIS-software. 

General freight modelling

The model is based on a general view on freight modelling. This means that all freight transport is taken together in one indicator, namely transported tonnage. No distinctions are made into freight categories. The modeller should then be aware that the complexity of the model will increase significantly.

Key Features of GBFM:

· Network assignment model based upon an OD matrix from existing datasets, using road & rail networks and ports.

· Generates multi-modal paths combining road/rail network and freight service data

· Allows trend-based and scenario based forecasting techniques to be used, by attaching policy levers to cost models and network databases.
· Covers GB in detail, with 2700 zones, based on postcode boundaries, with a coarser network of European zones and a fairly basic representation of other GB trading partners

· Road, bulk rail and unitised freight are subject to separate cost estimations

· Builds ‘accounting’ models of cost for each mode, as an approximation to freight rates.

· Generalised cost is estimated through addition of time-based costs and reliability-based costs

Limitations of GBFM modelling: 

· Whilst road and rail modes are covered in detail there is only basic representation of water and coastal modes

· GBFM uses just a single value of time for all commodities, set at 1.04% of the hourly freight rate. 

· GBFM also does not have an overall generalised cost or price elasticity relating changes in prices of goods or the overall cost of transport to the level of freight activity.

· GBFM is essentially a mode choice model, with any change to the size of the market having to be inputted exogenously. As an example of the potential problems that might arise, consider the case of whether increased long distance journeys brought about by falling road haulage costs would switch to rail if road haulage costs then rose. A model with a fixed OD matrix (for a particular year) might well re-allocate the traffic to rail, while a model incorporating length of haul effects would more likely reduce the average length of haul. 
· The model uses base year zone origin and destination estimates in order to produce a trip distribution matrix, consistent with data on average lengths of haul in each commodity. This matrix is then used as the basis for trend projection. Trip origins and destinations are not related to economic activity

The assessment of transport instrument packages on a European scale has been based on the transport model SCENES. Although the modelling structure of SCENES forms a comprehensive framework as all aspects of the transport market are accounted. However, the analysis does have limitations, which are concerned with either the modelling structure itself or the applications of the SCENES model. Below, these limitations will be reviewed. As for any modelling there are assumptions made to make the exercise feasible in terms of providing forecasts for a Reference Scenario and several Policy Scenarios.

· The SCENES model does not include freight traffic within the 8 CEEC Countries, only freight traffic between the CEEC and the EU15 countries are incorporated at the moment. This issue is of limited importance for SPECTRUM, where focus has been on the EU15 countries.

· In contrast to the modelling of road-based modes where capacity constraints are incorporated no such constraints are available for rail, air, inland and waterway networks in SCENES. In effect, these networks are modelled as if there is unlimited capacity.

· The Business-as-Usual Scenario from the TIPMAC project used as Reference Scenario for the SPECTRUM runs includes a series of policy measures in accordance with the EC Transport White Paper Action Plan. However, the inclusion of these policy measures involves use of indirect modelling.

· The Policy Scenarios assessed in SPECTRUM has not considered regulatory instruments (e.g. influence of speed limits). The main reason for not including this group of instruments in the analysis is based on the severe complexities associated with implementing these policy changes within SCENES. A possible way in the current modelling framework to assess regulatory measures would be to assume that specific regulatory instruments would generate transport cost changes, which could then be examined in terms of the implications on passenger and freight demand.

· Wider economic impacts have not been possible to take into account in the assessment of transport instruments. At a general level these types of impacts could be considered within a general equilibrium model framework. As part of the final phase of the project it may be considered how the different case studies could provide information on this aspect.

· The “motorways of the sea” project is only very vaguely specified at present.  It is not clear which ports would be involved or what benefits would accrue to shipping.  The chosen modelling approach is to reduce the time that goods spend in port for intra-European shipping at all ports. It was assumed that time in port would reduce by 50% from typically 14-16 hours to 7-8 hours. Detailed sensitivity testing using different assumptions concerning the time reduction could assess the implications.

· Infrastructure costs associated with the “motorways of the sea” project is not clear at this point in time, with actual proposals for schemes due until 2007. An estimate of the costs has been provided on the basis of information concerning investments in the TEN-T ports from 1996/1997-2006/2010 (DGTREN-PLANCO Study on TEN-T infrastructure).

· The analysis of consumers’ surplus, producers’ surplus, government surplus and external costs have been based on average EU15 prices/unit costs such that the high level objective function refers to the EU15 in total. Country-specific information about prices/unit-costs are available and could be used, although this would require some additional work.

· In the assessment of economic efficiency producers’ surplus changes for public transport operators includes information about revenue changes only. In effect, it is assumed that changes in patronage by mode do not result in cost changes.

· The analysis of equity is limited to consideration of country differences regarding changes in travel disutility with reference to the preferred scenario. Other indicators could be used to assess equity within SCENES. It may be possible to consider country differences regarding changes in CO2 emissions.

In respect to the meta-analysis, the following issues arise:

· Transport and Land-use: The interactions between these two areas have been addressed and play a considerable role generally. However, since in this workpackage only interurban transport is concerned, the resulting interactions cannot be observed to an adequate extent. Another reason is due to the model design because some of the variables are exogenously defined. This opens up the question for new model design.

· Interurban transport: the current model design is mainly geared towards land-based transport. However, an increase of the air sector can be observed in passenger as well as in freight. So it would be interesting to see, for example, how this development could be influenced by high-speed train options.

· Level of significance: Only a very limited number of instruments have been modelled. The next question would be regarding a detailed sensitivity analysis which would show the level, where a current non-significant instrument would be significant and which should eventually lead to optimisation consideration.

· Wider economic impacts: Also in regard to the model limitations, it would be interesting to assess the wider economic impacts to get the wider picture of the economic changes of certain transport instruments. This would again raise the question for further model design and model extensions. 

· Long term impacts: The time horizons were defined explicitly with 2012 and 2020 respectively in order to get a realistic, quantitative forecast. Longer forecasts seem to be required from a scientific point of view, which would also be of interest to the end-users, which would provide them with a feedback for the impacts of their current decision-making.

· Equity: Equity is usually understood only in economic terms. It should also be noted that there are alternative concepts such as the one with the Index of Sustainable Welfare, which would lead to a different quantitative assessment. It would be interesting to see how welfare would change in respect to these concepts. Other wider issues would concern how these concepts would alter issues such as revenue recycling, i.e. how to allocate the revenue from short run marginal cost pricing.

7. Summary and conclusions

This document analyses a series of interurban packages, including combinations of economic, regulatory and physical measures, which may potentially improve the efficiency of interurban transport and equity issues.

In order to include the link to real-life policy makers, “Interesting questions” were defined, which are intended to reflect questions of their concern. Only few of these questions could be answered by the result of modelling exercises, for which different packages of measures need to be constructed. The others should stimulate an awareness of the complexity involved and should pave the way for future research.

The interfaces between modes of interurban transport systems and urban and rural (land-use) systems were examined based on the packages of instruments and modelling methodology. This involved also the modelling of case studies for both passengers and freight. Due to the modelling approaches, the outputs of the case studies are consistent with cost-benefit analysis methodologies and the concept of welfare (i.e. as a sum of producer surplus, consumer surplus, government surplus and external benefits). 

The following passenger and freight transport models have been used for this study: Eurorail model, Norwegian National Transport Model for Passengers, MOBILEC, Great Britain Freight Model and SCENES.

In order to get a clearer understanding of the results, a three-stage comparison has been applied. Firstly, the models are compared by their most characteristic specifications and parameters, since each model has been developed on certain a-priori constraints. Secondly, the models are placed in the overall framework for obtaining an idea about the “influence of the model environment”, i.e. with the input and output variables of the model, as well as the outcome and barriers. Thirdly, the results of the modelling exercise are compared and synthesised in a so-defined “meta-analysis”.

The main results of the different case studies are as following:

One passenger case study involves a multi-modal analysis of passenger traffic on the London-Paris-Brussels corridor.  It concerns analysis of rail, air and road travel. For road traffic, two options for crossing the English Channel are examined: ferry services and Le Shuttle.

The characteristics of the corridors (international long distance) imply that the main travel purposes are independent and inclusive holidays along with a significant number of business travel. In 1998, there were 81.2 million Cross-Channel trips of which some 46 million were independent or inclusive holidays, while business trips amounted to around 17 million. The majority of these trips were made by air (51%), car had a modal share of 26%, while coach 11% and rail 8% (1998 figures) (DETR by Arthur D. 2000).

The model used is an adapted version of the so-called EURORAIL model, which was used in 1998 to forecast market segments for international traffic using the Channel Tunnel. The basic structure is a series of mode choice models for the modes: rail, air, and road (ferry or Le Shuttle). This is based on a binomial logit model framework, where two modes are considered at any one time. 

A reference scenario and a range of alternative policy scenarios have been designed and assessed with specific reference to the forecast year 2012. A total of 13 alternative scenarios have been considered. Instruments considered included fuel taxation, SMCP pricing, rail fares, rail infrastructure expansion and road infrastructure expansion.

The results suggest that it is possible to construct scenarios that will lead to an increase in the value of the high level objective function compared to the reference scenario. The preferred package involves a combination of fair pricing for all modes combined with road infrastructure improvements. This package results in substantial larger values of the high level objective function compared to the other 12 scenarios.

It should be noted that there could be policy packages not included in the analysis with larger values of the high level objective function. Therefore, the optimal package could be a local optimum rather than a global one. However, the selection of policy packages has been based on the goal to achieve a comprehensive coverage of the possible spectrum of policy instruments available to decision makers.

Further analysis would be required to determine optimal revenue recycling strategies with respect to revenue from fair pricing initiatives. The results suggested that it could be more beneficial to use fair pricing revenue on road rather than rail infrastructure improvements as rail infrastructure expansion appears as relative more expensive than road infrastructure expansion. However, a firm conclusion on revenue recycling should consider other possible ways to allocate the revenue.

Further results also indicate the presence of synergies between several policy instruments. In particular, there may be synergies between fair pricing and road infrastructure improvements as well as between pricing for different modes (e.g. car and rail).

The available information suggests that the preferred package may not only be efficiency enhancing but could also result in positive implications on equity provided that low income households use car rather than air for travel between the UK and Belgium/ France zones. 

For the Norwegian passenger case study a reference scenario along with 10 alternative policy scenarios were designed for 2012. It starts with 10 alternative scenarios and the reference scenario. Each of these scenarios includes a single instrument or a combination of instruments among a set of “feasible” instruments, including pricing, regulatory and infrastructural instruments. The criteria for “feasibility” included political acceptance as well as financial constraints. 

It was pointed out that the present transport policies regarding long distance travel in Norway is considered to be close to optimal. However this case study suggests that there are potential gains from an increase in the fuel tax in Norway. An increase in the fuel tax combined with a decrease in rail fare (price regulation) and an expansion of rail-based infrastructure in terms of increasing the frequency of services will potentially produce additional benefits. The study comes to the conclusion that these instruments are potentially complementary.

The geographical distribution of the welfare in the “optimal” package (a package that includes a fuel tax increase of 25%, a decrease in rail fare by 10% and an increase in rail frequency of 1% per year) was compared to those in the reference scenario. The changes seem to be similar for all counties in Norway.

On the basis of an adapted version of MOBILEC-BENELUX, ten scenarios were developed: one reference scenario (used as a benchmark) and nine other scenarios. The latter scenarios are always a specific adaptation of the reference scenario. Those scenarios comprise as well pricing measures as physical and regulatory measures.

The tariff scenario simulates the effects of an increase in fuel tax by 25%. The rise of the travel-distance costs per kilometre in this scenario has a negative effect on the growth of the regional product, employment and transport. Because of the lower economic growth, the transport of goods by train and ship also decreases. The negative effect of economic growth is larger than the positive effect of substitution (here: from lorry to train or inland navigation; considered as positive). This option shows the lowest growth of transport by lorry in comparison with all other scenarios.

In the road extension scenario, the capacity of the road infrastructure is extended in all regions in such a way that the travel time of the road traffic does not rise in spite of the increasing traffic. As a result of this scenario, the travel time costs of the lorry does not rise any longer, which has a positive effect on the growth of the regional product, employment and transport by lorry. Thanks to the higher economic growth, the transport of goods by train and ship also gain. The positive effect of economic growth is higher than the negative effect of substitution (here: from rail or inland navigation to road; considered as negative).

The results of the combination of tariff scenario and road extension scenario show that the negative effects of the tariff scenario are compensated with the positive effects of the road extension scenario.

The rail freight scenario simulates the effect of a decrease of the distance and travel time by 10% on the relation between the district Antwerp (“arrondissement”) and Germany. The effects of this scenario are rather small on a national level. As a result, a rise of the rail freight transport in Belgium can be noticed.

The same conclusions can be drawn for the inland navigation freight scenario, which simulates a decrease of the travel time by 10% in the same relations.

Combining rail freight scenario and inland navigation freight scenario the extra growth of inland navigation and rail freight can be noticed. In the combination of tariff scenario and rail freight scenario, a slightly lower growth of rail freight compared with rail freight scenario alone can be noticed. The same analogous conclusions apply with respect to inland navigation.

The analysis shows that it is important to simulate the effects of combined measures, since some negative effects (at first sight) can be changed in positive effects.

The Great Britain Freight Model (GBFM) is a computer program designed to model domestic freight flows across Great Britain and international flows involving Great Britain, focusing on the Cross-Channel corridor. It combines a number of data sources and computer algorithms within a single system and applies simple micro-economic rules, seeking to explain the distribution of freight traffic, including commodity, mode, and route.

It currently forms part of the Department for Transport’s National Transport Model, and has been used extensively by the Strategic Rail Authority, Railtrack, the European Commission, the French Transport Ministry and Eurotunnel. It has also been applied within a number of Department for Transport multi-modal studies. 

The aim of the freight case study, which used the Great Britain Freight Model (GBFM), was to examine the impact of various scenarios on mode split and volumes of freight. The effects of these policies were compared with a MSC Road pricing scenario (RUC) over the 2004-2012 time horizon.
The following measures were analysed:

•Regulatory: Implications of Road Transport Directive (RTD)

•Economic: Changes in rail subsidies/tunnel subsidies

•Physical: Effect of Strategic Rail Authority’s 10-year plan for rail infrastructure improvement

The infrastructure improvements and rail and tunnel subsidies are grouped together as a PRORAIL scenario. The PRORAIL measures were also combined with the RTD for the ALL scenario. These measures were implemented in GBFM through appropriate adjustments in road and rail (fixed and operating) costs, capacities and speeds, along with forecasts of economic growth for various sectors. 

Table 64: Main results of GBFM
	Results Summary
	2004 

‘AS NOW’
	2012

BASE
	RUC
	RTD
	 PRO

RAIL
	ALL

	Rail Mode share

	Rail tonne km share
	0.10
	0.09
	0.21
	0.15
	0.18
	0.21

	Rail tonnes lifted share
	0.05
	0.05
	0.09
	0.08
	0.08
	0.10

	Change in tonnes lifted (%)

	Rail
	
	
	99.2
	61.8
	72.4
	122.8

	Road
	
	
	-2.8
	-2.5
	0.4
	-2.3

	Total 

	
	
	2.1
	0.6
	3.9
	3.7

	Change in tonne km (%)

	Rail
	
	
	114.1
	57.4
	95.8
	127.4

	Road
	
	
	-13.6
	-4.8
	-5.7
	-8.3

	Total
	
	
	-1.4
	1.1
	3.9
	4.6

	Appraisal (£2004 million)

	Total welfare change
	
	
	227.93
	131.37
	155.44
	199.00


The increase in tonnes lifted and tonne kilometres reflects economic growth forecast from 2004 to 2012. If no instruments are used, rail loses not only market share, but also the number of rail tonnes lifted and tonne kilometres will fall.  
All packages showed a degree of complementarity between instruments. Only road pricing (RUC) decreases road tonne kilometres below current levels. 
Only the scenario ALL, which combines all instruments (excluding RUC), comes close to the effectiveness of road pricing alone. This leads to a doubling of rail’s market share, but a welfare impact slightly below that of the road pricing scenario.

European scale assessment of physical and economic transport instruments has been facilitated through the transport model SCENES. This complements the other case study work undertaken as part of the interurban work area of SPECTRUM. These case studies focused on local/regional or national levels of assessment. The SCENES model allows for assessment both on an aggregated European level, for all the individual EU15 countries as well as 8 CEEC countries (although freight traffic within the 8 CEEC are not included in SCENES). The modelling structure of SCENES is essentially a comprehensive framework for modelling at the European scale, in that all aspects of the transport market are accounted for within the model using a detailed European network for assignment. 

A reference scenario was specified as a benchmark for a series of policy scenarios all referring to the forecast year 2020. This reference scenario was based on the Business-as-Usual (BaU) TIPMAC scenario. Overall, the Policy Scenarios considered three main instruments: (1) SMCP pricing, (2) TEN Infrastructure expansion and (3) fuel taxation. These basic instruments can be adjusted in different ways and provide for a extensive list of possible combinations and variations.

The analysis suggests that there does exist additional policy initiatives that can generate positive welfare changes at an aggregated EU15 level compared to the reference situation. In particular, the results indicate that introduction of SMCP pricing is the preferred option. It should be noted that the SMCP charges in the preferred scenario are increased by 10% compared to the TIPMAC SMCP charges. The second-best option would involve a combination of SMCP pricing (based on the TIPMAC charges) and TEN infrastructure expansion). In contrast, TEN infrastructure expansion alone has only limited impact and the overall performance of this instrument on its own is negative. 

The results suggest that there are significant synergies between SMCP and infrastructure expansion resulting in substantial welfare increases when implemented together compared to the welfare changes where these instruments are implemented individually. 

This highlights at least two important issues: (1) the EC initiatives concerning fair and efficient pricing are likely to be welfare enhancing even implemented on their own, (2) the planned investment programme with respect to the Trans-European Network (TEN) should be implemented as part of a package with fair and efficient pricing. This could be linked to the issues concerning revenue recycling, i.e. how to use the SMCP revenue.

The results concerning equity implications of the preferred option focused on the impacts on travel disutility. The findings suggest that travel disutility increases in all countries, but especially those countries with high marginal external costs will experience increases compared to the reference situation. This may provide the basis for the revenue recycling arrangements to be dedicated towards those regions/countries with high external costs (including congestion and air pollution) to compensate for the loss of user benefits, e.g. in the form of financing of transport infrastructure improvements in those areas. 

A meta-analysis has been conducted in order to show consistencies of model prediction, the significance of different policy instruments and EU-transferability. This could be obtained with a regression analysis between the changes in welfare and the traffic levels. The analysis showed that only the instrument ‘Internalisation of Externalities’ has a statistical significance. This result is quite surprising since fuel tax increase could be one option to account for an internalisation. This leaves further questions for the modelling design and the applied economic principles. However, there seems to be a fairly good recommendation, that end-user should focus on internalisation of externalities and implement it in their policy plans across the EU.

For a qualitative assessment for an EU transferability and for policy implementation, the developed modelling framework can be used. It shows the connection between the policy aims, the input and output of the models and provides so guidance for the output combination which can lead to an assessment of policy outcomes. A further application of the framework in regard to the actual model runs could be used for determining the optimal level of certain policy combinations.
The overall conclusion of this analysis is that there is now a firmer reason to think of complementarities and synergies between physical, economic and regulatory instruments despite of the weak quantitative evidence. However, the latter is due to the high complexity involved and to the limitations in the modelling exercises. This would mean there is a great demand in further research, i.e. in the further development of model design as well as in adopting and testing of alternative concepts, especially of economic ones.
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Models for car ownership and licence holding





Cohort model for licence holding (forecasts)





Network model for route choice (EMME/2)





Models for choice of travel frequency





Models for choice of mode and destination











EURORAIL





Political and financial constraints





OUTCOME





-High level objective function (OF) for reference and each policy scenarios comprising; consumer surplus, producer surplus, government surplus, externalities (including CO2) 


-Evaluation of the packages of instrument on the basis of their OF’s relative to the reference scenario


-Evaluation of the interactions of the instruments in a package


-Evaluation of equity implications of the “optimal” scenario





OUTPUT 





-Modal shares


-Number of trips by mode and market segment


-Passenger kilometers








INPUT





-Travel cost for main zonal pairs by mode and market segment


-Journey times for main zonal pairs by mode and market segment


-Base year OD demand data by purpose and mode





MODEL





INSTRUMENTS:


(passengers): road, rail








-Fuel taxes


-SMCP pricing


-Rail fares


-Rail infrastructure improvement


-Road infrastructure improvement





NTM passeger





Political and financial constraints





OUTCOME





-High level objective function (OF) for reference and each policy scenarios comprising; consumer surplus, producer surplus, government surplus, externalities and CO2 


-Evaluation of the packages of instrument on the basis of their OF’s relative to the reference scenario


-Evaluation of the interactions of the instruments in a package


-Evaluation of equity implications of the “optimal” scenario





OUTPUT 





-Demand matices for car, rail, air, boat and bus 


-Level of service matrices (time compotents, distance and cost) for car, rail, air, boat and bus 


-Vehicle kilometres by car, rail, air, boat and bus  


- Logsum variables from mode and destination choice models for different segment by travel purpose








INPUT





Alternative policy scenarios by incorporating appropriate changes in reference scenario related to:


-Variable car cost


-Rail fare


-Rail waiting and transfer times


-Volume delay functions for car 





INSTRUMENTS:


(passengers): road, rail








-Fuel tax (road)


-Rail fares


-Infrastructural measures (increase in rail frequency)


-Speed limit (road)





MODEL





MODEL





Issues regarding administration/political acceptability














SCENES





Political and financial constraints





OUTCOME





-High level objective function (OF) for reference and each policy scenarios comprising; consumer surplus, producer surplus, government surplus, externalities (including CO2) 


-Evaluation of the packages of instrument on the basis of their OF’s relative to the reference scenario


-Evaluation of the interactions of the instruments in a package


-Evaluation of equity implications of the “optimal” scenario of synergies





INPUT





-Travel distances


-Travel times


-Travel-time costs


-Travel-distance costs








MODEL





INSTRUMENTS:


(freight): road, rail





- Fuel taxes (road, rail)


- Road pricing


-Infrastructural measures (rail)


-Financial incentives to rail operators (rail)


-Social regulation of working conditions








MOBILEC





Issues regarding administration/political acceptability: e.g. national (Belgian) and regional decision powers w.r.t. fuel taxes and infrastructural measures





OUTCOME





Effects of combined measures: some individual negative effects can be changed into positive effects





OUTPUT 





Effects on mobility and economy


-Regional product


-Employment


-Investments


-Freight transport by lorry, train and ship


-Passenger transport by car, train and bus/tram/metro





INPUT





-Real wages


-Infrastructure


-Travel distances


-Travel times


-Travel-time costs


-Travel-distance costs


-Load factors / occupancy rates





MODEL





INSTRUMENTS:


(freight and passengers): road, rail, inland navigation








-Fuel taxes (road: car and lorry)


-Infrastructural measures (road, rail, inland navigation)





Figure � SEQ Figure \* ARABIC �3�: Specific framework of the Norwegian National Transport Model for passenger





OUTPUT 





- Change in passenger kilometer by mode and zonal pair


- Change in tonne kilometer by mode and zonal pair


- Change in average and Unit Disutility per tonne and passenger kilometer


- Change of average speed


- Change total transport costs


- Change in unit costs


- Change in total passenger or tonne hours per year





INPUT





- Population by group, by zone, on the basis of country forecasts


- Car ownership rates by country / zone


- Income growth by country


- Improvements to the transport infrastructure networks


- Trends in vehicle occupancy


- Trends in international trip rates, and other trip rates


- Transport cost scenarios








INSTRUMENTS:


(passenger and freight): multi-modal





- Fuel taxes (eco)


- SMCP pricing (eco)


- TEN Infrastructure expansion (phy)














GBFM





OUTCOME





Effects of combined measures: How do they compare with MSC based road pricing measures








MODEL





OUTPUT 





-Freight tonnes lifted by commodity and mode


-Freight tonne kilometres by commodity and mode


-Port and terminal throughput











Figure � SEQ Figure \* ARABIC �2�: Specific framework of the EURORAIL model





Figure � SEQ Figure \* ARABIC �5�: Specific framework for the GBFM model





Figure � SEQ Figure \* ARABIC �4�: Specific framework for the MOBILEC model








Figure � SEQ Figure \* ARABIC �9�: Specific framework of the SCENES model


















































































































































� The SITC is a statistical classification of the commodities entering external trade designed to provide the commodity aggregates needed for purposes of economic analysis and to facilitate the international comparison of trade-by-commodity data. The Harmonized System and SITC Revision 3 are interrelated. The rearrangement of import and export data reported in terms of the Harmonized System into the SITC allows for an additional means of comparison between the U.S. and its trading partners in terms of commodity classification and trade statistics. (� ADDIN EN.CITE <EndNote><Cite><Author>U.S. Bureau of the Census</Author><Year>2005</Year><RecNum>156</RecNum><MDL><REFERENCE_TYPE>16</REFERENCE_TYPE><AUTHORS><AUTHOR>U.S. Bureau of the Census,</AUTHOR></AUTHORS><YEAR>2005</YEAR><TITLE>Description of the Foreign Trade Statistics Program - Merchandise Trade Statistics</TITLE><VOLUME>2005</VOLUME><NUMBER>11/01/2005</NUMBER><URL>http://www.census.gov/foreign-trade/www/sec2.html</URL></MDL></Cite></EndNote>�U.S. Bureau of the Census (2005). Description of the Foreign Trade Statistics Program - Merchandise Trade Statistics. http://www.census.gov/foreign-trade/www/sec2.html.


	�





� Note: because all Tunnel traffic involves a road and rail leg, tonnes lifted are the same for both modes. 
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