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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”. This deliverable reports on the main findings of the work in Workpackage 9 “Packages of urban measures”. The work is based upon four case studies, distinguishing between “multimodal case studies” (in Oslo and Leeds) and “road sector case studies” (in Leeds and York). The multimodal case studies put particular emphasis on demand issues, particularly with respect to the choice by tripmakers between public and private transport, whilst the road sector case studies were more focused upon supply issues effecting vehicular traffic on the road network. 

The deliverable describes how packages of instruments were formed for testing in the case studies, and gives a number of “interesting questions” that were used to structure the analysis.  Whilst such questions varied between case studies, they all derived from the following set of “high level questions” with respect to combinations of instruments: 
· What level of benefits can be achieved by the instrument combination, and how does this level compare with the benefits resulting from implementing the individual instruments (in the combination) in isolation?

· 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?

Economic instruments considered were: road pricing (cordon charging, distance-based charging and “corridor charging”); public transport fare changes; and parking charges. Non-economic instruments considered were: reductions in speed limits; changes in public transport frequency; bus lanes and bus-only streets; traffic signal optimisation; street closures; and traffic calming. Amongst the large number of results that were produced, the following highlight comments can be made:

· In some cases, an instrument combination generated disbenefits when assessed in a short term time horizon in a road sector case study, but generated positive benefits when assessed over a long term time horizon (such as 30 years) in a multimodal case study. This result shows that careful consideration needs to be given to scheduling the introduction of potentially controversial instruments such as road pricing.

· Synergy (defined as occurring when the benefits from an instrument package are greater than the sum of the benefits from the individual instruments applied in isolation) was found with respect to two combinations: cordon pricing and traffic signal optimization (in York); and distance-based road pricing and bus lanes (in Leeds).

· The assessment of benefits from combinations including public transport fare changes was highly dependent upon the value assigned to the Marginal Cost of Public Funds (MCPF) when making an economic assessment. More research needs to be carried out to establish appropriate values for MCPF, particularly in the common situation when profit or loss from public transport is “shared” by the private and public sectors.

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, it is making an assessment over the extent to which it is possible to substitute economic transport instruments for physical and regulatory instruments, and is investigating synergy and complementarity between instruments in these three categories.

This deliverable reports on the main findings of the work in Workpackage 9 “Packages of urban measures”. This work is based upon four case studies, distinguishing between “multimodal case studies” (in Oslo and Leeds) and “road sector case studies (in Leeds and York). The differences between the two types of case study will be described fully below. In summary though, the multimodal case studies put particular emphasis on demand issues, particularly with respect to the choice by tripmakers between public and private transport, whilst the road sector case studies are more focused upon supply issues effecting vehicular traffic on the road network. 

Chapter 2 deals with how packages of instruments were formed, and gives a number of “interesting questions” that were used to structure the case studies.  An important input to this process came from material in SPECTRUM Deliverable D2 “Review of Specific Urban Transport Measures in Managing Capacity” (SPECTRUM, 2004b).  Chapter 3 describes how the instrument packages were assessed, concentrating particularly upon the calculation of a high level objective function. Chapters 4 to 7 describe the individual case studies, whilst Chapter 8 provides a comparative summary of the results and some further analysis.

2.
Creation of packages

2.1
Introduction

In this chapter it will be necessary to define a series of policy packages, including combination of pricing, regulatory and physical instruments, which possess the potential to improve the efficiency of urban transport systems. In the context of SPECTRUM a policy package is defined in general terms as any combination of one or more economic instruments with one or more regulatory and/or physical instruments. 

The overall approach taken can be summarised in the following steps:

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

· Identification of a list of urban 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 through participation at conferences, informal discussions and e-mail discussions.

2.2
The Context to previous project documents

The main source for information on instruments was Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b). The main criteria with respect to their combinatorial effect, in terms of “complementarity”, “additivity”, “synergy”, “decreasing returns to packaging” were defined in Deliverable D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b).  Furthermore, a further term “incompatibility” has been defined within WP9. These criteria are defined as follows.

Complementarity

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


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


Welfare gain (A+B) > Welfare gain B

Additivity

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


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

Synergy

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


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

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

Decreasing returns to packaging 

Decreasing returns to packaging occur when the welfare gain of the simultaneous use of A and B is smaller than the sum of the benefits of using either one of them alone:

Welfare gain (A + B) < Welfare gain A + Welfare gain B

Incompatibility

Incompatibility refers to a combination of instruments that does not lead to any welfare benefits and is not suitable for a combinatorial application. 


Welfare gain A ∩ Welfare gain B = 0
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 urban case studies to quantify the combinations and decide about their level of interaction.

2.3
The combinatorial analysis

Firstly, instruments that were defined and described in Deliverable D5 “Outline specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a) were brought into a matrix of 93 times 93 instruments. As this led to an enormous number of combinations, an examination was made as to which of the instruments could be modelled in MARS, SATURN and RETRO/FREDRIK, the models being used in the urban case studies.  This led to a reduction in the number of instruments to 29 that were combined with each other in a matrix. Of these 29 instruments: 11 were regulatory; 6 were economic; and 12 were physical.

The combinations of one or more economic with one or more regulatory and/or physical instruments are described in Appendix 1 in detail. While most of these combinations are pairs, sometimes three or more instruments were taken together.  The combinations of instruments were assessed from evidence of the literature and on the authors’ assessment.

As there is little evidence of true synergy between instruments in previous studies (May et al., 2004) and the current analysis represents a more qualitative view, the combinations between economic and physical/regulatory measures were viewed simply in terms of “positive interactions”, using results from Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b). However, there are combinations of instruments that also have strategic effects but are not mentioned in Deliverable D2 and/or cannot be modelled in MARS, SATURN and FREDRIK/RETRO. For the sake of completeness these are mentioned also in Appendix 1.

Although Deliverable D2 looked at six different economic measures in particular detail (road pricing; fuel tax; incentives to the production and purchase of alternative fuel powered vehicles; land taxation; parking pricing; and public transport tariffs with respect to fare levels), the focus in the combinatorial analysis was on those combinations which can actually be modelled in the case studies. Since the models used could not represent land taxation and alternative fuel powered vehicles, only four of the six measures were considered: 

· Road pricing

· Parking pricing

· Fuel tax

· Public transport fare level

The results from the combinatorial analysis were used to define “interesting questions for each case study”. These are now described. 

2.4
Definition of “interesting questions”

In order to help structure the case studies, a number of “interesting questions” were defined concerning urban transport policy instruments and their combination. These questions are intended to reflect questions that are currently being asked by real-life policy makers. The questions will be answered by the result of modelling exercises, for which different packages of measures need to be constructed. The objective function from Deliverable D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a) will be the main indicator for assessing the social benefit of a combination of measures.

Combined instruments that generate beneficial interaction are those which: reinforce the benefits of one to another; overcome financial and political barriers; and/or compensate losers. Efficiency gains could increase when policy packages include:

· 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:

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?

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?

An analysis of these high level questions shows that there are often complex links between political acceptability, equity, practicality and level of complication. These links will be examined in the four case studies described below.

2.4.1
Multi-modal urban transport

The multimodal case studies will use strategic models (MARS, RETRO/FREDRIK) to estimate the potential benefits from policy packages including combinations of pricing, regulation and physical measures in a multi-modal urban transport setting (Leeds, Oslo). The work will build on approaches used during the OPTIMA, FATIMA and AFFORD projects. The following “low level” questions will be answered by the respective case studies.

Oslo case study

The Oslo case study considers the following instruments: a time differentiated toll ring, increase in fuel tax, expansion of the public transport services and changes in speed limit.

For each of the instruments and any combination of two or three instruments:

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

For each package of instrument comprising two instrument or more

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

The optimal package in the Oslo case study case study is defined as the one that results in highest value of the social welfare function. For this package:

· What are the equity impacts in terms of monetary gains in different locations of the Oslo region?

· What are the equity impacts for different socio-economic groups (women, elderly, age group 20-65) and changes in access to employment in the Oslo region?

The performances of different equity measures are evaluated in this case study. 

Leeds MARS case study

The Leeds MARS study considers the following instruments: public transport fares, cordon pricing and distance based road charging. 

For public transport fares:

· What changes in public transport fares (increases or decreases) are needed to replicate or improve the benefits of current measures?

· Which public transport fare level is “optimal”?

· Is the “optimal” scheme feasible in terms of political acceptability?

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

· If public transport fares are not introduced alone, but in conjunction with other PT specific measures, what will be the overall benefits (for different levels of fares)? 

· What packages are needed to achieve the same benefit as that achieved through the best performing level of public transport fares?

For cordon pricing:

· What level of cordon pricing is “optimal”?

· Are there particular positive or negative impacts on any of the indicators (e.g. mode split, environmental benefits)?

· If a package of road pricing/ fuel taxes together with different bus priority measures (such as bus lanes, frequencies etc.) is implemented, what levels of benefits could be achieved by the package compared to any of the measures alone (for particular levels of pricing/ fuel taxes)?

For distance based road charging:

· What level of charge is “optimal”?

· Are there particular positive or negative impacts on any of the indicators (e.g. mode split, environmental benefits)?

· If a package of road pricing/ fuel taxes together with different bus priority measures (such as bus lanes, frequencies etc.) is implemented, what levels of benefits could be achieved by the package compared to any of the measures alone (for particular levels of pricing/ fuel taxes)?

2.4.2
The urban road transport sector

The SATURN road-based tactical network model will be used in two case studies, for Leeds and York, to estimate the potential benefits from policy packages including combinations of pricing, regulation and physical measures within the urban road sector. The work will build upon the approaches adopted during previous research, which has investigated the performance of a variety of road-based travel demand management measures in the two cities. The following questions, which reflect questions that are currently being asked by real-life policy makers, will be answered by the case studies. 

Leeds SATURN case study

The Leeds SATURN case study considers the following instruments: road pricing (cordon/corridor) schemes; fuel taxes (equivalent to distance-based charges); and “bus only street” schemes.

For road pricing (cordon/corridor) schemes applied alone or fuel taxes (distance-based charges) applied alone:

· How do road pricing schemes compare with fuel taxes?

· What are the best levels of charging for both types of scheme?

· What impacts do the schemes have on the environment and on vehicle distance travelled?

· What impact is there on car trips?

· What are the equity implications with respect to car users from different areas of Leeds?

For road pricing schemes combined with fuel taxes:

· How do combinations of the two instruments compare with introducing them separately?

· What are the optimal levels of charges for the two instruments if they are introduced together?

· What impacts do the combinations have in terms of environmental indicators, vehicle distance travelled, number of car trips and equity between car users?

For bus only street schemes combined with pricing instruments:

· How do combinations of bus only streets and road pricing compare with bus only streets without pricing?

· What impacts do combinations of bus only streets and road pricing measures have in terms of environmental indicators, vehicle distance travelled, number of car trips and equity between car users?

York case study

The York case study is concerned with the following instruments: road pricing (cordon) schemes; parking charge schemes; street closure schemes (restricting access to the city centre); traffic calming; and traffic signal optimization.

For road pricing (cordon) schemes:

· What is the best design of the scheme in terms of cordon locations?

· What is the best charge level for the scheme?

· How do road pricing schemes compare with street closure schemes?

· What are the social welfare impacts of the scheme (including user benefits, government revenue and external benefits)?

· Is the charging scheme politically feasible?

· Are there any impacts in terms of equity with respect to different types of road user (car user or bus user)?

· Are there any impacts in terms of equity with respect to different types of car user, distinguished by parking requirements (i.e. short term, medium term and long term “public” parkers, and those with access to private parking)?

For road pricing schemes combined with other instruments:

· What are the social welfare, equity and acceptability impacts (as outlined above) of introducing road charging schemes in combination with traffic calming, parking measures and signal optimization? 

For parking charge schemes:

· What are the social welfare, equity and acceptability impacts (as outlined above) of various parking schemes?

3.
Framework for urban case studies

3.1
Introduction

This chapter provides guidelines to ensure that the urban modelling case studies are carried out on a theoretically sound and structurally logical basis.  In general, one aim of this deliverable is to maximise opportunities for comparisons and synthesis between the results of these (urban) case studies. To do so, it is necessary to ensure that the approach to assessment is as compatible as possible between case studies, and much of the chapter is devoted to transferring and applying the results of previous research in the project within the practical urban context. This research has been reported in the following deliverables: D5 “Outline specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a); D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b); D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a); and D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b).  Probably the most important element from these deliverables is the construction of a “high level objective function” which allows a quantification of social welfare to be made for any package of transport instruments.  Thus a package is considered to be preferable to another if the value of the objective function is higher for the former than the latter.  However, other elements, not included in the high level objective function, will also be considered in assessment to form a more comprehensive picture of the benefits and impacts of the package.

As explained in Chapter 2, the urban case studies considered in this deliverable are divided into two basic types:  “multimodal urban” and “urban road sector”. These two types of case study consider the urban transport system from different perspectives.  In short, the former has a “broader but less detailed” perspective whilst the latter has a “narrower but more detailed” perspective.  Thus the multimodal case studies model demand responses for various alternative modes of transport and make assessments over a long term time horizon, whilst the urban road sector case studies model only vehicular road traffic and make assessments over a short term time horizon.  Whilst the underlying “assessment logic” should be the same for both types of case study, there will inevitably be differences in how this logic is applied. Furthermore, each of the case studies has evolved through longer term cooperation between the research partner and the city authority involved, paying particular attention to the requirements of these city authorities.  It follows that, whilst the SPECTRUM analysis will aim to be consistent across case studies, they will be heterogeneous to a certain extent, since the background material upon which they rely will reflect the inevitably differing emphases of the city authorities. 

Therefore, the task in this chapter is to attempt to define basic logical consistencies between the case study approaches, whilst at the same time highlighting actual differences in how these approaches are implemented.  Each section is devoted to particular aspects of this task. Section 3.2 provides an overview of the three models used in the case studies for estimating the impacts of transport packages. Section 3.3 provides the “core methodology” (based upon previous SPECTRUM research) for calculating the different entries in the high level objective function, in particular making specific recommendations on the calculation of the effects of transport policies with respect to efficiency and equity (inter- and intra- generational).  Section 3.4 considers various further issues that need to be taken into account in an assessment framework, such as choice of parameter values for the discount rate and the time horizon being considered. Based upon the information in the previous sections, Section 3.5 provides a checklist of issues for each case study to take into account, where appropriate.  The chapter finishes with Section 3.6, which provides an initial discussion about transferability issues.  

3.2
Approach to modelling

3.2.1 Overview of urban models

The review and the evaluation of the performances of urban transport and integrated land use and transport models has been the subject of many studies. Berechman and Small (1988) presented the shortcomings of standard modelling approaches from the 1970s and 80s (particularly in representing larger urban areas with multiple centres and those that are growing fast), thus paving the way for a more recent generation of model development. Roson and Small (1998) identify the impacts of environmental and congestion charges. They also point to the weak correlation between the incidence of environmental and congestion costs. They suggest targeting each by specific pricing and regulatory measures. Wegener (1998) provides an overview of the operational integrated land use and transport model and suggests criteria for their evaluation. 

Different EU funded projects such as AFFORD (see Milne et al, 2000) and MC-ICAM D3 (2003) provide a taxonomy of urban models. 

This section provides an overview of urban transport and integrated land use transport models, and the sources of differences in their underlying approach and performance. This forms a relevant introduction to the SPECTRUM case studies as these differences have a bearing on the interpretation of the case study results. 

Most urban and regional transport models simulate demand and supply and solve for equilibrium between demand and supply. In most urban and regional transport models, regions are represented by a set of discrete sub-areas or zones and time is subdivided into discrete periods. The level of spatial aggregation varies between models and between different sub-models of a model. Models differ in addressing dimensions of behavioural responses. The behavioural responses that these models cover vary. The most common behavioural responses that are modelled are:

· Choice about making a trip (trip generation)

· Destination choice (trip distribution)

· Mode choice 

· Route choice (assignment)

· Departure time choice

· Trip chaining (i.e., combining two or more travel purposes into one tour)
Choice about parking is another important issue that affects many aspects of travel behaviour. Usually the location of parking differs from the final trip destination. This is not correctly reflected in many present modelling procedures, in terms of travel times for mode choice and destination choice models or in traffic assignment. The tradition has been to assume a fixed parking cost for all travellers to a zone. The problem with this simplification is that not only it leaves out the variation in parking costs but it also fails to address subsidised and free parking specially connected to commuting. 

Car ownership has been an important determinant of mobility and mode choice and with important consequence for location choice in an urban area. A car ownership model is usually integrated in a transport model by using an accessibility variable at a location, derived from the transport model amongst other determining variables of car ownership such as household income, the level of licence holding at the household level. In the absence of a model, the change in the level of car ownership is estimated exogenously, for example by extrapolating current trends.

Behavioural responses usually have different time dimensions, so that some can take a relatively shorter time compared to others. For example, in the short term it is difficult to choose another destination (such as a work location) compared to choosing an alternative mode of transport, departure time or route choice. Hence the architecture of these models and the manner in which they are applied will determine the time horizon over which the model is making predictions, from the very short term (a few minutes) to the very long term (many years). 

The level of detail varies among demand models in addressing: alternative modes of travel (and the interaction between these); time period (usually for peak and off peak); as well as the segmentation of the market by travel purposes with similar sensitivities to policies. When disaggregate data is used for the estimation of most urban and regional models, individual and household socio-economic characteristics can enter the model formulation as explanatory variables. Individual or household income, gender and age are among the socio-economic variables that are likely to influence behaviour.  Consequently, it is possible to apply this class of models to evaluate the differences in response of the different segments of a population to a transport policy. 

Different methodologies are used in transport model development and the theoretical underpinnings in these methodologies vary, as will be discussed below. 

While it has become a common practice to apply discrete choice theory in the development of transport demand models, many different techniques are applied for route choice models, including user equilibrium and micro-simulation. In user equilibrium models, route choice is based on cost minimisation where costs can be formulated as deterministic or stochastic, leading to deterministic user equilibrium and stochastic user equilibrium respectively. In micro-simulation models the behaviour of an individual vehicle and its interactions with other vehicles are modelled over time (very short term) and hence the approach is dynamic. While this approach provides a more realistic picture of congestion, it usually focuses on car traffic and a fixed car demand matrix. 

For performing a route choice procedure, the supply of transport is usually represented by road and/or public transport networks. The road network is represented by a number of links with defined capacities and, for each link, volume-delay functions are required which define how congestion rises with increased flow.  Typically, such functions need to be entered exogenously, though some models calculate them from more basic network information. Transit lines, with defined frequency of services, describe public transport services. The level of disaggregation and detail in the simulation of the supply of transport varies between models. 

In the application of a (pure) transport model, it is assumed that land use is exogenously determined. Hence the responses of the shifts in policies (related to either transport or land use) on land use are not captured under this assumption. However, in real life it is known that different actors such as households, employers, businesses and builders respond to these policies in the long run. Integrated land use and transport models should ideally address all these responses. Nevertheless, land use models differ in addressing all these responses and the manner in which they address equilibrium in the land market. The theoretical underpinnings vary among land use models. While gravity or entropy formulation played an important part in earlier models, more recent models rely on microeconomic theory, and in particular random utility and discrete choice theory. Location patterns based on these theories can often be estimated by utility maximisation, profit maximisation or maximisation of economic efficiency. Different methodologies have been adopted for the integration of land use and transport. Integrated land use and transport models have been simulated dynamically, often by using discrete time intervals. Cross-sectional data within a time period is often used to simulate the development of an urban area over time.

The interactions of the transport and land use markets with the rest of the economy are typically not addressed by the class of models described above. In the case of equilibrium models in this class, the models are, by definition, partial equilibrium models. General equilibrium models address the interactions of the transport market with the rest of the economy. An example of this type of model is TRENEN (see for example Proost and Van Dender, 2000). While this approach to modelling has the advantage of capturing the interaction of the transport market with the rest of the economy, it lacks important level of detail in the transport market.

3.2.2 Modelling in the SPECTRUM urban case studies

For the SPECTRUM urban case studies, a distinction is made between three types of models: “tactical”, “strategic” and “comprehensive”. These model types are described in more detail below. It should be noted that these are not universally accepted terms.  However, they are helpful for distinguishing the differing approaches to modelling (and the related model outcomes) in the context of the SPECTRUM case studies.  In summary, the urban road sector case studies use a tactical model (SATURN), whilst the multimodal case studies use both a strategic model (MARS) and a comprehensive model (RETRO/FREDRIK). The modelling approaches in SATURN, MARS and RETRO/FREDRIK were briefly presented in D5 (SPECTRUM, 2003a, Chapter 3, Table 3.9). Full details for each case study are given in later chapters of the deliverable, whilst a summary of these models is given immediately below.
Tactical models
A tactical model will typically have a short term time horizon (i.e. days, weeks or months) in terms of assessing the impacts of transport instruments and hence focus upon short-term behavioural responses, particularly upon route choice.  Such models usually concentrate on one mode, typically the car mode and would usually be able to provide a detailed simulation of traffic behaviour. Such simulation can provide a more realistic representation of issues concerned with limited network capacity than models at a higher level of aggregation and can represent the detailed effects of parking policies/behaviour.  Furthermore, it is possible to distinguish demand in a geographical area by a large number of zones, and to provide a detailed representation of junctions and links in the road network. SATURN, as used in the Leeds and York case studies in SPECTRUM, is an example of a tactical model. The original SATURN model was essentially an assignment model that distributed traffic on a car network using an exogenously defined matrix. The calculation of delay with respect to flow is estimated through a traffic simulation process based upon “cyclic flow profiles” which take into account the effect on traffic of coordinated traffic signals.  More recent versions of SATURN (as used in the SPECTRUM case studies) include “elastic assignment”, through which the exogenously defined matrix is adjusted in response to changes in infrastructure or cost (such as road pricing). Although SATURN is mainly concerned with the assignment of cars, it can make estimates of the effects of congestion on bus travel time. Thus, by providing exogenous estimates of average ridership on bus routes, changes in bus user travel time can be calculated for different transport instrument packages. 

Strategic models

Models suitable for capturing longer-term responses are referred to as strategic models. In general, these models can take into account the interaction between transport and land use changes. Usually strategic models are built around a much smaller number of zones than tactical models, and represent an area with very aggregate network representation. Strategic models can be applied to cities, metropolitan regions, countries or even continents.  MARS (as used in the Leeds case study) is an example of a strategic model. It is an integrated land-use and transport model which is dynamic in that it represents the interactive development of transport and land use in an urban area over an extended period of time, such as 30 years.

Comprehensive models

A further class of models, referred to here as comprehensive, use the level of geographical details commonly used in tactical models and address short-term to long-term responses (for example, up to 30 years). RETRO/FREDRIK is an example of a comprehensive model. It is an integrated land use and transport model in which a geographical area is represented by a relatively large number of zones in its transport model, however in the land use model a relatively small number of zones are used. It is a static equilibrium model. Obviously, by addressing medium- and long-term behavioural responses such as mode and destination choice, as well as changes in location decisions of households and employment, we can expect adjustments in short-term responses. 

Summary

In general, the SPECTRUM urban case studies are attempting to analyse the core SPECTRUM issues from different perspectives in terms of level of aggregation and type of behavioural response. The use of the different types of model (tactical, strategic and comprehensive) reflects this diversity. Probably the two most “similar” case studies in modelling terms are the Leeds SATURN case study and the York SATURN case study.  However, as will be seen below, the York SATURN model is “more tactical” than the Leeds SATURN model, in that it has more detailed types of representation such as walk links, car parks and multiple user class assignment.

3.3
Methodologies for the calculation of inputs to the high level objective function

SPECTRUM D5 “Outline specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a) defines the high level objectives related to efficiency and equity as follows:

· Economic efficiency

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

· Equity

- Intragenerational equity

- Intergenerational equity

Meanwhile D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a) provides detailed guidelines for the calculation of impacts related to efficiency and equity. It is recommended that changes in the effects of a package of instruments are calculated by comparison with a reference scenario for:

· 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 incl. taxes

· Government surplus, defined as changes in net tax revenue

· Investment, maintenance and implementation costs (if not included in the producer surplus)

· External costs defined as accident, noise and pollution costs and other external effects

In general, the multimodal case studies are concerned with all the impacts above. The road sector case studies are, however, only concerned with short term impacts and so do not consider impacts such as intergenerational equity. For the multimodal studies, intergenerational equity should be addressed by tracing the changes in welfare of different segments of the population (income, gender, etc.). This requires the calculation of the distribution of the benefits for these segments. It should be noted that differing measures of equity are therefore used and these could be reflected in the final evaluation. 

With respect to intragenerational equity (which is considered in both multimodal and road sector case studies), it is generally useful to calculate the geographical distribution of the benefits and (where possible) the distribution of benefits according to differing socio-economic groups.  A question arises as to which type of impact should be included in such equity analysis. For the multimodal case studies, it is most appropriate to consider measures of accessibility, given the existence of travellers who do not use cars and whose quality of life might be reduced significantly by changes in the public transport system that appeared to be at an “optimum” for the community as a whole.  Deliverable D6 (SPECTRUM, 2004a) has defined a number of alternative measures of accessibility. This is not an issue for the road sector case studies, however, since they are mainly concerned with car journeys. Thus, in these case studies, the measure of user benefits is the more appropriate approach for equity analysis.  

Consumer surplus or user benefits for travellers

D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a) provides guidance on the calculation of consumer surplus. Generally speaking, when the income effect is ignored in the specification of the utility related to a choice, the resulting demand model represents both the market and compensated demand. In that case all the three measures of consumer surplus, the Marshallian, the Hicksian compensation variation (CV) and Hicksian equivalent variation (EV) measures, coincide (see for example Hausman, 1981). The rule-of-half is a Marshallian measure and its application implies negligible income effect. When the transport demand is modelled as a nested logit model and when income effect is not present the three measures of consumer surplus coincide and one can use the logsum formula to calculate the consumer surplus (see for example Jara-Diaz and Videla, 1989 for a review of the related literature). An example of a logsum formula for the calculation of benefits from shifts in mode is given by:  
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where:

UB is the consumer surplus,

N is the number of individuals in the population,

( is the marginal utility of income,

i is the mode type, and 

Vi is the conditional indirect utility function

The calculation of the consumer surplus by the rule-of-half and the logsum measures should in theory be similar. In practice there can be a large difference in these two measures of consumer surplus. In the calculation of the consumer surplus by the logsum measures, one relies on the implicit values of time (model values). In the calculation of the consumer surplus by the rule-of half, one relies on the implicit values of time for the calculation of the changes in demand. It is however, a common practice to use a different set of values of time, as discussed in Deliverable D6 (SPECTRUM, 2004a, Chapter 3) for the calculations of the changes in the generalised cost of transport. While in theory a consistency is maintained in the logsum formula, in practice there are some advantages in using the rule-of-half.  The implicit values of time (model values) can be very different from values that are estimated using alternative data sources than those used in the model estimation. The values based on alternative sources are often judged more reliable. If it is judged that model values are very different from the recommended values, it would be desirable to use the rule-of half for the calculation for the changes in the consumer surplus using the recommended values.  The main reason is that the consumer surplus measure should be comparable with other entries in an objective function, such as producer surplus, changes in government’s revenues, etc. 

In the presence of an income-effect the different welfare measures (CV, EV, and Marshallian Surplus) will not coincide. In that case one needs to use the CV measure. 

McFadden (2001) provides an overview of the recent developments in random utility maximisation (RUM) and provides alternative approaches for the calculation of “correct” welfare measures.  Among these approaches is the closed formulation derived by Karlström (1999) for the calculation of EV and CV. 
One expects that an income effect will be associated with locational decisions (changes in locations of residence). If the income effect is negligible in an integrated land use and transport model and the model is based on a consistent logit formulation, then the logsum measure is a good measure of consumer surplus. Otherwise the calculation of the changes in consumer surplus and the changes in benefits from changes in destination and location should be added to the changes in benefits due to changes in the generalised cost of transport. The PROSPECTS Methodological Guidebook devised by the PROSPECTS project (Minken et al, 2003) reports in detail on how to calculate the consumer surplus when benefits include those arising from locational responses. The recommendations in the PROSPECTS Methodological Guidebook ignore income effects, providing Marshallian measures of consumer surplus. Meanwhile, it is important to point out that the calculation of the correct measure of consumer surplus presents some hurdles and substantial additional computations. D6 (SPECTRUM, 2004a) provides a summary of the recommendations from the PROSPECTS Methodological Guidebook. 

Producer surplus

Changes in producer surplus should be calculated for all producers and transport related firms, defined as annual revenues minus costs, inclusive of tax. It is common to only address producer surplus related to the transport operators such as public transport operators and parking companies.  

Operator cost for public transport operators include all the inputs required for the production of their services such as:

· rolling cost 

· labour cost

· energy cost 

· maintenance cost 

· other costs such as insurance 

While some of these costs are distance dependent, some are time dependent. Meanwhile one has to take into account that, for the calculation of the operating cost, information about operation during peak and off-peak traffic is necessary. Rolling and labour costs are time dependent while energy costs are distance dependent. A substantial part of maintenance and insurance costs are distance dependent.  To a large extent rolling and labour costs are geared around operation during the peak period. 

Public transport fares plus any possible transfer (subsidy) from the government constitute revenues for public transport operators.

Government surplus

Different levels of the government have traditionally provided various types of transport services. In that case, changes in revenues are included in the government’s revenue by accounting for costs of the provision of services provided by different levels of government such as investment, operation and maintenance costs. In general, it is important to account for the residual value of the investments at the end of the time horizon of the evaluation. 

Environment and accident costs 

There are several models available which have an interface between a transport model and models that predict air pollution (in the form of the emission of pollutants and also possibly their dispersion) and traffic noise (and also possibly noise dispersion). Except in the case of detailed microsimulation transport models (which are not being used in the SPECTRUM urban case studies), this interface is typically very crude in the sense that it is built on averages, such as average vehicle type, average speed, average acceleration and deceleration, and average vehicle operating mode. Furthermore, “cold starts”
 are typically not considered. Since analysts generally recognize the existence of these gaps between outputs from transport models and the requirements for sophisticated environmental analysis, they typically adopt crude methodologies (consistent with the modelling capabilities available to them) for the calculation of noise and pollution externalities. D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a, Chapter 7) provides a guide for the calculation of pollutions and noise externalities using such methods.

While there have been important developments in methodologies for the calculation of accident externalities, as described in D6 (SPECTRUM, 2004a, Chapter 6), transport models in general can only provide crude estimates of the number of accidents generated by particular transport strategies. 

Intragenerational equity

The incidence of net efficiency gains of a transport policy might vary for different segments of a population or over a geographical area. For a correct calculation of the net efficiency gains, a general equilibrium modelling (or a spatial general equilibrium) approach is necessary. Addressing the interactions of the transport market with the rest of the economy, especially with the labour market, is crucial for a correct calculation of the distribution of the net efficiency gains among a population.  It is however possible to use different measures of inequality or accessibility measures in order to obtain some indications of the distributions of the incidence of the net benefits. D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a, Chapter 8) provides different measures for the ex-post evaluation of intra-generational equity.  Equity and accessibility measures only suggest the direction of impacts and should be treated as such. The ex-post equity analysis provides information on how to recycle revenues to address equity considerations.  For example, revenues can be used to subsidise public transport and hence to support lower income groups, or can alternatively be used to reduce taxes on income, which disproportionately benefits higher income groups. 
As stated above, there is a difference between the urban multimodal and urban road sector case studies with respect to the calculation of intergenerational equity. The former concentrate upon accessibility measures whilst the latter concentrate upon user benefits. 

Intergenerational equity

Since the urban road sector case studies are only concerned with short term impacts, no attempt is made in them to deal with intergenerational equity issues: thus intergenerational equity is only considered in the multimodal case studies.  Two alternative approaches for addressing intergenerational equity are proposed in D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a, Chapter 8). One approach is to discount the effects on future generations differently, as described in D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b). This is in accordance with the UK recommendation on discount rates (http://www.hm-treasury.gov.uk/Economic_Data_and_Tools/greenbook/data_greenbook_index.cfm). Almost all urban transport policies have negligible effect on the welfare of future generations, except for the long-term pollution effects such as climate change. In that case the effects on future generations are integrated into the estimate of the monetary damage of greenhouse gas emissions. 

A second approach is to use the sustainability objective function that was developed in the PROSPECTS Methodological Guidebook (Minken et al, 2003). As demonstrated in D6 (SPECTRUM, 2004a, Appendix 9, Figure 2), this approach implies a time varying discount rate. The discount rate decreases sharply with time at the beginning of the period, up to 30 years. This will create distortions in time preferences. For example policies with short-term effects can be postponed in favour of policies with longer-term effects. 

The first of these approaches, which uses one discount rate for the time horizon of the study and a different discount rate for future generations (beyond the time horizon of the study), is recommended for intergenerational assessment in the SPECTRUM multimodal urban case studies.

3.4
Further issues to be considered in assessment

This section considers the following issues that need to be taken into account when constructing the case studies:

· Choice of parameters such as discount rate, unit values, etc.

· Evaluation of impacts on other sectors of the economy

· Context variables in case studies (e.g. initial mode share, existing level of subsidies to public transport, taxes on labour, etc.)

· Barriers to the implementation of an optimal package

· Time horizon and spatial details

3.4.1 Choice of parameters such as discount rate, unit values, etc.
SPECTRUM D6 “Measurement and treatment of the high level impacts of transport instrument packages” provides suggestions on how to quantify different evaluation parameters such as values of: travel time; variable car cost; noise and pollution costs; statistical value of life; and discount rate. While it desirable to use these values, national and local governments might prefer to apply their own recommended values in practice. 
3.4.2 Evaluation of impacts on other sectors of the economy

There are distortions in markets other than the transport market. In some cases the distortions are large (e.g. the different labour markets). These distortions, especially in the labour market, are partly motivated by the concerns with the income distribution. Due to these distortions the secondary effects of the transport policies on the rest of the economy should be evaluated. 

Whilst in a general equilibrium modelling approach, the interactions of the transport sector and the rest of the economy are explicitly addressed, the partial equilibrium of urban transport or integrated land use and transport models does not address these secondary effects. In most CBA of transport policies, using a partial equilibrium model, these secondary effects are either neglected or taken into account by the so-called “marginal cost of public funds” (MCPF).  In theory the value of MCF depends on how the revenue is raised and furthermore on what the revenues are used for. Hence the assumption of a single value of the MCPF in CBA is not quite sound especially when a package includes different types of instruments such as pricing and investment.  The CBA results are quite sensitive to the assumed value of the MCPF.   
3.4.3 Barriers to the implementation of an optimal package of economic and other instruments
D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b) addresses the different barriers to the implementation of transport policies. A barrier is relevant when it imposes constraints on the policy options available to the decision-maker in terms of which instruments can be used and the acceptable levels of implementation of such instruments. D4 (SPECTRUM, 2003b, Chapter 4) concludes that the following main functional classification covers most aspects of alternative (barrier) classifications in the literature: 

· Legal and institutional barriers

· Political and cultural barriers

· Resource barriers

· Practical and technological barriers

In terms of the SPECTRUM urban case studies, the significance of a barrier occurs when an “optimal” package of transport instruments (calculated by the methods described in this chapter) are not practically implementable.  For example, economic analysis might conclude that a high road pricing charge is optimal in a particular city. However, if the inhabitants of the city are strongly hostile to such a charge, there is little point in trying to pursue it.  There is thus a need for a package of economic and non-economic instruments that, on the one hand, is more publicly acceptable but which, on the other hand, still attains many or some of the objectives of an “optimal pure” economic instrument.

3.5
Checklist of issues for the urban case studies 

As described above, the scope of the urban case studies varies greatly.  However, in order to attain maximum consistency in approach, a checklist of “issues to be considered” was devised to facilitate consistency where possible across the case studies.  Although some of the items on this list are only relevant to one or two of the studies, the checklist at least provides a “core reference point”. 

The checklist is as follows:

1. Specification of the time horizon and the geographical scope.

2. Description of the reference scenario in terms of the exogenous variables such as changes in population, employment, income, car ownership, changes in transport infrastructure and services, land use, changes in prices and level of taxes, etc. 

3. Description of alternative “desirable” packages of instruments that are evaluated and methodologies adopted for choosing the “desirable” package/packages.

4. Consideration and reporting of barriers for the implementation of the packages. 

5. Presentation of the welfare effects of the “desirable” packages relative to the reference scenarios. 

6. Specification of welfare effects by component (consumer, producer, government, environment and safety).

7. Reporting of different parameters used in the calculation, such as discount rate, values of time, marginal cost of public funds, etc.

8. Reporting on sensitivity analysis on marginal costs of public funds (MCPF).

9. Production of different indicators such as changes in mode share, vehicle-kilometres, etc., for each of the “desirable” packages.  

10. Calculation of the distribution of the changes in welfare for different segments of the population and use of the information for the calculation of the measures of inequality.

11. Calculation of the geographical distributions of the changes of welfare and/or changes in alternative measures of accessibility of geographical areas.

12. Consideration of recycling of the revenues to achieve equity objectives. 

13. Evaluation of the interactions between the instruments in the package by calculating the welfare effect of each instrument at a time and two (and three) instruments together.

14. Use of Tables 2.3 and 2.4 in D6 “Measurement and treatment of high level impacts” (SPECTRUM, 2004a), Chapter 2, for the presentation of the results.

As stated above, even with this checklist as a core reference point, the method of assessment will vary between the case studies. This issue has a direct impact on how recommendations can be made for the transferral (or otherwise) of an instrument from one city to another, and thus is a contributing factor to a more general “analysis of transferability”, which is now examined in summary terms in Section 3.6. 

3.6
 Transferability Issues

3.6.1
Introduction

Transferability of transport policies from one city (“base city”) to another (“target city”) is an increasingly relevant and challenging issue. In the SPECTRUM project, transferability will be studied thoroughly in Deliverable D11 “Transferability of the SPECTRUM framework: theory and practice”. The aim of this section is to give some introductory presentation and basic guidelines for the intra-EU transferability of urban transport policy instruments and instrument packages, considering two aspects of transferability. Firstly, there is the issue as to whether it is feasible to implement a “base city instrument” in a target city, or whether barriers (for example legal or cultural) make this unfeasible.  Secondly, there is the issue as to whether benefits gained in the implementation of an instrument or instrument package in the base city will also apply in the target city.

In looking at the transferability of transport policy measures from a base city to a target city we need to consider not only the differences between city characteristics, geographical location, cultural and legislative differences etc., but also at the source of the reported benefits of a policy instrument or a package of instruments we would like to transfer. If it is a question of transferring fully-implemented policy measures with revealed beneficial results, in other words copying running policies, there might be some doubts concerning the success in transferring benefits.  However, if the assessment of benefits in the base city results only from a field trial there will be further sources of uncertainty, whilst dealing with estimated benefits resulting from a modelling exercise needs the highest level of caution as the modelling environment is very complex and the nature of modelling is that it is always a more or less simplified picture of reality. In summary, regarding transferability we need to be aware of all characteristics and conditions of the base city and target city concerned, as well as a clear idea about the validity of the benefits assumed from implementing the instrument or instrument package in the base city.
Usually by transferability we mean spatial transferability i.e. transferring something from one place or site to another but the concept of temporal transferability exists as well. By temporal transferability we mean using older results later or e.g. transferability of short term modelling results to be used for medium or long term but in this context it could also be used for transferability between different development phases of the cities. However, in discussing the transferability of SPECTRUM case study results in this deliverable we refer to spatial transferability.

The concept of transferability, in terms of the specification of instruments or instrument packages in the base city and the target city, can be taken very strictly or more broadly - in other words the level of precision should be decided first. Strict transferability means that the instrument or instrument package would be transferable precisely as it is in the base city. Usually transferability is taken more broadly with local modifications and adjustments in the implementation to the target city, e.g. levels of pricing instruments or adjusting time differentiation of a measure.

Taken very broadly, the concept of transferability encompasses the utilisation of adverse results as well. In practice this means that a target city can take advantage of the experience of unsuccessful policies in a base city and avoid the same difficulties. 

3.6.2 Relevant factors in transferability 

City characteristics

The key factors in spatial transferability of instruments and instrument packages, both in terms of feasibility of transferability and the likely transferability of benefits, are the characteristics of the base and target cities, especially with respect to differences such as: 

· land use: city size and form, land use density

· topographical features

· demographics of the citizens

· income level, car ownership 

· car network structure

· public transport network and modes

· modal split

· level of pedestrianisation

· travel behaviour 

· any other special characteristic of the city e.g. a pure industrial town, historic city, tourist attraction etc.

These characteristics have already been discussed in connection with discussion of sources of incompatibilities between the urban case studies in SPECTRUM.

Barriers

 Barriers for implementing new policy measures (legal, cultural, physical or financial) might exist in either the base city or the target city. However, if barriers have been overcome in the base city then the target city can make good use of this experience. 

In general, financial barriers should play a somewhat less important role regarding transferability because usually we are considering the transferability of instruments or instrument packages that already have been proved to be acceptable, profitable and effective in the base city.  However, in some cases barriers, both financial and legal, might arise due to the conflicting goals of the different authorities and operators with responsibilities for different parts of the transport system.  For example:  

· road pricing versus parking pricing (which sometimes are fully substitutive) commonly have different collectors, public authority versus private business

· the system of full deregulation and privatisation of bus transport, as existing in Great Britain UK (apart from London), may lead to problems in the realisation of public transport instrument benefits due to relatively weak public control over bus services
.
Intra-national transferability - international transferability within the EU

As stated above, two aspects of transferability of instruments or instrument packages need to be identified.  Firstly, there is the issue of whether it is feasible to transfer an instrument from a base city to a target city. Secondly there is the issue whether, if such a transfer takes place,  the target city receives the same benefits as resulted in the base city. With respect to the feasibility aspect of transferability, it would be expected that the success of transfer within the same country would be much higher than for the transferability from one country to another as there should not exist any (or not at least not many) cultural or legal differences. This is usually true for both copying a real-life policy and using model based results. If a policy is in use nearby geographically, it may have already gained both the political and public acceptability and the early stage difficulties may have already been overcome.

Specific questions regarding transferability of modelled results 

For transferability of the benefits of modelling results, extra issues apply.  In addition to the city characteristics mentioned above, modelling results depend significantly on the model type and time horizon, model structure and specifications, methodology and formulation, variables and parameters included, zonal division as well as the calibration. By calibration we mean the process of fixing the model parameters to present the overall transport system and travelling behaviour in that specific city. The model should be able to present and treat correctly both present and future transport infrastructure, public transport demand and supply, policy measures in use and in a testing phase, present pricing policies for car and public transport (including concessionary fares and subsidies, mobility patterns etc). Finally, it should be ensured that the modelling results have been correctly evaluated. It is recommended that as a minimum the target city should check the policies to be transferred with its own models, however  simple, or any other means of checking available.

4.
The Oslo Case Study (a multimodal case study) 

4.1
Introduction 

The aim in this case study is to construct an “optimal” package of instruments comprising economic, regulatory and physical instruments, and to give an assessment of the interactions of the instruments within the optimal package and the equity implications of the package. Oslo as a case study has been taken up in other research projects under the 4th and the 5th EU’s Framework Programmes such as OPTIMA, FATIMA, AFFORD, PROSPECT and MC-ICAM (see OPTIMA, 1998; FATIMA, 1999; Fridstøm et al, 2000; Minken et al, 2002, MC-ICAM 2004). The experiences from these projects will be used in the construction of the “optimal” package.  RETRO, a multi-modal model system, has been applied in this case study (Ramjerdi and Rand, 1992). Recently a land use model has been integrated in RETRO (Vold, 2003). RETRO has been developed at the Institute of Transport Economics (TOI).

The greater Oslo area has a population of about a million with an area of 5,305 km2. The population density is about 140 inhabitants/km2. Oslo city has a population of about 512,000. The mode share in the region is about 55% by car, 32% by public transport and 13% by slow modes (walk and bicycle).

The Oslo toll ring was established in 1989 as a financing scheme. There is much debate and some interest in changing the direction of the scheme to a congestion charging scheme. Amongst the different alternatives that have been evaluated for Oslo, there is a time differentiated toll scheme with the purpose of reducing car traffic during peak periods. Revenues would be allocated to public transport and to the extension and improvement of roads in the region. The Oslo scheme is very likely to continue with some modifications.

The criteria for the selection of the instruments in this case study have been partly related to the present debate on transport policies and the consideration to political and financial feasibilities. Hence a time differentiated toll ring, increase in fuel tax, expansion of the public transport services and changes in speed limit were selected for evaluation (see Section 4.3).

In terms of the “interesting questions” formulated in Chapter 2 in this deliverable, the Oslo case study addresses the following:

For each of the instruments and any combination of two or three instruments:

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

For each package of instrument comprising two instrument or more:

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

The optimal package in this case study is defined as the one that results in highest value of the social welfare function. For this package:

· What are the equity impacts in terms of monetary gains in different locations of the Oslo region?

· What are the equity impacts for different socio-economic groups (women, elderly, age group 20-65) and changes in access to employment in the Oslo region?

The performances of different equity measures are evaluated in this case study. 

The organization of this chapter is as follows. Section 4.2 describes the input and output variables and the assessment procedure. The construction of a reference scenario, the instruments and the criteria for the selection of the instruments and alternative scenarios are the focus of Section 4.3. In Section 4.4 some results from the model runs are presented. The analysis of the results of the alternative scenario is addressed in Section 4.5. The analysis focuses on the interactions between the instruments in a package and the equity implication of the optimal package. A sensitivity analysis of the effect of the marginal cost of public funds on the high level objective function will also be presented in Section 4.5. In Section 4.6 the results will be compared to previous experiences of model runs for Oslo and the conclusions are presented.

4.2
Data description

This section addresses the assumptions regarding input and output variables.  The multi-modal transport model RETRO is described in the first part. Other input variables and assumptions related to the assessment procedure are taken up in the second and the third part of this section. 

4.2.1
RETRO 

RETRO covers all travel modes car, public transport and slow mode (walk and bicycle) for two periods, peak and off-peak. RETRO has the following sub-models: 

i) Disaggregate and aggregate license holding models

ii) Disaggregate car ownership models

iii) Disaggregate models for travel frequency and models for mode and destination choices

iv) Segmentation model

v) Network model

In this case study it is assumed that the land use changes are exogenously defined. 
Table 4.1 shows the different variables in the mode and destination choice and frequency models. The explanatory variables in the models for license holding and car ownership are the variable and the fixed car costs along with socio-economic and demographic variables. The variables used for segmentation are income, gender and age.  

EMME/2 is used for the network model. The number of zones is 438. The network is comprised of 15061 base network links (12144 car links) and 4874 regular nodes. The technologies of congestion on car links are described by 14 volume delay functions. Public transport covers bus, light rail, underground and boat and are represented by 126 transit lines.
	Variable in the mode choice model (utility for mode car) 
	Variable in the mode choice model (utility for public transport) 


	Variables in the travel frequency model
	Variables in the destination model 

	- Travel time “door to door”
	- Onboard time
	- Gender and age
	- Total employed

	- Fuel cost and other distance dependent costs
	- Access/egress time
	- Car availability
	- No. Employed in businesses that attracts people

	- Toll cost


	- Number of transfers
	- Amount of working hours per week
	- m2 of supermarket floor space

	- Parking cost
	- Waiting time 
	- Age
	

	- Car availability (households no. licences per car)
	- Fare
	- Number of children
	

	- Age
	- Gender
	- Permanent workplace
	

	
	
	- Married
	


Table 4.1: A description of variables in RETRO

In RETRO a scenario is defined in terms of

· Transport networks for car and public transport including volume delay functions and transit lines 

· Fuel cost, parking costs, toll cost and fares for scheduled modes

· Socio-economic variables such as income and employment

· Demographic variables in terms of the distribution of population by age and gender 

· Land use in terms of changes in the locations of households and employment

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 model. The level of service data and other variables (socio-economic and demographic variables) are used for the calculation of the demand for travel by mode and travel purpose. The run time for a scenario is approximately 2 hours.  Model outputs are:

· Demand matrices by travel purpose and mode of travel

· Level of service matrices

· Vehicle kilometres by mode 

· Average speed on each link of the car network 

· Logsum values from mode/destination choice models 

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

4.2.2 Unit values used in the case study

Table 4.2 shows the adopted unit values in this case study. These are the recommended Norwegian values (Minken et al, 2001; Eriksen et al, 1999)  

	Mode
	Emissions 

(other than CO2)
	Noise
	Accidents
	CO2

	Car (average)
	0.025
	0.017
	0.027
	0.011

	Public Transport (average for bus, and light rail)
	0.304
	0.170
	0.061
	0.066


Table 4.2: Values of externalities  (in Euro/vehicle kilometre)

4.2.3 Assessment procedure

Deliverables D4 (SPECTRUM, 2003b) and D6 (SPECTRUM, 2004a) define the high level objectives in terms of efficiency and equity. Economic efficiency is comprised 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 incl. taxes.
· Government surplus, defined as tax revenue net of 
· investment, 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.

For appraisal of the sustainability of strategies the following general objective function is adopted:
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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 

Envt
is the external costs defined as accident, noise and pollution costs and other external effects

(t
is the shadow cost of CO2 emissions, 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 used in the calculation the generalised cost of travel. Table 4.3 shows these values. 

	Mode of travel 
	Car
	Public transport

	In vehicle time
	5.64
	4.70

	Wait and transfer time
	-
	5.64

	Auxiliary time
	-
	5.64


Table 4.3: Value of travel time (in Euro/hour)

Producer surplus

The toll and the parking operators in this case study are the different levels of the government. The public transport operators have a guaranteed level of subsidy. This implies that their surplus will directly be taken over by the government. Hence it is assumed that the changes in producer surplus occur to the different levels of government and will be directly accounted for under the government surplus. 

Government surplus

As described above, all the changes in producer surplus will be included in government surplus. In addition all the changes in tax revenues associated with car use and car ownership will be included in the government surplus. 

Investment, maintenance and implementation costs

The “feasible” packages of instruments (see the following section on scenarios and instruments) do not include any investment, maintenance and implementation costs that are not taken up either in the producer surplus or in the government surplus.  

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

Effects on other markets of the economy

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

Intergenerational equity

The intergenerational equity in this case study will be limited to the emissions of greenhouse gasses and mainly CO2 emissions. 

Intragenerational equity

The intragenerational equity analysis will be conducted only for the “optimal” scenario with the highest score on efficiency. The analysis will be limited to the evaluation of alternative measures of accessibility (see Chapter 8 of D6 (SPECTRUM, 2004a)). 

Evaluation of the interactions of instruments 

The definitions of the types of interaction have been provided in Chapter 2 above. The interactions will be evaluated by the calculation of the total effects of each single instrument, and the combinations of two or three instruments in the  “optimal” package.
4.3
Instruments and scenarios

The base year in this case study is 1998 and the horizon year is 2015. A reference scenario in 2015 is defined by socio-economic and demographic changes relative to 1998. It is assumed that the population in the greater Oslo area will increase by about 17%, the employment by 10% and the income by about 50%. Changes in supply of transport will be simulated by appropriate changes in the networks and transit lines and volume delay functions in the reference scenario. It is assumed that the toll ring in Oslo is removed in the reference scenario. 

An alternative scenario in 2015 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 2015.

The following criteria were used for the selection of instruments and the packages of instruments and for their evaluations relative to the reference scenario: 

· Capabilities of RETRO in simulating an instrument.

· Experience and results from previous studies by RETRO, in particular AFFORD, MC-ICAM and PROSPECTS. These are described in Appendix 2. 

· The present debates on transport policies and the consideration of what will be the political and financial constraints.

· Discussions with the reference group of the project. 
On the basis of the above criteria the following instruments were selected for screening in the Oslo case study:

Instruments used in “feasible” packages

1. Economic measures:

· Fuel tax  (0, +50%)

· Toll ring (no toll and a time differentiated scheme) 

2. Regulatory measure:

· Changes in speed limits on road network on the links with low capacity 



80 km/hr-> 70 km/hr



72 km/hr -> 54 km/hr



63 km/hr -> 54 km/hr



54 km/hr -> 45 km/hr
3. Physical instrument:

· Expansion of public transport services by increasing frequency by (0, 5.0-5.8%)

Table 4.4 shows the description of the alternative policy scenarios that are constructed with a single instrument or the combination of these instruments.

	Alt
	Scenario description

	1: Ref.
	Reference scenario 

	17: All
	All measures 

	18: S
	Change in speed limit 

	19: PTF
	Increase in public transport frequency by +5.8%

	20.T
	Toll: Peak periods: 2.5 today prices; Other periods: Today prices

	21.F
	Increase in fuel tax by +50%

	22.S/T
	Change in speed limit + toll

	23.S/PTF
	Change in speed limit + increase public transport frequency

	24.S/F
	Change in speed limit + Increase in fuel taxes by 50%

	25.T/PTF
	Toll+ Increase in public transport frequency

	26.T/F
	Toll + Increase in fuel taxes by 50%

	27.PTF/F
	Increase in public transport frequency + increase in fuel taxes 

	28.PTF/F/T
	Increase in public transport frequency + increase in fuel taxes+toll


Table 4.4: Description of alternative policy scenarios

4.4
Model results

Table 4.5 describes the traffic and car ownership in 2002 and in the reference scenario in 2015. Table 4.6 shows the changes in some indicators in the alternative scenarios relative to the reference scenario during the peak periods. Table 4.7 shows the same changes during the off-peak periods. The indicators include:

· Changes in demand for the alternative modes of travel

· Changes in vehicle kilometres by the alternative modes of travel

· Change in the average speed by car and public transport

	
	2002
	2015

	
	Peak         Off-peak
	Peak          Off-peak

	Total number of trips
	819407
	924074
	954865
	1364186

	Car trips
	446750
	709282
	619255
	1079115

	Public transport trips
	264582
	128736
	238724
	178258

	Walk/bicycle trips
	108075
	86056
	96886
	106813

	Average distance by car (kilometres)
	20.2
	18.8
	17.6
	17.6

	Average PT distance along road (kilometres)
	17.3
	16
	17.8
	17.4

	Average trip time by car (min)
	23.8
	19.8
	24.7
	22.3

	Average PT time along road (min)
	51
	57.6
	51.4
	59.1

	Average car speed (km/h)
	50.9
	57
	42.7
	47.4

	Average PT speed along road (km/h)
	20.3
	16.7
	20.8
	17.3

	Total number of cars
	384167
	525115


Table 4.5: A description of the traffic in 2002 and in the reference scenario in 2015

	Peak Period
	17.All
	18.S
	19.P
	20.T
	21.F
	22.S/T

	Demand for car, trips
	-6.2
	-0.7
	-0.1
	-1.1
	-3.7
	-1.8

	Demand, Public Transport, trips
	12.3
	1.4
	0.6
	1.9
	7.2
	3.4

	Demand, walk/cycle, trips
	9.3
	0.8
	-0.7
	2.3
	6.2
	3.2

	Vehicle kilometres, car
	-3.5
	-0.8
	0.1
	-1.6
	-1
	-2.4

	Vehicle kilometres, PT
	1.6
	1.4
	0.3
	-1
	1.1
	0.4

	Distance, walk/cycle
	2.4
	1.8
	-0.4
	-1.1
	2.2
	0.7

	Speed car, km/hour
	2.3
	-5.6
	0.1
	3.8
	2.9
	-2.1

	Speed, PT, km/hr
	1.2
	0.6
	1.2
	-0.5
	0.2
	0.1


Table 4.6: Percentage changes in some indicators in alternative scenarios relative to the references scenario during the peak periods

	Peak Period
	23.S/P
	24.S/F
	25.T/P
	26.T/F
	27.P/F
	28.P/F/T

	Demand for car, trips
	-0.8
	-4.4
	-1.2
	-5.2
	-3.9
	-5.4

	Demand, Public Transport, trips
	2.1
	8.7
	2.6
	9.8
	7.9
	10.5

	Demand, walk/cycle, trips
	0.2
	7.0
	1.7
	9.0
	5.5
	8.5

	Vehicle kilometres, car
	-0.7
	-1.6
	-1.5
	-2.6
	-0.9
	-2.7

	Vehicle kilometres, PT
	1.7
	2.6
	-0.7
	0.1
	1.3
	0.3

	Distance, walk/cycle
	1.4
	4.1
	-1.6
	1.0
	1.7
	0.6

	Speed car, km/hour
	-5.6
	-2.6
	4.1
	8.4
	3.1
	8.4

	Speed, PT, km/hr
	1.8
	1.0
	0.6
	-0.3
	1.3
	0.5


Table 4.6 (continued): Percentage changes in some indicators in alternative scenarios relative to the references scenario during the peak periods 

	Off-Peak
	17.All
	18.S
	19.P
	20.T
	21.F
	22.S/T

	Demand for car, trips
	-3.3
	-0.3
	0.0
	-0.4
	-2.5
	-0.7

	Demand, Public Transport, trips
	-1.3
	0.0
	0.1
	0.1
	0.5
	0.2

	Demand, walk/cycle, trips
	3.3
	0.0
	-0.1
	0.1
	0.5
	0.2

	Vehicle kilometres, car
	-5.8
	-0.7
	0.0
	-1.6
	-3.5
	-2.2

	Vehicle kilometres, Public transport
	-1.2
	0.2
	0.1
	0.0
	-0.4
	0.2

	Distance, walk/cycle
	0.7
	0.0
	-0.1
	0.0
	-0.1
	0.0

	Speed car, km/hour
	0.7
	-4.0
	0.0
	2.2
	3.2
	-2.1

	Speed, Public Transport, km/hr
	-0.6
	0.2
	0.1
	0.0
	-0.3
	0.2


Table 4.7: Percentage changes in some indicators in alternative scenarios relative to the references scenario during the off-peak periods

	Off-Peak
	23.S/P
	24.S/F
	25.T/P
	26.T/F
	27.P/F
	28.P/F/T

	Demand for car, trips
	-0.3
	-2.9
	-0.4
	-3.0
	-2.5
	-3.0

	Demand, Public Transport, trips
	0.1
	0.6
	0.2
	0.6
	0.6
	0.7

	Demand, walk/cycle, trips
	-0.1
	0.6
	0.0
	0.6
	0.4
	0.5

	Vehicle kilometres, car
	-0.7
	-4.2
	-1.6
	-5.0
	-3.5
	-5.0

	Vehicle kilometres, Public transport
	0.3
	-0.2
	0.0
	-0.3
	-0.3
	-0.2

	Distance, walk/cycle
	0.0
	0.0
	-0.1
	-0.1
	-0.1
	-0.2

	Speed car, km/hour
	-4.0
	-1.3
	2.1
	5.6
	3.2
	5.6

	Speed, Public Transport, km/hr
	0.3
	-0.2
	0.1
	-0.3
	-0.2
	-0.2


Table 4.7 (continued): Percentage changes in some indicators in alternative scenarios relative to the references scenario during the off-peak periods 

Tables 4.8 and 4.9 show the changes in the value of the high level objective function for each of the 12 alternative scenarios relative to the reference scenario in 2015. 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 1.0. In the next section a sensitivity analysis by using a MCPF of 1.0 to 1.4 will be presented.

	
	17.All
	18.S
	19.P
	20.Toll
	21.Fuel
	22.S/T

	Consumer surplus
	-572.79
	-115
	10
	-145.5
	-343.4
	-259.5

	
	
	
	
	
	
	

	Government surplus
	
	
	
	
	
	

	Fuel tax 
	324.8
	-11.6
	0.4
	-22.8
	378.7
	-34.1

	Annual car taxes
	-30.6
	0.0
	0.0
	0.0
	-30.6
	0.0

	Toll revenue (gross) (90% of net)
	157.3
	0.0
	0.0
	171.5
	0.0
	170.5

	Parking revenue
	-4.1
	0.2
	0.3
	-1.0
	-2.5
	-0.8

	Public transport revenue
	28.6
	4.5
	1.6
	2.8
	17.0
	7.6

	PT investment
	-23.1
	-
	-24.2
	-
	-
	-

	Total 
	452.9
	-6.9
	-22.0
	150.6
	362.6
	143.2

	
	
	
	
	
	
	

	Externalities (emission of pollutions, noise and accident)
	44.0
	6.0
	-1.0
	11.0
	27.0
	16.0

	CO2
	7.0
	1.0
	0.0
	2.0
	4.0
	3.0

	
	
	
	
	
	
	

	Total 
	-68.914
	-114.9
	-12.99
	18.104
	50.2
	-97.334


Table 4.8: Changes in the high level objective function relative to the reference scenario in million Euro/year

	
	23.S/P
	24.S/F
	25.T/P
	26.T/F
	27.P/F
	28.P/F/T

	Consumer surplus
	-104.8
	-453.6
	-134.8
	-474.0
	-330.7
	-464.5

	
	
	
	
	
	
	

	Government surplus
	
	
	
	
	
	

	Fuel tax 
	-12.0
	362.5
	-22.8
	344.6
	378.0
	343.0

	Annual car taxes
	0.0
	-30.6
	0.0
	-30.6
	-30.6
	-30.6

	Toll revenue (gross) (90% of net)
	0.0
	0.0
	171.6
	158.8
	0.0
	158.7

	Parking revenue
	-0.2
	-2.2
	-1.0
	-4.1
	-2.6
	-4.1

	Public transport revenue
	6.4
	21.8
	4.7
	21.1
	18.7
	23.0

	PT investment
	-24.2
	0.0
	-24.2
	0.0
	-24.1
	-19.4

	Total 
	-30.0
	351.4
	128.3
	489.8
	339.5
	470.6

	
	
	
	
	
	
	

	Externalities (emission of pollutions, noise and accident)
	5.0
	32.0
	10.0
	32.0
	26.0
	38.0

	CO2
	1.0
	5.0
	2.0
	5.0
	4.0
	6.0

	
	
	
	
	
	
	

	Total 
	-128.8
	-65.2
	5.5
	52.8
	38.8
	50.1


Table 4.9: Changes in the high level objective function relative to the reference scenario in million Euro/year 
An examination of the above two tables indicates that:

· Scenarios 26 and 28 have similar scores with respect to their net benefits.  In scenario 26, fuel tax is increased by 50% and a time differentiated toll scheme (for scenario descriptions see Table 1) is introduced. In addition to the previous two instruments, public transport frequency is increased by 5.8% in scenario 28. Scenario 28 should be more desirable based on equity considerations. 

· Scenarios that include an increase in the fuel tax of 50% have a positive net benefit. This is explained by the high increase in the government surplus that compensates for the decrease in the consumer surplus and the positive impacts due to the reductions in externalities and CO2 emissions.

· Scenarios that include a reduction in speed limit have a negative net benefit. Unlike in the case of a fuel tax, both the consumer surplus and the government surplus are negative in this case. The decrease in externalities and the reduction in CO2 emissions do not compensate for the loss in the consumer and the government surplus. 

· Scenarios that include a toll increase have a positive net benefit. This again is explained by the high increase in the government surplus that compensates for the loss in the consumer surplus as well by the high reductions in externalities and CO2 emissions. An exception is scenario 22 where the package includes a reduction of the speed limit.

· The net benefit for the scenarios in which public transport frequency is increased is slightly negative. The cost associated with the increase in frequency is the explanation. 

4.5
Analysis

This section focuses on:

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

· The evaluation of the interactions between instruments 

· The distributional impacts of the “optimal” package

4.5.1 Effect of the MCPF on the high level objective function

Table 4.10 shows the effects of the MCPF on the net benefits of the 12 alternative scenarios compared to the reference scenario. The net benefit of a scenario substantially changes with the assumption about the size of the MCPF. This is due to the importance of the contribution of the government surplus to the net benefit (see Tables 4.8 and 4.9). Indeed all the pricing policies get a higher rank with an increase in the MCPF. Furthermore, the assumption about the value of the MCPF affects ranking of the scenarios.  

The MCPFs of different pricing instruments are different and more importantly it depends on the type of public expenditure it is used for or how it is recycled (Sandmo, 2000). Parry and Bento (1999) show that labour market should not be ignored when setting urban road prices. The effect of a tax on work travel is similar to the “distortionary” taxes on labour market. In an urban setting, especially during the peak periods most trips are work related. Hence asserting an arbitrary value to the MCPF in these situations might be without justification.   

The evaluation of the efficiency as well as the equity implications of any of these scenarios is incomplete unless the use of the government surplus is specified. The recycling of the government surplus to inefficient projects, public transport or road is not justifiable based on efficiency or equity considerations. This is how the separation of the revenues raised in the transport sector from recycling to the rest of the economy becomes problematic.   

	Alt
	Scenario description
	MCPF=

1.0
	MCPF=

1.2
	MCPF=

1.4

	17: All
	All measures 
	-69
	22
	112

	18: S
	Change in speed limit 
	-115
	-116
	-118

	19: PTF
	Increase in public transport frequency by +5,8%
	-13
	-17
	-22

	20.T
	Toll: Peak: 2,5 today prices, Other periods: Today prices
	18
	48
	78

	21.F
	Increase in fuel tax by +50%
	50
	123
	195

	22.S/T
	Change in speed limit + toll
	-97
	-69
	-40

	23.S/PTF
	Change in speed limit + increase PT frequency
	-129
	-135
	-141

	24.S/F
	Change in speed limit + increase in fuel taxes by 50%
	-65
	5
	75

	25.T/PTF
	Toll+ Increase PT frequency
	5
	31
	57

	26.T/F
	Toll + Increase in fuel taxes by 50%
	53
	151
	249

	27.PTF/F
	Increase PT frequency + fuel taxes 
	39
	107
	175

	28.PTF/F/T
	Increase PT frequency + fuel taxes+ toll
	50
	144
	238


Table 4.10: Effect of MCPF on the high level objective function

4.5.2 Interactions between Instruments

Tables 4.11 to 4.15 show the interaction between the instruments in a package. As these tables show, most instruments in this case study are additive. There is only some evidence of weak complementarities among instruments in this case study.  

Table 4.11 shows that an increase in fuel tax by 50% and a speed limit reduction (as described earlier in section 4.3) are almost additive since:

Welfare gain (A+B) 
[image: image4.wmf]»

 Welfare gain A + Welfare gain B

	Scenario No.
	Scenario description
	High-level objective function

	21.F         
	Increase in fuel tax by +50%
	50.2

	18.S
	Change in speed limit 
	-114.9

	Total
	 
	-64.7

	
	
	

	24.S/F
	Change in speed limit + Increase in fuel taxes by 50%
	-65.2


Table 4.11: Interactions between the single instruments in Scenario 24

Table 4.12 shows that a time differentiated toll scheme (see the description in the same table) and an increase in the public transport frequency by 5.8% are almost additive since:


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

	Scenario No.
	Scenario description
	High-level objective function

	20.T
	Toll: Peak: 2.5 today prices, Other periods: Today prices
	18.1

	19.P
	Increase in public transport frequency by +5.8%
	-13.1

	Total
	 
	5.1

	
	
	

	25.P/T
	Toll+ Increase in public transport frequency
	5.5


Table 4.12: Interactions between the single instruments in Scenario 25

Table 4.13 suggests that a time differentiated toll scheme and an increase in fuel tax by 50% are complementary since:


Welfare gain (A+B) > Welfare gain A

Welfare gain (A+B) >
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 Welfare gain B

	Scenario No.
	Scenario description
	High-level objective function

	20.T
	Toll: Peak: 2.5 today prices, Other periods: Today prices
	18.1

	21.F
	Increase in fuel tax by +50%                      
	50.2

	total
	
	68.3

	
	
	

	26.T/F
	Toll + Increase in fuel taxes by 50%
	52.8


Table 4.13: Interactions between the single instruments in Scenario 26

Table 4.14 shows that an increase in the public transport frequency and an increase in fuel tax by 50% are additive since: 


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

	Scenario No.
	Scenario description
	High-level objective function

	21.F
	Increase in fuel tax by +50%
	50.2

	19.P
	Increase in public transport frequency by +5.8%
	-12.99

	Total
	
	37.2

	
	
	

	27. P/F
	Increase in fuel tax + increase PT frequency
	38.8


Table 4.14: Interactions between the single instruments in Scenario 27

Table 4.15 shows that a time differentiated toll ring, an increase in fuel tax by 50% and an increase in public transport frequency by 5.8% are almost complementary since:


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

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

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

	Scenario No.
	Scenario description
	High-level objective function

	20.T
	Toll: Peak: 2.5 today prices, Other periods: Today prices
	18.1

	21.F
	Increase in fuel tax by +50%                      
	50.2

	19.P
	Increase in public transport frequency by +5.8%
	-12.99

	Total
	
	55.31

	
	
	

	28.P/F/T
	Increase PT frequency + increase in fuel taxes+ toll 
	50.1


Table 4.15: Interactions between the single instruments in Scenario 28
4.5.3 An evaluation of the intragenerational equity implications of the “optimal” package

The incidence of the net efficiency gain of a transport policy might be different for different segments of a population or over a geographical area. SPECTRUM D6, Chapter 8 points out that for a correct calculation of the net efficiency gains a spatial general equilibrium model is necessary. Addressing the interactions of the transport market with the rest of the economy, especially with the labour market is crucial for a correct calculation of the distribution of the net efficiency gains among a population or over a region.  It is however possible to use different measures of inequality or accessibility measures in order to obtain some indications of the distributions of the incidence of the net benefits. Equity and accessibility measures only suggest the likely direction of impacts and should be treated as such. The ex-post equity analysis provides some information on how to recycle revenues to address equity considerations. 

This section focuses on the geographical distribution of the welfare changes in the “optimal” scenario (Scenario 28) compared to the reference scenario. For this purpose different accessibility measures will be used as follows:

Gravity or opportunities approach defined by:

(4.2)
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where 

Wj       stands for the mass of opportunities available to i at location j 

f(cij,() is the deterrence function = 
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is assumed to be equal to 0.35

cij 
is the generalised cost of travel by car between i and j. It is assumed that:

cij= tij*VOT + dij*(variable car cost) + (toll cost)ij + (parking cost)j
Where:

tij       is the travel time from i to j

dij      is the travel distance from i to j

VOT is the value of travel time for car journeys 

Three alternative accessibility measures will be constructed by this approach 

We will use the following measures based on this approach:

G_Emp 
where Wj is equal to the total employment at j.

G_65+ 
where Wj  is equal to the total population age over 65 at j.

G_20-65 
where Wj is equal to the total population age 20-64 at j.

G_W 

where Wj is equal to the women population at j.

 “Logsum” measure is used defined as in D6 (SPECTRUM, 2004a, Chapter 8): 

(4.3)
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where:
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is the measure of accessibility at location i for individual n
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is the utility of travel to location j given the individual n is located at i
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is the travel cost between i and j
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is a positive scale parameter that is estimated
Table 4.16 shows the differences between the above accessibility measures of scenario 28 and the reference scenario. Figure 1 shows the different areas in the Oslo region. 

As it can be expected all the accessibility measures are negative in all the areas in the Oslo region. An increase in fuel tax and a toll will drastically change accessibility with car (G_Emp, G_W, G_65+ and G_20-65). Note that G_W, G_65+ and G_20-65 measures indicate the accessibility of a particular segment of the population to the different areas in the Oslo region while G_Emp indicate the accessibility to the employment locations in the different areas. All these measures have similar patterns. They all indicate that the accessibility with car to Upper Groruddalen will decrease most for all the segments of the population. Accessibility for employment (G_Emp) and accessibility for the population of age 20-65 (G_20-65) have similar patterns.

A main problem with the gravity approach is that the scale of the accessibility measures is ordinal. The “logsum measure” closely compares with the changes in the consumer surplus. It also captures the effects of the provision of the public transport services. This measure suggests that the benefits from the package in Scenario 28 are not evenly distributed and hence have potential adverse distributional effect. 

	
	Employment

G_Emp
	Women

G_W
	Age over 65

G_65+
	Age 20-65

G_20-65
	Logsum

	Oslo West
	-1.11
	-0.82
	-0.29
	-1.31
	-5.10

	Oslo, East
	-2.19
	-1.30
	-0.50
	-2.01
	-5.68

	Oslo, outer West 
	-7.15
	-5.96
	-2.06
	-9.57
	-5.74

	Lower Grorurddalen
	-4.79
	-3.00
	-1.15
	-4.66
	-5.49

	Upper Groruddalen
	-16.09
	-18.85
	-6.24
	-29.98
	-8.72

	Østensjøbyen
	-7.86
	-12.37
	-6.22
	-18.06
	-4.81

	Oslo South
	-1.16
	-3.65
	-1.54
	-5.53
	-9.13

	West region
	0.00
	0.00
	0.00
	-0.01
	-3.67

	Romerike
	-0.24
	-0.42
	-0.14
	-0.64
	-7.92

	Follo
	-5.03
	-8.89
	-2.75
	-14.05
	-4.89


Table 4.16: Changes in the accessibility measures of package 28 relative to the reference scenario


[image: image17.png]Greater Oslo

. Oslo West
. Oslo East

. Oslo Outer West

. Lower Grorurddalen
. Upper Grourddalen
. stensjghyen

. Oslo South

. West region

. Romerike

0. Follo




Figure 4.1 Different areas in the greater Oslo area.

To evaluate the significance of the observed variations in the geographical distributions of welfare (captured by the logsum measure) the following measures are used. 

1. Range, R, defined as

(4.4)

R=Ymax –Ymin 

2. Variance, V, defined as

(4.5)
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3. Coefficient of variation, c, defined as

(4.6) 
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3. Relative mean deviation, M, defined as

(4.7)
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3. Logarithmic variance, v, defined as

(4.8)
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4. Variance of logarithms, vl, defined as

(4.9)
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5. The Gini measure, G, defined as

(4.10)
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6. The Theil’s entropy measure, T, defined as

(4.11)
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7. The Atkinson index, A(, defined as

(4.12)


[image: image25.wmf]1

1

1

n

i

i1

1Y

A1

nY

-e

-e

e

=

éù

éù

=-

êú

êú

ëû

êú

ëû

å


8. Kolm’s measure of inequality, K(, defined as 

 (4.13)
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In the above measures 

Y 
is the measure of welfare

n
is the number of observations on welfare
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is the mean level of welfare 
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is the mean level of log of welfare
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and ( in Atkinson and Kolm measures are parameters that address inequality aversion. 

These measures were examined in detail in D6 (SPECTRUM, 2004a, Chapter 8). Table 4.17 summarises some of the properties of these measures.

	Measure
	Definition
	Some important properties

	
	
	Transfer
	Scale invariance
	Translation invariance

	Variance
	Eq. (4.6)
	Yes
	No
	Yes

	Coeff. of variation
	Eq. (4.7)
	Yes (weak)
	Yes
	No

	Logarithmic variance
	Eq. (4.8)
	No
	Yes
	No

	Variance of logarithms
	Eq. (4.9)
	No
	Yes
	No

	Gini 
	Eq. (4.10)
	Yes (weak)
	Yes
	No

	Theil’s entropy
	Eq. (4.11)
	Yes
	Yes
	No

	Atkinson-Kolm
	Eq. (4.12)
	Yes
	Yes
	No

	Kolm
	Eq. (4.13)
	Yes
	No
	Yes


Table  4.17:  A summary of the properties of inequality measures

Table 4.18 shows a summary of some of these inequality measures applied to the geographical distributions of welfare over 49 zones that represent the Oslo region. While almost all measures are quite similar in both scenarios, they suggest that the geographical distribution of welfare is more even in the reference scenario than in scenario 28.  

	49 zones
	Scenario 28
	Reference

	Mean
	498.35
	504.89

	Range Ymax –Ymin
	360.67
	361.56

	Variance
	5175.71
	5072.69

	Coefficient of variation 
	0.144
	0.141

	Relative mean deviation 
	0.1070
	0.1118

	Logarithmic variance
	0.0059
	0.0056

	Variance of logarithms
	5.1210
	4.5333

	Theil
	0.2480
	0.2366


Table 4.18: Summary of some inequality measures in Scenario 28 and the reference scenario for the Oslo region presented by 49 zones
Table 4.19 shows the summary of all the described inequality measures applied to the geographical distributions of welfare over 10 zones that represent the Oslo region.  A comparison of the measures in this table with the corresponding measures in Table 4.18 shows that the level of zonal aggregation affects the size of most measures. This is partly due to the approximations in aggregation (not properly weighted) as well as the properties of the measures. This table also suggests that most measures are quite similar in both scenarios and that the geographical distribution of welfare is more even in the reference scenario than in Scenario 28.  Table 4.19 also shows the sensitivity of the Atkinson and Kolm measures to the inequality aversion parameter. The Atkinson measure is more sensitive to the value of the inequality aversion parameter than the Kolm measure. The translation invariance property makes the Kolm measure sensitive to the units of the variable under consideration (e.g. welfare per day or per year and the unit in which welfare is measured).    

To get an understanding of the size of the change, the measures were calculated for both scenarios (Scenario 28 and the reference scenario) after a translation. The translation was performed by subtracting welfare (logsums) by 443 units. The aim was to avoid negative values for the welfare measure as the result of the translation and to get small values for the level of welfares. Table 4.20 shows the summary of the results.

A comparison of Tables 4.19 and 4.20 shows that the size of the measures that are not translation invariant change significantly. These measures suggest that the geographical distribution of welfare is more inequitable in scenario 28 than in the reference scenario once the translation is performed.

While this exercise suggests that accessibility and equity measures can be applied for the evaluation of the potential changes in the distribution of welfare caused by a package of instruments, one needs to apply them cautiously. Accessibility measures, other than a logsum measure, are ordinal and hence it is problematic to apply equity measures to examine the changes in their distributions.

	10 zones
	Scenario 28
	Reference

	Mean
	519.09
	525.29

	Range, Ymax –Ymin
	115.20
	113.01

	Variance
	1714.08
	1710.49

	Coefficient of variation
	0.0798
	0.0787

	Relative Mean Deviation
	0.0703
	0.0697

	Logarithmic variance
	0.0013
	0.0013

	Variance of logarithms
	5.2007
	5.2205

	Theil
	0.0014
	0.0013

	Atkinson 
	
	

	    (= 0.0001
	0.0000003
	0.0000003

	    (=0.001
	0.0000033
	0.0000032

	    (=0.005
	0.0000163
	0.0000616

	    (=0.01
	0.0000326
	0.0001260

	Kolm
	
	

	    (= 0.0001
	0.0373
	0.0372

	    (=0.001
	0.3765
	0.3757

	    (= 0.005
	1.9607
	1.9563

	    (= 0.01
	4.0774
	4.0663

	Gini
	0.04199
	0.04118


Table 4.19: Summary of inequality measures in Scenario 28 and the reference scenario for the Oslo region presented by 10 zones

	Trans 443
	Scenario 28
	Reference

	Mean
	76.09
	82.29

	Range, Ymax –Ymin
	115.20
	113.01

	Variance
	1714.08
	1710.49

	Coefficient of variation
	0.5441
	0.5026

	Relative Mean Deviation
	0.4796
	0.4451

	Logarithmic variance
	0.6310
	0.1687

	Variance of logarithms
	2.5538
	2.5326

	Theil
	0.9287
	0.7264

	Atkinson 
	
	

	   (= 0.0001
	0.000021
	0.000017

	   (=0.001
	0.000214
	0.000167

	   (=0.005
	0.001072
	0.000838

	   (=0.01
	0.002150
	0.001679

	Kolm
	
	

	   (= 0.0001
	0.0373
	0.0372

	   (=0.001
	0.3765
	0.3757

	   (= 0.005
	1.9607
	1.9563

	   (= 0.01
	4.0774
	4.0663

	Gini
	0.2860
	0.2626


Table 4.20: Summary of inequality measures in Scenario 28 and the reference scenario for the Oslo region presented by 10 zones and with a translation in welfares by 443 units.

The logsum measures in Table 4.16 suggest that the distribution of benefits of the package in Scenario 28 is potentially uneven over the Oslo area. The difference between the different areas is as high as 210 Euro/year for an average traveller. Yet the size of the different equity measures (see Tables 4.18, 4.19, and 4.20) vary rather significantly as the result of the level of spatial disaggregation and the transformation of the measure of welfare. Similarly, some of the measures are quite sensitive to the scale of the welfare measure. This illustrates that relating the equity objective to a predefined value on any of these measures is not a desirable approach. However, it is possible to rank alternatives with respect to a given equity measure once the unit of analysis is defined. Furthermore, it is difficult to make a judgement about the equity implication of a policy on the basis of a single measure and without a thorough examination of several measures and their implications. 

This exercise relies on a partial equilibrium transport model and ex-post evaluation of the equity implication of a package of instruments. Nonetheless the lessons can be extended to a general equilibrium approach where an explicit form of social welfare function and an inequality aversion parameter is used to address the equity concerns. Table 4.19 shows that Atkinson measures with aversion parameters up to 0.001 favour the reference scenario for equity. With aversion parameters larger than 0.001 Scenario 28 becomes the favoured scenario. Hence it is important to explore the implications of the aversion parameter, e.g. in the form of a sensitivity analysis.     
4.6
Some conclusions

In the Oslo case study a reference scenario along with 12 alternative policy scenarios were constructed for 2015. The policy scenarios were built on the reference scenario by including a single instrument or a combination of instruments among a set of “feasible” instruments, including pricing, regulatory and physical instruments (time differentiated toll scheme, increase in fuel taxes, selected changes in speed limit and increase in public transport frequency of services). The criteria for “feasibility” included political acceptance as well as financial constraints. Another issue in the choice of the instruments was related to the constraints in simulating the instrument with the model used in this case study (RETRO). The experiences with previous studies of “optimal packages” of instruments for the Oslo region were used to select the levels of the instruments (see Appendix 2). The instruments selected in this study and their levels (or any package including these instruments) are all practical in terms of implementation. However, it is rather difficult to predict the political feasibility of these instruments. A similar time differentiated toll scheme is under consideration in the Oslo region. The legal barrier for the introduction of a congestion-pricing instrument is now removed. The level of fuel prices now is similar to the proposed prices in 2015 that include the increase in fuel taxes.  

Partial equilibrium models of transport or integrated transport and land use are the most commonly used planning tools for the evaluation of the impacts of transport policies with respect to efficiency. As equity has become an important consideration, this modelling approach is used for the evaluation of the distributional impacts of a package of instruments. While a general equilibrium modelling approach is more suited for this purpose, the lack of spatial details limits their applications. This case study illustrates some important issues related to the evaluation of efficiency and equity with a partial equilibrium model of transport. 

None of the policy scenarios that included the selected decrease in speed limits showed an improvement in efficiency. The main reason is that a reduction in speed limit results in a decrease in consumer surplus and a decrease in government surplus. The improvement related to the reduction in external costs is not sufficient to compensate for these reductions. The selected changes in speed limits in this case study applied to all the links that were defined by specific link types. The scenario that included an increase in public transport frequency of services does not show an improvement in efficiency. The main reason is that the cost of providing the services is larger than benefits. The evaluation of the interactions between instruments in this case study suggests mainly additivity. There is some evidence on weak complementarities between some instruments. With respect to efficiency a scenario that includes a time-differentiated toll scheme and an increase in fuel tax score the highest followed closely by a scenario that includes increase in public transport frequency of services in addition to a time differentiated toll scheme and an increase in fuel taxes. The latter scenario was selected for the evaluation of distributional impacts. 

An important issue that was addressed in this study is related to the assumption about the marginal cost of public funds (MCPF) when calculating the net benefits of a package of instruments. As illustrated in this case study, the net benefits and the ranking of the different packages change with the assumption about the size of the MCPF. The correct value of the MCPF depends on how the funds are raised and how it is used. The use of a single value for all instruments is most likely not correct. For a physical instrument, such as investment in road or public transport infrastructure, funds have to be raised by different forms of taxation that are distortionary. This has a cost for society that is captured by the value of the MCPF and is applied to the costs of the investment. A toll scheme, on the other, generates revenue. However, a toll in some cases, such as a work trip, is similar to distortionary labour taxation. Consequently, the common practice of applying a single value of the MCPF is not correct. This is an area that requires further work and research.         

Pricing instruments such as a fuel tax and a congestion pricing scheme result in significant government surplus but are potentially inequitable. The evaluations of the efficiency as well as the equity implications of any of these instruments are incomplete unless the uses of the government surplus are specified. The use of the government surplus to finance non-efficient road or public transport investments will not address the efficiency or the equity objectives. Ideally, the use of the government surplus for an overall objective of efficiency and equity should not be limited to the transport sector.

Equity and accessibility measures can only provide information about the potential distribution of welfare among a population or over a geographical area. The sizes of the equity measures are quite sensitive to the level of spatial disaggregation and to the scale and translation in the measure of welfare. While it should in many cases be possible to pass judgment on which one among a set of alternatives is the most equitable, relating the equity objective to a predefined value of any of these measures is not a desirable approach. Furthermore, it is difficult to make a judgment about the equity implication of a policy on the basis of a single measure of equity and without a thorough examination of several measures. Accessibility measures, other than a logsum measure, are ordinal and hence it is problematic to apply equity measures to examine the changes in their distributions.

The Oslo case study answers a number of “interesting questions”.  For each of the instruments and any combination of two or three instruments the social welfare impacts defined in terms of consumer surplus, producer surplus, government surplus and environmental externalities are calculated. The interactions between the instruments (synergy, additivity, complementarity, etc) are evaluated.  And finally for the optimal package the equity impacts, in terms of monetary gains in different locations of the Oslo region and for different socio-economic groups (women, elderly, age group 20-65) and changes in access to employment in the Oslo region are examined. 

5.
Leeds MARS case study (a multimodal case study)

5.1
Introduction

5.1.1
Overview of chapter

The Leeds MARS case study, like the Oslo case study reported in the previous chapter, considers a long term assessment of transport instruments and instrument combinations.  However, the MARS model has a much shorter run time than the RETRO model used in Oslo, so that there is a greater possibility for finding “optimal combinations” of instruments.  

The chapter is organised as follows. An overview of the context in Leeds is given immediately below in this section. Section 5.2 describes the geographical scope and time horizon of the case study, whilst Section 5.3 gives a brief general description of the land use and transport interaction model MARS and describes the reference scenario. Section 5.4 describes the policy instruments considered in the case study: public transport (PT) fare changes, PT frequency changes, bus lanes, cordon pricing and distance based road charges.  Section 5.5 describes the framework constructed for assessing the benefits that would be predicted to follow from the implementation of these instruments, or from combinations of them. This framework is then used in Section 5.6 to assess these instruments and their combinations, and in particular to find “optimal combinations”. Section 5.7 then presents the results of various sensitivity analyses, particularly concerning how an assessment might change with respect to a change in the value of a particular parameter.  Finally, Section 5.8 summarises the results in the chapter and draws conclusions.

5.1.2 Leeds context

Leeds is a city of approximately 750,000 inhabitants in the north of England. Although the textile industry, the main source of prosperity and growth until the Second World War, has now declined, Leeds has been very successful at reinventing itself as a finance and service centre in recent decades and is home to two large (and growing) universities. Currently, the city has a reputation as one of the most upwardly mobile urban areas in the UK (Stillwell and Unsworth, 2004).

As a result, the transport system in Leeds is coming under increasing pressure (Milne et al, 2004). Rising car use on a road network constrained by longstanding development, some of which was originally part of a rural landscape, has resulted in the establishment of many congestion bottlenecks across the city. Attempts to discourage car use to date have centred on measures to restrict the supply and increase the price of long-stay parking in and around the city centre, to deter commuters. However, local transport planners have started to think about road pricing as a long-term solution. 

In addition, attempts to encourage greater use of public transport have traditionally been hampered by the absence of any form of rapid transit system. Although a tram system has been planned since the 1980s, it has met continuous funding difficulties. As a result, planners have concentrated on guided bus and bus priority measures, in order to get the best out of the existing road-based public transport. Park and ride measures are included in the plans for a tram system, but have not been a significant focus otherwise because approximately 70% of city centre employees reside within the developed urban area. Therefore, it has been considered that there is limited potential to reduce car use by encouraging drivers to change mode at the perimeter of the city. This is a sharp contrast to other smaller urban areas (e.g. the city of York, UK), where more than half of city centre-bound trips originate outside the city boundary.

5.2
Geographical scope and time horizon

The geographical scope of the Leeds MARS case study covers the 33 wards of Leeds, which is an area of about 560 km² (Figure 5.1). The time horizon of the case study is 2031. MARS calculates the welfare function for each year up to the time horizon.
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Figure 5.1: Geographical scope of the Leeds MARS case study

5.3
Model description

5.3.1
General description

MARS (Metropolitan Activity Relocation Simulator) is a strategic, dynamic land-use and transport interaction (LUTI) model. MARS was developed as a time-saving alternative to traditional four-step transport models. MARS can model the transport and behavioural responses to several demand and supply-side instruments. These impacts can then be measured against targets of sustainability or other objectives. MARS assumes that land-use is not a constant but is rather part of a dynamic system that is influenced by transport infrastructure. The interaction process is modelled using time-lagged feedback loops between the transport and the land-use sub-models over a period of 30 years.

Two person groups, i.e. those with or without access to a car, are considered in the transport model. The transport model is broken down by commuting and non-commuting trips, including travel by non-motorised modes. The land-use model considers residential and workplace location preferences based on accessibility, available land, average rents and amount of green space available. A rather high level of spatial aggregation is used in MARS. In most case studies this means that the wards/districts are chosen as travel analysis zones. The outputs of the transport model are accessibility measures for each zone while the land-use model yields workplace and residential location preferences per zone. The interaction between land-use and transport modelling components is influenced through a set of policy instruments. For example, new road infrastructure will change the location of housing and workplaces in the long term.

A full description of the simulation model MARS is given in Appendix 3. MARS and its predecessor versions have been used in several projects and case studies.  Examples of such applications are described in: Emberger et al. (2004); May et al. (2002); Pfaffenbichler (2003a); Pfaffenbichler and Emberger (2003); and Pfaffenbichler and Emberger (2004). Up to now MARS models have been set up for seven European cities: Edinburgh, Helsinki, Leeds, Madrid, Oslo, Stockholm and Vienna. The Leeds model consists of 33 zones. The run time for one scenario is slightly higher than one minute. The zoning system is based on wards (see Figure 5.1).

5.3.2
Reference scenario

The total population in the study area in year 2001 is 728,000.  The population is assumed to grow at 0.28% p.a. over the next 30 years giving a total increase of 8.75% over the period (i.e. an increase of 64,000 residents).  During the same period workplaces are expected to grow by 27%. Car ownership is expected to grow at 0.50% p.a. giving a total increase of about 16% over the period. In the Leeds MARS model reference scenario there are no changes in income, transport infrastructure and services, changes in prices and levels of taxes over the evaluation period. The land use changes of the reference scenario are shown in Figures 5.2 and 5.3. The following tables summarise some main assumptions for the Leeds model which are city specific and may influence the interpretation of results if compared to the other models or case studies using MARS. The exchange rate used throughout the model is 1 Euro = 0.62 Pound Sterling.

	Av. car ownership (per 1,000 population
	Trip rate (work- per average day)
	Average occupancy work (non-work)
	Average income (before tax) Euro/month
	Average daily travel time (min)

	307
	1.2
	1.24 (1.33)
	3500
	60


Source: (NTSU, 2002). Average daily travel time is estimated by expert judgment.

Table 5.1: Demand assumptions

	Fuel cost Euro/km
	Tax (duty+VAT)
	Non-fuel costs

Euro/km
	Proportion of non-fuel affecting behaviour

	0.08
	80%
	0.13
	45%


Source: UK TEN in 1998 prices except non-fuel costs which were taken from Vienna model. UK TEN non-fuel costs were 4 pence/km (0.06 euro/km) which gives the 45% affecting behaviour.

Table 5.2: Fuel and non-fuel costs for private car
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Figure 5.2: Changes in land use (# residents and # workplaces by zone) in the Leeds reference scenario, with respect to the present day
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Figure 5.3: Changes in land use (percentage change of ratio workplaces to residents by zone) in the Leeds reference scenario, with respect to the present day

The data for calibration of the Leeds model was adapted from a series of different sources and is based on recent data. The MARS Work purpose was calibrated according to the following proportions:  slow modes (20%); public transport (28%); and private car (52%). (This assumes no change from 2000 to 2005 data). The non-work trips were calibrated to: slow modes (25%); public transport (22%); and private car (53%). The other data which were used for calibration were the development data derived from the Leeds Unitary Development Plan (2001) and the Leeds Economy Handbook (2002). In Leeds the development of residential and commercial areas available are taken from the Leeds Unitary Development Plan (2001). The developable land or floor space per zone (as defined in Appendix 3) was used as a means of calibrating the development model used in MARS. The calibration is more of a calibration to planned developments (in the first 5 years) rather than a calibration to development which has occurred between say 1991 and 2001, i.e. the case study did not use a back-casting approach.

5.4
Policy instruments

5.4.1
Tested combinations of policy instruments

Table 5.3 provides a summary of the policy instruments tested in the Leeds MARS case study.  These instruments are described further below in Section 5.4.2 and 5.4.3.

	Pricing instruments
	Physical and regulatory instruments

	Public transport fares
	Public transport frequency

	
	Bus lanes

	Cordon pricing
	Public transport frequency

	
	Bus lanes

	Distance based charging
	Public transport frequency

	
	Bus lanes


Table 5.3: Policy instrument combinations tested in the Leeds MARS case study

5.4.2
Pricing instruments

Public transport fares

The instrument "public transport fare" is applied as a percentage change to all OD-pairs. It is assumed that this instrument causes neither additional operating costs nor investments.

Cordon pricing

In the Leeds MARS case study the charged area is the Leeds CBD (Ward “City and Holbeck”). A sketch of the Leeds cordon charging scheme is shown in Figure 5.4. Every trip starting or ending in the CBD is charged. The investment costs for the implementation of the cordon pricing scheme are assumed to be one million euros, following estimates made by the Oscar Faber Consultancy (2001) for Birmingham. 

The operating costs are assumed to be 10,000 euros per year, with the cost per toll point assumed to be 150 euros per peak-hour, based upon estimates made by the Oscar Faber Consultancy (2001).

[image: image34.png]



Figure 5.4: Leeds cordon pricing scheme

Distance based charging

The investment costs for a distance based road charging scheme are assumed to be 270 million Euros. (Litman, 2004) was used as an orientation for the investment costs. The operating costs are assumed to be 10 million Euros per year.

5.4.3
Physical and regulatory instruments

Public transport frequency

The instrument "public transport frequency" is applied as a percentage change to all OD-pairs. Changes in PT frequency cause investments and operating costs as shown in Table 5.4 and Figure 5.5. The capital cost for frequency changes are based on estimates to double the fleet of buses (taken from FATIMA, 1999) and then expressed as an amount required per one percent change. The operating costs are calculated for peak and off-peak based on the current vehicle-kms and a cost of 125 pence per bus-km (source: CfIT, 2002a). Note that the cost-savings for a decrease in frequency are based on 75% of the costs for increases in frequency (advice taken from Dr Bristow, the author of the CfIT study).

Note that the operating costs dominate as these are applied for each year. Note also that there are no capital costs for increasing frequencies in the off-peak as it is assumed that buses are available from the peak.

	Change
	Investment (mio. €)
	Operating costs (mio. €/a)

	
	Peak
	Off peak
	Peak
	Off peak

	+10%
	4
	0
	2.95
	4.42

	-10%
	4
	0
	2.21
	3.31


Table 5.4: Investments and operating costs changes for PT frequency changes
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Figure 5.5: Investments and operating costs changes for PT frequency changes as they contribute to EEF

Bus lanes

The policy instrument "bus lanes" as used in the MARS Leeds case study consists of three corridors running into the city centre (Figure 5.6).  The driving speed of buses increases by 25% on these corridors while the capacity for private cars decreases by 25%. The investment costs are assumed to be one million Euros. The operating costs are assumed to be 100,000 Euros per year.
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Figure 5.6: Leeds case study bus lanes

5.5
The assessment approach

5.5.1
General approach

The assessment approach is based on a Cost-Benefit-Analysis (CBA) including external costs. The Leeds MARS case study uses the following objective function for the assessment of transport policies:
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Equation 5.1: Objective function

Legend:

EEF
Economic efficiency objective function (€)

r
Discount rate

X(t)
Vector of levels of policy instruments which can be used to maximise the objective function EEF

U(X(t))
Balance of all user benefits and costs in year t (€)

O(X(t))
Balance of all operator benefits and costs in year t (€)

E(X(t))
External costs in year t (t)

I(X(t))
Sum of capital investments in year t (€)

User benefits and costs are calculated using the rule of a half (Equation 5.2). The value of time is 9 €/h for commuting trips and 7.29 €/h for other trip purposes.
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Equation 5.2: Balance of user benefits and costs

Legend:

tmij(X(t))
Monetised travel time for mode m from source i to destination j in year t for the policy instrument vector X(t) (€)

tmij(0)
Monetised travel time for mode m from source i to destination j in year t in the "do minimum" scenario (€)

cmij(X(t))
Travel costs for mode m from source i to destination j in year t for the policy instrument vector X(t) (€)

cmij(0)
Travel costs for mode m from source i to destination j in year t in the "do minimum" scenario (€)

Tmij(X(t))
Trips by mode m from source i to destination j in year t for the policy instrument vector X(t) (€)

Tmij(0)
Trips by mode m from source i to destination j in year t in the "do minimum" scenario (€)
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Equation 5.3: Balance of operators’ benefits and costs

Legend:

o(X(t))
Costs for the operation of the policy instrument vector X(t) in year t (€)

rmij(X(t))
Operators revenues for mode m (PT fares, road charges, etc.) from source i to destination j in year t for the policy instrument vector X(t) (€)

rmij(0)
Operators revenues for mode m (PT fares, road charges, etc.) from source i to destination j in year t in the "do minimum" scenario (€)
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Equation 5.4: External costs

Legend:

e(t)
External costs per unit of indicator k in year t (€/unit)

kKmij(X(t))
Units of indicator k by mode m from source i to destination j in year t for the policy instrument vector X(t) (t, Vh-km)

kKmij(0)
Units of indicator k by mode m from source i to destination j in year t in the "do minimum" scenario (t, Vh-km)

The unit costs for local pollutants are 8 €/kg NOX and VOC. The unit costs for accident costs are 4 Cents/Veh-km for car and 1.3 Cent/Veh-km for PT. The unit costs for CO2-emissions are time dependent as shown in Figure 5.7. The public value of finance (PVF) is calculated as shown in Equation 5.5.
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Figure 5.7: CO2-unit costs
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Equation 5.5: Public value of finance (PVF)

5.5.2
Values used in the case study

Table 5.5 shows the values of various parameter values used in the economic assessment in the Leeds MARS case study. Consistent with standard practice, the value of time (VOT) for waiting and walking time was assumed to be double the VOT when travelling by motorised transport. In addition to these assumptions there is a cost on CO2 emissions which starts with a value of 112 Euro/tonne emitted in 2001 and increases by 1.6 Euro/tonne emitted per annum. 

	Value of time (peak) Euro/hour
	Value of time (off-peak) Euro/hour
	Pollutant NOx
Euro/kg
	Pollutant VOC

Euro/kg
	Accidents

Private Car

Euro/veh-km
	Accidents

Public Transport

Euro/veh-km

	9.0
	7.29
	6.77
	5.48
	0.03
	0.058


Table 5.5: Evaluation parameters for Leeds

5.6
Case study results

5.6.1
Public transport fares

A series of MARS runs in steps of 25% from –100% to +100% was performed to identify the public transport fare level resulting in the highest value of the economic efficiency objective function (EEF). The result of the variation of public transport fares is shown in Figure 5.8. The highest value for EEF is reached for a fare change of –100%, i.e. no fare for public transport trips at all. The EEF value in this case is about 660 million Euros. On the contrary the public value of finance (PVF) is highly negative for a fare change of –100%.
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Figure 5.8: Variation of EEF and PVF with public transport fares

Table 5.6 shows how the economic benefits are distributed between different social groups in the case of a 100% PT fare reduction. Clearly PT operators suffer the greatest disbenefits, with zero PT fares resulting either in a loss to them of about 2.5 billion Euros over 30 years unless a public subsidy were to be provided to them. Such a subsidy would not in general be politically feasible unless the revenue could be raised from an instrument such as road pricing, and the combination of the two instruments will be discussed further below.  Public transport users receive a benefit of about 2.8 billion Euros. But also car users profit from the instrument: their benefits are approximately 400 million Euros over a 30 year period.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	197.1
	355.6
	2,619.4
	33.8
	-2,482.3
	0.0
	-9.2
	-81.0
	25.2


Table 5.6: Composition of EEF –100% PT fare

The version of MARS used in this case study includes no PT overcrowding model. The following calculations were made to estimate whether zero fares lead to substantial overcrowding. It is assumed that the PT operates 18 hours per day of which 6 are peak period and 12 are off peak period. The ratio of headway times off peak to peak is 1.5. Furthermore, it is assumed that the overall occupancy rate during the peak period is 90%. With these assumptions the carrying capacity of the PT system can be calculated to be about 260,000 places for the peak period and about 345,000 places for the off-peak period. Zero fares lead to a peak period occupancy rate of about 100% in the first years after its implementation. The occupancy rate then decreases to about 96% in the final year. It can be concluded that zero fares lead to a certain degree of overcrowding but does not exceed the capacity of the PT system substantially.
Figure 5.9 and Table 5.7 show the results for a combination of public transport fares with bus lanes.
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Figure 5.9: Variation of EEF and PVF with varying PT fare in combination with bus lanes

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	3,189.2
	270.6
	2,903.8
	23.9
	-2,484.8
	0.0
	0.0
	99.7
	-110.6


Table 5.7: Composition of EEF PT fare -100% and bus lanes

Table 5.8 shows the result for the combination of PT fare and cordon charge which gives the highest value of EEF.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	257.1
	386.1
	2,634.8
	-443.9
	-2,482.3
	454.8
	-49.3
	-82.6
	19.2


Table 5.8: Composition of EEF PT fare -100% and a cordon charge of 1.5 Euros

The following “interesting questions” from Chapter 2 can be answered in connection with the above results:

· What changes in public transport fares (increases or decreases) are needed to replicate or improve the benefits of current measures?

Public transport fares have to be reduced by 8.5% to replicate the EEF-value of a cordon charge of 1.5 Euro (see section 5.7.2).

· Is the scheme feasible in terms of political acceptability?

As free public transport would require an enormous amount of additional subsidies for PT operators it can be concluded that such a strategy is not politically acceptable if the instrument is applied in isolation.

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

As can be seen in Table 5.9, the reduction of the share of slow modes in all strategies from an environmental point of view is a negative side effect.

	Strategy
	Slow modes
	PT
	Car

	Do minimum
	22.0%
	21.9%
	56.1%

	PT Fare -100%
	20.0%
	24.3%
	55.7%

	Bus lanes & PT Fare -100%
	19.6%
	26.1%
	54.3%

	Cordon charge 1.5 Euro & PT Fare -100%
	20.1%
	24.4%
	55.5%


Table 5.9: Effects of different strategies on the modal share in year 30

· If public transport fares are not introduced alone, but in conjunction with other PT specific measures, what will be the overall benefits (for different levels of fares)? 

As can be seen in Figure 5.9, the difference between EEF(PT Fare) and EEF(PT Fare, Bus lane) varies between +3.2 billion Euros (Fare –100%) and +3.3 billion Euros (Fare +100%). 

· What packages are needed to achieve the same benefit as that achieved through the best performing level of public transport fares?

Table 5.10 shows PT fare and frequency packages which achieve about the same benefit EEF as a 100% fare reduction alone. There is a nearly functional relation between PT fare and PT frequency levels (see Equation 5.6). Table 5.11 shows the composition of EEF for the different PT fare and frequency packages. There is a clear trade off between PT operator and user costs and PT and car time savings. There are no big differences in mode split between the different packages.

	Fare
	-100%
	-75%
	-50%
	-25%
	0%
	+25%
	+50%
	+75%
	+100%

	Frequency
	0%
	4%
	10%
	15%
	21%
	28%
	36%
	47%
	60%


Table 5.10: PT fare and frequency combinations which achieve the same benefit as a 100% fare reduction
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Equation 5.6: Relation between PT fare and frequency to achieve the same benefit as a 100% fare reduction

Legend:

Frequency
Percentage change in PT frequency (%)

Fare
Percentage change in PT fare  (%)

	Fare
	Frequ​ency
	User
	Operator
	Govern​ment
	External costs

	
	
	Time savings
	Revenues and costs
	Public transport
	Parking
	Toll
	
	

	
	
	PT
	Car
	PT
	Car
	
	
	
	
	

	100%
	60%
	749.6
	198.2
	-2,014.8
	18.1
	1,725.6
	-2.7
	0.0
	-36.7
	1.2

	75%
	47%
	732.7
	200.3
	-1,935.3
	18.3
	1,661.4
	-2.9
	0.0
	-37.4
	2.0

	50%
	36%
	544.3
	222.3
	-724.8
	20.5
	611.1
	-4.1
	0.0
	-55.7
	11.6

	25%
	28%
	533.7
	226.9
	-645.1
	21.0
	541.5
	-4.3
	0.0
	-36.3
	12.1

	0%
	21%
	450.0
	244.5
	0.0
	22.7
	-37.6
	-5.0
	0.0
	-35.5
	15.6

	-25%
	15%
	384.0
	270.2
	647.8
	25.3
	-630.4
	-6.0
	0.0
	-49.5
	18.7

	-50%
	10%
	325.5
	300.1
	1,300.5
	28.3
	-1,236.6
	-7.1
	0.0
	-95.7
	21.6

	-75%
	4%
	249.9
	320.7
	1,955.3
	30.4
	-1,849.4
	-8.0
	0.0
	-102.0
	23.2

	-100%
	0%
	197.1
	355.6
	2,619.4
	42.0
	-2,482.3
	-11.5
	0.0
	-129.4
	25.2


Table 5.11: Composition of EEF for the different PT fare and frequency packages

5.6.2
Cordon pricing

A series of MARS model runs in steps of 0.5 Euros between 0 and 8 Euro were carried out to identify the cordon charge level which results in the highest value of EEF. The result of the variation of the cordon charge level is shown in Figure 5.10. The highest value for EEF is reached for a charge of about 1.5 Euros. The EEF value in this case is about 60 million Euros.
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Figure 5.10: Variation of EEF and PVF with varying cordon charge

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	57.7
	31.1
	0.0
	-482.6
	28.0
	464.5
	-39.3
	6.4
	-7.9


Table 5.12: Composition of EEF Charge 1.5 Euro 

Table 5.13, Table 5.14 and Figure 5.11 show the results of a combination of cordon pricing with public transport frequency. The highest EEF value for a combination of a cordon charge and PT frequency changes is reached with 1.5 Euro cordon charge and +125% frequency.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	1,799.3
	761.4
	0.0
	-403.6
	-659.2
	448.1
	-54.7
	-138.9
	7.6


Table 5.13: Composition of EEF: 1.5 Euro cordon pricing and +125% PT frequency

The above strategy results in a value for PVF of –400 million Euros. This is politically not feasible. Therefore the question is: Which is the combination with the highest EEF value and a PVF value equal or higher than zero? The policy space which fulfils the condition PVF > 0 is shown in Figure 5.11. The highest EEF value was found for the combination PT frequency +125% and 3.0 Euro cordon pricing.
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Figure 5.11: EEF values for PVF > 0

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	1841.7
	769.3
	0.0
	-980.0
	-638.1
	927.6
	-98.1
	-140.0
	19.7


Table 5.14: Composition of EEF: 3.5 Euro cordon pricing and +125% PT frequency

Figure 5.12 and Table 5.15 show the results for a combination of cordon pricing with bus lanes.
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Figure 5.12: Variation of EEF and PVF with varying cordon charge in combination with bus lanes

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	2,932.4
	-51.0
	0.0
	-650.8
	537.2
	612.7
	-43.4
	135.2
	-136.8


Table 5.15: Composition of EEF cordon charge 2.0 Euros and bus lanes

· Are there particular positive or negative impacts on any of the indicators (e.g. mode split, environmental benefits)? 
Table 5.16 shows the effects of different strategies on modal share in year 30. It can be seen that the cordon charge of 1.5 euro has only a very small effect on modal share.  However, this result can be attributed to the fact that the cordon charge only affects a very small part of the total study area. Cordon charges in combination with public transport frequency changes increase the PT mode at the expense of both slow and car modes. 

	Strategy
	Slow modes
	PT
	Car

	Do minimum
	22.0%
	21.9%
	56.1%

	Cordon charge 1.5 Euro
	22.1%
	21.9%
	56.0%

	Cordon charge 1.5 Euro & PT Frequency +125%
	18.3%
	27.4%
	54.3%

	Cordon charge 3.5 Euro & PT Frequency +125%
	18.3%
	27.5%
	54.1%

	Cordon charge 2.0 Euro & Bus lanes
	21.7%
	23.6%
	54.7%


Table 5.16: Effects of different strategies on the modal share in year 30

· If a package of road cordon pricing together with different bus priority measures (such as bus lanes, frequencies etc.) is implemented, what levels of benefits could be achieved by the package compared to any of the measures alone?

Table 5.24 below shows that cordon charges essentially form an “additive” combination with PT frequency or bus lane instruments, i.e. the total benefit of the combination is approximately equal to the sum of the total benefits of each instrument implemented in isolation. 

5.6.3
Distance based road charging

A series of MARS model runs in steps of 0.25 Euros between 0 and 3 Euro per kilometre was carried out to identify the distance based charge level which results in the highest value of EEF. The result of the variation of the distance based charge level is shown in Figure 5.13. The highest value for EEF is reached for a charge of about 1.0 Euros. The EEF value in this case is about 2,000 million Euros.
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Figure 5.13: Variation of EEF and PVF with varying distance based charge

A regression analysis based on the calculated EEF values (Figure 5.13) was made to determine the distance based charge resulting in the highest EEF value. Setting the derivative of the regression equation to 0 gives a charge of 1.13 €/Veh-km for the maximum EEF value.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	1,182
	2,119
	0
	-27,670
	572
	25,884
	57
	-493
	438


Table 5.17: Composition of EEF Distance Based Charge 1.13 Euro/km

Table 5.18 shows the results of a combination of a distance based charge with public transport frequency.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	3,472
	2,648
	0
	-23,913
	-150
	21,920
	25
	-630
	571


Table 5.18: Composition of EEF Distance Based Charge 1.0 Euro/km and +150% PT frequency

Figure 5.14 and Table 5.19 show the results for a combination of cordon pricing with bus lanes.
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Figure 5.14: Variation of EEF and PVF with varying distance based charge in combination with bus lanes

A regression analysis based on the calculated EEF values (Figure 5.14) was made to determine the distance based charge resulting in the highest EEF value. Setting the derivative of the regression equation to 0 gives a charge of 1.52 €/Veh-km for the maximum EEF value. The arrow in Figure 5.14 indicates how the total benefits from the optimum distance based charge are increased when distance-based charges are combined with bus lanes.

	User
	Operator
	Govern​ment
	External costs

	Time savings
	Revenues and costs
	Public transport
	Toll
	Parking
	
	

	PT
	Car
	PT
	Car
	
	
	
	
	

	4,805.4
	2,414.1
	0.0
	-37,439.5
	1,395.4
	35,844.3
	70.1
	-467.6
	463.3


Table 5.19: Composition of EEF Distance Based Charge 1.50 Euro/km in combination with bus lanes

· Are there particular positive or negative impacts on mode split?

Table 5.20 shows the effects of different strategies involving distance based charging upon mode share. In general, as would be expected, such strategies reduce the car mode share.  However, strategies without an increase in PT frequency increase the slow mode share whilst the strategy including such an increase in frequency reduces the slow mode share. 

	Strategy
	Slow modes
	PT
	Car

	Do minimum
	22.0%
	21.9%
	56.1%

	Distance based charge 1.13 Euro
	24.0%
	26.1%
	49.9%

	Distance based charge 1.0 Euro & PT Frequency +150%
	19.4%
	33.4%
	47.1%

	Distance based 1.5 Euro & Bus lanes
	23.9%
	29.3%
	46.8%


Table 5.20: Effects of different strategies on the modal share in year 30

· If a package of distance charging together with different bus priority measures (such as bus lanes, frequencies etc.) is implemented, what levels of benefits could be achieved by the package compared to any of the measures alone?

Table 5.24 below shows that there is a high degree of synergy between distance charging and bus lanes, i.e. the total benefits from the combination are far higher than the addition of the total benefits when applying the instruments in isolation.

5.7
Sensitivity analysis

5.7.1
Investment and operation costs road charging

The estimates for the investment and operating of the road charging regimes are rather uncertain. Therefore, sensitivity tests have been carried out. These tests show that changes in investment and operating costs lead to a parallel shift of the EEF surface, i.e. the optimal instrument values are independent from the investment and operating costs (see Figure 5.15).
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Figure 5.15: EEF values as a function of distance based charge for different investment and operating cost levels

5.7.2
Marginal costs of public funds (MCPF)

In general this case study uses a value of 1.0 for the MCPF (see section 3.4.2 above).  A sensitivity analysis varying MCPF from 1.0 to 1.4 was carried out to investigate the effects of different MCPF levels. As it can be seen from Figures 5.16, 5.17 and 5.18, the level of MCPF does not only affect the value of the optimal EEF but also the level of the charge at which this optimal level is reached.
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Figure 5.16: EEF-values as a function of cordon charge levels and marginal costs of public funds, with the dotted line showing the values of cordon charge giving the highest values of EEF
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Figure 5.17: EEF-values as a function of PT fare levels and marginal costs of public funds
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Figure 5.18: EEF-values as a function of PT fares, cordon charges and marginal costs of public funds (MCPF)

5.8
Summary and conclusions

5.8.1
Model results
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Figure 5.19: Summary of the EEF-values for different tested instrument combinations
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Figure 5.20: Summary of the CO2-emissions cumulated over a period of 30 years for different tested instrument combinations

	
	PT Fare ‑100%
	PT Frequency +125%
	Bus Lanes
	PT Fare –100% & PT Frequency +125%
	PT Fare –100% & Bus Lanes

	Demand for car
	-0.5%
	-1.3%
	+4.1%
	-2.5%
	+3.9%

	Demand for PT
	+9.9%
	+22.5%
	+13.5%
	+36.9%
	+25.4%

	Demand walk/cycle
	-7.9%
	-13.9%
	+4.3%
	-23.6%
	-3.6%

	CO2 emissions
	-1.3%
	+1.2%
	+3.5%
	-1.3%
	2.4%


Table 5.21: Changes in mode and environmental emissions relative to the do-minimum scenario (PT Fare)

	
	Cordon charge1.5 €
	PT Frequency +125%
	Bus Lanes
	Cordon charge1.5 € & PT Frequency +125%
	Cordon charge2.0 € & Bus Lanes

	Demand for car
	+0.5%
	-1.3%
	+4.1%
	-1.0%
	+4.7%

	Demand for PT
	+0.8%
	+22.5%
	+13.5%
	+23.4%
	+14.6%

	Demand walk/cycle
	+0.8%
	-13.9%
	+4.3%
	-13.3%
	+5.4%

	CO2 emissions
	+0.1%
	+1.2%
	+3.5%
	+1.1%
	+3.6%


Table 5.22: Changes in mode and environmental emissions relative to the do-minimum scenario (Cordon charge)

	
	Km-Charge 1.0 €/km
	PT Frequency +125%
	Bus Lanes
	Km-Charge 1.0 €/km & PT Frequency +150%
	Km-Charge 1.5 €/km & Bus Lanes

	Demand for car
	-5.9%
	-1.3%
	+4.1%
	-10.3%
	-4.9%

	Demand for PT
	+18.2%
	+22.5%
	+13.5%
	+50.6%
	+43.9%

	Demand walk/cycle
	+10.6%
	-13.9%
	+4.3%
	-5.7%
	+20.5%

	CO2 emissions
	-13.0%
	+1.2%
	+3.5%
	-14.7%
	-14.9%


Table 5.23: Changes in mode and environmental emissions relative to the do-minimum scenario (Distance based charge)

5.8.2
Interactions between instruments

The definitions of the types of interaction are provided in section 2.2. The limit from additivity to synergy and substitutability is assumed to be +/-10% change in the value of EEF. The results for six different instrument combinations are shown in Table 5.24. Five of the tested instrument combinations can be considered as being additive. For three of them the difference is smaller than 1%. For two of them the difference is between 4% and 5%. Only the combination of distance based charge and bus lanes shows a high degree of synergy. EEF for their combination is about 40% higher than the addition of the values of the single instruments.

	Instrument
	Value
	EEF 
(mio. Euro)
	Instrument 
	Value
	EEF 
(mio. Euro)
	Addition
	Combination
	Difference

	PT Fare
	-100%
	655.82
	PT Frequency
	+125%
	1,689.01
	2,344.83
	2,442.41
	4.2%

	
	
	
	Bus lane
	X
	3,255.26
	3,911.08
	3,893.04
	-0.5%

	Cordon charge
	1.5 €
	58.19
	PT Frequency
	+125%
	1,689.01
	1,747.20
	1,759.93
	0.7%

	
	
	
	Bus lane
	X
	3,255.26
	3,310.93
	3,336.62
	0.8%

	Distance based charge
	1.0 €/km
	2,082.50
	PT Frequency
	+150%
	1,683.32
	3,765.82
	3,943.21
	4.7%

	
	
	
	Bus lane
	X
	3,255.26
	5,078.49
	7,086.39
	39.5%


Table 5.24: Interactions of the tested instruments

5.8.3
Conclusions

Why were this case study and these instruments selected?

A pragmatic reason for the selection of the city of Leeds as a case study was that data for the model MARS were already available from previous projects and case studies (Emberger et al., 2004; May et al., 2002; Pfaffenbichler, 2003a; Pfaffenbichler and Emberger, 2003; Pfaffenbichler and Emberger, 2004). The instruments used in this case study were selected to reflect the goal of the project SPECTRUM to investigate the effects of a combination of economic instruments with physical and regulatory instruments. The feasibility and the effort necessary to model the instruments played a significant role in the selection of instruments. The instruments PT fares, PT frequency, bus lanes and cordon charge have already been used in previous studies: therefore, a user interface to simply calculate the effects of these instruments was available. Data collection and input was necessary for the instrument bus lanes. Programming work was necessary to implement the instruments distance based road charge. The implementation of a cordon charge has, over the last ten years, been discussed in Leeds (though it is not leading the current priorities of the local authority). The bus lanes operate on the same corridors as the projected Leeds Supertram. The behavioural effects of these instruments are rather similar. The main differences are the investment and operating costs.

Why is our analysis relevant for decision makers?

Policy strategies which produce additional welfare without costs do not exist, i.e. there are always parties which have to pay for the strategy.  For example, if only changes in PT fares are taken into account, an increase in welfare would have to be paid by high losses for the PT operators, such a strategy is impossible in an environment with private PT operators. The PT operators would not accept losses and compensating them with additional subsidies is also politically unacceptable. This case study shows how decision makers can achieve the same level of welfare increase with instrument combinations and balance the burden for the additional welfare between the different actors.

What answers does it provide?

The same increase in welfare can be realised by numerous different policy instrument combinations. While the welfare increase, measured by the value of the objective function, is the same, the composition is different.  For example, PT operators can be the losers in one strategy while they are the winners in another. MARS provides a tool to analyse and assess which groups gain and loose. Decision makers can select the appropriate strategy taking into account barriers and acceptability issues.

The sensitivity analysis shows that the optimal level of road charges is independent from its investment and operating costs. Investment and operation costs only affect the level of the maximum of the objective function not its position.

The sensitivity analysis furthermore shows that the influence of MCPF is very large. Changing the value of MCPF can completely invert the optimal instrument combination.

What are the innovative methodological elements?

MARS is a dynamic land use and transport model on a strategic level. It considers the feedback loops between land use and transport as well as the feedback loops between transport supply and demand. Due to the short run times of the strategic model it is possible to calculate potential policy strategies, i.e. instrument combinations, for given welfare increases.

What are the limitations and problems?

MARS is a strategic model. This fact implies limitations by its very nature. MARS is a priori not intended to analyse local transport effects and problems. The MARS results can be used as input or background data for a more detailed spatial analysis, therefore car re-routeing effects are not taken fully into account. The current version of MARS does not include a PT overcrowding sub-model. Separate PT capacity calculations were performed within this case study to overcome this limitation. Suggestions to overcome these limitations in future case studies are made in the next section.

What are the future directions which should be followed?

Linking the strategic land use and transport model MARS with an assignment model is one of the projects proposed for the future. Another proposal for the future developments is the inclusion of a PT crowding sub-model. The use of an assignment model could be used to realize this task. Other proposals for future developments are concerned with the improvement of the land use model part and a change in the software platform.

6.
Leeds SATURN case study (a road sector case study)
6.1
Introduction

6.1.1
Aim of case study

The aim of this case study is to make a complementary investigation to the Leeds MARS case study, described in the previous chapter.  It concentrates on the road sector for the morning peak hour, making assessments over the short term (in comparison to the thirty year assessment horizon in the Leeds MARS case study).  As a result of concentrating on the road sector, it will not consider instruments such as public transport passenger fare changes. On the other hand, it will represent the effects of economic instruments such as road pricing more accurately (for the peak hour in the short term) more accurately than was feasible in the Leeds MARS case study.

The case study uses the SATURN model of the city of Leeds, as used by the local authority in various planning studies.   The packages of instruments under investigation in the case study have been developed from the "interesting questions" defined and discussed above in Chapter 2.4.  Thus, the Leeds SATURN case study considers the following:

For road pricing (cordon/corridor) schemes and fuel taxes (distance-based charges):

· Comparison of road pricing schemes with fuel taxes.

· Investigation into the best level of charge for the scheme.

· Impacts with respect to environmental indicators and vehicle distance travelled.

· Impact on car user trips.

· Car user benefits equity.

For road pricing schemes combined with fuel taxes:

· Comparison with road pricing and fuel tax only schemes.

· Investigation into the best level of charge for the scheme.

· Impacts with respect to environmental indicators and vehicle distance travelled.

· Impact on car user trips.

· Car user benefits equity.

For bus only streets combined with other instruments:

· Comparison with other instruments and with bus only street scheme.

· Impacts with respect to environmental indicators and vehicle distance travelled.

· Impact on car user trips.

· Car user benefits equity.

6.1.2 Structure of chapter

Since Leeds has already been described in Chapter 5, there is no need to describe it further in this chapter.  The remainder of this section provides an introduction to the SATURN software and the Leeds SATURN model.  Section 6.2 provides a brief discussion of relevant earlier research results for Leeds.  The instruments to be analysed are then explained in Section 6.3, and the assessment procedures and relevant model parameters are discussed in Section 6.4.   The modelling results (including the results of an investigation into user equity benefits) are presented in Section 6.5, with a summary and conclusions being provided in Section 6.6. This final section includes a comparison with the Leeds MARS results in Chapter 5.

6.1.3 Overview of SATURN

SATURN (Simulation and Assignment of Traffic to Urban Road Networks) is a flow-based congested assignment model, based on assumptions of steady state conditions and Wardrop User Equilibrium, that was developed at the Institute for Transport Studies during the 1980s (Van Vliet, 1982). It contains two sub-models:

(i) an assignment sub-model, in which traffic chooses minimum cost routes based on estimates of economic generalised cost, computed as a weighted combination of travel time, travel distance and money; and

(ii) a simulation sub-model, in which turning movement specific delays at junctions are estimated, based on the traffic flows generated by the assignment.

These models are run in an iterative manner, with delay estimates from the simulation being used to produce updated travel times for the assignment, until mathematical convergence (within the sub-models) and stability (between them) is achieved.

In its simplest form, SATURN assumes that road travel demand remains fixed and that only the routes chosen change, in response to changes in generalised cost resulting from different network scenarios. However, it also contains the facility for variable demand, through the extension of the assignment sub-model to include an elastic assignment algorithm (Hall et al, 1992), which allows traffic volumes to change based on an own-price elasticity relationship, again in response to changes in generalised cost. This representation of demand response is relatively simple, as it does not take account of the costs of alternative travel choices or attempt to predict where trips that are suppressed / generated by the elastic response go to / come from. However, its treatment of travel cost is rather more sophisticated than is normally found within more strategic demand models and the level of spatial detail represented is typically much finer. Its applications include the prediction of both how exogenous estimates of future road travel demand may be constrained by limited network capacity and how any prevailing demand level may be affected by policies such as road pricing and changes to parking charges.

Fiscal policies, such as road pricing and parking charges, may be implemented in SATURN as simple additions to generalised cost, calculated via a value of time and applied to appropriate links within the network during the assignment procedure. Previous research has resulted in model developments to allow several different practical road pricing approaches to be represented, including both cordon and distance-based charging (May and Milne, 2000).

Although SATURN does not attempt to represent mode choice, it does incorporate road-based public transport within the road network and is able to illustrate how its performance will be affected by changes in network capacity, traffic flows and resulting travel conditions. In particular, it is possible to test the impacts of bus lanes, bus-only links and preferential treatment of buses at signals (although the static nature of the model is not ideal for considering vehicle responsive signals).

6.1.4 Previous use of Leeds SATURN model

Leeds has maintained an application of the SATURN model since the late 1980s and local transport planners have used it to investigate the impacts of all significant planning decisions affecting the road network. In addition, this model has been used during a number of research projects to explore the potential of policy measures such as road pricing, parking charges, park and ride and public transport priority for solving urban transport problems. Some of these results are described further below (in Section 6.2).

6.1.5 Numerical information about Leeds SATURN model

The Leeds SATURN model application used in SPECTRUM represents morning peak hour traffic. The dimensions of the network are as follows: 

    Simulation Nodes                1129          

    Simulation Links                 2365          

    Zones                                     478           

    Buffer Nodes                         537           

    Bus Routes                              93  

    Car User Trips (Base)     102740          

The network contains 162 bus lanes, which have been modelled as “bus only links”.

SATURN uses two behavioural parameters to determine the relative weights given to the time and distance components of generalised cost in the assignment model: PPM (“pence per minute”) and PPK (“pence per kilometre”). Since these parameters are used simply to trade off time and distance, their absolute values are not important and they do not have any meaning in the sense of true values of time or distance. For the Leeds model, PPK and PPM have been calibrated as 0.50 and 1.0 respectively.

The PCU value for buses (
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) has been found previously to be 2 and so the SATURN Leeds model uses this value. 

The elastic assignment model being used for this investigation is the elastic assignment power law, which is defined as follows:
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, based on evidence from literature (Goodwin, 1992).

6.2
Previous relevant research results

Previous research has been conducted using the Leeds SATURN model application to test the potential impacts of a range of road pricing and parking charge policies.

The EU TRANSPRICE project investigated the potential benefits of a parking cordon around the city centre (Ghali et al, 2000). This was designed as a hybrid of road pricing and parking charges, which levied fees based on duration of stay (similar to parking charges) across a cordon that included all exits from the central business district. Its objectives were to deter through traffic and replace existing charges for public car parks and on-street parking with a general exit fee that would also apply to commuters who are provided with free private parking spaces by their employers (estimated to be around 43% of city centre parking capacity). Although the initial intention was to keep parking charges at their prevailing level and simply apply them universally, the modelling work concluded that a parking charge increase of around 50% would be required to generate significant transport benefits in and around the city centre. This was found to be the case because, without higher charges, reductions in travelling by those who previously paid nothing were largely wiped out by increases in travelling by those who paid the same but perceived benefits in terms of reduced travel time and distance costs, brought about by lower congestion on access routes close to the centre. However, even with the higher charges, the reduction in travelling over the city as a whole was only of the order of 2%, because (even in the morning peak) only around 20% of trips currently terminate in the city centre.

Further U.K. funded research has investigated the impacts of alternative road pricing scenarios within the Leeds network, in comparison to other cities (May and Milne, 2004). This has found that the complex and irregular topology of the Leeds road network makes spatially extensive pricing systems difficult to implement (much more so than in either Cambridge or York, which have more regular ring-radial networks). In particular, the greater focus of development to the north of the centre (a longstanding historical feature) and associated variation in distance of the main outer orbital route around the city from the centre produces very complex rerouting impacts when a road pricing cordon is located at the perimeter of the city. This tends to put additional pressure on a number of routes that have insufficient capacity to cope, producing overall disbenefits in travel conditions despite reductions in trip-making. Similarly, any attempt to define a wider city centre cordon that goes beyond the small central business district contained within the grade-separated Inner Ring Road tends to produce disbenefits due to rerouting. The logic here is very simple. If the grade separated route is charged, there will be diversion of strategic through traffic onto the lower capacity local road network around it. However, if it escapes uncharged there would, in effect, be a hole in the cordon. This work concluded that, while a tight cordon around the CBD may be useful as part of a city centre management strategy, more extensive and continuous charges, such as those based on travel distance, may be required to produce significant improvements in the performance of the Leeds road network. 

Both pieces of research focused on single, pricing-related measures, but resulted in the sort of limited benefits and negative side effects that suggest their performance may be improved by use in combination with other pricing and non-pricing measures

6.3
Instruments to be analysed

The "interesting questions" for urban road transport defined earlier include road pricing as an instrument, in combination with fuel taxes and bus lanes.    In this chapter, road pricing is being modelled in two ways, the first of which is a peak time charge imposed on connected network links, which may be thought of as a corridor charge.  The second method has been to define a cordon of network links within the city centre, and impose a charge to vehicles crossing into the city centre.  Fuel taxes are not directly modelled in SATURN, but since fuel used is related to distance travelled, distance charging has been selected as an instrument related to the "interesting questions".  This is also an instrument that has been found to perform particularly well in previous work. The third instrument to be considered is the bus lane, which is modelled in Leeds as a bus-only street.  Thus, an appropriate selection of the "interesting questions" is being tackled in the Leeds SATURN case study:

(i) Corridor charging

(ii) Distance charging

(iii) Corridor charging combined with distance charging

(iv) City centre cordon charging

(v) City centre cordon charging combined with distance charging

(vi) Bus only streets

(vii) Bus only streets combined with city centre cordon charging 

(viii) Bus only streets combined with distance charging

These instruments are now briefly described.

6.3.1 Corridor charging

The initial strategy in picking the links has been to identify radial A-roads which have a junction on the ring road, and to charge for a small number of links from the ring road inwards, or outwards to the ring road.  The reasoning behind this choice is that vehicles might be encouraged to remain on the ring road for more of their journey.  Five links have been selected on a radial route north of the city centre, and a further eight links on a radial route east of the city centre.  The link charges have been imposed at a value of 1.2 euros in both directions on these links, and only apply to private vehicles. This flexible approach to levying charges at selected points in the network may be able to avoid some of the previous difficulties found with complete cordons and come closer to optimal approaches to defining cordon location that are being developed in parallel (Sumalee et al, 2002).

6.3.2 Distance charging

All travel throughout the network is charged at the following per distance (
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) rates:

· Low level: 0.0375 Euro per km

· Medium level: 0.1125 Euro per km

· High level: 0.3775 Euro per km

This scenario extends the distance-based charging approach tested in previous research, which was applied solely within the developed urban area, to include all the major orbital and approach routes beyond the city. Such universal charging is becoming increasingly popular with policy advisors (CfIT, 2002b) and should, conceptually, perform better than a spatially limited equivalent.

6.3.3 City centre cordon charging

This measure makes use of the city centre cordon which was the preferred option of local transport planners following previous research. It has been defined by imposing charges on 30 in-bound links around a central area.  Three levels of charge are defined:

· Low level: 1.2 euros to enter the city centre

· Medium level: 2.3 euros to enter the city centre

· High level: 4.6 euros to enter the city centre

6.3.4  Bus only streets

This option builds upon the city centre cordon (as described above), adding some bus only streets, which have been imposed on 10 in-bound links feeding into the cordon links.  The links which have been selected are those that are used by buses, but have not been defined as bus-only links in the base case.

6.4
Assessment procedure and model parameters

6.4.1 Main assessment (Cost Benefit Analysis)

The main assessment to be carried out in the Leeds SATURN case study is a cost benefit analysis in line with the approach described in Deliverable D5 (SPECTRUM, 2003a).  However, there is an important difference in timescale with respect to how the urban road sector assessments are carried out compared to the method used in the multimodal studies. The latter are strategic in nature and cover a long term assessment period, whilst the former makes an assessment over a short term timescale, ignoring future years. Furthermore, since the road sector case studies are concerned with morning peak hour traffic, the assessment only covers this time of day. Finally, the benefits are calculated for an “average day”. These differences are consistent with the differing perspectives between the multimodal and road sector studies. In all cases in the Leeds SATURN case study, the assessment is made using the elastic assignment option of SATURN described above. 

For the purposes of this investigation, the monetary values in Table 6.1 have been used to calculate benefits and costs.  These values have been taken from Appendix 1.4 of Deliverable D6 of SPECTRUM.    

	Value of Time (
[image: image66.wmf]VT

)
	9.0  €/Hr

	Value of Euro (
[image: image67.wmf]VE

)
	400 secs/€

	Car Pollution factor (
[image: image68.wmf]PF

)
	0.0275 €/Km       

	Car Noise factor (
[image: image69.wmf]NF

)
	0.0373 €/Km       

	Car Accident factor (
[image: image70.wmf]AF

)
	0.0222 €/Km       


Table 6.1: Benefit Calculation Factors

Since SATURN models vehicles rather than people, occupancy factors need to be assumed when calculating economic benefits. In line with previous modelling for Leeds, it is assumed that, during the morning peak hour, average car occupancy (
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) is 1.3 and average bus occupancy (
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) is 30.  

Car user time benefits have been calculated using the "Rule of a half", as follows:
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where 
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 are the OD trips for the new measure and the base case respectively, and 
[image: image76.wmf]2

,

j

i

C

 and 
[image: image77.wmf]1

,

j

i

C

 are the pure time (PCU secs) cost matrix elements (i.e. inverse of benefits) calculated in SATURN. 

Since changes in bus fares are not being modelled, money benefits to bus users cannot be calculated, and time benefits will be calculated as follows:
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where 
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T

 is the bus travel time difference (PCU Hours) with respect to the base case.

Car user money benefits have been calculated using the "Rule of a half", as follows:
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where 
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 are the money cost matrix elements calculated as follows:

                   
[image: image85.wmf]measure

 

new

 

for the

 

Euros

in 

cost 

Money 

      

Matrix    

  

Null

2

1

=

=

M

M

            (6.5)

Since all economic instruments for car users (described in Section 6.3 above) involve increases in money costs, all “car user money benefits” in the results will be negative.  

Changes in government revenue have been calculated as follows, since 
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 is the null matrix:
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External benefits, EB, comprising accident, pollution and noise benefits, have been calculated using the factors in Table 6.1, as follows:
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where 
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 is the car travel distance (km) difference with respect to the base case.

The total benefit has been obtained by summing the individual benefits:
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For each instrument combination, benefits will be displayed as follows:

	Instrument

combination
	User Time benefits (€)
	User Money benefits (€)
	Government revenue (€)
	External benefit  (€)
	Total benefit (€)

	
	Car users
	Bus users
	Car users
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Table 6.2: Template for presentation of economic benefits

6.4.2 Secondary assessments

The main secondary assessment will look at the effect of the various instruments and their combinations on the total number of private vehicle trips.  This number will be compared, for each of the instrument combinations outlined in Section 6.3, with the number of base case trips, resulting in both an absolute value of trip difference (TD), and a difference expressed as a percentage of the base case trips (TDp):
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where 
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T

 is the number of trips in the base case and 
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 is the number of trips assigned under the application of the instrument(s).  

For each instrument combination, trip reduction will be calculated and displayed as in Table 6.3.

	Instrument Combination
	Abs. Trip Diff.
	Percentage Trip Diff.
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Table 6.3: Template for presentation of trip differences

For some instrument combinations, runs have been carried out using assignment with fixed demand (as opposed to elastic assignment).  The motivation for doing so is to try to separate route-switching effects of an instrument from its demand effects. Both types of effect are included in the elastic assignment used to calculate economic benefits (as described in 6.4.1 above), and it is often difficult to “disentangle” these effects.  Since demand effects are, by definition, not included in fixed demand assignment, there is the possibility to focus attention on route switching in this type of assignment.  The differences between the base case and the instrument combination are given for: travel time (TdC for cars, TdB for buses); average speed (VdC for cars, VdB for buses); and travel distance (DdC for cars, DdB for buses), as follows:

             
[image: image102.wmf]

 EMBED Equation.3 [image: image103.wmf]0

     

      

     

      

=

-

=

-

=

-

=

-

=

-

=

B

BB

BN

B

CB

CN

C

CB

CN

C

BB

BN

B

CB

CN

C

Dd

V

V

Vd

V

V

Vd

D

D

Dd

T

T

Td

T

T

Td

                           (6.10)

where 
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 is the car user new travel time, 
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 is the base car user travel time,  
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 and 
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 are the travel times for the bus users, 
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 etc are the average speeds and 
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 etc are the distances.   The difference in travel distance for bus users, 
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,  will always be zero, since buses run on fixed routes.

6.4.3 Equity assessment

For the purposes of the equity assessment, Leeds has been divided into seven geographic sectors, as indicated in Figure 6.1.
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Figure 6.1:  Sectors in Leeds

The total number of zones in each sector is given in Table 6.4.

	Sector
	1
	2
	3
	4
	5
	6
	7

	Number of Zones
	56
	82
	67
	82
	75
	69
	47


Table 6.4:  Zone Distribution

User benefit equity has been calculated for both user time benefits and user money benefits, using Equations 6.2 and 6.4 respectively.  The total benefits for each sector have then been obtained by adding the appropriate elements of the matrices, giving benefits for car users travelling from each sector and benefits for car users travelling to each sector.  For each instrument, the user benefits will be displayed as in Table 6.5.

	Instrument
	

	Origin Sector
	
[image: image112.wmf]O

S



	Car User Time benefit (€)
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	Car User Money Benefit (€)
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	Destination Sector
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	Car User Time benefit (€)
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	Car User Money Benefit (€)
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Table 6.5: Template for presentation of equity benefits

6.5
Modelling results

The results for the various instruments are discussed in the following subsections.  In each case, the cost benefit analysis, which is the main assessment, is discussed first.  The secondary assessments are then considered, and finally the user benefit equity is explored.  

6.5.1 Corridor charging

Cost Benefit Analysis

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Corridor charging
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	 1.2 € per link
	6135
	230 
	-3141
	3173 
	-557  
	5838


Table 6.6: Economic benefits for corridor charging

From the results in Table 6.6 it can be seen that both the car users and the bus users have time benefits due to the effect of the corridor charge, which is offset for the car user by a money disbenefit.  The effect of the corridor charge is to increase the distances travelled, so the external benefits are negative, but overall the instrument results in a benefit of 5838 €.

Change in number of car user trips

Table 6.7 shows the absolute and relative change in number of car user trips from the base case. 

	Instrument 
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	Corridor charging @
	
	

	1.2 € per link
	31
	0.03


Table 6.7: Trip differences for corridor charging

The results in Table 6.7 are slightly surprising, as the effect of the corridor is to increase the number of trips, albeit by a very small amount (i.e. 0.03%).   This will be due to small inaccuracies in the model, and therefore the results should be interpreted as showing no change in car user trips. Thus the results shown in Table 6.6 arise from rerouteing effects.

Time, speed and distance effects, assuming fixed trip demand  
Table 6.8 shows the travel time, speed and distance effects under fixed demand assignment.

	Instrument
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	Corridor charging
	
	
	
	
	

	1.2 € per link
	93
	-0.70
	0.10
	0.10
	7614


Table 6.8: Time, speed and distance effects of corridor charging, assuming fixed trip demand  

The results in Table 6.8 show that the corridor charge gives rise to increases in both travel time and travel distance for the car user, as trips are rerouted to avoid the charge.  There is a very small increase in both car and bus average speeds, and the bus users see a small decrease in travel time.

Equity analysis

Table 6.9 presents results from a car user benefit equity analysis. As stated above, this analysis distinguishes between seven geographical sectors of Leeds, with the two sections of corridor located in Sectors 6 and 7:

	Instrument
	Corridor Charging 
	@1.2 € per link
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	1
	2
	3
	4
	5
	6
	7
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 (€)
	-185
	773
	336
	5251
	946
	-963
	-23
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 (€)
	-18
	-19
	-35
	-2810
	-17
	-236
	-8
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	1
	2
	3
	4
	5
	6
	7
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 (€)
	2985
	477
	1421
	822
	342
	122
	-34
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 (€)
	-1117
	-154
	-267
	-1038
	-160
	-359
	-46


Table 6.9:  Equity for corridor charging

From the results in Table 6.9 it can be seen that trips originating in Sector 6 have the greatest car user time disbenefits, and that trips originating in Sector 1 (the city centre sector) and Sector 7 are also having time disbenefits, whilst trips originating in Sector 4 have the greatest time benefits.  All seven sectors, both as origins and destinations,  incur car user money disbenefits, with the greatest, by a factor of more than 10, being those trips originating in Sector 4.  Sector 7 is the only sector to suffer car user time disbenefits for destination trips, all the other sectors showing time benefits with trips terminating in Sector 1 showing the greatest of these.  This is due, in part, to there being fewer route options in the area of the corridor in Sector 7 than there are in the area of the corridor in Sector 6.  In summary, trip choices to and from Sector 7 result in small time and money disbenefits and trips from Sector 6 have larger time and money disbenefits, whereas trips to Sector 6 have time benefits but money disbenefits.  Overall, the number of trips to and from Sector 7 is very similar, whereas there are approximately a third more trips starting in origin Sector 6 than going to destination Sector 6.

Overall, for both origin and destination, Sector 4 has the greatest money disbenefits and Sector 7 has the least money disbenefits.  However, trips originating in Sector 4 have the best time benefits, so the effect of the corridor charge is not greatest for the sectors in which the corridors lie.

6.5.2 Distance charging

Cost Benefit Analysis

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Distance charging
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	Low
	20471 
	662 
	-78368 
	 73751
	  23086
	39601

	Medium
	26942 
	1458 
	-214400 
	 182853
	  52722
	49575

	High
	16642 
	3510 
	-623777  
	 438260
	 93035
	-72330


Table 6.10: Economic benefits for distance charging
From the data in Table 6.10 it can be seen the introduction of a distance charge results in time benefits for both car and bus users, with the bus users benefiting most from the high level charge.  The car user time benefit is at a maximum for the medium charge, but the money disbenefits are large, and increase as the distance charge increases.  The distance charge leads to increases in government revenue and a reduction in distance travelled (hence leading to positive external benefits), and the overall effect of the low and medium charge is a benefit.

Changes in car user trips

Table 6.11 shows the changes in car user trips:

	Instrument 
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	Distance charging @
	
	

	Low
	-8766
	-8.53

	Medium
	-21588
	-21.01

	High
	-41191
	-40.09


Table 6.11: Trip differences for distance charging

From the data displayed in Table 6.11, it can be seen that the high level distance charge gives a 40% reduction in the number of car user trips across the network, which suggests that there are opportunities for significant modal transfer under this package.

Time, speed and distance effects, assuming fixed trip demand  

Table 6.12 shows changes (compared to the base case) in travel time, speed and distance for the high distance charge.

	Instrument
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	Distance charging
	
	
	
	
	

	High
	6684
	15
	-5.90
	-2.30
	-55732


Table 6.12: Time, speed and distance effects of high distance charging, assuming fixed trip demand

From Table 6.12 it can be seen that car users experience an increase in journey time, with a decrease in distance travelled, as they select routes with shorter overall distance so as to minimise the (distance based) monetary cost.  Thus they are more likely to choose larger roads on the main corridors that provide more direct connections between origin and destination, rather than smaller roads that involve diversions.  As a result, bus travel time is increased, since bus routes in Leeds tend to be on the main corridors and buses are slowed down by the increase in the number of cars on these corridors. The effect on the average speed is a decrease for both car and bus users, so that the instrument is leading to congestion effects. The decrease in distance travelled should be compared to the increase shown in Table 6.8 for corridor charging, when car drivers make diversions to try to avoid tolled roads. 

Equity analysis

Table 6.13 shows the results of the equity analysis for the three different distance charge levels.  From the data displayed in Table 6.13 it can be seen that trips originating in Sector 5 have the greatest car user time benefits for the low and medium distance charge, and those originating in sectors 2 and 3 have the smallest.  However, the high distance charge results in car user time disbenefits for trips which either originate or terminate in Sector 5, and all charge levels give large money disbenefits.  

	Instrument
	Distance Charging @
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 (€)
	Low
	1634
	3076
	1290
	3280
	5520
	3107
	2565

	
	Medium
	2349
	4869
	2392
	3278
	5526
	5490
	3038

	
	High
	3315
	5872
	2651
	6123
	-5815
	5458
	-962
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 (€)
	Low
	-2810
	-6997
	-7349
	-8214
	-25724
	-16911
	-10363

	
	Medium
	-7720
	-19416
	-20258
	-22363
	-70158
	-46221
	-28265

	
	High
	-22618
	-56958
	-59492
	-65842
	-202369
	-134842
	-81657
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 (€)
	Low
	5763
	1731
	3572
	2029
	3984
	2333
	1059

	
	Medium
	7784
	2673
	4505
	2822
	4731
	3102
	1324

	
	High
	8927
	2525
	3899
	2788
	-2609
	493
	618
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 (€)
	Low
	-8456
	-6961
	-8673
	-7654
	-25142
	-12302
	-9181

	
	Medium
	-23256
	-19306
	-23720
	-21041
	-68373
	-33685
	-25018

	
	High
	-67588
	-56738
	-69288
	-61522
	-197710
	-97740
	-73191


Table 6.13:  Equity for distance charging

Thus it would appear that the distance-based charge is having a more adverse effect on trips to and from Sector 5.  The sectors with the least adverse effect are Sector 1 for trip origins and Sector 2 for destinations.  Overall, the combined effects of rerouting and trip cancellation result in the disbenefits being experienced by all the sectors to some degree, across the three charge levels.

Summary

The dominant effect of introducing a distance-based charge is an increase in car user money disbenefits, which are mostly offset by an increase in government revenue at low and medium levels of charging. However, at high levels of charging the gap between user disbenefits and government revenue is relatively (and absolutely) large. In all three cases, though, it would be useful to carry out sensitivity tests on the Marginal Cost of Public Funds (MCPF). In all the results presented so far in this case study, the MCPF is set at 1.0. If it were set higher, at 1.2 or 1.4, the “gap” between government revenue and car user money disbenefits would be reduced.  This issue will be explored below in 6.6.

The results from the fixed demand assignment analysis indicate that the time benefits for road users (under elastic assignment) are due to car trip suppression, since car user trips are reduced as the charge increases.  It is beyond the capability of the model to assess whether these trips switch to public transport or to an alternative time of day, or are simply not made.

6.5.3 Corridor charging combined with distance charging

Cost Benefit Analysis

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Corridor charge (1.2 €) with distance charging @
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	Low level
	21458
	405 
	-81762
	77017
	22920
	40038

	Medium level
	28425
	1971 
	-217991
	186061
	52566 
	51032

	High level
	13647
	3240 
	-627410
	440641
	93126 
	-76757


Table 6.14: Economic benefits and costs for corridor charging combined with distance charging
Table 6.14 shows the economic benefits and costs for corridor charging combined with distance charging. It can be seen that for all levels of distance charging (i.e. low, medium and high) there are user time benefits for both car users and bus users. Car user time benefits peak at a medium charge level, whilst bus user time benefits increase as the charge increases. A comparison with the results in Table 6.10 (consider benefits of distance based charging in isolation) show the results to be “similar”, so that many of the comments given above in 6.5.2 concerning distance charging also apply to the combined measure. However, it will be seen that the combined measure leads to overall increase in total benefit at low and medium levels of distance charging. In terms of Section 2.2, distance charging (at low and medium levels) and corridor charging are “complementary with decreasing returns”.  However, at high levels of distance charging, the two instruments are “incompatible”. 

Changes in car user trips

Table 6.15 shows change in car user trips for these combinations of measures.

	Instrument 
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	Corridor charging 

(1.2 €) with distance charging @
	
	

	Low
	-9031
	-8.79

	Medium
	-21753
	-21.17

	High
	-41467
	-40.36


Table 6.15: Trip differences (compared to base case) for corridor charging combined with distance charging

Comparing the results in Table 6.15 with those in Table 6.11 it can be seen that (for all distance charge levels) the combined measures lead to very small increases in the number of trips suppressed, compared to distance charging implemented alone.

Time, speed and distance effects, assuming fixed trip demand  

Table 6.16 gives travel time, speed and distance differences for the high distance charge combined with corridor charging, making an assumption of fixed demand assignment. By comparison with Table 6.12, it can be seen that, compared to a high distance charge implemented alone, travel times are increased, speeds are decreased, and travel distance is increased.  

	Instrument
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	Corridor charging (1.2 €) with distance charging  @
	
	
	
	
	

	High
	7074
	17
	-6.10
	-2.50
	-50974


Table 6.16: Time, speed and distance effects of corridor charging combined with high distance charging, assuming fixed trip demand

Equity analysis

Table 6.17 presents the sectoral disaggregation of user benefits. The results can be seen to be similar to those in Table 6.13, so that the conclusion can be drawn that the addition of corridor charging to distance pricing has no significant impacts on the equity effects of distance pricing.

	Instrument
	Corridor + Distance Charging @
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 (€)
	Low
	1471
	2764
	1374
	6914
	5408
	1293
	2234

	
	Medium
	2624
	4585
	2406
	6102
	5486
	4292
	2929

	
	High
	3132
	5515
	2336
	6063
	-6073
	3788
	-1114
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 (€)
	Low
	-2837
	-7007
	-7403
	-11154
	-25749
	-17222
	-10390

	
	Medium
	-7756
	-19364
	-20355
	-25374
	-70190
	-46602
	-28349

	
	High
	-22669
	-57062
	-59582
	-68610
	-202420
	-135352
	-81716
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 (€)
	Low
	6733
	1776
	3305
	2517
	3621
	2445
	1061

	
	Medium
	8492
	3038
	4723
	2734
	4943
	3057
	1438

	
	High
	8324
	2344
	3709
	1599
	-3075
	63
	683
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 (€)
	Low
	-9639
	-7141
	-8967
	-8717
	-25377
	-12667
	-9255

	
	Medium
	-24422
	-19498
	-24033
	-22092
	-68761
	-34034
	-25152

	
	High
	-68777
	-56909
	-69590
	-62665
	-198053
	-98066
	-73350


Table 6.17: Equity for corridor charging combined with distance charging

6.5.4 City centre cordon charging

Cost Benefit Analysis
	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Cordon charging  @
	
[image: image175.wmf]c

UBT


	
[image: image176.wmf]b

UBT


	
[image: image177.wmf]c

UBM


	
[image: image178.wmf]GR


	
[image: image179.wmf]EB


	
[image: image180.wmf]TB



	Low level
	-6382 
	1958 
	-8318   
	7816   
	458 
	-4468

	Med. level
	-20483 
	1499  
	-7909 
	6956  
	567  
	-19370

	High level
	-43509 
	2066  
	-3175 
	2464  
	633 
	-41522


Table 6.18: Economic benefits and costs for city centre cordon charging
Table 6.18 shows the benefits from city centre cordon charging, at three levels of charge. It can be seen that, at all levels, the measure leads to a reduction in total benefits (compared to the base case), with the reduction increasing as the charge increases.  The main factor driving this disbenefit appears to be the reduction in car user time benefits. However, at all levels, there is an increase in bus user time benefits and an increase in external benefits. 

Change in number of car user trips

Table 6.19 shows the changes in car user trips, where it can be seen that the measure leads to small decreases. By comparison with Table 6.11, it can be seen that these decreases are much smaller than those under distance charging.  

	Instrument 
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	Cordon charging @
	
	

	Low
	-1720
	-1.67

	Medium
	-2827
	-2.75

	High
	-3875
	-3.77


Table 6.19: Trip differences for cordon charging

Equity analysis

Table 6.20 shows the sectoral disaggregation of car user benefits. As would be expected, the car users going to Sector 1 (i.e. the city centre, which is inside the cordon) have the greatest money disbenefits. However, they also have the greatest time disbenefits. With respect to origins, those starting their journeys in Sector 5 have the greatest time disbenefits.  By comparison with Tables 6.13 and 6.17, a pattern seems to be emerging that Sector 5 inhabitants consistently suffer as a result of the types of charging measure considered in this case study.  This is partly because a greater percentage of trips enter and leave sector 5 than any of the other sectors.   For any real life implementation, this issue should be examined further.

	Instrument
	Cordon Charging @
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 (€)
	Low
	91
	1476
	-1062
	-1887
	-3265
	-185
	-1550

	
	Medium
	973
	901
	-2636
	-3496
	-9598
	-2611
	-4016

	
	High
	-995
	-3418
	-4814
	-8330
	-13558
	-7289
	-5105
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 (€)
	Low
	-702
	-1547
	-506
	-1729
	-1386
	-1536
	-911

	
	Medium
	-619
	-2555
	-668
	-1541
	-676
	-1385
	-464

	
	High
	-407
	-1897
	-73
	-277
	-143
	-312
	-65
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 (€)
	Low
	-846
	-809
	-1031
	-1665
	-1664
	-167
	-198

	
	Medium
	-11586
	-1434
	-1300
	-2765
	-2094
	-553
	-752

	
	High
	-31810
	-1523
	-1736
	-3333
	-3151
	-770
	-1187
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 (€)
	Low
	-7627
	-43
	-26
	-342
	-238
	-1
	-41

	
	Medium
	-7580
	0
	-3
	-311
	-9
	0
	-6

	
	High
	-2634
	0
	0
	-541
	0
	0
	0


Table 6.20: Equity for city centre cordon charging

6.5.5 City centre cordon charging combined with distance charging

Cost Benefit Analysis

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Distance charging with cordon charging @
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	Low + Low
	9561
	2106
	-86752
	81019
	23790
	29724

	Low + Med
	-6581
	1877
	-86718
	80356
	23922
	12856

	Low + High
	-26118
	2835
	-82922
	76482
	23918
	-5806

	Med + Low
	17108
	2822
	-222336
	189023
	52939
	39556

	Med + Med
	2790
	2619
	-223251
	188997
	53133
	24288

	Med + High
	-11680
	3321
	-220582
	185948
	52851
	9858

	High + Low
	4127
	4307
	-632358
	443258
	93328
	-87339

	High + Med
	-4425
	4550
	-634178
	443631
	93312
	-97109

	High + High
	-18953
	5022
	-633800
	442259
	93125
	-112346


Table 6.21: Economic benefits and costs for cordon charging combined with distance charging
Table 6.21 shows the benefits of various combinations of distance charging (low, medium and high) with cordon charging (low, medium and high). It can be seen that the combination with the highest level of total benefits is medium distance charging with low cordon charging. However, by comparison with Tables 6.10 and 6.18, it can be seen that, in most cases, the total benefits for the two measures combined are less that the sum of the benefits of the two measures applied separately, and so they are incompatible.   There are two combinations which show some increase in the total benefit, the first of which is the medium distance charge with the high cordon charge, which shows a 22% improvement.  The second combination is the high distance charge with the high cordon charge which shows a 1.3% improvement.  The optimum level of each of the instruments, for effectiveness in combination, is not easy to deduce, as the various options for car users, rerouting, trip cancellation, travelling further or paying to cross the cordon, affect other network users and introduce a further degree of variability onto the network.

Change in car user trips

Table 6.22 shows the level of trip reductions for each combination of measures. By comparison with Table 6.11, it can be seen that the trip reductions are only slightly greater than the trips reductions resulting from implementing distance charging alone.

	Instrument 
	
[image: image195.wmf]TD


	
[image: image196.wmf]p

TD



	Distance charging with cordon charging @
	
	

	Low + Low
	 -10533
	 -10.25

	Low + Medium
	 -11446
	 -11.14

	Low + High
	 -12394
	 -12.06

	Med + Low
	-22738
	-22.13

	Med + Med
	-23480
	-22.85

	Med + High
	-24232
	-23.59

	High + Low
	-41981
	-40.86

	High + Med
	-42411
	-41.28

	High + High
	-42806
	-41.66


Table 6.22: Trip differences for cordon charging with distance charging

Equity analysis

Table 6.23 shows the benefits to car users, disaggregated by geographical sector.  It can again be seen that those starting their journeys in Sector 5 consistently suffer greater time disbenefits than those starting from other sectors. The only exception is for low distance charging combined with low cordon charging. In this case, all sectors have positive time benefits, though those in Sector 5 have the second worse level of time benefits (i.e. they have time benefits greater only than those in Sector 3).   

	Instrument
	Distance charging + Cordon Charging @
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 (€)
	Low + Low
	1243
	2575
	343
	1609
	1093
	1437
	1261

	
	Low + Medium
	1756
	2161
	-1311
	-3593
	-5034
	368
	-928

	
	Low +High
	-22
	-1164
	-4192
	-4358
	-8579
	-4914
	-2889
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 (€)
	Low + Low
	-3530
	-8464
	-7874
	-10060
	-27009
	-18598
	-11216

	
	Low + Medium
	-3490
	-9502
	-7930
	-10068
	-26341
	-18374
	-11012

	
	Low +High
	-3330
	-9538
	-7466
	-8747
	-25871
	-17499
	-10471
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 (€)
	Low + Low
	3171
	772
	1644
	-18
	1851
	1708
	433

	
	Low + Medium
	-8283
	72
	1505
	-1493
	677
	1066
	-125

	
	Low +High
	-25517
	443
	356
	-1353
	-745
	1163
	-466
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 (€)
	Low + Low
	-15936
	-6998
	-8670
	-8014
	-25528
	-12326
	-9282

	
	Low + Medium
	-16117
	-6979
	-8655
	-8049
	-25328
	-12333
	-9258

	
	Low +High
	-12050
	-6978
	-8650
	-8236
	-25385
	-12342
	-9282
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	Medium + Low
	2864
	4680
	1848
	1683
	2182
	1869
	1981

	
	Medium + Medium
	1957
	3345
	799
	-1220
	-2130
	284
	-245

	
	Medium +High
	616
	-20
	-847
	-2370
	-4887
	-3004
	-1168
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 (€)
	Medium + Low
	-8556
	-20752
	-20725
	-24118
	-71307
	-47742
	-29137

	
	Medium + Medium
	-8578
	-21781
	-20769
	-24485
	-70844
	-47906
	-28887

	
	Medium +High
	-8529
	-21858
	-20391
	-23478
	-70501
	-47276
	-28548
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 (€)
	Medium + Low
	5712
	1988
	3617
	656
	1677
	2620
	838

	
	Medium + Medium
	-4207
	1797
	2924
	121
	-450
	2513
	91

	
	Medium +High
	-17464
	1695
	2463
	297
	-893
	2505
	-282
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 (€)
	Medium + Low
	-30089
	-19428
	-23772
	-21434
	-68723
	-33716
	-25174

	
	Medium + Medium
	-30955
	-19415
	-23773
	-21557
	-68661
	-33726
	-25163

	
	Medium +High
	-27753
	-19415
	-23763
	-21751
	-68956
	-33758
	-25187
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 (€)
	High + Low
	2304
	5257
	2658
	3685
	-8159
	103
	-1722

	
	High + Medium
	1813
	4962
	2243
	1329
	-10118
	-2121
	-2533

	
	High +High
	520
	3350
	888
	-2803
	-12080
	-5521
	-3307
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 (€)
	High + Low
	-23302
	-58419
	-60073
	-67770
	-204222
	-135971
	-82600

	
	High + Medium
	-23479
	-59374
	-60224
	-68143
	-203937
	-136436
	-82586

	
	High +High
	-23609
	-60346
	-59880
	-67598
	-203486
	-136618
	-82264
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 (€)
	High + Low
	6253
	1544
	2153
	1138
	-7352
	350
	42

	
	High + Medium
	622
	1598
	1457
	-501
	-8365
	588
	177

	
	High +High
	-10617
	1573
	1000
	-1170
	-9831
	886
	-793
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 (€)
	High + Low
	-74866
	-56865
	-69275
	-61869
	-198067
	-97969
	-73448

	
	High + Medium
	-76399
	-56878
	-69268
	-62043
	-198075
	-98113
	-73402

	
	High +High
	-75400
	-56890
	-69249
	-62187
	-198467
	-98227
	-73380


Table 6.23: Equity for distance charging with city centre cordon charging

6.5.6 Bus only streets

Cost Benefit Analysis
	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)
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	Bus only streets
	-19613
	1040
	0
	0
	-467
	-19040


Table 6.24: Economic benefits for bus only streets
Table 6.24 shows the benefits from introducing bus-only streets.  Since this measure does not involve any charging, car user money benefits and government revenue are both zero, and the car user time disbenefit (which is large) has the dominant effect on the overall results.  The bus user time benefits show an increase, but smaller than the increase due to all levels of cordon charging (shown in Table 6.18) and medium/high levels of distance charging (shown in Table 6.10. There are external disbenefits, due to the increase in the distance travelled by car users.

Changes in car user trips

The secondary assessment for this instrument is a consideration of the change in car user trips:

	Instrument 
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	Bus only streets
	-1128
	-1.1


Table 6.25: Trip differences for bus only streets

Table 6.25 shows the very small effect on trip reduction of the measure.

Equity analysis

	Instrument
	Bus only streets 
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	-971
	-3479
	-2206
	-1710
	-4925
	-4778
	-1544
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	-10848
	-779
	-1474
	-2479
	-2212
	-885
	-936
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 (€)
	0
	0
	0
	0
	0
	0
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Table 6.26:  Equity for bus only streets

Table 6.26 shows the car user benefits disaggregated by geographical sector. Once again, those starting their journey in Sector 5 suffer greater disbenefits than those starting in other sectors. This is a very interesting result, since it shows that the “Sector 5 disbenefit effect” is not restricted to charging measures. 

6.5.7  Bus only streets combined with city centre cordon charging 

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Bus only streets with cordon charging @
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	Low level
	-22635
	1188
	-10091
	9382
	38
	-22119

	Medium level
	-36620
	1634
	-12916
	11520
	243
	-36139

	High level
	-81793
	2255
	-7838
	6560
	548
	-80269


Table 6.27: Economic benefits for bus only streets combined with cordon charging
Table 6.27 shows the benefits of combining bus only streets with city centre cordon charging.  Given the generally negative effects of both measures, this test was useful in terms of seeing whether the combination could “rescue” either of the individual measures, due to some sort of synergy.  However, Table 6.27 shows this not to be the case, and this combination will not be considered further.

6.5.8  Bus only streets combined with distance charging
	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Bus only streets with distance charging @
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	Low level
	-5926
	1269
	-79032
	74110
	23094
	13515

	Med. level
	9135
	2336
	-215588
	183388
	52620
	31891

	High level
	3366
	3848
	-626456
	439234
	92913
	-87096


Table 6.28: Economic benefits for bus only streets combined with distance charging
Table 6.28 shows the benefits from combing bus only streets with distance charging. It can be seen (by comparing with Table 6.14) that the combination has less overall benefit than from distance charging alone, at all levels of charging.  However, as with distance charging alone, the results are strongly influenced by the gap between car user money disbenefits and government revenue. This gap is in turn affected by the Marginal Cost of Public Funds. This issue is considered further in Section 6.5.9.  

6.5.9 Sensitivity tests with MCPF
Table 6.29 shows the total benefits, for a selected number of the tests presented before, with values of Marginal Cost of Public Funds (MCPF) varying between 1.0 and 1.4.  The first point to make about the results in Table 6.29 is that the “optimal” two (combinations of) measure (i.e. medium distance charging + corridor charging, and medium distance charging alone) are optimal under all three assumptions about MCPF. This shows a certain robustness in the results.  On the other hand, the ranking of other combinations of measure is highly dependent upon the value of MCPF. In particular, combinations involving a high level of distance charging are highly unattractive when MCPF = 1.0, but reasonably attractive when MCPF = 1.4. 

	
	Total benefits with MCPF = 1.0
	Total benefits with MCPF = 1.2
	Total benefits with MCPF = 1.4

	Corridor charging
	5838
	6473
	7107

	Low distance charging
	39601
	54351
	69101

	Medium distance charging
	49575
	86146
	122716

	High distance charging
	-72330
	15322
	102974

	Medium distance charging + corridor charging
	51032
	88244
	125456

	High distance charging + corridor charging
	-76757
	11371
	99499

	Low distance charging + low cordon charging
	29724
	45928
	62132

	Medium distance charging + low cordon charging
	39556
	77361
	115165

	High distance charging + low cordon charging
	-87339
	1313
	89964

	Medium distance charging + bus only streets
	31891
	68569
	105246


Table 6.29: Total benefits for instruments and instrument combinations as MCPF is varied

6.6
Conclusions
An investigation into eight instruments and instrument combinations suggested by the definition of "interesting questions" for urban road transport has been undertaken using the SATURN model of the city of Leeds.  In each case, a main assessment has been carried out into the effects of the instrument(s) on car user time benefits, bus user time benefits, car user money benefits, government revenue, external benefits and total benefits.  Secondary assessments have looked at car trip reduction and in some cases the effects of rerouting by using fixed assignment.  Car user benefit equity has also been investigated, by partitioning the city into seven sectors, comprising a city centre sector and six radial sectors.

The following instruments and combinations were considered:
(i) Corridor charging (a charge of 1.2 euros in both directions on each of five links on a radial route north of the city centre, and on each of eight links on a radial route east of the city centre)

(ii) Distance charging (a per-km charge throughout the city, with charges applied at three alternative levels: low (0.0375 euros per km); medium (0.1125 euros per km; and high (0.3775 euros per km)).

(iii) Corridor charging combined with distance charging

(iv) City centre cordon charging (a charge to cross a cordon in order to enter the city centre, applied at three alternative levels: low (1.2 euros); medium (2.3 euros); and high (4.6 euros))
(v) City centre cordon charging combined with distance charging

(vi) Bus only streets (10 links into the city centre converted to bus only streets)

(vii) Bus only streets combined with city centre cordon charging 

(viii) Bus only streets combined with distance charging

The instrument combination leading to the greatest total benefit was medium level distance charging combined with corridor charging.  Most of these benefits could be attributed to the distance charging element of the combination. When applied alone, medium level distance charging had the second highest level of total benefits (compared to other instrument combinations). These results were robust to changes in the Marginal Cost of Public Funds (MCPF) from 1.0 to 1.2 and 1.4.

Distance charging at all levels (either alone or combined with corridor charging) led to positive total benefits.  The main contributions to these benefits were made by car user time benefits and external benefits. However, bus users also had positive benefits.

These results are remarkably similar to the results for distance charging in the Leeds MARS case study (discussed above in Chapter 5), which considered “all-day” benefits over a 30 year time horizon, as compared to the short term peak-hour benefits considered in the Leeds SATURN case study.

All levels of city centre cordon charging in the SATURN case study led to total disbenefits, as did bus only streets. Furthermore, they consistently had a negative effect in any combination of instruments involving them. Although they had positive time benefits for bus users, these were of the same order as the bus user time benefits from distance charging. These results were very different from those arising from the Leeds MARS case study, which showed positive total benefits (“EEF”) over a 30 year time horizon for city centre cordon charging under 2.5 euros, and for all levels of charging when combined with bus lanes.  The most likely explanation for this is that the benefits of city centre cordon charging and bus lanes (or bus only streets) are likely to grow over the years as congestion grows (as in the do minimum scenario).  Thus although these measures lead to disbenefits in the short term, they are likely to lead to positive benefits over a longer time horizon.

The conclusion therefore is that, from a strict economic analysis perspective, distance charging is the main economic instrument that should be considered by Leeds.  However, there are doubts as to whether such a measure would be publicly acceptable in the near future.  Although city centre cordon charging and bus only streets are likely to be more publicly acceptable than distance charging in the short term (particularly in the peak hour when there is a general frustration with congestion in the city centre), the former instruments are not (according to the analysis in this chapter) likely to lead to immediate economic benefits in the peak hour. This leads to a rather complicated implementation problem for Leeds, which will be discussed further in Chapter 8.

With respect to equity, nearly all instrument combinations led to large disbenefits for those starting their journeys in Sector 5 (in South East Leeds).  Any practical implementation of packages including economic instruments should examine this factor in more detail.

7.
York SATURN case study (a road sector case study)

7.1
Introduction

The York case study pays particular attention to the context of the UK government’s Local Transport Plan (LTP) process, through which English local authorities are required to submit LTPs to government on a five-yearly basis with the next submission due in 2005.  This process will be discussed in more detail below. However, the focus upon the LTP process has two major consequences which distinguish the case study from the others discussed in this deliverable. Firstly, the instruments being tested are very much based upon the instruments that York City Council is already considering for its next submission under the LTP process.

 Secondly, these instruments are those that are more likely to be implemented in the near future, as compared to many of the other instruments discussed in the deliverable.  Thus, for example, with respect to road pricing, city centre cordon charging (“congestion pricing” as implemented successfully in London) is tested rather than the type of distance-based charging that was seen to be successful in the Leeds case study (in Chapter 6). However, as with the other case studies, the York case study is still concerned with the “central SPECTRUM issues” of the comparison and combination of economic instruments with regulatory and physical instruments. In terms of the "interesting questions" listed in Chapter 2 above, the York case study answers the following:

For road pricing (cordon) schemes:

· What is the best design of the scheme in terms of cordon locations?

· What is the best charge level for the scheme?

· How do road pricing schemes compare with street closure schemes?

· What are the social welfare impacts of the scheme (involving user benefits, government revenue and external benefits)?

· Is the charging scheme politically feasible?

· Are there any impacts in terms of equity with respect to different types of road user (car user or bus user)?

· Are there any impacts in terms of equity with respect to different types of car user, distinguished by parking requirements (i.e. short term, medium term and long term “public” parkers, and those with access to private parking)?

For road pricing schemes combined with other instruments:

· What are the social welfare, equity and acceptability impacts (as outlined above) of introducing road charging schemes in combination with traffic calming, parking measures and signal optimization? 

For parking charge schemes:

· What are the social welfare, equity and acceptability impacts (as outlined above) of various parking schemes?

Various sensitivity tests are carried out in order to understand the robustness of the answers to these questions to variations in model parameter values and economic evaluation parameters.  Although this case study is not specifically aimed at finding “the optimum combination of instruments”, more focus is put on instruments and combinations that perform well in terms of social welfare than on those that do not perform well.

The structure of this chapter is essentially the same as the structure of the chapters concerned with the other case studies described in the deliverable. Section 7.2 provides an overview of the context of the case study, including a summary of the LTP process, a description of the city of York, and summary information about the SATURN model of York that is being used.  Section 7.3 provides recent relevant results, Section 7.4 describes the instruments being modelled in the case study, Section 7.5 describes the assessment procedure, whilst Section 7.6 provides and analyses the results.  Conclusions are drawn in Section 7.7.  

7.2
York context

7.2.1
LTP process

As stated above, the York case study takes place within the context of the UK government’s Local Transport Plan (LTP) process, through which English local authorities are required to submit LTPs to government on a five-yearly basis.  LTPs provide part of the basis for funding allocation from central government to local authorities.  Annual Progress Reports (APRs) are also required in order to demonstrate progress with the implementation of the LTP.

According to the most recent (July 2004) APR for York:

The Local Transport Plan (LTP) was submitted to central government in July 2000 and covers the period 2001 to 2006.  It sets out the council’s transport objectives and policies aimed at tackling the problems of congestion, accessibility, safety and pollution across York. There is an emphasis on promoting sustainable forms of travel, reducing the number of trips by car and ensuring that alternatives to the car are available….. 

Based on the APR submitted to central government in 2003 the council was awarded a total of £6.58 million for transport projects and to improving the condition of roads across the city. This was 21 per cent higher than originally anticipated and is a reflection of the good progress the council has made in encouraging and promoting more sustainable forms of travel such as walking, cycling and public transport. The council’s performance was rated as ‘above average’ and it is looking to improvement that rating with this year’s submission. 

With regard to the second LTP, the 2004 APR reports:

Work is currently underway to develop the council’s second Local Transport Plan to cover the period 2006-2011. The new LTP will reflect the government’s shared priorities on congestion, safety, accessibility and the environment, and support work being undertaken in the region. It will also integrate fully with the council’s Community Strategy, the 20-year City Vision developed by the Local Strategic Partnership “Without Walls” and the emerging City Development Strategy.

The council launched a city-wide public consultation exercise in March 2004 to aid the development of the second LTP. This involved consultation with local residents, Parish Councils, Residents’ Associations, as well as community and business groups. In addition, a number of themed workshops have been held with local stakeholders to discuss issues relating to congestion, safety, accessibility and environmental impacts.

In answer to the question “What are the main transport problems in your area?”, Stuart Dalgleish of York City Council, in an interview for SPECTRUM in July 2004, stated:

From the City Council and public viewpoint, congestion comes out strongest. Not just the fact that there’s too much traffic, but also the reasons for it. It is now one year to the next LTP and the government is likely to be looking then at four shared priorities:

· Congestion

· Safety

· Accessibility

· Air quality

The key issue to tackle is development pressures across the city. A lot of additional housing is planned to meet national and regional targets. On top of that there’s an economic development strategy to create thousands of new jobs over the next 10-15 years. All of this implies a huge increase in traffic movement, so the current congestion will get worse. That’s why congestion is the number one priority. Other things, like air quality, stem from it, because they depend on congestion and the total number of vehicles.

York has just done a consultation exercise for the next LTP, which asked people what sort of traffic levels they would like to see in five years time and gave some ideas of the measures needed to achieve them: 5% voted to continue with current policies, resulting in an estimated 1% growth in traffic per year; 25% voted to pursue current policies in a more radical way to keep traffic levels as they are; however, 70% voted for policies that would aim to cut current traffic levels by 9%. Congestion charging was specifically mentioned. This is based on around 1000 responses to a leaflet distributed through ward council meetings, parish councils, libraries, buses and also on the Internet.

7.2.2
Description of York

According to the LTP document “The City of York administrative area has a population of just over 177,000 people (1998 Registrar General’s mid-year estimate) and covers a total of 27,200 hectares.  The majority of the population (approx. 133,000) live within the main York urban area (6,500 ha) contained within the Outer Ring Road.  This area is also the main location for business, industry, shopping and services”. Figure 7.1 provides a map of the central area of York, within the Outer Ring Road (ORR) (which is not shown on the map).  The Inner Ring Road (IRR), which will be mentioned frequently in this chapter, is made up of the loop of roads in the centre of Figure 7.1, comprising Nunnery Lane, Gillygate, Jewbury, and the upper part of Fishergate.  Furthermore, frequent references will be made to three important bridges over the River Ouse in the city centre: Ouse Bridge (connecting Micklegate with Nessgate), Lendal Bridge (to the immediate north of Ouse Bridge), and Skeldergate Bridge (to the immediate south of Ouse Bridge).  It can be seen that Lendal Bridge and Skeldergate Bridge form part of the IRR.
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Figure 7.1: Central York

7.2.3
Description of York SATURN model

As with the Leeds SATURN model described in Chapter 6, the York SATURN model used in SPECTRUM represents morning peak hour traffic. The trip matrix comprises the predicted origin destination movements for the year 2005.  Unlike the Leeds SATURN model, which has only one user class, the York matrix is disaggregated into five user classes as follows:

1) Cars which can drive direct to their destination

2) MGV / HGV (in PCUs)

3) Cars which must use public parking or Park and Ride and stay less than 3 hours

4) Cars which must use public parking or Park and Ride and stay between 3 and 5 hours

5) Cars which must use public parking or Park and Ride and stay more than 5 hours

The dimensions of the network are as follows: 

    Simulation Nodes                 674         

    Simulation Links                1666          

    Zones                                    219           

    Buffer Nodes                        290            

    Bus Routes                              93 

    Car User Trips (Base):               

User Class 1
          31633 (87.9%)

User Class 2
            2895  (8.0%)

User Class 3

  401  (1.1%)

User Class 4

  198  (0.6%)

User Class 5

  841  (2.3%)

The model uses elastic (demand varying) assignment, with the same power law as for the Leeds SATURN case study, given in Equation 6.1, with parameter p (elasticity of trip demand) equal to -0.2 for User Class 2, and -0.5 for User Classes 1, 3, 4 and 5.  
Although the model represents bus routes (and can hence represent the effects of transport measures upon bus travel times) there is no representation of tripmakers switching from car to bus, and bus ridership is assumed fixed for all instruments.  For the purposes of the evaluation of time benefits, an occupancy of 30 per bus is assumed for all routes.  However, sensitivity tests will be carried out below, testing values of bus occupancy of 45 and 60. Car vehicle occupancy is assumed to be 1.3, with sensitivity tested being conducted for values of 1.7 and 2.1.

The York SATURN model has a detailed representation of car parks and walk links connecting car parks to final destinations, so that there is the element of “car park choice” in the model. Furthermore, car parks include “park and ride” car parks and associated bus links to final destinations.

7.3
Previous relevant results

York City Council carried out SATURN tests of a large number of instruments in 2003 (using an earlier version of the SATURN network than the version used for the SPECTRUM tests).  As a result of these earlier tests and the ongoing public participation process, a set of instruments “of special interest” was selected. The instruments in this set can be classified as follows:

· “Base case tests”, covering the actual York network for 2001 (“Base”) and the planned network for 2005, including all schemes proposed in the York LTP (“LTP”)

· An “LTP2” package, comprising the LTP package plus further schemes arising from public participation exercises (LTP2 is described more fully in 7.4)

· A scheme for “dualling” (i.e. widening) part of the Outer Ring Road (“ORR”)

· A Traffic Congestion Management Scheme (“TCMS 4I”) involving bollards on key residential roads, four new sets of traffic signals, and reduced time at traffic signals

· Three city centre road closure schemes (“Closure Test 1C”, “Closure Test 4D”, and “Closure Test 4G). Test 1C involves closing the city centre bridges. Tests 4D and 4G both involve a variety of street closures, with the closed streets in 4D being a subset of the closed streets in 4G. Tests 1C and 4G to be described further in 7.4.

· Three city centre cordon-based road pricing schemes (“RP1A”, “RP2” and “RP2A”), to be described further in 7.4 

Table 7.1 shows the results of the SATURN tests in terms of travel time, queue time, distance and fuel used. The following comments can be made about them:

· In general, figures are given relative to the 2001 base case. However, since the bus network has changed substantially since 2001, figures on bus travel time, bus queue time etc are given relative to the LTP2 scheme.

· The LTP scheme and the LTP2 scheme had similar effects in terms of number of trips, total travel time, total queue time, total distance and total fuel used. The results from these two runs can be used to provide a benchmark for the other tests.

· The physically oriented traffic management schemes (TCMS 4I and the road closure schemes 1C, 4D, 4G and 4H) led to the following effects (compared to the 2001 Base case):  a reduction or low increase in trips (-3% to 3%); high increases in total travel time (11% to 18%); very high increases in total queue time (20% to 43%); small increase in total distance (3% to 6%); and moderate increases in total fuel used (7% to 9%).

· All five physically oriented traffic management schemes led to decreases in bus travel time and bus queue time, with the exception of TCMS 4I, which (compared to the LTP2 scheme) had an increase in bus travel time of 11% and an increase in bus queue time of 26%). 

· The three road pricing schemes (RP1A, RP2, and RP2A) led to relatively low increases in number of trips, total travel time and total queue time (compared to the 2001 base).

· The three road pricing schemes led to significant reductions in bus travel time, bus queue time and bus fuel used (compared to the LTP2 scheme).

These observations were used to choose a subset of the York measures to test with a SPECTRUM-style analysis. This process is further described in Section 7.4.1.

	
	2001
	2005
	2005
	2005
	2005
	2005
	2005
	2005
	2005
	2005
	2005
	2005

	
	Base
	LTP
	LTP2
	ORR
	TCMS 4I
	Close 1C
	Close 4D
	Close 4G
	Close 4H
	Road Pricing 1A
	Road Pricing 2
	Road Pricing 2A

	Trips
	34286
	35943
	35965
	36323
	33240
	34142
	35202
	34649
	34759
	35129
	34924
	34495

	Total travel time
	5638
	6105
	6088
	6088
	6670
	6447
	6257
	6388
	6335
	5953
	5779
	5859

	Total queue time
	2444
	2775
	2751
	2751
	3498
	3179
	2944
	3073
	2995
	2668
	2492
	2586

	Total distance
	231361
	240368
	241237
	241237
	237446
	241313
	241368
	243176
	245244
	240814
	241269
	242332

	Total fuel
	21073
	22209
	22253
	22253
	22885
	22690
	22504
	22809
	22783
	21894
	21722
	21946

	
	
	
	
	
	
	
	
	
	
	
	
	

	Bus travel time
	118
	134
	140
	140
	156
	123
	138
	133
	133
	125
	127
	127

	Bus queue time
	55
	65
	70
	70
	88
	53
	69
	64
	63
	54
	56
	57

	Bus distance
	3234
	3462
	3569
	3569
	3458
	3501
	3538
	3538
	3552
	3568
	3584
	3578

	Bus fuel
	342
	380
	396
	396
	411
	362
	392
	386
	386
	371
	376
	376

	
	
	
	
	
	
	
	
	
	
	
	
	

	Change from 2001 base
	
	
	
	
	
	
	
	
	
	
	

	Trips
	
	5%
	5%
	6%
	-3%
	0%
	3%
	1%
	1%
	2%
	2%
	1%

	Total travel time
	
	8%
	8%
	5%
	18%
	14%
	11%
	13%
	12%
	6%
	3%
	4%

	Total queue time
	
	14%
	13%
	6%
	43%
	30%
	20%
	26%
	23%
	9%
	2%
	6%

	Total distance
	
	4%
	4%
	6%
	3%
	4%
	4%
	5%
	6%
	4%
	4%
	5%

	Total fuel
	
	5%
	6%
	6%
	9%
	8%
	7%
	8%
	8%
	4%
	3%
	4%

	Change from LTP2 (as LTP2 included many new bus routes compared to the 2001 base and LTP)
	
	
	
	
	

	Bus travel time
	
	
	
	-3%
	11%
	-12%
	-1%
	-5%
	-5%
	-11%
	-9%
	-9%

	Bus queue time
	
	
	
	-6%
	26%
	-24%
	-1%
	-9%
	-10%
	-23%
	-20%
	-19%

	Bus distance
	
	
	
	0%
	-3%
	-2%
	-1%
	-1%
	0%
	0%
	0%
	0%

	Bus fuel
	
	
	
	-2%
	4%
	-9%
	-1%
	-3%
	-6%
	-5%
	-5%
	-5%


Table 7.1: Previous SATURN results for York produced by York City Council

7.4
Instruments to be analysed

7.4.1 Instruments already considered by York City Council (YCC)

As described above, York City Council (YCC) have already devised a set of instruments that are of particular interest to them. In the first part of the SPECTRUM York case study, a subset of these instruments were analysed according to a “SPECTRUM-style” cost benefit analysis. Due to actual changes in the network between 2003 (when the results in Table 7.1 were obtained) and the present day (2004), there was a need to rerun SATURN with an updated model of York
, and so the results below will not be totally compatible with those in Table 7.1. 

The logic for excluding from further analysis some of the measures in the “York City Council set” are as follows:

· Given that LTP2 has already superseded LTP1 as the favoured package of York City Council, as a result of public participation exercises, there was no need to test LTP further. Thus LTP2 became the “do-minimum” package.

· In general, the urban case studies in SPECTRUM are not concerned with road infrastructure projects, so that tests ORR and Close 4H were not considered further (since they both involved widening of the Outer Ring Road).

·  TCMS 4I was not considered further since, from the results in Table 7.1, it was the most “extreme” of the physically oriented traffic management measures. Furthermore, unlike the other traffic management measures, it led to increase in bus travel time and bus queue time. However, the possibility always existed to return attention to this measure if the other physically oriented traffic management measures (i.e. involving those involving road closures) produced unexpectedly good results.

· Closure 4D was not considered further since all its components are included in Closure 4G. 

The remaining measures are now described.

The “LTP2” (do-minimum) package

The LTP2 package assumes that all the transport instruments specified in the LTP1 plan have been implemented by 2005. It also represents all actual network changes that have taken place up to the present day (2004), including new bus routes.  The LTP2 package includes seven park and ride schemes, where the car parks are located on the Outer Ring Road.  The package provides the “do-minimum” package for all subsequent tests reported in this chapter.

Street closures 

The two street closure schemes designed by YCC to be considered further are:

· Closure Test 1C, involving the closure of Lendal Bridge, Ouse Bridge, Skeldergate Bridge and Gillygate (shown on Figure 7.1).  This scheme will be referred to below as the “bridge closure” scheme.

· Closure Test 4G, involving the closure of Gillygate, Crichton Avenue, Nunnery Lane, Ouse Bridge, University Road and Heslington Lane, with traffic calming on Scarcroft Road. All these streets are shown on Figure 7.1 with the exception of Crichton Avenue, which lies to the north of the area shown in the figure (but within the ORR). This scheme will be referred to below simply as “Scheme 4G”.

Road pricing

All the cordon pricing schemes in the “YCC set” are being considered further:

· Road Pricing Test 1A, involving the charge of 1.6 euros (£1) in both directions during the morning peak in the following locations: Lendal Bridge, Ouse Bridge, Skeldergate Bridge and Gillygate. This scheme will be referred to below as “bridge pricing”.

· Road Pricing Test 2, involving the charge of 1.6 euros (£1) during the morning peak for inbound trips crossing a cordon just outside the IRR.  This scheme will be referred to below as “IRR cordon pricing”.

· Road Pricing Test 2A, involving a combination of Road Pricing Test 2 with traffic calming (in the form of bollards) on Heslington Lane and University Road. This scheme will be referred to below as “IRR cordon pricing with traffic calming”.

7.4.2 New instruments devised by SPECTRUM

Four new instruments have been devised by SPECTRUM as part of this case study:

· Traffic signal optimisation, involving optimisation of green splits at individual junctions along with the optimisation of offsets between junctions.  Given the actual day-to-day variation in traffic conditions, this instrument effectively involves the implementation of real-time urban traffic signal control.

· Increase in short term parking charges, by which all short term and medium term parking charges throughout the city are increased to be the same as long term parking charges.

· Extra road pricing for private parkers, involving a variation in the IRR cordon pricing scheme, in which those who do not need to use public car parks (i.e. User Class 1 defined above) would be required to pay an extra 1.6 euros (£1) 

· Free park and ride, in which there would be no car park charges at the park and ride sites on the ORR. 
7.4.3 Combinations of instruments

Once the above instruments have been tested, various packages will be formed of instruments that are individually strong in terms of social welfare (as defined by the SPECTRUM cost benefit analysis); these packages will then be tested.

7.5
Assessment procedure and model parameters

As with the other case studies described in this deliverable, the main assessment method used in the York SATURN case study is a cost benefit analysis in line with the approach described in Deliverable 6 of SPECTRUM.  However, as with the Leeds SATURN case study, the York case study makes this analysis over a short term timescale, considering only morning peak hour traffic. The assessment directly addresses issues of travel time benefits (for car users and bus users), money benefits, government revenue and external costs.  However it does not represent cyclist and pedestrian benefits (which cannot simply be reduced to time and money benefits), and does not address “quality of life” type issues such “liveable streets” or “attractive city centres”.

Table 7.2 shows the monetary values of time and external impacts used to calculate benefits and costs.  The value of time (and the resulting time-value of the Euro) are local values used by York City Council. The environmental impact costs are the same as those used in the Leeds SATURN case study (and have been taken from Appendix 1.4 of Deliverable 6 of SPECTRUM).    It should be pointed out that these factors are relatively coarse, but arguably are the most appropriate in a situation where there is no detailed modelling of pollution dispersion, exposure to pollution, and accidents. Sensitivity tests will be described below in which the environmental impact costs are significantly increased, to see whether this has a substantial effect on the overall modelling results.

	Value of Time (
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)
	11.32 €/Hr

	Value of Euro (
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)
	318 secs/€

	Car Pollution factor (
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)
	0.0275 €/Km       

	Car Noise factor (
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)
	0.0373 €/Km       

	Car Accident factor (
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)
	0.0222 €/Km       


Table 7.2: Benefit Calculation Factors

As in the Leeds SATURN case study, it is assumed that, during the morning peak hour, average car occupancy (
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O

) is 1.3. As stated above, the base assumption for average bus occupancy (
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) is 30.  Sensitivity tests are reported below with respect to variations in both bus and car occupancy.  

Car user time benefits (UBTc), bus user time benefits (UBTb), car user money benefits (UBMc), government revenue (GR), external benefits (EB) and total benefits (TB) are all calculated as in the Leeds SATURN case study (according to equations 6.2 to 6.8).  As stated above, these benefits only cover the morning peak, and refer to an “average day”. All benefits are calculated relative to the LTP2 do-minimum package, which by definition has zero benefits.

Further to the main cost benefit analysis, various types of further analysis were carried out:

· Overall ranking of instruments in terms of all the types of benefit listed in the paragraph above;  

· Sensitivity tests varying the car and bus occupancy assumptions

· Sensitivity tests varying the Marginal Cost of Public Funds (MCPF)

· Sensitivity tests of the external benefit parameters (given in Table 7.2)

· Combinatorial analysis  

· Equity analysis between car and bus users

· Equity analysis between the different classes of car user

7.6
Modelling results

7.6.1 Instruments already considered by York

Street closures 

Table 7.3 shows that the two street closure instruments (1C and 4G) led to large time disbenefits for car users, whilst producing reasonable time benefits for bus users.  The scheme to close the bridges was the more extreme, in that both the car user disbenefits and the bus user benefits were higher than for the “4G”scheme. Given that no new charges were introduced in these schemes, they had little effect on car user money benefits or government revenue, although there were small alterations in these figures due to changes in parking behaviour. In conclusion, these instruments are not effective congestion-reducing measures.  However, if the aim is to create attractive city centre pedestrian streets, then cost benefit analysis is not the right tool to assess whether or not this aim has been achieved.

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Street closures
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	Bridges (1C)
	-17761
	4212
	-19
	-108
	-759
	-14434

	Test “4G”
	-11039
	1393
	4
	-79
	-427
	-10149


Table 7.3: Economic benefits for street closures

Road pricing

Table 7.4 shows varying results with respect to car user time benefits in response to the three road pricing schemes (1A, 2 and 2A).  The Inner Ring Road (IRR) cordon pricing scheme (scheme 2) led to a small increase in car user time benefits, whilst the other two schemes led to car user time disbenefits (though much smaller in size than the car user time disbenefits resulting from the closure schemes discussed above).  The bridge pricing scheme (1A) led to a higher level of bus user time benefits than the other two schemes, whilst car user money disbenefits (and associated government revenue) were higher for schemes 2 and 2A.

Scheme 2A provides the first opportunity in this case study to examine the combination of an economic instrument (IRR cordon pricing) with a physical/regulatory instrument (traffic calming). It can be seen from Table 7.4 that the combination led to a decrease in benefits (compared to IRR cordon pricing) in all respects apart from government revenue. Thus, in this case, it can be said definitively that, in terms of the cost benefit analysis, the combination was not a success.  However, as stated above, this analysis does not cover “quality of life” benefits resulting from traffic calming, such as benefits to inhabitants and pedestrians on calmed streets.

It is interesting to compare the “success” of the IRR cordon pricing scheme in York with the “failure” of a similar scheme (“City centre cordon charging) in the Leeds SATURN case study, reported in Section 6.5.4. An important conclusion follows that the success of any such scheme is highly dependent upon the particular local factors of the city concerned. In other words, there would appear to be no “universal blueprints” that can be easily transferred from one location to another.  The issue of transferability was briefly touched upon in Section 3.6, and will be more fully described in a later deliverable of SPECTRUM (Deliverable D11 “Transferability of the SPECTRUM framework: theory and practice”).

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)

	Road pricing
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	Bridges (1A)
	-2707
	4994
	-3889
	3424
	-161
	1660

	IRR cordon (2)
	125
	4654
	-7083
	6294
	-63
	3927

	IRR cordon + traffic calming (2A)
	-1719
	4552
	-7714
	6798
	-159
	1758


Table 7.4: Economic benefits for road pricing schemes

7.6.2 New instruments devised by SPECTRUM

Table 7.5 shows the results of a cost-benefit analysis of the “new instruments” devised by SPECTRUM. It can be seen that signal optimisation and the increase in short term parking charges led to the highest levels of total benefit, though neither scheme led to an increase in bus user time benefits.  On the other hand, the extra 1.6 euro road pricing charge for private parkers led to substantial increases regarding bus user time benefits (providing the highest value of this indicator for all the schemes tested so far). Free park and ride had disappointing results, leading to no benefit in any respect with the rather obvious exception of an increase in car user money benefits.

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit

(€)
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	 Signal optimisation
	1285
	-272
	20
	-8
	-12
	1013

	Increase short term parking charges
	317
	-34
	690
	37
	-12
	998

	Extra road pricing private parkers
	-1927
	5639
	-11705
	8817
	-110
	715

	Free park and ride
	-668
	-170
	1724
	-1560
	-110
	-784


Table 7.5: Economic benefits for new instruments devised by SPECTRUM

7.6.3 Combinations of instruments

In view of the success described above of the IRR cordon pricing, all combinations considered further include this instrument. Specifically, IRR cordon pricing is combined (separately) with the three other measures described above which individually led to an increase in total benefits: bridge pricing, signal optimisation and increase in short term parking charges.  Table 7.6 shows the results of a cost benefit analysis of these instrument pairs.  Furthermore, the table shows the benefits of two more complex packages: (1) IRR cordon pricing + signal optimisation + increase in short term parking charges; and (2) a package combining these three measures with bridge pricing. The latter package will be referred to below as the “total package”.  The benefits of IRR cordon pricing alone (taken from Table 7.4) are also shown, for reference.

The first point to make about these results is that only three of these combinations (IRR cordon pricing with signal optimisation; IRR cordon pricing with increases in short term parking charges; and the combination of these three measures) led to an increase in total benefits when compared to the implementation of IRR cordon pricing by itself. On the other hand, when particular benefits are examined separately, the picture is more complex. The two combinations that did not lead to an increase in total benefits over IRR cordon pricing by itself (i.e. IRR cordon pricing with bridge pricing, and the total package) both had higher levels of bus user time benefits and government revenue than the other packages.  This conclusion leads directly to the need for sensitivity testing of the results in terms of bus user occupancy assumptions and the value assigned to MCPF.

	Instrument


	User Time benefits (€)
	User Money benefits (€)
	Government Revenue (€)
	External benefits (€)
	Total benefit
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	IRR cordon pricing
	125
	4654
	-7083
	6294
	-63
	3927

	  combined with:
	
	
	
	
	
	

	Bridge pricing
	-4754
	6488
	-9119
	7743
	-212
	147

	Signal optimisation
	2867
	5231
	-7001
	6202
	-129
	7170

	Increase in short term parking charges
	-131
	4790
	-6446
	6289
	-69
	4433

	Signal optimisation + increase in short term parking charges
	2404
	4994
	-6321
	6188
	-138
	7126

	Signal optimisation + increase in short term parking charges + bridge pricing
	-3332
	6794
	-8155
	7524
	-205
	2626


Table 7.6: Economic benefits for combinations of instruments

7.6.4 Overall comparison of instruments

Table 7.7 provides an overall ranking of instrument combinations with respect to: total benefit; car user time benefits; bus user time benefits; car user money benefits; government revenue; and external benefits. 

	Instrument
	Total benefit
	Car user time benefits
	Bus user time benefits
	Car user money benefits
	G’ment revenue
	External benefits

	IRR pricing + signal optimisation
	1
	1
	4
	10
	7
	8

	IRR pricing + signal optimisation + short term parking
	2
	2
	5=
	8
	8
	9

	IRR pricing + short term parking
	3
	7
	7
	9
	6
	5

	IRR pricing
	4
	5
	8
	11
	5
	4

	IRR pricing + bridge pricing + signal optimisation + short term parking
	5
	12
	1
	13
	3
	12

	IRR pricing + traffic calming
	6
	9
	9
	12
	4
	10

	Bridge pricing
	7
	11
	5=
	7
	9
	11

	Signal optimisation
	8
	3
	15
	3
	12
	2

	Short term parking
	9
	4
	13
	2
	10
	3

	IRR pricing + extra charge for private parkers
	10
	10
	3
	15
	1
	6

	IRR pricing + bridge pricing
	11
	13
	2
	14
	2
	13

	LTP2 package (Do minimum)
	12
	6
	12
	5
	11
	1

	Free park and ride
	13
	8
	14
	1
	15
	7

	Street closure “plan 4G” 
	14
	14
	11
	4
	13
	14

	Bridge closures
	15
	15
	10
	6
	14
	15


Table 7.7: Ranking of combinations with respect to various economic benefits

The two packages with the greatest total benefit (IRR cordon pricing + signal optimisation, and IRR cordon pricing + signal optimisation + short term parking charge increases) are also the two packages which have the highest car user time benefits. The package with the highest bus user time benefits is the “total package”, whilst the package that generates most government revenue is IRR cordon pricing + an extra charge for private parkers.  The do-minimum LTP2 package is the best with regards to external benefits.
7.6.5 Sensitivity testing on bus and car occupancy

Table 7.8 shows the ranking of measures when sensitivity tests on bus and car occupancy are carried out, with bus occupancy being increased from a “base level” of 30 to levels of 45 and 60, and with car occupancy being increased from a “base level” of 1.3 to levels of 1.7 and 2.1. It can be seen that the results are reasonably robust to all these changes, with the top two packages (in terms of total benefits) the same throughout all tests. 

	Instrument
	Ranking of TB with bus occ. = 30
	Ranking of TB with bus occ. = 45
	Ranking of TB with bus occ. = 60
	Ranking

of TB with car occ. = 1.7
	Ranking of TB with car occ. = 2.1

	IRR pricing + signal optimisation
	1
	1
	1
	1
	1

	IRR pricing + signal optimisation + short term parking
	2
	2
	2
	2
	2

	IRR pricing + short term parking
	3
	3
	4
	3
	3

	IRR pricing
	4
	4
	5
	4
	4

	IRR pricing + bridge pricing + signal optimisation + short term parking
	5
	5
	3
	5
	8

	IRR pricing + traffic calming
	6
	7
	9
	7
	7

	Bridge pricing
	7
	6
	6
	9
	*

	Signal optimisation
	8
	11
	11
	6
	5

	Short term parking
	9
	10
	10
	8
	6

	IRR pricing + extra charge for private parkers
	10
	8
	8
	10
	*

	IRR pricing + bridge pricing
	11
	9
	7
	*
	*


* indicates that the package performed worse than the do-minimum

Table 7.8: Ranking of packages in response to changes in assumptions about bus occupancy and car occupancy

7.6.6 Sensitivity testing on the Marginal Cost of Public Funds (MCPF)

Table 7.9 shows the ranking of the packages in response to changes in the value of Marginal Cost of Public Funds (MCPF), with MCPF being varied from 1.0 (the base case) to 1.2 and 1.4. The table also shows the results from combining a high value of MCPF (i.e. 1.4) with a high assumption about bus occupancy (i.e. 60).  The motivation for this test is that it is the one that will show schemes with high road user charges in their best light, given that, as seen above, they generate both bus user time benefits and government revenue. 

The main conclusion from the results in Table 7.9 is that the ranking of packages appears extremely robust with respect to the sensitivity tests being carried out.  The two top-performing packages in the base case (IRR cordon pricing + signal optimisation, and these two instruments combined with short term parking charge increases) are also the top-performing in all the sensitivity tests. The two higher charging road pricing packages (IRR cordon pricing + an extra charge for private parkers, and IRR cordon pricing + bridge pricing) certainly improve their rankings as MCPF is increased, but not sufficiently to be amongst the top five packages.

	
	Ranking with MCPF = 1.0
	Ranking with MCPF = 1.2
	Ranking with MCPF = 1.4
	Ranking with MCPF = 1.4 and bus occ. = 60

	IRR pricing + signal optimisation
	1
	1
	1
	1

	IRR pricing + signal optimisation + short term parking
	2
	2
	2
	2

	IRR pricing + short term parking
	3
	3
	3
	4

	IRR pricing
	4
	4
	4
	5

	IRR pricing + bridge pricing + signal optimisation + short term parking
	5
	5
	5
	3

	IRR pricing + traffic calming
	6
	6
	6
	8

	Bridge pricing
	7
	8
	9
	9

	Signal optimisation
	8
	10
	11
	11

	Short term parking
	9
	11
	10
	10

	IRR pricing + extra charge for private parkers
	10
	7
	7
	6

	IRR pricing + bridge pricing
	11
	9
	8
	7


Table 7.9: Ranking of packages in response to changes in the value of Marginal Cost of Public Funds (MCPF)

7.6.7 Sensitivity test on external benefits

As will have been noted in Tables 7.3 to 7.6, the size of external benefits is always small compared to the size of the other benefits, so that external benefits have only a very small effect on overall results.  This observation leads directly to the need for carrying out sensitivity tests on the size of the external benefit parameters in Table 7.2.  Table 7.10 shows the ranking of instrument combinations resulting of these sensitivity tests, where the parameters in Table 7.2 are increased by factors of 10, 20, 50 and 100 respectively.

	
	Base case
	External benefits * 10
	External benefits * 20
	External benefits * 50
	External benefits * 100

	IRR pricing + signal optimisation
	1
	1
	1
	3
	*

	IRR pricing + signal optimisation + short term parking
	2
	2
	2
	6
	*

	IRR pricing + short term parking
	3
	3
	3
	1
	*

	IRR pricing
	4
	4
	4
	2
	*

	IRR pricing + bridge pricing + signal optimisation + short term parking
	5
	7
	*
	*
	*

	IRR pricing + traffic calming
	6
	8
	*
	*
	*

	Bridge pricing
	7
	9
	*
	*
	*

	Signal optimisation
	8
	5
	5
	4
	*

	Short term parking
	9
	6
	6
	5
	*

	IRR pricing + extra charge for private parkers
	10
	*
	*
	*
	*

	IRR pricing + bridge pricing
	11
	*
	*
	*
	*


* indicates that the package performed worse than the do-minimum

Table 7.10: Ranking of packages in response to changes in the external benefit parameters

As can be seen from Table 7.10, the multiplication of external benefit parameters by ten has only a small effect on the ranking of measures.  In fact, the ranking of the top four measures stays the same whether these parameters are multiplied by ten or by twenty.  It is only when the parameters are multiplied by fifty that the ranking changes dramatically, with the combination of IRR cordon pricing + short term parking charge increases emerging as the top package. In the case of external benefit parameters being multiplied by a hundred, all packages are worse than the do-minimum package.  

7.6.8 Combinatorial analysis

Table 7.11 shows the results of a combinatorial analysis, of the type described in Chapter 2, with respect to the combination of IRR cordon pricing with five other measures, using figures from Tables 7.4 to 7.6.  In three combinations (with traffic calming, extra charges for private parkers, and bridge pricing) the total benefits are lower than those resulting from the implementation of IRR cordon pricing by itself.  In the terms of Chapter 2, these combinations are thus labelled “incompatible”.  However, the total benefits from implementing IRR cordon pricing in combination with signal optimisation are greater than the sum of the total benefits from implementing these measures separately: this is thus a case of “synergy”.  The combination of IRR cordon pricing with an increase in short term parking charges lies in between these two extremes, resulting in “complementarity but with decreasing returns”.

These relationships hold throughout all the sensitivity tests described above (with the exception of the “extreme” tests where the external benefit parameters are multiplied by 50 and 100), and so appear to be reasonably robust.

	Combination of following measures with IRR cordon pricing:
	

	Traffic calming
	Incompatibility

	Extra charges for private parkers
	Incompatibility

	Bridge pricing
	Incompatibility

	Signal optimisation
	Synergy

	Increase in short term parking charges
	Complementarity but decreasing returns


Table 7.11 Results of combinatorial analysis

7.6.9 Equity analysis between car users and bus users

Table 7.12 shows car user benefits (time benefits added to money benefits) and bus user benefits (only time benefits) for each instrument/combination tested, with instruments/combinations being ordered in terms of their total benefit.  The results are striking.  Only three measures led to positive car user benefits (signal optimization; free park and ride; and short term parking increases), and these were the three worst measures in terms of bus user benefits.  As can be seen, all road pricing schemes (and combinations including road pricing) penalized car users whilst favouring bus users.  A general rule can be observed as follows: the higher the charge, the greater the disbenefit to car users and the greater the benefit to bus users.

	Instrument
	Car user benefits
	Ranking  w.r.t. car user benefits
	Bus user benefits
	Ranking  w.r.t. bus user benefits

	IRR pricing + signal optimisation
	-4134
	6
	5231
	4

	IRR pricing + signal optimisation + short term parking
	-3917
	5
	4994
	5=

	IRR pricing + short term parking
	-6577
	7
	4790
	7

	IRR pricing
	-6958
	9
	4654
	8

	IRR pricing + bridge pricing + signal optimisation + short term parking
	-11487
	12
	6794
	1

	IRR pricing + traffic calming
	-9433
	10
	4552
	9

	Bridge pricing
	-6596
	8
	4994
	5=

	Signal optimisation
	1305
	1
	-272
	15

	Short term parking
	1007
	3
	-34
	13

	IRR pricing + extra charge for private parkers
	-13632
	13
	5639
	4

	IRR pricing + bridge pricing
	-13873
	14
	6488
	2

	LTP2 package (Do minimum)
	0
	4
	0
	12

	Free park and ride
	1056
	2
	-170
	14

	Street closure “plan 4G” 
	-11035
	11
	1393
	11

	Bridge closures
	-17780
	15
	4212
	10


Table 7.12: Car user benefits compared to bus user benefits

7.6.10
Equity analysis between different classes of car user

As stated above, the York SATURN model has five user car / HGV user classes which are assigned to the network (which will be referred to as UC1 to UC5 respectively):

1) Cars which can drive direct to their destination (87.9% of total trips)

2) MGV / HGV (in PCUs) (8.0% of total trips)

3) Cars which must use public parking or Park and Ride and stay less than 3 hours (1.1% of total trips)

4) Cars which must use public parking or Park and Ride and stay between 3 and 5 hours (0.6% of total trips)

5) Cars which must use public parking or Park and Ride and stay more than 5 hours (2.3% of total trips)

Clearly, UC 1 dominates in terms of number of trips. If benefits are spread evenly throughout all five classes, the percentage of benefits for each class would be expected to be approximately equal to the percentage of trips for that class.  The analysis carried out in this section examines whether this is always the case: in those situations where it is not the case, explanations are provided. The tables below
 show the total time and money benefits (as given above), and show how these benefits are distributed, with figures being given for “percentage of benefit for UC 1, 2 etc”. In many cases, the five user classes either all receive positive benefits or all receive disbenefits. In such situations, the percentage share of benefits allocated to each user class is easy to understand. However, in other cases (arguably the most interesting from an equity point of view) some user classes receive positive benefits whilst others receive disbenefits. Such results lead to “negative percentages” and “percentages greater than one hundred”. The meaning of such figures will be explained further in the relevant cases. 

Table 7.13 shows the distribution of time benefits for road closure schemes and signal optimisation.  It can be seen that this distribution is very similar to the distribution of trips between user classes. Since the money benefits arising from these schemes are extremely small (as can be seen in Tables 7.3 and 7.5 above) the distribution of money benefits is not shown. 

	
	
	% of benefits for the five user classes (UCs)

	
	Total time benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Bridge closures (1C)
	-17761
	89%
	8%
	1%
	0%
	1%

	Street closures Test “4G”
	-11039
	89%
	8%
	1%
	0%
	1%

	Signal optimisation
	1285
	87%
	12%
	2%
	0%
	0%


Table 7.13 Distribution of time benefits for road closure and signal optimisation measures

Table 7.14 shows the distribution of time benefits for road pricing schemes. For the bridge pricing scheme (1A), this distribution is very similar to the distribution of trips between user classes. However, for the other schemes the distribution is rather different. For the IRR cordon scheme, UCs 1 and 2 receive positive time benefits whilst the other classes receive disbenefits.  Thus UC 1 receives “252% of the total benefit” (meaning that the class gets 315 € benefit) whilst UC 5 gets a “-125% benefit” (meaning that the class receives a disbenefit of 156 €). In summary, this measure adversely affects those requiring public parking spaces (i.e. UCs 3, 4 and 5). When combined with traffic calming, this inequity continues. It can be seen from Table 7.14 that the disbenefits of public parkers are relatively high compared to their share of total trips. The imposition of an extra charge on  “private car parkers” (i.e. UC 1) has the predictable effect of increasing the disbenefit for this class: however, the main beneficiaries are HGVs (UC 2) and short term parkers (UC 3) rather than the longer stay public parkers (UCs 4 and 5).

Table 7.15 shows the money disbenefits from road pricing schemes. The distribution of disbenefits for UCs 1 and 2 is very similar to the distribution of trips for these classes. However, it can be seen that short term public parkers (UC 3) pay relatively highly for these schemes in terms of their share of disbenefits. On the other hand, long term public parkers (UC 5) do relatively well, in some cases even receiving a small money benefit. 

	
	
	% of benefits for the five user classes (UCs)

	
	Total time benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Bridges (1ª)
	-2707
	87%
	7%
	0%
	0%
	5%

	IRR cordon (2)
	125
	252%
	23%
	-11%
	-39%
	-125%

	IRR cordon + traffic calming (2A)
	-1719
	78%
	9%
	1%
	3%
	9%

	Extra road pricing for private parkers
	-1927
	88%
	1%
	-1%
	3%
	9%


Table 7.14 Distribution of time benefits for road pricing measures

	
	
	% of benefits for the five user classes (UCs)

	
	Total money benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Bridges (1ª)
	-3889
	90%
	8%
	2%
	0%
	0%

	IRR cordon (2)
	-7083
	90%
	7%
	4%
	0%
	-1%

	IRR cordon + traffic calming (2A)
	-7714
	90%
	6%
	4%
	0%
	-1%

	Extra road pricing for private parkers
	-11705
	86%
	8%
	5%
	0%
	0%


Table 7.15 Distribution of money benefits for road pricing measures

Tables 7.16 and 7.17 show the distribution of time and money benefits for short term parking charge increases (on UCs 3 and 4) and for free park and ride. For the former measure, it can be seen (from Table 7.16) that UCs 3 and 4 suffer large time disbenefits, presumably because of the need to change to cheaper car parks more distant from their final destinations. From Table 7.17, it can be seen that this results in a net money benefit for these two classes, and, interestingly, these money benefits are higher in absolute terms than the time disbenefits. 

Table 7.16 shows that free park and ride leads to substantial time disbenefits for all public parkers (UCs 3, 4 and 5).  However, Table 7.17 shows that, not surprisingly, these classes all benefit in money terms from the measure. By comparing the two tables, it can be seen that the money benefits for each class are always greater than the time disbenefits (in absolute terms).  

	
	
	% of benefits for the five user classes (UCs)

	
	Total time benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Increase short term parking charges
	317
	156%
	12%
	-46%
	-23%
	1%

	Free park and ride
	-668
	38%
	-3%
	11%
	13%
	41%


Table 7.16 Distribution of time benefits for short term parking charge increases and free park and ride 

	
	
	% of benefits for the five user classes (UCs)

	
	Total money benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Increase short term parking charges
	690
	0%
	0%
	73%
	27%
	0%

	Free park and ride
	1724
	0%
	0%
	10%
	18%
	72%


Table 7.17 Distribution of money benefits for short term parking charge increases and free park and ride 

Tables 7.18 and 7.19 show the distribution of time and money benefits for combinations of instruments involving IRR cordon pricing. It can be seen that the time benefits vary quite considerably between combinations, whilst the money benefits are reasonably homogenous. From Table 7.18, it can be seen that, for the combination with the highest level of time benefits (i.e. IRR cordon pricing + signal optimisation), time benefits are focused on private parkers (UC 1); and in fact longer stay parkers (UCs 4 and 5) suffer time disbenefits. When an increase in short term parking charges is added to this package, this effect is even more marked, with short term parkers (UC 3) also receiving time disbenefits.  In general, all combinations involving short term parking increases lead to time disbenefits and money benefits for UCs 3 and 4, thus repeating the result above for the implementation of this measure by itself.

	
	
	% of benefits for the five user classes (UCs)

	IRR cordon pricing combined with:
	Total time benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Bridge pricing
	-4754
	83%
	7%
	3%
	2%
	6%

	Signal optimisation
	2867
	96%
	9%
	1%
	-2%
	-5%

	Increase in short term parking charges
	-131
	-232%
	-20%
	154%
	80%
	119%

	Signal optimisation + increase in short term parking charges
	2404
	108%
	10%
	-8%
	-4%
	-5%

	Signal optimisation + increase in short term parking charges + bridge pricing
	-3332
	74%
	4%
	10%
	4%
	9%


Table 7.18 Distribution of time benefits for combinations of measures

	
	
	% of benefits for the five user classes (UCs)

	IRR cordon pricing combined with:
	Total money benefits (€)
	UC 1
	UC 2
	UC 3
	UC 4
	UC 5

	Bridge pricing
	-9119
	89%
	7%
	4%
	0%
	-1%

	Signal optimization
	-7001
	89%
	7%
	5%
	0%
	-1%

	Increase in short term parking charges
	-6446
	99%
	7%
	-3%
	-2%
	-1%

	Signal optimisation + increase in short term parking charges
	-6321
	99%
	7%
	-4%
	-2%
	-1%

	Signal optimisation + increase in short term parking charges + bridge pricing
	-8155
	97%
	8%
	-3%
	-2%
	-1%


Table 7.19 Distribution of money benefits for combinations of measures

7.6.11
Public/political acceptability analysis

It was written at the start of this chapter that the instruments selected for York were those that, according to York City Council, could feasibly be included in the next Local Transport Plan (LTP). Important criteria for deciding upon feasibility were public and political acceptability. It is probably safe to say that the most controversial of the schemes are the road pricing schemes, and so they have been carefully designed to reduce controversy. In particular cordon charging (which can be “sold” as reducing congestion in York’s historic centre) has been chosen over distance charging (which has a much less obvious immediate effect apart from drivers needing to pay more). Furthermore, the charge level of 1.6 euro is not large, especially when compared to the charge level of 8 euros for the (generally accepted) successful congestion charging scheme in London. The reference to London scheme here is important, since it would be expected to have a “domino effect” on other cities in the UK (and probably also in the rest of the EU).

The optimal scheme involves IRR cordon pricing and signal optimization. Whilst the pricing aspect of this combination will clearly not be universally welcome (even if welcomed by a majority), the signal optimization aspect could be seen as a “sweetener” to car drivers, especially if this aspect is well publicized. 

However, arguably the most important factor influencing public and political acceptability concerns how the revenue from road pricing is spent.  If it is hypothecated (kept within the transport system) the measure is far more likely to be publicly acceptable, especially if directed towards public transport. This observation leads directly back to results gained in the multimodal case studies described above (Chapters 4 and 5).

7.7
Summary

All instruments considered in the York SATURN case study covered the morning peak hour. They were as follows:

· The “LTP2” (do-minimum) package which assumes that all the transport instruments specified in York’s 2001 Local Transport Plan (LTP1) have been implemented by 2005. 

· Street closures, comprising two schemes designed by York City Council, one involving the closure of three city centre bridges across the River Ouse, and the other consisting of a set of street closures specified above

· Road pricing, comprising two road pricing schemes designed by York City Council, one to cross the bridges, in both directions, in the city centre (referred to below as “bridge pricing”), and the other to cross the Inner Ring Road into the city centre (referred to below as “IRR cordon pricing”) with both schemes involving a charge of 1.6 euros. 

· Road pricing combined with traffic management, involving a combination of IRR cordon pricing with traffic calming on two roads in the south east of the city. 

· Traffic signal optimization, involving optimisation of green splits at individual junctions along with the optimisation of offsets between junctions.

· Increase in short term parking charges, by which all short term and medium term parking charges throughout the city are increased to be the same as long term parking charges.

· Extra road pricing for private parkers, involving a variation in IRR cordon pricing, in which those who do not need to use public car parks would be required to pay an extra 1.6 euros  

· Free park and ride, in which there would be no car park charges at the park and ride sites on the ORR.

· Combinations of IRR cordon pricing with signal optimization, bridge pricing and increases in short term parking charges.
The instrument that (implemented alone) led to greatest total economic benefits in the York case study (for the morning peak hour over a short term time horizon) was IRR cordon pricing, a measure roughly equivalent to the city centre cordon charging in the Leeds SATURN case study.  However, the Leeds version of the measure led to disbenefits (at least for the morning peak hour over a short term time horizon). This leads to an extremely important result for this deliverable, that transferability of a measure from one city will not lead automatically to the transfer of benefits (disbenefits) associated with the measure.  This result is highlighted given that: (1) the modelling approach used in both SATURN case studies was extremely similar; (2) the assessment approach was the same; and (3) both cities are located in the north of England.  This issue will be discussed further below in Chapter 8 and in SPECTRUM Deliverable D11 “Transferability of the SPECTRUM  framework: theory and practice”.

The main contribution to the success of IRR cordon pricing came from bus user time benefits. Although the effect on car user time benefits was positive, it was small. The instrument led to large car user money disbenefits (as might be expected) though these were to a large extent counteracted by the increase in government revenue.

The two instrument combinations leading to the highest level of total benefits involved IRR cordon pricing, with (1) signal optimization and with (2) signal optimization and an increase in short term parking charges.  Essentially, signal optimisation contributed to a significant increase in car user time benefits and a small increase in bus user time benefits, when compared to IRR cordon pricing implemented alone. It was found that there was synergy between the two instruments.

As stated earlier in this chapter, all instruments were considered to be relatively acceptable to the public. However, public acceptability would clearly be enhanced by using the “government revenue” from pricing to provide transparently direct benefits to travellers in York, to support signal optimization, and improvements for public transport passengers, cyclists and pedestrians.

With respect to equity, it was shown that all pricing schemes led to an increase in bus user benefits and a decrease in car user benefits (considering the aggregation of time and money benefits).  Thus road pricing can, in general, be seen as a “positive redistributive” measure if it is assumed that car users are wealthier than public transport users. However, this statement needs to be qualified by how the revenue from road pricing is to be used. If it is to be used to enhance public transport, the positive redistributive effect is increased.  However, if it is used to help reduce income tax (which would disproportionately benefit car users, once again under the assumption that they are wealthier than bus users), the positive redistributive effect is reduced or even eliminated.

Some interesting results were gained with respect to equity between different types of car user, in terms of their parking characteristics.  IRR pricing, and packages including IRR pricing, tended to lead to greater benefits to those with access to private parking.  The main exception to this observation (not surprisingly) involved combining IRR pricing with an extra charge for private parkers. However, this combination did not score well in terms of total benefit. Two comments can be made about the disproportionate benefit of IRR pricing to private parkers. Firstly, a disbenefit (for the morning peak hour) to those requiring short term parking might be seen in a positive light by policy makers, given that many short term parkers are making trips that can be rescheduled to the off-peak (such as for shopping and leisure).  Secondly, any practical implementation of IRR pricing in York should consider combining pricing with parking charges, especially for those for whom (paid) parking requirements are not flexible in terms of time of day.

8.
Summary and further analysis

8.1
Introduction

This final chapter makes a comparative summary and further analysis of the four urban case studies.  It does so with the help of a number of tables, which provide the most significant results from the case studies.  These results are then analysed according to a structure associated with the “high level” questions from Section 2.4, which were as follows:

High level questions (instruments considered in isolation)

· 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?

High level questions (instrument packages)

· 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?

Section 8.2 will answer the first set of these questions, relating to individual instruments. Since an important aspect of this summary will be a comparison of instruments, questions will be answered together for particular classes of instruments: road pricing; public transport fares; and parking charges.  Section 8.3 will answer the second set of questions, following a similar format.  

Two further reminders should be made here.  Firstly, all instruments and instrument combinations are assessed against a do-minimum scenario in each case study (where the do-minimum scenario for each case study was defined previously in the relevant chapter).  Thus comments such as “benefits are increased by the instrument” show that the instrument leads to benefits higher than in the do-minimum scenario. Secondly, two types of case study have been carried out.  Multimodal case studies take a long term view towards assessment and consider “all-day” impacts of instruments over a long term time horizon. Road sector case studies, however, only consider the assessment of short term impacts for the morning peak.

8.2
Instruments considered in isolation

Tables 8.1, 8.2 and 8.3 show the results from the four case studies with respect to the implementation of instruments in isolation, i.e. they do not show instrument combinations or packages. Table 8.1 shows results concerning instruments tested in at least one multimodal case study and in at least one road sector case study. Table 8.2 shows results when instruments were tested in one or more multimodal case studies but not in a road sector case study, whilst Table 8.3 shows results when instruments were tested in one or more road sector case studies but not in a multimodal case study.

8.2.1
Road pricing instruments

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)?

“Current measures” are seen here as equivalent to the instruments employed in the do-minimum scenarios in the case studies.  Thus any instrument with a positive value for total benefit can be seen to be an improvement in an overall sense on current measures.  

Cordon charging was the only instrument tested in all four case studies.  As can be seen from Table 8.1, it led to positive total benefits in both of the multimodal case studies and in the York road sector case study.  However, it led to a loss in total benefits in the Leeds road sector case study at all three levels of charge tested. Two important conclusions can be drawn here:

· The “conflicting” Leeds results should be seen in terms of the difference between a long term perspective (as in the multimodal case study) as opposed to a short term perspective (as in the road sector case study).  One of the clear aims of cordon charging is to reduce congestion in a city centre.  Such congestion would be expected to be higher in future years as compared to the current year (unless of course a significantly different transport policy were operating in future years).  Thus, cordon pricing is more likely to lead to total benefits over a long term rather than a short term time horizon.  

· In the York case study there were two designs for cordon pricing: “Inner Ring Road” pricing (similar to the designs in the other case studies) and city centre “bridge” pricing, which involved charging cars to cross the river running through the city centre.  Both schemes led to increases in total benefits, showing that the success of the scheme was not overly dependent upon its physical design (though the Inner Ring Road scheme led to greater total benefits than the bridge pricing scheme). Given that the Leeds road sector case study involved a loss of total benefit for cordon pricing, it can thus be concluded that, in a short term assessment, cordon pricing will be successful in some locations but not in others.  This result has important consequences for transferability analysis, which will be examined further in Deliverable D11 (“Transferability of the SPECTRUM  framework: theory and practice”).     

Distance charging and fuel taxes can be viewed as analogous instruments on a conceptual level in that both involve a payment directly related to distance travelled, and so they are discussed together here.  They are of course very different on a practical implementation level, and this will be discussed below.  It can be seen in Table 8.1 that a fuel tax increase of 50% in Oslo led to an increase in total benefits.  For Leeds, distance charging led to increases in total benefits for both multimodal and road sector case studies up to a maximum level of charging, though there was a difference in the maximum levels in the two case studies.  In the multimodal case study, charges up to 2.5 euros per km led to an increase.  In the road sector case study, however, whilst levels of 0.0375 and 0.1125 euros per veh-km led to increases in total benefits, 0.3775 euros per km led to a decrease. As with cordon charging, the short term assessment of distance charging leads to less positive results than the long term assessment.

	Instrument
	Multimodal case studies (long term annual assessment)
	Road sector case studies (short term a.m. peak assessment)

	Toll ring / Cordon charging
	Oslo

· Time-differentiated scheme (peak charge equal to 2.5 times price in 2002; off-peak charge same as in 2002)

· Increase in total benefits, decrease in user benefits and increases in external benefits

· In the peak (a.m. and p.m.), number of car trips reduced by 1.1%, number of public transport trips increased by 1.9%, and number of walk/cycle trips increased by 2.3%

· In the off-peak, number of car trips reduced by 0.4%, number of public transport trips increased by 0.1%, and number of walk/cycle trips increased by 0.1%

Leeds

· Various levels of charge tested in range from 0 to 8 euros

· Optimal charge (in terms of total benefit) was 1.5 euros (when Marginal Cost of Public Funds, MCPF, was set at 1.0). This charge led to time benefits for both car and public transport users, decreases in external benefits, and (approximately) no difference in mode share.

· Optimal charge increased as MCPF increased. With MCPF = 1.2, optimal charge was 3.0 euros. With MCPF = 1.4, optimal charge was 4.5 euros. 
	Leeds

· Three levels of charge to cross cordon into city centre: low (1.2 euros); medium (2.3 euros); and high (4.6 euros)

· For all charge levels: decreases in total benefit, decreases in car user time benefits, increases in bus user time benefits and increases in external benefits

· Small decreases in number of car trips at all levels: 1.7% (low charge); 2.8% (medium charge) and 3.8% (high charge).

· Some geographical sectors had increases in car user time benefits, other sectors had decreases.

York

· Two designs, in terms of location of toll points. First design with cordon points on Inner Ring Road (IRR), which was similar to the cordon design used in the other case studies. Second design with cordon points on bridges inside the city centre. For both, 1.6 euros was charged at each cordon point.

· Both designs were successful in terms of total benefits, with first design (IRR) being more successful. This scheme led to a small increase in car user time benefits, whilst the second scheme led to a decrease.  Both schemes led to a large increase in bus user time benefits but to decreases in external benefits (though the decrease in the IRR scheme was relatively small).

	Fuel tax / Distance based road pricing
	Oslo

· Scheme involves increase of 50% in fuel tax

· Increase in total benefits, large decrease in user benefits and increase in external benefits

· Number of car trips in the peak (a.m. and p.m.) reduced by 3.7% 

Leeds

· Tests of levels of charge in range of 0 to 3 euros per veh-km

· All charge levels beneath 2.5 euros per veh-km led to increase in total benefits

· Optimal charge (in terms of total benefits) was 1.13 euros per veh-km. This charge led to increases in time benefits for both car users and public transport users, and increases in external benefits 

· A charge of 1.0 euro per km led to a decrease in car trips of 5.9%
	Leeds

· Three levels of charge: low (0.0375 euros per km); medium (0.1125 euros per km); and high (0.3775 euros per km)

· Low and medium level charges led to high increases in total benefit, while the high level charge led to a decrease in total benefit

· All levels led to increases in user time benefits for both cars and public transport passengers. All levels led to a high increase in external benefits

· % decreases in car trips in the peak associated with the three levels of charge were: 8.5% (low); 21% (medium); and 40% (high)
· For low and medium level charges, cars starting trips in all sectors had positive time user benefits. For high level charge, cars starting trips in two sectors had time disbenefits. 


Table 8.1: Summary of results for individual instruments tested in at least one multimodal case study and at least one road sector case study

	Instrument
	Multimodal case study results

	Increase in public transport frequency
	Oslo

· Increase in frequency of 5%

· Decrease in total benefits, increase in user benefits, and approximately no change in external benefits

	Public transport fare changes
	Leeds

· Various changes tested in range from –100% to 100%

· Optimal level of fare change (in terms of total benefits) was a reduction of 100% (i.e. free public transport). This reduction led to: a high increase in public transport user benefits (both time and money); an increase in car user benefits (both time and money); and an increase in external benefits

	Reductions in speed limits
	Oslo

· Reductions in speed limit varying between 12% and 25% 

· Decrease in total benefits, decrease in user benefits and increase in external benefits


Table 8.2: Summary of results for individual instruments tested only in a multimodal case study 

	Instrument
	Road sector case study results

	Corridor charging
	Leeds

· Charge of 1.2 euros on each link on two radial corridors

· Increase in total benefit; increases in user time benefits (both bus users and car users); and a decrease in external benefits.

· No change in number of car trips (in the morning peak)

· Car drivers starting trips in four sectors of Leeds had positive time benefits, whilst those starting in three sectors had time disbenefits

	Bus only streets
	Leeds

· Ten bus-only streets implemented on links feeding into the city centre cordon

· High decrease in total benefits with only a relatively small increase (e.g. compared to distance charging) in bus user time benefits

· Decrease in time benefits for car users travelling from/to all sectors in Leeds
· Decrease in external benefits


	Traffic signal optimisation
	York

· Optimisation of green splits at signalised junctions and offsets between junctions

· Increase in total benefits, with approximately no change in external benefits

· Increase in car user time benefits, but decrease in bus user time benefits

	Increase in short term parking charges
	York

· Short and medium term parking charges increased (during the morning peak) to long term levels

· Increase in total benefits, with approximately no change in external benefits

· Increase in car user time benefits with highest level of overall car user benefits (time + money) of all schemes tested in York

· Decrease in bus user time benefits, and had lowest level of bus user benefits of all schemes tested in York

· Short and medium term parkers get money benefits and time disbenefits from this instrument

	Free park and ride
	York

· Abolition of parking charges at park and ride sites on the Outer Ring Road

· Decrease in total benefits, car user time benefits, bus user time benefits and external benefits

	Street closures
	York

· Two street closure schemes tested

· Both schemes led to decreases in total benefits, decreases in car user time benefits, increases in bus user time benefits and large decreases in external benefits


Table 8.3: Summary of results for individual instruments tested only in a road sector case study
A third type of road pricing, “corridor charging” was tested in the Leeds road sector case study.  This scheme involved setting a charge of 1.2 euros on each link on two radial corridors.  The results from this scheme are shown in Table 8.3.  Such schemes do not attract as much attention as cordon charging or distance charging, but could be useful for a variety of situations for which there is an effort to dissuade car traffic from using particular corridors in a city.  Such situations would usually occur when the road space is needed for building light rail, guided busways, segregated bus lanes or cycle routes.  However, they might also occur because there is a desire to make particular corridors more pedestrian friendly.  The Leeds scheme led to an increase in total benefits. 

Is the instrument feasible in terms of political acceptability?

Political acceptability can be seen as being made up of two main ingredients, financial feasibility and public acceptability.  Due to its nature, road pricing presents no problems in the first respect.  However, the public acceptability issue is very important. The CUPID project (CUPID, 2004) studied such issues in connection with urban road pricing and found that, whilst not guaranteeing popular support, it was important that three criteria were met. Firstly, all revenue generated by the scheme should be used, in a transparent way, to help finance the transport system. Such financing could support transport of direct benefit to car users (such as road improvements) or public transport improvements.  Secondly, the scheme should be straightforward to understand by all people potentially using it. Thirdly, a “good” public transport alternative should exist for those who are “priced off” making a car journey.

Cordon charging schemes have successfully been in operation for many years in a number of cities, including Singapore, Oslo, Trondheim (Norway) and Bergen (Norway). However, there has been a barrier to implementing them in most cities in the world due to worries that they might not be “politically acceptable”, and that the political party that introduced such a scheme would not get re-elected.  This perception has changed somewhat with the recent introduction, in February 2003, of the London Congestion Charging Scheme (which is essentially a cordon charging scheme), which has generally received a high degree of praise, even from those who initially opposed to it.  The daily charge to enter the city centre of London is approximately 8 euros, which is high compared to the charges tested in the SPECTRUM case studies.  One might conclude then that the cordon charge schemes tested in York and Leeds would be publicly acceptable, as long as they met the three criteria given above.  However, this issue will be examined further in the transferability analysis in Deliverable D11.  Given that the Oslo cordon charge scheme has been in existence for a long time, it would be expected that the scheme tested in the Oslo case study would be publicly acceptable even though the peak charge (but not the off-peak charge) would be higher than the present day.

National fuel taxes are well established policy instruments and are generally publicly acceptable, though care needs to be taken that they are not perceived as “too high” (as occurred in the “fuel protests” across Europe in September 2000). Fuel taxes applied only to one city have typically only been applied in a small number of towns or cities which are distant from other towns or cities (such as Tromsø in the far north of Norway).  The main problems associated with city-based fuel taxes are concerned with practicality and equity, as discussed below.  Public acceptability problems would be expected to be due to these two factors. 

Distance-based road charging is an instrument reasonably well developed in concept and implemented in many interurban contexts, particularly in the south of Europe.  However, there have as yet been no city-based implementations, and any such implementation needs to overcome a general public wariness with city-based road pricing of all types.  Furthermore, when compared to cordon charging, distance-based charging has the disadvantage, from a public acceptability point of view, that it is not so focussed upon directly dealing with city centre congestion, given that charges are also made on travel in relatively uncongested areas far from the city centre.  Since one of the main arguments for gaining public acceptability of road pricing is precisely that it reduces peak hour congestion in a city centre, this argument will inevitably be weaker for distance charging than for cordon pricing. A second disadvantage for distance based charging (compared to cordon charging) is that in many cities it is less likely that there will be a “good” public transport alternative in many locations at a distance from the city centre. 

It has already been pointed out that corridor charging would only be introduced in support of another measure such as building light rail, guided busways, segregated bus lanes or cycle routes, or creating pedestrian friendly environments.  Thus, the public acceptability of corridor charging would be expected to be very much dependent upon the popularity of the accompanying measure.

In general, public acceptability will be greatly influenced by equity issues.  These issues are discussed further below.  

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

Inevitably all pricing measures, by their design, have “negative” impacts in terms of car user money benefits. Furthermore, they would generally be expected to lead to increases in public transport user time benefits, and this was in fact the result from all case studies in which such benefits were reported, as can be seen in Tables 8.1 and 8.3. The interesting question then is whether such measures have negative impacts in terms of car user time benefits or in terms of external benefits.

It can be seen from Tables 8.1 and 8.3 that, with one exception, all cordon charging, distance charging and corridor charging schemes led to increases in car user time benefits for the case studies in which this impact was reported.  The exception was “bridge pricing” in the York case study, which led to a decrease in car user time benefits.

In the SPECTRUM methodology used in the urban case studies, external benefits are directly proportional to reductions in vehicle distance travelled. Cordon pricing would generally have two contradictory impacts on total car distance travelled.  On the one hand, the suppression of car trips will lead to a reduction in veh-kms. On the other hand, drivers might well change routes to longer distance routes in order to avoid toll points. This conflict explains the contradictory results in Table 8.1, in which the Oslo multimodal case study and the Leeds road sector case study produced external benefits, whilst the Leeds  multimodal study and the York road sector case study led to external disbenefits.  Two points can be made here:

· The relative strengths of trip reduction impacts versus re-routeing impacts are likely to be dependent upon the topology of particular city road networks

· The cordon charge of 1.5 euros in the Leeds multimodal case study had virtually no effect on mode share, and hence presumably on number of car trips.  In the Leeds road sector case study, cordon charges at all levels led to decreases in number of car trips. Although these decreases were small, they were large enough to overcome re-routeing effects. 

On the other hand, distance charging would be expected always to reduce veh-kms and hence increase external benefits. It can be seen from Table 8.1 that this occurred in all case studies testing distance charging.

Corridor charging in the Leeds road sector case study led to a decrease in external benefits, since the scheme led to re-routeing of car traffic away from the corridors being charged, thus leading to an increase in veh-kms but with no change in overall number of trips.

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

The successful implementation of cordon charging in Oslo and other cities such as London shows that such schemes are feasible in terms of practical implementation.

However, practicality problems arise with fuel tax applied to a single city, especially if such a city is “near” to other cities. The measure could encourage drivers to travel outside the city to buy fuel at locations where fuel tax is not charged and hence fuel prices are lower. Thus the overall net effect could be an increase in distance travelled and in congestion. In short, one result of “single city fuel tax” would be a magnification of the problems that already exist with the generation of cross-border traffic between neighbouring countries due to differing national fuel tax levels.

For interurban road pricing on motorways, distance charging can be implemented in a relatively straightforward “low tech” manner, by issuing tickets on entry to the motorway (recording the particular entry point) and by making charges at the exit point. However, no equivalent low tech solution exists for urban distance charging. CUPID (2004) reported on trials of distance charging technology in Copenhagen, Gothenburg and Bristol made by the PROGRESS project (PROGRESS, 2004).  These trials involved the use of Vehicle Positioning Systems (VPS) which use satellite technology. It was found that whilst the overall technology was reasonably well-developed, there were various detailed implementation problems, such as drivers getting “lost” by the system at particular points in the network. It was concluded that whilst such systems were not appropriate for immediate implementation, they would be expected to be sufficiently mature for the implementation of schemes five years or so in the future.

The corridor charging scheme tested in the Leeds case study would need the same type of VPS technology as distance charging and so similar comments apply.  Furthermore, there is the practical issue with corridor charging that alternative routes through residential areas (“rat runs”) should not be encouraged. Thus great care needs to be taken in designing appropriate traffic management schemes in order to avoid this outcome.   

Does the instrument have particular impacts in terms of equity?

Many equity issues arise with respect to road pricing. Firstly, all road pricing schemes have a fundamental equity impact in the sense that money is being taken from car drivers and used “somewhere else”. As has been shown in all case studies, the time benefits for car drivers never compensate for this money loss.  Thus any equity analysis for a real life implementation of road pricing needs to pay particular attention to how the revenue from the instrument is used. In general, four stereotypes can be identified:

· All revenue is used for road infrastructure and maintenance of road space. This could be seen as an “equity neutral outcome”. Using revenue to reduce national fuel tax would also fall into this category.  

· All revenue is used to fund public transport.  Under the realistic assumption that car drivers are wealthier than public transport users, this can be seen as a “positive redistribution outcome”.

· All revenue is used by the national government to reduce income tax.  Since wealthier people benefit more than poorer people from this measure, it can be seen as a “negative redistribution outcome”.

· All revenue is used by the national or local government to support spending in other social areas such as health and education.  The equity impact will depend upon the nature of such spending and cannot be assessed without further information.

Secondly, there are “spatial equity” issues in the sense that any measure might benefit residents from one geographical area greater than from another area.  These were examined in the Oslo case study for the optimal package (to be described below) and for all instruments and instrument combinations in the Leeds road sector case study. In this case study, the Leeds area was divided into seven geographical sectors. It was found that those starting their journeys in all seven sectors had increases in car user time benefits under low and medium levels of distance charging.  However, some sectors gained and others lost with respect to this impact under the implementation of the following instruments: distance charging at a high level; all levels of cordon charging; and corridor charging.

Thirdly, there are a number of “socio-economic equity” issues concerning the fairness of requiring all car users to pay the same charge.  Such issues are particularly heightened when there is no efficient and comfortable public transport alternative that can be used by particular groups, and they frequently lead to the consideration of exemptions from payment for some groups of car user, such as disabled drivers. A general problem with exemptions, though, is that they provide a relatively blunt method of dealing with equity issues: drivers pay “all or nothing”. If road pricing is to become commonplace in the future there will be a need to consider more sophisticated types of discount schemes involving both “types of car user” and “types of car use”. With respect to the latter, discounts could be given for high occupancy (HOV) cars (possibly in conjunction with HOV lanes).  With respect to the former, one suggestion is that charges should be related to the driver’s ability to pay, i.e. charges should be income-related. Inevitably such an approach would be quite controversial.  However, as with road pricing in general, controversy does not provide an excuse for ignoring important issues.  

8.2.2
Public transport fare changes

Public transport fare changes were tested in the Leeds multimodal case study, as reported in Table 8.2.

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)?

The optimal fare change, in terms of total benefits, was a reduction of 100%, i.e. “free fares”. All reduction in fares led to increases in total benefits. 

Is the economic instrument feasible in terms of political acceptability?

The main political acceptability issue concerning a reduction in fares concerns financial feasibility. It is unlikely that an instrument such as free fares would be financially feasible unless accompanied by a revenue generating instrument such as road pricing. 

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

Free public transport fares would lead to public transport user time benefits, car user time benefits and external benefits.

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

At present in Leeds, bus transport is fully deregulated except in the evenings and at weekends. This is also the case for the rest of the UK, except for London. Thus public transport fares, frequencies and quality (with the exception of safety standards) are solely controlled by the private sector under a profit maximisation logic. As a result, public transport fare changes cannot be considered as a public policy instrument, and legislation would be required to bring public transport under some degree of public control, as in the rest of the EU. These issues are discussed further below in terms of the combination of public transport fare changes with road pricing.
Does the instrument have particular impacts in terms of equity?

The instrument represents a strong positive redistribution of resources towards public transport users.

8.2.3
Parking charges

Two parking policy instruments were tested in the York road sector case study: an increase in short term parking charges; and the abolition of parking charges at the park and ride sites on the Outer Ring Road, i.e. “free park and ride”. The results are summarised in Table 8.3.

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)?

The increase in short term parking charges led to an increase in total benefits, whilst free park and ride led to a decrease in total benefits.

Is the economic instrument feasible in terms of political acceptability?

Both instruments would be expected to be politically acceptable.

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

The increase in short term parking charges led to: an increase in car user time benefits; a very small decrease in bus user time benefits; and approximately no change in external benefits.  Free park and ride led to decreases in car user time benefits, bus user time benefits and external benefits.

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

Both instruments would be straightforward in terms of practical implementation.

Does the instrument have particular impacts in terms of equity?

An increase in short term parking charges during the morning peak can easily be justified in that many trips requiring short term parking can be made at any time of day. However, an important issue from an equity point of view is that not all drivers wishing to short term park fit with this category: there might well be people requiring short term parking in the morning peak who are forced to make their trips at this time of day. One obvious example here concerns parents who require short term parking whilst they drop off their children at school or nursery, with the latter case perhaps being more relevant since there is a need for the parent physically to leave their car in order to enter a building.  Any increase in short term parking charges needs to take account of the requirements of different groups. 

A further equity issue relevant to all parking charge schemes is that most trips within York in the morning peak involve drivers with access to private parking and who do not need to pay any parking charges at all.  This is frequently cited as one reason why road pricing is a fairer instrument than an increase in parking charges.

8.2.4
Non-economic instruments

The focus of this section (8.2) is upon economic instruments.  However, some non-economic instruments have been tested in isolation in some of the case studies, and it is useful to present a very short summary of the results, since they will be of relevance to later tests when economic instruments are combined with non-economic instruments. 

Reductions in speed limits

A reduction in speed limits was tested in the Oslo case study.  As reported in Table 8.2, this instrument led to: a decrease in total benefits; a decrease in user benefits; and an increase in external benefits.  However, this assessment only concerns the reduction in speed limits as an instrument to reduce the attractiveness of car travel (in terms journey time) and hence encourage a switch to public transport.  It does not take into account benefits arising from reductions in accidents or the heightened attractiveness of residential streets resulting from slower moving “calmed” traffic. As pointed out in Chapter 3, the types of models and assessment methods used in SPECTRUM have a general problem in taking account of such benefits.
 It follows that decisions about the implementation of instruments that reduce accidents and/or calm traffic should be made independently of the SPECTRUM approach.

Changes in public transport frequency

The Oslo case study tested an increase of 5% in public transport frequency. As reported in Table 8.2, this instrument led to: a decrease in total benefits; an increase in user benefits; and approximately no change in external benefits. This instrument will be discussed further below in terms of combinations involving public transport fare changes.

Bus only streets

In the Leeds road sector case study, a scheme was tested involving turning ten streets into bus only streets: these streets fed into the city centre cordon points used for cordon charging, as described above. As reported in Table 8.3, this scheme led to: a large decrease in total benefits; an increase in bus user time benefits; a large decrease in car user time benefits; and a decrease in external benefits (due to the increased car veh-kms resulting from the necessity to reroute away from the bus-only streets). This instrument will be discussed further below in terms of combinations involving distance charging and cordon charging.

Traffic signal optimisation

Traffic signal optimisation, in terms of optimising green splits at signalised junctions and the offsets between junctions, was tested in the York case study. As reported in Table 8.3, it led to: an increase in total benefits; an increase in car user time benefits; a decrease in bus user time benefits; and approximately no change in external benefits. Below, this instrument will be discussed further in terms of combinations involving cordon charging.

Street closures

Two street closure schemes were tested in the York case study.  As reported in Table 8.3, both schemes led to: decreases in total benefits; decreases in car user time benefits; increases in bus user time benefits; and large decreases in external benefits.  Similar comments can be made here as were made above about reductions in speed limits in Oslo. This assessment only concerns the implementation of street closures as an instrument to reduce the attractiveness of car travel.  It does not take into account benefits arising from reductions in accidents on a closed residential or “shopping” street, or the heightened attractiveness of the street to inhabitants and/or pedestrians after its closure. If the primary aim of closing a street is to achieve such benefits, decisions about its implementation should be made independently of the SPECTRUM approach.

8.3
Combinations of instruments

Tables 8.4, 8.5 and 8.6 show the results from the four case studies with respect to the implementation of instrument combinations. Table 8.4 shows the results from testing instrument combinations in at least one multimodal case study and in at least one road sector case study. Table 8.5 shows results when instrument combinations were tested in one or more multimodal case studies but not in a road sector case study, whilst Table 8.6 shows results when instrument combinations were tested in one or more road sector case studies but not in a multimodal case study.

8.3.1
Combinations involving different types of road pricing 

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?

Combinations of different types of road pricing were tested in the Oslo multimodal case study and the Leeds road sector case study.  A combination of two physical designs for cordon charging was tested in the York road sector case study.

The Oslo multimodal case study tested an increase of 50% fuel tax in conjunction with the toll ring charge described in Section 8.2. As can be seen in Table 8.4, this combination resulted in the highest level of total benefits of any of the instrument combinations in the Oslo case study.

The Leeds road sector case study tested a parallel scheme combining distance charging (with three levels of charging) and cordon pricing (also with three levels of charge).  In all cases, though, the combination led to a reduction in total benefits as compared to the implementation of distance charging (at the relevant charge level) in isolation. This case study also tested the combination of distance charging (at three levels) and corridor charging.  The combination led to increases in total benefits as compared (for the appropriate level) to low and medium level distance charging implemented alone.  In fact, medium level distance charging and corridor charging was the instrument combination leading to the highest level of total benefits out of all instrument combinations tested in the Leeds road sector case study.

The York case study tested a combination of Inner Ring Road (IRR) cordon charging with “bridge pricing”, with both as described above. As can be seen in Table 8.6, this combination led to a small increase in total benefits, which was less than from the implementation from either design alone.  

	Instrument combination
	Multimodal case studies
	Road sector case studies

	Cordon charge / toll ring

+ Increase in fuel tax / distance charging
	Oslo
· Toll ring and increase in fuel tax tested with levels of implementation as in Table 8.1

· Optimal package in terms of total benefits, with MCPF set at 1.0, 1.2, or 1.4

· Large decrease in user benefits (largest for all instrument combinations tested in the Oslo case study)

· Number of car trips reduced in the peak (am and pm), by 5.2%, and in the off-peak by 3.0% 

· Accessibility particularly reduced for one geographical zone in comparison with the other nine zones.
	Leeds

· Each level of distance charging (low, medium and high, as defined in Table 8.1) tested with each level of cordon charging (low, medium and high)

· Optimal combination was medium level distance charging + low level cordon charging. This combination had lower total benefits than medium level distance charging applied alone
· Reduction in car trips were similar (slightly higher) to those resulting from the distance charging element of the combination, i.e. the addition of cordon charging did not lead to a large further decrease in car trips. 

	Cordon charge

+ Bus lanes / bus only streets
	Leeds

· Bus only lanes in combination with cordon charge varying between 0 and 5.0 euros
· Optimal combination, in terms of total benefits, for cordon charge of 2.0 euros (compared to optimal charge of 1.5 euros when cordon pricing is applied alone)
· Combination led to decrease in external benefits, compared to cordon charging alone
	Leeds

· Bus only streets combined with three levels of cordon charge (all measures as defined in Table 8.1)

· All combinations led to large decreases in total benefits (greater than cordon charging applied alone), with only relatively small increases in bus user time benefits
· Combination led to a decrease in external benefits, compared to cordon charging alone

	Distance-based charge

+ Bus lanes / bus only streets
	Leeds

· Bus only lanes in combination with distance-based charge varying between 0 and 3.0 euros per veh-km

· Optimal combination for distance charge at 1.5 euros per veh-km

· High degree of synergy for this optimal combination (i.e. the total benefits from the combination were 39.5% higher than the sum of the total benefits from each instrument applied alone)

· External benefits approximately the same as for distance charging alone
	Leeds

· Bus only streets combined with three levels of distance charging (all measures as defined in Table 8.1)

· Increases in total benefit when distance charging is at low and medium levels (though total benefit is always lower than the total benefit for distance charging applied alone)

· External benefits approximately the same as for distance charging alone

	Cordon charge

+ Physical / regulatory traffic restraint
	Oslo

· Toll ring combined with reductions in speed limits (all instruments as defined in Table 8.1)

· Reduction in total benefits compared to cordon charging in isolation
· Increase in external benefits compared to cordon charging in isolation
	York

· Cordon charging (Inner Ring Road design as in Table 8.1) combined with traffic calming using bollards 

· Total benefits and time benefits (for both car and bus users) lower than cordon charging applied alone
· Decrease in external benefits compared to cordon charging in isolation


Table 8.4: Summary of results for combinations of instruments tested in both multimodal and road sector case studies

	Instrument combination
	Results from multimodal case studies

	Cordon charge

+ Increase in public transport frequency
	Oslo 

· Levels of implementation as in Table 8.1

· Reduction in total benefits compared to cordon charge alone, but increase in user benefits

· Instruments are not complementary but almost additive

· External benefits approximately the same as for cordon charging alone

Leeds

· Various combinations tested of cordon charge level (between 0.0 and 8.0 euros) and public transport frequency changes (-50% to 300%)

· Optimal combination (in terms of total benefit), when a loss in public revenue is feasible, was a 1.5 euro cordon charge and an increase of 125% in public transport frequency

· Optimal combination, subject to no loss in public revenue, was a 3.5 euro cordon charge and an increase of 125% in public transport frequency
· Both combinations had similar levels of increases in user time benefits (both car and public transport) and of increases in external benefits.  Both combinations had far higher benefits with respect to these impacts than cordon charging applied alone. 

	Cordon charge

+ Change in public transport fares
	Leeds

· Various combinations tested of cordon charge level (0.0 to 5.0 euros) and public transport fare changes (-100% to 75%)
· With MCPF = 1.0, optimal combination, in terms of total benefits, was cordon charge of 1.5 euros and a 100% reduction in fares (i.e. free fares). This combination led to increases in time benefits (both car and public transport users) and increases in external benefits.

· With MCPF = 1.1, optimal combination, in terms of total benefits, was cordon charge of 2.0 euros and a 100% reduction in fares (i.e. free fares)

· With MCPF = 1.2, optimal combination was cordon charge of 3.0 euros and a 75% reduction in fares

· With MCPF = 1.3, optimal combination was cordon charge of 3.5 euros and no change in fares

· With MCPF = 1.4, optimal combination was cordon charge of 4.5 euros and a 75% increase in fares

	Cordon charge

+ Increase in fuel tax

+ Increase in public transport frequency
	Oslo

· “Second best package” in terms of total benefits, but large decrease in user benefits

· Combination of the three instruments had lower total benefits, but higher external benefits, than the combination of the two road pricing instruments in the package (i.e. the toll ring and fuel tax increase)

	Public transport fare change

+ Public transport frequency change
	Leeds

· Various combinations of fare and frequency changes were tested that give the same level of total benefits as a 100% reduction in fares. 

· As the fare increases in these combinations, so does the frequency

· As the fare / frequency increases, public transport user time benefits increase whilst car user time benefits decrease.

· External benefits related directly to level of reduction in fares (i.e. the higher the reduction, the higher the increase in external benefits)

	Public transport fare change

+ Bus lanes
	Leeds

· Fare reduction of 100% combined with bus lanes

· Total benefits much larger than fare reduction applied alone

· Large increase in public transport user time benefits and small decreases in car user time benefits, compared to fare reduction alone 

· External benefits of combination lower than for fare reduction alone 


Table 8.5: Summary of results for combinations of instruments tested in one or both multimodal case studies, but not in a road sector case study

	Instrument combination
	Results from road sector case studies

	Distance charging

+ Corridor charging
	Leeds

· Three levels of distance charge applied in conjunction with corridor pricing (as defined in Table 8.1)

· Similar results as distance charging implemented alone, though with higher increase in total benefits for low and medium levels of distance charging, and a greater decrease in total benefit for a high level of distance charging
· External benefits approximately the same as for distance charging applied alone (all levels)

	Two types of cordon charging combined
	York

· Two designs for cordon pricing combined: Inner Ring Road (IRR) cordon and city centre “bridge” cordon (both as described in Table 8.1)

· Small increase in total benefits (less than from the implementation from either design alone); high decrease in car user time benefits; high increase in bus user time benefits; decrease in external benefits

	Cordon charging

+ Extra road pricing for private parkers
	York

· IRR cordon charging (1.6 euros) combined with extra charge of 1.6 euros for those not needing public parking

· Total benefits and car user time benefits less than IRR cordon charging applied alone, but bus user time benefits higher

	Cordon charging

+ Signal optimisation
	York

· IRR cordon charging combined with traffic signal optimisation

· Combination led to the highest level of total benefits of all combinations tested in the York case study

· Synergy found between the two instruments

· Combination led to increase in user time benefits (for both car users and bus users), compared to IRR cordon charging and signal optimisation implemented alone.

· Combination led to decrease in external benefits, compared to IRR cordon charging and signal optimisation implemented alone



	Cordon charging

+ Increase in short term parking charges


	York

· IRR cordon charging combined with increase in short term parking charges (as defined in Table 8.1)

· Combination led to increase in total benefits compared to IRR cordon charging and increase in short term parking charges implemented alone

· Combination led to increase in car user time benefits compared to IRR cordon charging and increase in short term parking charges implemented alone.

· Combination led to decreases in bus user time benefits and external benefits compared to IRR cordon charging and increase in short term parking charges implemented alone

	Cordon charging

+ Signal optimisation

+ Increase in short term parking charges
	York

· IRR cordon charging combined with traffic signal optimisation and an increase in short term parking charges
· Second highest level of total benefits of all combinations tested in the York case study, though combination did not result in improvement in any respect over cordon charging and traffic signal optimisation


Table 8.6: Summary of results for combinations of instruments tested in a road sector case study but not in a multimodal study

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

Combinations of different types of road pricing are clearly financially feasible.  Many of the public acceptability issues are the same as for the individual elements in the combination, as discussed in Section 8.2. However, one particular issue specific to combinations of this type is that, due to their complexity, it might be difficult for some trip makers to understand easily the changes in pricing system, leading to their rejection.

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

The Oslo test of an increase in fuel tax in conjunction with the toll ring charge led to higher external benefits than either of the constituent instruments in isolation.

In the Leeds road sector case study, the combination of distance charging with cordon charging led in all cases, when compared to distance charging applied alone (at the appropriate distance charging level), to: decreases in car user time benefits; increases in bus user time benefits; and small increases, or approximately the same amounts, of external benefits. The results from combining distance charging with cordon charging were more complex in that increases or decreases in particular benefits were dependent upon the distance charge level being employed.  The optimal combination (as described above) of medium level distance charging with corridor charging led, when compared to medium level distance charging applied alone, to increases in car and bus user time benefits, and to approximately the same level of external benefits.

In the York case study, IRR cordon charging combined with “bridge pricing” led, when compared to the implementation of either design in isolation, to: a decrease in car user time benefits; an increase in bus user time benefits; and a decrease in external benefits.

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

Practicality issues for the road pricing combinations are the same as described above for the constituent road pricing instruments in isolation.

Does the combination have particular impacts in terms of equity?

In general, equity issues for the road pricing combinations are the same as described above for the constituent road pricing instruments in isolation

8.3.2 Combinations of road pricing with public transport fare changes

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?

Various combinations of cordon charging and public transport fare changes were tested in the Leeds multimodal case study. Many combinations led to increases in total benefits, compared to the implementation of the instruments in isolation. However, the selection of an optimum combination was highly dependent upon the value assigned to the Marginal Cost of Public Funds (MCPF).  Table 8.5 shows the optimal combinations when MCPF is assumed to be 1.0, 1.1, 1.2, 1.3 and 1.4. As described in Chapter 3, the provision of a “correct” value for MCPF is anyway a difficult question.  However, it is even more difficult in a situation where there is some sense of shared responsibility between the public and private sectors for public transport.  As pointed out in Section 8.2 above, if public transport is fully deregulated, there is no public control over public transport and so public transport fare changes cannot be considered as a public policy instrument. However, even if the full deregulation model is abandoned, there are many variations in the agreement between the public and private sector.  With respect to the analysis here, the major question differentiating various types of agreement concerns “how is profit/loss allocated between the public and private sectors?”.  If it is public sector that takes financial responsibility, then MCPF should be set higher than if it is the private sector that does so, with “pure private sector responsibility” leading to MCPF being set at 1.0. Concerning the combination of cordon charging and public transport fare changes, it is reasonable to insist that the public sector should take most responsibility/control if revenue from cordon charging is being used to subsidise public transport fares. This situation would be consistent with a value of MCPF higher than 1.0. If MCPF were set at 1.1 or 1.2, the optimum combination of instruments involves large public transport fare reductions and hence subsidies to bus operation. However, if MCPF were set at 1.3 or 1.4, a rather different picture emerges.  On the one hand, such values imply (by definition) that only the public sector has financial responsibility for public transport, and on the other hand that the resulting optimal fare levels (no change with MCPF = 1.3, and an increase of 75% with MCPF = 1.4) imply that the public sector should also try to make a (public) profit out of public transport. 

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

A number of comments can be made about the political acceptability of combining cordon charging with public transport fare changes. If these changes are decreases, then the financial feasibility problem associated with fare decreases in isolation (as discussed in Section 8.2) is reduced.  On the other hand, public acceptability for road pricing can be increased by keeping revenue within the transport system, for example through improving road infrastructure or subsidising public transport.  However, if the public transport fare changes are increases, as would be consistent with a high value of MCPF (discussed immediately above), the situation is more awkward.  Essentially, the public sector will be generating large revenues both from road pricing and from public transport fares.  Although this option might be optimal in terms of economic analysis, it seems extremely impractical in a public acceptability sense. 

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

The calculation of user benefits and external benefits is independent of the value assigned to MCPF.  Table 8.5 shows that a cordon charge of 1.5 euros combined with a 100% reduction in public transport fares led to: increases in time benefits for both car users and public transport users; and increases in external benefits. 

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

The main practicality issues concern the legal allocation of relevant responsibilities for public transport between the public sector and private sector, and how revenues from road pricing are in practice transferred to the private sector. 

Does the combination have particular impacts in terms of equity?

If revenue from road pricing is kept within the transport system (though subsidising public transport fares) the equity impact will be one of positive redistribution.  If road pricing is combined with fare increases, the equity effect depends on how the revenue is used (outside the transport system).  As suggested above, if it used to reduce income taxes, the impact is one of negative redistribution.  If revenue is used in another way, the equity impact depends upon how it is used.

8.3.3 Combinations of road pricing with parking charge changes

The York case study tested a combination of  Inner Ring Road (IRR) cordon charging with increases in short term parking charges.  It also tested an addition to the IRR cordon charging scheme whereby “private parkers” (i.e. those with access to private parking) paid an extra 1.6 euros.  Such drivers thus paid 3.2 euros to cross the cordon whilst those requiring public parking still only paid 1.6 euros. The results for the two combinations are shown in Table 8.6.

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?

The combination of IRR cordon charging and short term parking charge increases led to an increase in total benefits compared to the implementation of IRR cordon charging alone, as well as to an increase in total benefits compared to the implementation of increased short term parking charges alone. The addition of an extra charge for private parkers led to a decrease in total benefits compared to the implementation of IRR cordon charging alone.

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

In general, the combination of cordon charging and parking measures allows the local authority to devise a package that is “fair” (see below under the equity discussion) and hence most likely to be publicly acceptable.  However, care should be taken that any such combination is not too complicated, thus making it less publicly acceptable.

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

Compared to IRR cordon charging implemented alone and to increased short term parking charges implemented alone, the combination of the two instruments led to: increases in car user time benefits; decreases in bus user time benefits; and decreases in external benefits.  Compared to IRR cordon charging implemented alone, the addition of an extra charge for private parkers led to: decreases in car user time benefits; increases in bus user time benefits; and decreases in external benefits.  

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

Cordon charging and increased short term parking charges can be applied independently so that payments are made separately, in which case there are no particular practicality issues beyond those associated with the individual instruments implemented in isolation.  However, it would be probably be more publicly acceptable if payment could be made jointly for road pricing and/or parking. In this case, thought needs to be put into precisely how this can be done. In general, any combination or payment mechanism should not be so complicated that users do not understand it. 

In order to implement an increased road pricing charge of private parkers, it is probably necessary to combine cordon charge and parking charge payments.

Does the combination have particular impacts in terms of equity?

A system combining cordon charging with parking charges allows the possibility to develop a more equitable solution than the implementation of either instrument in isolation.  From one perspective, increases in parking charges can be seen to discriminate in favour of those with access to private parking, and cordon pricing overcomes this problem since private parkers are charged as well as public parkers (possibly they are charged even more, as in the test carried out in the York case study).  From another perspective, cordon charging only affects those crossing into the city centre (or in variations of the instrument, for travel within the city centre). Thus cordon charging can be seen to discriminate against those travelling outside the city centre but still contributing to congestion in the city.  Parking charges, which can be implemented city-wide, help overcome this problem. 

8.3.4 Combinations of road pricing with public transport frequency changes

The Oslo and Leeds multimodal case studies tested cordon charging in combination with public transport frequency changes. Furthermore, the Oslo case study tested a combination of cordon charging, fuel tax increase and public transport frequency increase.

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?

The Oslo case study tested a combination of a toll ring (cordon charge) and an increase of 5% in public transport frequency (both as described above in Section 8.2). The combination led to a reduction in total benefits compared to the toll ring alone.  The case study also tested a package of a toll ring, a fuel tax increase and a 5% increase in public transport frequency. This package had less total benefit than the combination of the two road charging instruments in the package (as described in 8.3.1 above).

The Leeds multimodal study tested various combinations of cordon charge level (between 0.0 and 8.0 euros) and public transport frequency changes (-50% to +300%). The optimal combination (in terms of total benefit), when an overall loss in public revenue was feasible, was a 1.5 euro cordon charge and an increase of 125% in public transport frequency.  However, if a loss in public revenue was not acceptable, the optimal combination was a 3.5 euro cordon charge and an increase of 125% in public transport frequency. Both combinations led to large increases in total benefit, compared to the implementation of cordon charging alone.

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

The addition of an increase in public transport frequency of 5% to the toll ring in Oslo (or to the combined toll ring and increased fuel tax) would be expected to have a negligible impact on political acceptability.

The optimal combinations in the Leeds multimodal study are examples of how road pricing can be used to subsidise improvements in public transport. In the case of a cordon charge of 3.5 euros, this charge covers all “losses” incurred by the frequency increases.  This combination is thus financially feasible, and would be expected to be publicly acceptable given that the cordon charge is not large (i.e. it is less than half the cordon charge currently existing in London).  

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

The addition in Oslo of a frequency increase to the toll ring led to an increase in user benefits, compared to the implementation of the toll ring alone. The external benefits were approximately the same as for toll ring alone. Furthermore, the addition of a frequency increase to the combined toll ring and increased fuel tax led to an increase in user benefits and in external benefits, compared to the implementation of the combined road pricing instruments alone.  

The two Leeds optimal combinations described above had similar levels of increase in both user time benefits (both car and public transport) and external benefits.  Both combinations had far higher benefits with respect to these impacts than cordon charging applied alone.

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

The main practicality problems associated with combined road pricing and public transport improvements concerns the involvement of the private sector in public transport. Care needs to be taken in making a satisfactory agreement between the local authority and the private sector parties as to how revenue from road pricing is transferred to subsidies for public transport.

Does the combination have particular impacts in terms of equity?

In terms of equity, the combination has a positive redistribution impact.

8.3.6
Combinations of road pricing with other non-economic instruments

Bus lanes and bus only streets were tested in the Leeds multimodal and Leeds road sector case studies in conjunction with both cordon charging and distance charging.  The Oslo case study tested reductions in speed limits in conjunction with cordon pricing. The York case study tested traffic calming and traffic signal optimisation in conjunction with cordon charging.

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?

In the Leeds multimodal case study, bus lanes combined with cordon pricing led to a large increase in total benefit compared to cordon pricing implemented alone. Whereas in the Leeds road sector case study, bus-only streets combined with cordon charging led to a decrease in total benefit compared to implementation of cordon charging alone.  Two comments can be made here about these “conflicting” results:

· It is likely that bus lanes or bus-only streets will be assessed more favourably over a 30 year time horizon than over a short term time horizon.  This is due to future expected rises in congestion (at least in the do-minimum scenario) and the inherently greater efficiency of buses compared to cars in terms of the amount of roadspace required to carry passengers.

· A question must arise as to whether the physical road system can actually cope with the type of bus lane scheme proposed in the multimodal case study.  By having a much more detailed representation of road supply, the road sector case study would be expected to be more realistic in what is actually physically possible.  In fact, the reason that “bus-only streets” rather than bus lanes were included in the road sector case study, was that most of the corridors into the city centre of Leeds currently have bus lanes so that, in many cases, any increase in bus capacity inevitably leads to bus-only streets.

The Leeds case studies also tested bus lanes/streets in combination with distance charging. The results were similar to those reported above for bus lanes/streets in combination with cordon charging.  The addition of bus lanes/streets increased total benefit in the multimodal case study but reduced it in the road sector case study. In fact, a high degree of synergy between the instruments was found in the multimodal case study, with the combination leading to 39.5% higher total benefits than the addition of the total benefits for the two instruments when applied alone.

The Oslo case study tested reductions in speed limits in conjunction with the toll ring (cordon charging). The York case study tested traffic calming in conjunction with Inner Ring Road cordon charging. In both cases the addition of the regulatory/physical traffic restraint measure led to decreases in total benefits compared to the implementation of cordon charging alone.  However, as explained in Section 8.2, the SPECTRUM modelling and assessment process does not provide for appropriate assessment of instruments such as reductions in speed limit or traffic calming.

The York case study tested signal optimisation in conjunction with cordon charging. This combination led to the highest level of total benefit of all combinations tested in York, providing the second example of synergy in the SPECTRUM urban case studies (further to bus lanes and distance charging in Leeds described above).  Thus the total benefits from combined signal optimisation and cordon charging in York was greater than the addition of the total benefits of the two instruments when implemented alone. 

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

Since all the combinations described here involve road pricing with other measures that do not require a large financial outlay, none should have any problem with financial feasibility. With regard to public acceptability, care needs to be taken that the addition of the secondary instrument does not lead to a situation in which congestion is higher than before road pricing was implemented.  As described above, the reduction in city centre congestion is a strong reason for public acceptability of cordon charging (and to a lesser extent for distance charging).

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

As can be seen in Table 8.4, combinations of bus lanes/streets and cordon charging (in the Leeds case studies) led to decreases in external benefits (compared to cordon charging implemented alone), whilst combinations of bus lanes/streets and distance charging led to approximately the same level of external benefits as distance charging implemented alone.   Reductions in speed limits in conjunction with cordon charging (in the Oslo case study) led to increases in external benefits, compared to cordon charging alone.  Traffic calming and traffic signal optimisation in conjunction with cordon charging (in the York case study, see Tables 8.4 and 8.6) led to decreases in external benefits, when compared to cordon charging alone.

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

All the combinations described above are practical in terms of implementation with the exception of the Leeds multimodal bus lane scheme, where doubts arise as to whether the physical road system can cope with a high level of extra bus-only capacity.

Does the combination have particular impacts in terms of equity?

No particular issues of equity exist for the combinations above that are different from the issues associated with the individual instruments in the combination.

8.3.7
Combinations of public transport fare changes with non-economic public transport instruments

The Leeds multimodal case study tested public transport fare changes in combination with frequency changes and with bus lanes. The results are given in Table 8.5.

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?

The combinations of fare change and frequency change were all chosen so as to keep a fixed level of total benefit. The combination of bus lanes with 100% fare reductions led to a large increase in total benefits over fare reductions applied alone.

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

Various combinations of fare change and frequency change were tested. These ranged from combinations of high fare increases and high frequency increases to combinations of high fare reductions and low frequency increases.  In general, the latter combinations require subsidies and so might not be financially feasible. On the other hand, the former combinations might be publicly unacceptable due to the fare increase element in the package. 

The combination of fare reductions and bus lanes leads to no issue of political acceptability beyond those issues associated with the individual instruments in the package.

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

For the combinations of fare and frequency changes, external benefits and car user time benefits are higher with a low fare / low frequency combination.  However, as would be expected, bus user time benefits are higher with a high fare / high frequency combination.

The addition of bus lanes to a 100% fare reduction led, compared to the fare reduction alone, to: a large increase in bus user time benefit; a small decrease in car user time benefit; a decrease in external benefit.

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

There are no practicality issues associated with these combinations beyond those issues associated with the individual instruments in the packages.

Does the combination have particular impacts in terms of equity?

In general, large fare reductions and low frequency increases provide greater bus user benefits (considering both time and money benefits added together) than the other combinations of fare and frequency considered here. Interestingly, these combinations also produce higher benefits for car users. Furthermore, bus lanes provide increased bus user benefits on top of the benefits provided by low fares.  It can thus be concluded that, from an equity point of view, the combination of low fares, low increases in frequency and bus lanes is likely to lead to a particularly high level of positive redistribution. 
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Appendix 1: Creation of packages (report from Task 9.1)

1.
Introduction

1.1
Aim and overall approach of Task 9.1

The objectives of Workpackage 9 – Combinations of urban measures are to define theoretically and empirically optimum packages of urban measures to design and carry out a series of case studies, which explore the impacts of moving towards greater use of economic measures or combinations of economic and other measures to achieve more efficient transport systems in the urban context. 

In Task 9.1 – Creation of packages, it was necessary to define a series of policy packages, including combination of pricing, regulatory and physical measures, which possess the potential to improve the efficiency of urban transport systems. In the context of SPECTRUM a policy package is defined in general terms as any combination of one or more economic measures with one or more regulatory and/or physical measures. 

The overall approach taken by Task 9.1 can be summarised in the following steps:

· Build upon the findings of other SPECTRUM deliverables and previous research in forming intelligent combinations of urban instruments

· Identify a list of urban instruments to be considered in Workpackage 9

· Make a combinatorial analysis of these instruments

· Discuss with project partners the definition of “interesting questions” concerning combinations of these instruments

1.2
The structure of the document

After an introduction to the aim of Task 9.1 and the description of the document in this section, Chapter 2 deals with the context of the Task with previous SPECTRUM deliverables. It focuses on Workpackage 8 “Capacity management and specific urban measures”, which was synthesised in Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b) and provides the main input to the work. In Chapter 3, the main part of the Task, the combinatorial analysis is carried out, starting with the methodology of the work steps. The combinations of instruments are based on results from Deliverable 2 and on relevant literature and can be differentiated between those that can be modelled in MARS, SATURN and RETRO/FREDRIK and those that cannot. The results of the combinatorial analysis are divided into the combination of the same types of instruments and combinations of regulatory with physical instruments, economic with regulatory and economic with physical instruments. Among those it is differentiated between the sectors road, public transport, mode independent combinations and cycling and walking measures. Chapter 3.3 discusses the results of the combinatorial analysis and summarises them. Chapter 4 deals with the definition of interesting questions that form an input to the case studies in Task 9.3 regarding the urban road transport sector and the multi-modal transport sector. The last chapter summarises the approach in this task and its results. 

2.
The Context

2.1
The Context to the previous project documents

The instruments for the urban context as they were defined (Deliverable D5, p. 188-191, Appendix 7 “Classification of instruments”) and explained (Deliverable D5, p.192-217, Appendix 8 “Glossary of instruments”) in Deliverable D5 “Outline Specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a), were combined with each other. The main criterion was in relation to the combinatorial effect of complementarity, additivity, synergy and substitution between the instruments, which were defined in Deliverable D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b, Chapter 2.1.1, p.4). 

Complementarity

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


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


Welfare gain (A+B) > Welfare gain B

Additivity

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


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

Synergy

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


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

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

Perfect Substitutability 

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


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

Incompatibility

Additional to the four main definitions of interaction the criteria “incompatibility” was introduced. It refers to the case that 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 came from the review of applied studies investigating the effects of combinations of instruments in policy packages illustrated in Deliverable D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b).  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) increased parking charges.

As the analysis of combinations of instruments in this Task is of qualitative character it is unascertainable at this stage to determine the level of interaction. Therefore, the combinations were not divided into complementarity, additivity and synergy, but summed up as “positive interactions”. It is the challenge of Task 9.3 to quantify the combinations and decide about their level of interaction.

2.2
Context to Deliverable D2 “Review of specific urban transport measures in managing capacity” 

Deliverable D2 (SPECTRUM, 2004b) reviews specific urban transport measures in regard to managing capacity. First, the economic instruments road pricing, fuel and vehicle taxes, financial incentives to the production and purchase of clean fuel vehicles and property taxation were analysed and viewed in regard to their interaction with other instruments. Some interactions could be found:

Interaction of road pricing with

· Other pricing measures (fuel taxes, parking charges)

· Car taxes

· Public transport fares

· Infrastructure provision

· Car restriction measures

· Land use

Interaction of fuel taxes with

· Regulatory measures related to fuel efficiency and level of pollutants

· Economic instruments that can be applied to car ownership 

· Road pricing instruments

Interaction of financial incentives to the production and purchase of clean fuel vehicles with

· Technology oriented policies
· Increase in fuel taxes
· Traffic management instruments (such as other pricing and regulatory measures)
Interaction of property taxation with

· Investment policies

· Regulatory land use measures

Among the physical restrictions to car use, the reallocation of road space by introduction or expansion of dedicated lanes, and the restriction of car use by introduction or expansion of pedestrian areas, limited access zones, car-free neighbourhoods and traffic calming were analysed. The interactions that were found are listed below:

Interaction of reallocation of road space by introduction or expansion of dedicated lanes with

· Urban traffic control (UTC) systems and intelligent transport systems (ITS)

· Park and ride schemes

· Development densities including an increase in density throughout road capacity reduction areas to reduce the need to travel, development pattern designed to encourage use of public transport; flexible working hours, car clubs, ride sharing; all forms of public transport, public transport service levels, public transport fleet management systems; bus priorities, cycle priorities; traffic calming measures, regulatory restrictions, parking controls

· Public transport fares structures including concessionary fares

· Parking charges

· Urban road charging

Interaction of restriction of car use by introduction or expansion of pedestrian areas, limited access zones, car-free neighbourhoods and traffic calming with

· Public transport improvements

· Car-sharing

· Park and ride

· Smart growth: development densities, development pattern and development mix

· Parking management

· Land use management

· Freight transport management

One chapter analysed urban freight contribution, namely city logistic terminals and city freight management measures, and mentions the following interactions with other instruments:

Interaction of logistic terminals with

· Urban planning regulations (location, emissions, etc.)

· Restrictions for particular goods (bundling, insurance)

· Governmental (co-)funding

· City access regulations favouring city terminals

· Road pricing favouring inter-modal transport and transport bundling

· Improving logistic strategies for small and medium sized enterprises

· Applying geographical information systems (GIS) to give city-logistics an exact planning-organisation basis

Interaction of city freight management measures with

· Network strategies: specific routes can be nominated for use by trucks

· Parking or loading strategies

· Location and zoning of land use: for instance, spatial concentration of transport generating or attracting activities near freight transport facilities

· Licensing and regulations: like traffic regulation, the allocation of curb space, loading time restrictions, truck route regulations and truck access controls, transport regulations, permits for entering certain areas, or vehicle regulations, to regulate vehicle sizes or emissions.

· Pricing strategies: namely road pricing or charges on access or parking

· Traffic information systems

· ITS (Intelligent Transport System)

· Electronic Toll Collection (ETC) systems along the toll roads

· Logistic information systems (in-company or between companies)

For Intelligent Transport Systems (ITS) some interactions with other instruments were found:

· Public transport information provision

· Public transport ticketing and tariff systems

· Bus prioritisation

· Parking charges and urban road charging

· Urban traffic control systems

Road infrastructure provision, road infrastructure maintenance and land use measures are discussed in another chapter of Deliverable 2 and the following interactions could be found:

Interaction of road infrastructure provision with

· Dedicated lanes

· Traffic calming

· Access or parking pricing

· Fuel taxes

· Road pricing

Interaction of road infrastructure maintenance with

· Payload for high-duty vehicles

· Parking management

Interaction of land use measures with

· Parking charges
· Smart growth, high density mix locations

· Traffic calming
· Road pricing
Among the parking measures, on-street parking, off-street parking, use of parking to tackle congestion, parking supply controls, on-street parking policy enforcement and workplace parking were analysed. There were no specific suggestions made for interactions between parking measures and other urban instruments.

Public transport instruments were divided into bus prioritisation, tariff systems, fare levels and concessionary fares, new infrastructure (rail, metro, tram, terminals, park and ride), information provision and marketing, legislation on emission standards and taxes and subsidies. The following interactions were found:

Interaction of bus prioritisation with

· High occupancy vehicles (HOV) lanes

· Urban traffic control (UTC)
· Management and information systems
Interaction of tariff system, fare levels and concessionary fares with
· Parking policies: a single park and ride ticket covering both the parking charge and the selected public transport ticket
· Charges and prices focused on car use
· Legislative and physical measures restricting car use
Interaction of new infrastructure with

· New information systems and other intelligent transport systems

· Service level improvements

· Changes in tariff systems and prices

Interaction of information provision and marketing with

· Tariff systems and fares

· New or improved services and infrastructure (new lines and terminals)

· Bus prioritisation

· Instruments aimed to reduce car use (parking policies, capacity restraints, etc.)

· Implementation of ITS

Interaction of legislation on emission standards with

· Different taxation of public transport vehicles according to their emission category

· Different prioritisation of public transport low emission vehicles in residential areas

Interaction of taxes and subsidies with

· Fares, tariff system and service levels

These interactions were taken into account when carrying out the combinatorial analysis.

3.
The combinatorial analysis

3.1
The methodology of the combinatorial analysis

Firstly, instruments that were defined and described in Deliverable D5 “Outline Specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a) were brought into a matrix of 93 times 93 instruments. As this led to an enormous number of combinations, it was examined which of the instruments can be modelled in MARS, SATURN and RETRO/FREDRIK to come to a number of 29 instruments that were combined with each other in a matrix. There were 11 regulatory, 6 economic and 12 physical measures.

The highly strategic MARS model, which was for the Leeds multimodal case study, represents traffic in area speed-flow curves. The modes walking, cycling, public transport and car can be modelled. The responses represented are mode change, time of day change, trip generation/ suppression and land use change. 

The FREDRIK/RETRO model package, a strategic model system that integrates land use and transport models, was used in the Oslo Multimodal case study. It represents traffic in speed-flow curves on links. The modes walking, cycling, public transport and car can be modelled. The responses represented are route change, mode change, time of day change, destination change, trip generation/ suppression and land use change. 

The York road sector case study used a detailed representation of traffic and its interaction with the road network, as provided by SATURN. The York Road Sector case study will take into account packages of instruments centred around parking. SATURN represents traffic in cyclic flow profiles for simulation network, flow-delay curves on links in buffer networks and fixed journey times for walk links. Cars, Park & Ride and bus vehicles, excluding passengers can be modelled. The responses represented are route change and (road) trip suppression. Furthermore, SATURN can represent the reduction in peak demand due to charges from road pricing and/or parking. It has represented parking in a particularly detailed fashion, including the representation of Park & Ride and the inclusion of “walk links” in the network that connect car parks with final destinations.  

As there is little evidence of true synergy in any of the studies analysed by May et al. (2004) and this analysis represents a more qualitative view, the combinations between economic and physical and economic and regulatory measures were viewed and described in detail regarding simple “positive interactions”. The results were agreed with the descriptions of instruments in Deliverable D2 “Review of specific urban transport measures in managing capacity” and their assumed interaction with other instruments. 

Still there were combinations of instruments that also have strategic effects but are not mentioned in Deliverable D2 and/or cannot be modelled in MARS, SATURN and FREDRIK/RETRO. For the sake of completeness they were mentioned too, but are marked with a star (*) to divide them from those measures that can be modelled in Task 9.3. The combinations of instruments were assessed from evidence of the literature and on the authors’ assessment. 

3.2
Results of the combinatorial analysis

The following combinations represent the selection of those instruments that were dealt with in Deliverable D2 “Review of specific urban transport measures in managing capacity” and which can be modelled in MARS, SATURN and RETRO/FREDRIK. They are analysed according to simple “positive interaction”. The table or matrix at the beginning of each subchapter shows those combinations of instruments from which a positive interaction can be expected (marked with “X”).

The combinations that cannot be modelled are marked with a star (*) to divide them from those measures that can be modelled in Task 9.3. 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. 

3.2.1 Combination of the same types of instruments and combinations of regulatory with physical instruments

The focus in this work is on the combination of economic with regulatory measures and economic with physical measures. In some cases it is also interesting to view the interactions between the same kinds of instruments, like economic with economic instruments or physical with physical instruments and the combination of regulatory with physical instruments. Most of the combinations arise from descriptions in foregoing deliverables, particularly Deliverable 2 “Review of specific urban transport measures in managing capacity”. 

3.2.1.1. Combination of economic instruments
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Fuel taxes – Land taxation

High-density land use, which can be enforced by land taxation, helps to reduce travel distances. This means alternatives may be more feasible, and fuel consumption is lower for those who continue to drive. (Fuel taxes: KonSULT (ITS Leeds, 2004)).

Fuel tax increases often face consumer, voter and industry opposition. Motorists will often drive out of their way to save a few cents per litre in fuel prices (sometimes to the point that the extra driving consumes much of their savings). Fuel-intensive industries are often able to obtain concessions and exemptions that reduce the effects of such taxes. Some jurisdictions use low fuel taxes to compete for businesses. Some jurisdictions find it easier to increase general sales or property taxes than fuel taxes, possibly because the percentage increase seems smaller, and it appears more acceptable to voters. (Fuel taxes: TDM Encyclopaedia (Victoria Transport Policy Institute 2004))

Fuel taxes (private) – Road pricing

Some critics argue that road pricing represents “double taxation” since motorists pay road user fees such as fuel taxes and vehicle registration fees. However, existing road user charges in North America are insufficient to cover total roadway costs. Such fees are far lower than the marginal cost of driving under urban-peak conditions. (Road pricing: TDM Encyclopaedia, Victoria Transport Policy Institute).

“When a certain transport option has a tax below its marginal external cost, this can be corrected in two ways. First, for externalities related to the volume of transport (congestion), one can correct the use of that transport option by increasing the tax. For the other types of externalities (air pollution, noise, etc.) one can impose the use of a cleaner car.” (Proost and Van Dender 2001).

The optimal combination will be to use the fuel tax to internalise the externalities that are independent of context, such as CO2-emissions and road wear and tear, while (second best) road pricing takes care of congestion and local pollution. Unless road pricing is perfect, any one of these instruments would produce a less perfect result alone from the point of view of efficiency. (SPECTRUM 2004b, p.26)

Fuel taxes – Public transport fare level

With increases in fuel taxes one can expect shifts in the mode of transport, including slow (walk and cycle) modes and public transport. While these are numerous reports on the cross-elasticity values of demand for public transport with respect to fuel prices, the reported cross-elasticity values have much more variation and are significantly lower than own price elasticity value of fuel prices. There are different explanations for this large variation. With an increase in the fuel price some of the trips will not necessarily switch to other modes, but will not be made at all or one might continue to use a car, but to a different destination that is closer. Another explanation is that a cross-elasticity value depends on the initial market share. However, although the evidence of the cross-impact on public transport demand may be weak in some cases, increase of fuel prices should be accompanied by improvements in the services of alternative modes, like a reduction of public transport fares, also to offset any adverse effects on equity objectives. (SPECTRUM, 2004b, p.39).

In order to illustrate the impact of this policy strategy the following scenario for Germany from Storchmann (2001) assumes an increase in fuel taxes of 25%. Referring to the 1995 values this leads to increases for unleaded gasoline from 0,77 to 0,88 €/l and for diesel from 0,58 to 0,65 €/l.

The assumption is made that public transport is unaffected by the fuel tax and the passenger fare remains constant. Further, the tax is assumed to have an `ecological tax design', i.e. the additional income is determined to finance exclusively non-transport purposes. Because of the relatively high elasticities for holiday, leisure and school travel, the relative and absolute highest decreases in car passenger miles are to be found for these trip purposes. Public transport cannot take advantage of this phenomenon except in the case of commuting by working people and students. Overall, the passenger kilometres accounted for by car travel will decrease by 10.2 billion while public transport will gain only 1.0 billion passenger kilometres. Hence, increases in fuel prices induce a substantial shift only at peak times. Leisure travel, which typically occurs at off-peak times, will be avoided rather than shifted.

Given this behaviour pattern, according to which car use for leisure purposes is generally inhibited by rising running costs with no significant shift to use of public transport as a substitute, whereas the less price-elastic work and school commuter traffic switches to public transport, increasing tax on fuel will cause the morning peak load to soar. There will be a 1.2% rise in total public transport passenger kilometres, but - assuming that it is virtually impossible to defer work and school trips - the morning peak will rise by twice this amount. Clearly, any attempt to cope with this must involve adjustment of capacity and capital expenditure. Capital expenditure on structures and equipment (excluding vehicles) consists mainly of fixed costs and significant increases are not to be expected. In contrast to this, investment in vehicles will increase by 4.7%. The proposed increases in tax on fuel are likely to raise public transport cost by a total of about 228 million €, mainly as a result of higher labour costs: expenditure for wages and salaries will increase by 167 million €. Depreciation will increase by 3.7% as a result of expansion of capacity, but the absolute figure of 21 million € seems to be rather marginal.

While the marginal costs of off-peak transit are probably near zero, the costs of peak-traffic are extraordinarily high. This is due to the legal obligation of public transport companies to design their system capacity to meet demand during peak periods. Transit agencies' fleet size is exclusively determined by rush hour demand, most of that remains unused during normal and off-peak times. If, in addition, below average marginal revenues owing to reduced fares (e.g. job tickets, student tickets) were taken into account, a specific modal shift of working people, students and pupils to public transport for everyday commuting could lead to a negative net effect. A further increase in production costs, a decrease in revenues per passenger kilometre, and the necessity of additional public financial support cannot be ruled out. (Storchmann, 2001)
Road pricing – Parking pricing

Parking charges would only be able to internalise the externalities on the road in an imperfect way, while road pricing is an imperfect instrument to handle congestion in parking areas. More generally, there is a need for many different pricing instruments to be used together as long as there are externalities of different kinds and in different places. (SPECTRUM, 2004b, p.26)

Road pricing  – Public transport fare level 

In the absence of road pricing, public transport fares may be set at a low level as a second-best solution to congestion problems. Apart from being an imperfect instrument to tackle road congestion, this solution also creates distortions in the rest of the economy, since it requires a higher level of distortionary taxation to finance the public transport subsidy and the missing road pricing revenue. (SPECTRUM, 2004b, p.27). Together with road pricing low public transport fares can be financed efficiently.

*Road pricing – Vehicle ownership tax 

It is sometimes argued that car taxes should be shifted from ownership to use, since it is the use of the car that creates the external effects. The use of the car should certainly be priced so as to make the user internalise the costs that are imposed on others, but it is by no means certain that this should be accompanied by a reduction in car taxes. Other, more distortionary taxes should be reduced instead. In fact, from the point of view of financing government expenditure in an efficient way, the car is a very good object of taxation, precisely because so many feel that they cannot do without it (Ramsey pricing). From the point of view of equity, however, the car tax may be seen as unfair, taxing the less well off car-owners just as heavily as the rich. (SPECTRUM, 2004b, p.26)

*Fuel tax – Vehicle ownership tax
Some studies have focused on the interactions between economic instruments that can be applied to car ownership (vehicle taxes and annual fees) and fuel taxes. Studies show that fuel taxes are more efficient of vehicle taxes in terms of total welfare effects. To meet the Kyoto target by 2010 requires large increase in fuel taxes accompanied by policies that promote fuel efficiency in vehicles. Some of the technologies such as the hydrogen fuel cell are not yet available in the market. (SPECTRUM, 2004b, p.42)

3.2.1.2. Combination of physical instruments
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ITS device for traffic management and control - Allocation of existing infrastructure to specific users (pedestrian lanes, bicycle lanes, lorry routes, HOV lanes) 

ITS devices manage intersection controls that give priority to HOVs. For example, a traffic light might be set to stay green for several extra seconds if that allows a bus to avoid stopping. (HOV Priority: TDM Encyclopaedia, Victoria Transport Policy Institute)

ITS device for traffic management and control– Expansion of existing rail-based transport infrastructure 

New information systems and other intelligent transport systems are often implemented in connection with new infrastructure. (SPECTRUM, 2004b, p.125)

3.2.1.2. Combination of regulatory with physical measures
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Development densities – Designation of on-street parking spots 

Dense development becomes more feasible with parking management, particularly shared parking, to reduce the amount of land needed for parking facilities around buildings. (Clustered land use: TDM Encyclopaedia, Victoria Transport Policy Institute) Therefore, it is necessary to reduce on-street parking spots in the area. 

Development densities / Zoning restricted access (car free zones, environmental zones) – Expansion of existing rail-based transport infrastructure / Improve comfort of PT vehicles / Public transport fleet renewal

Simply increasing population densities in a residential-only development does little to improve accessibility, but accessibility increases if common destinations such as schools and shops are also located in the cluster. It is most effective at reducing automobile use if it includes other strategies such as pedestrian improvements (car free zones) and public transport improvements (expansion of lines, improve comfort) since most transit trips include walking links. (Clustered land use: TDM Encyclopaedia, Victoria Transport Policy Institute)

Development density – Traffic calming

KonSULT suggests applying proper development densities, development pattern and development mix during planning processes of traffic calming. (SPECTRUM, 2004b), p. 60). In an extensive review of studies Ewing (1997) concludes, that doubling urban densities results in a 25-30% reduction in vehicle distance travelled, or a slightly smaller reduction when the effects of other variables are controlled. Even greater travel reductions are possible if clustering is implemented with other strategies, including traffic calming. Clustering can increase liveability if it is implemented in conjunction with pedestrian and cycling improvements, traffic calming and other streetscape enhancements. It can increase opportunities for neighbourhood interaction and community cohesion. (Clustered land use: TDM Encyclopaedia, Victoria Transport Policy Institute)

Zoning restricted access (car free zones, environmental zones) – Infrastructure for non-motorised modes (pedestrian lanes, cycle lanes) / Allocation of existing infrastructure to specific users (pedestrian lanes, bicycle lanes, lorry routes, HOV lanes) / Traffic calming

As for traffic calming measures, the KonSULT database (ITS Leeds, 2004) recommends using additional instruments, like cycle lanes and priorities to overcome political barriers when implementing these measures. Conventional traffic management can contribute to compensate losers of traffic calming by e.g. mitigating the undesired effects of re-routing. Ensuring alternative modes of transport, like park and ride, cycle routes, pedestrian routes and pedestrian areas can increase the acceptability of the rather restrictive measures. Using conventional traffic management tools, additional physical restrictions (e.g. dedicated lanes and priorities) and conventional direction signing and static direction signs are other complementing tools to make better advantages of applying traffic calming. (SPECTRUM, 2004b, p. 60).

Traffic calming tends to reduce total vehicle mileage in an area by reducing travel speeds and improving conditions for walking, cycling and transit use. Residents in neighbourhoods with suitable street environments tend to walk and bicycle more, use public transport more, and drive less than comparable households in other areas. One study found that residents in a pedestrian friendly community walked, bicycled, or used public transport for 49% of work trips and 15% of their non-work trips, 18- and 11-percentage points more than residents of a comparable automobile oriented community. Another study found that walking is three times more common in a community with pedestrian friendly streets than in otherwise comparable communities that are less conducive to foot travel. (Traffic Calming: TDM Encyclopaedia, Victoria Transport Policy Institute)

Bus prioritisation – Bus lanes / Allocation of existing infrastructure to specific users (pedestrian lanes, bicycle lanes, lorry routes, HOV lanes)

Bus priorities are commonly used together with bus or HOV lanes (SPECTRUM, 2004b, p.122).

Road space allocation involves tradeoffs between general traffic lanes and parking lanes (which favour automobile travel), HOV priority lanes (which favour public transport and car sharing), bicycle lanes and sidewalk space. Grade separated facilities (paths, special lanes, public transport and rail lines that are completely separated from regular roadways) gives priority to certain types of travel, often at a significant incremental cost. (Prioritising transportation: TDM Encyclopaedia, Victoria Transport Policy Institute)

Bus prioritisation – ITS device for traffic management and control 

For public transport operators and planners ITS gives more possibilities for bus prioritisation. (SPECTRUM, 2004b, p. 78).  At the first Asian Pacific Intelligent Transport System Seminar in November 1996, Tsuyoshi Yoneda, the Director of Traffic Management and Control, Traffic Bureau, National Police Agency reported about Japan testing a bus priority control system that established bus priority lanes, revised arrival times based on real-time traffic flows, and warns cars entering the bus lane. The system reduced vehicle traffic 21.7% and increased passenger use by 12.7%, saving 69 million yen (about US$ 650,000) per year, a third of which came from decreased petrol usage. (Yoneda, 1996)
3.2.2. Combination of economic with regulatory instruments

The following matrix shows only those combinations of instruments that can be modelled in MARS, SATURN and RETRO/FREDRIK, although there are some more relevant positive interactions mentioned in the analysis below. Those that cannot be modelled and are therefore not in this matrix are marked with a star (*).
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3.2.2.1.  Road

Road pricing / Parking pricing / Private parking space ownership charge – Clustering of destinations / Development densities

Through the clustering of common destinations, travel distances and with it travel demand should be reduced. Clustering usually requires changes to development policies and practices that allow higher development densities and more flexible parking requirements. If space for parking is reduced, it is necessary to deal with this space in an efficient way. Parking pricing and road pricing are ways of trying to reduce trips in this specific area. In an extensive review of studies Ewing (1997) concludes, “that doubling urban densities results in a 25-30% reduction in vehicle distance travelled, or a slightly smaller reduction when the effects of other variables are controlled.” Even greater travel reductions are possible if clustering is implemented with other strategies, including parking management and road pricing. (Clustered land use: TDM Encyclopaedia, Victoria Transport Policy Institute) PROSPECTS reports that within the responses from the cities questioned, the measures like parking charges can be complementary to density mix land use planning. Restrictions in parking supply and increase in charges can have a positive effect on reducing congestion that could possibly be a result of high-density development mix. (SPECTRUM, 2004b, p. 96).

Road pricing / Parking pricing / Private parking space ownership charge – Regulatory restrictions on car use (permits, number plate restrictions) / Zoning restricted access (car free zones, environmental zones)

The example of Rome which has both a regulatory measure and a pricing measure working together to restrict access to the historic centre will show how the two instruments work together. The regulatory measure restricts access to residents, doctors, and people with trade interests in the centre etc.  The pricing measures (road pricing and/or parking pricing) are applied to approximately 50% of those who are allowed to enter the centre (i.e. 50% of those allowed to enter do not need to pay anything). The question posed by the Rome transport authority was "if the regulatory restrictions were removed (so that anyone could enter the historic centre), how much would need to be charged to obtain the same results (in terms of flows, pollution etc) as the current policy?” The answer provided by the models was approximately 100 euro per visit, so it was concluded that "pricing alone" was unrealistic. (PROGRESS, 2003)
Restrictions might be used as imperfect substitutes for road pricing. The problem with restrictions (number plate restrictions, car-free city centres) as compared to road pricing is that they affect all trips, not only the trips for which there is a low willingness-to-pay. Thus restrictions are a less efficient means to achieve the same end as road pricing. However, Daganzo (1995) shows how road pricing can be combined with restrictions to produce Pareto-efficient outcomes, i.e., outcomes where every car commuter in the local community stands to win. Such strategies need not be better in terms of economic efficiency than a pure pricing strategy. Their merit is rather that they achieve a more modest efficiency gain while meeting a particular equity objective, namely to avoid dissipating the benefits. The winners from pure road pricing with recycling will often be taxpayers outside the city or local public transport users. Daganzo’s scheme keeps the gain within the community of local car users (SPECTRUM, 2004b, p. 28).

Road pricing/ Fuel taxes – Pollutant and noise emission standards

Emission standards are requirements that manufacturers produce vehicles that incorporate certain technologies (such as emission catalysts) or meet a maximum emission standard. These have been widely applied and have been successful at reducing per-distance emission rates for some pollutants. Such standards can be increased to force manufactures to develop and implement additional emission controls. 

As emission standards do not regulate the demand and distance travelled, it is useful to introduce economic instruments like road pricing or fuel taxes to reduce pollutant and noise emissions efficiently. 

Raising fuel price has two effects, it causes modest reductions in vehicle mileage, and over the long term encourages motorists to choose more fuel-efficient vehicles. It is uncertain how much improved fuel efficiency reduces emissions other than CO2. Manufactures design vehicles to meet specific emission standards, and so implement more control strategies in vehicles with larger engines than in vehicles with smaller engines. Some emission control strategies reduce fuel efficiency (for example, catalytic converters add weight, and tuning engines to minimize NOx emissions increases fuel consumption). Most emissions decline in proportional to mileage. For example, one study estimates that a fuel tax increase of 50¢ per gallon (US 1991 dollars) would reduce mileage by about 4%, energy consumption by about 9%, and other emissions by about 3.5%. (Energy Conservation and Emission Reduction Strategy: TDM Encyclopaedia, Victoria Transport Policy Institute)

Road pricing – Regulation of freight distribution in urban areas

In order to reduce environmental and social impacts local authorities may intervene to regulate freight distribution. Urban road pricing (e.g. a cordon pricing) could also influence the establishment of city terminals if it charges different prices for different vehicle types because pricing can increase/ decrease with the size of a freight vehicle. A new logistic centre can take advantage of the distance related heavy vehicle fee, which makes inter-modal transport more attractive. (SPECTRUM, 2004b, p.66).

Road pricing/ Fuel taxes – Speed limits

A reduction of speed through traffic calming or speed limits increases traffic safety but also has effects on vehicle travel. Studies indicate that the elasticity of vehicle travel with respect to travel time is –0.2 to –0.5 in the short run and –0.7 to –1.0 over the long run, meaning that a 10% reduction in average traffic speeds reduces affected vehicle travel by 2-5% during the first few years, and up to 7-10% over a longer time period. (Speed reductions: TDM Encyclopaedia, Victoria Transport Policy Institute)

Accompanying measures that affect vehicle travel too, like road pricing and fuel taxes can lead to a greater benefit.

Although increased fuel taxes cause greater fuel savings but less vehicle travel reductions than the same amount of revenue collected through road tolls in combination with speed limits they can have a more positive effect. Higher fuel prices cause a combination of reduced driving and increased fuel efficiency. About two-thirds of long-term fuel savings typically come from increased fuel efficiency and one third from reduced vehicle travel. (Fuel taxes: TDM Encyclopaedia, Victoria Transport Policy Institute).

As road pricing is aimed to reduce congestion and therefore raises travel speed, this can have a negative effect on traffic safety. (Road pricing: TDM Encyclopaedia, Victoria Transport Policy Institute). To counteract this it can be wise to introduce lower speed limits. 

*Road pricing – Alternative work schedule

As road pricing often differentiates in peak and off-peak hours, the practice by employers of allowing employees to vary their attendance pattern (flexible working hours, staggered shifts, compressed work weeks) can lead to the reduction of congestion and savings by the employees if they do not drive in peak hours. Congestion pricing can provide an additional incentive for employees to request and use alternative work schedules. (TDM Encyclopaedia, Victoria Transport Policy Institute)

Parking pricing – Parking time constraints

In practice, parking regulation is concerned with ‘long-term’ and ‘short-term’ parking. It seems to be considered desirable to separate these types of parking markets. This is done by a combination of parking fee and time restrictions. (SPECTRUM, 2004b, p.120). It is not only usual to use parking time constraints to foster more efficient use of existing capacity but also to combine this instrument with parking prices as a parking management strategy to reduce parking problem in a particular area.

Parking pricing – Regulating parking access according to types of vehicle

The limitation of types of vehicles that may use certain parking spaces, including delivery vehicles, rideshare vehicles and residents’ vehicles together with parking pricing for the remaining vehicles can discourage people from using public parking resources for long-term storage. Parking pricing can also be set for residents’ as they are also using public space for their vehicles. Parking prices can be set to achieve transportation and parking management objectives: Price the most convenient parking spaces for customers and clients, with minute or hourly rates. Price less convenient parking spaces for employees and residents, with weekly or monthly rates. (Parking pricing: TDM Encyclopaedia, Victoria Transport Policy Institute). The example of Florence, Italy shows the division of parking spaces for residents and visitors, on-street and off-street, which have different fares and times for parking. (Firenze Parcheggi 2004)
*Private parking space ownership charge / Parking pricing – Enforcement of parking measures (inspection probability, fines)

A charging measure has always to go together with the enforcement of that measure. People will always weigh out if it is cheaper for them to pay for the usage of the parking space or to pay the fines, which are linked to the probability of being caught. Notice that for a relatively low level of expected fine, the efficient price is below that required to ration demand to supply. A relatively high fee simply induces most drivers to park in a non-compliant manner, and hence produces little reduction in aggregate demand. Only once the expected fine is relatively high – approximately £7 per hour - is it efficient to ration demand to supply. (SPECTRUM, 2004b, p.116). Fines for parking violations must be high enough and enforced frequently enough to motivate motorists to follow regulations and pay fees, but not so high to be considered excessive or unfair. If fines are too low, some motorists may simply treat them as a parking fee. Fines are typically 2-5 times the downtown daily parking rate. (Parking pricing TDM Encyclopaedia, Victoria Transport Policy Institute)

*Private parking space ownership charge / Parking pricing – Regulation of the supply of off-street parking

As off-street parking spaces are often built and managed by private companies, they are dependent on parking revenues. The correlation with the use of on-street parking spaces is important. Calthrop and Proost (2003) investigate a numerical model of the central London parking market. Drivers decide how long to park for and whether to search for an on-street spot or use a private facility. A surprising result emerges: under plausible parameter values, the efficient price for off-street parking is the lowest price that induces the facility to undercut the on-street market. The on-street parking market remains unused in equilibrium. This is counter-intuitive, until one realises that the on-street market has a strategic value as a means of lowering the (excessive) price charged at the private facility. While this model is too simplistic to be translated directly into policy, it does remind us that the on-street market can be used to influence the behaviour of facility parking. (SPECTRUM, 2004b, p.111).

*Private parking space ownership charge / Parking pricing / Incentives to car pooling – Parking standards

The minimum and maximum number of parking spaces allowed to private non-residential areas can influence travel behaviour significantly. A large number of spaces will induce car travel, while a small number, combined with a parking charge encourages employers and employees to switch to public transport or other environmental friendly modes, if they are sufficiently provided. More recently, however, with growing concern over the impact of out-of-town retail centres on local congestion, the regulation switched to a maximum number of spots per square metre (SPECTRUM, 2004b, p.120). Ewing (1993) concludes that ridesharing programmes can reduce daily vehicle commute trips to specific worksites by 5-15%, and up to 20% or more if implemented with parking pricing. Pratt (1999) describes several worksites where 5-20% of employees commute by vanpool. The most effective programmes tend to have paid parking, subsidies for alternative modes, and other incentives to encourage reduced automobile commuting. (Ridesharing: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Incentives to car pooling / Incentives to car sharing – Regulatory restrictions on car use (permits, number plate restrictions) / Zoning restricted access (car free zones, environmental zones)

The access of a specified vehicle (number plate) to a given section of the road network at a certain time can be restricted in order to encourage mode switching and sometimes time switching. This can be enforced through incentives to car sharing or car-pooling, so people have an alternative to individual car use. Car-free housing in suitable locations and supported with car sharing services can result in major reductions in per capita vehicle travel compared to the same residents living in conventional development (Beatley, 2000). (Car-free planning: TDM Encyclopaedia, Victoria Transport Policy Institute) 

*Incentives to car pooling / Incentives to car sharing – Alternative work schedule

“Flextime” benefits include reduced traffic congestion, support for ridesharing and public transit use, and benefits to employees. Flexible working schedules allow commuters to match their work schedules with transit and rideshare schedules, which can significantly increase the feasibility of using these modes. (TDM Encyclopaedia, Victoria Transport Policy Institute) 

3.2.2.2.  Public transport

Public transport fare level – Traffic control

The combination of the two instruments aims at enforcing the use of public transport. The reduction of fares tries this on the financial basis, while traffic control increases the comfort and reduces travel time for the users (Public transit improvements: TDM Encyclopaedia, Victoria Transport Policy Institute)

Public transport fare level – Bus prioritisation

There are many public transport encouragement strategies, such as improve public transport service, including more service, faster service and more comfortable service, reduced fares and discounts such as lower rates for off-peak travel times, or for certain groups. (Public transit encouragement: TDM Encyclopaedia, Victoria Transport Policy Institute). The reduction of public transport fares can advance equity, if it aims at disadvantaged people, but it can also be an instrument to make public transport more attractive.

The financial aid will make it easier for people to shift from car to public transport. The prioritisation of buses and therewith the saving of travel time (in a short observation period) can enforce this effect.

* Public transport fare level / Concessionary fares – Development nearby public transport corridors and nodes

There are many ways to improve public transit service and encourage public transport ridership, such as lower and more convenient fares (e.g. discounts for frequent users) and public transport oriented development, which result in land use patterns more suitable for public transportation. (Public transit improvements: TDM Encyclopaedia, Victoria Transport Policy Institute). If the density of population around public transport stops, e.g. within 500 meters, is very high, it is likely that more people are using public transport. This can be enforced by the reduction of public transport fares, which may have a direct effect on patronage. The reduction of price travel schemes for public transport journeys, aimed at disadvantaged people, can promote equity.

The financial aid will make it easier for people to shift from car to public transport.  

*Public transport fare level / Concessionary fares – Demand responsive system / Individual-oriented public transport solutions 

To strengthen public transport in areas where it is not financially possible to run a fixed public transport route system, it is necessary to develop a system, which is demand responsive to reach as many people as possible. These are more appropriate than fixed transit service for some applications, such as off-peak service, or service in lower-density areas. A low public transport fare level with concessionary fares for people with disabilities or other special needs makes this kind of transport even more attractive and makes a contribution towards equity. Shuttle services to shopping centres or special events should be free or require a small fare, as well as the use of public bicycles or electric city cars. (Shuttle services: TDM Encyclopaedia, Victoria Transport Policy Institute)

3.2.2.3.  Mode Independent

Road pricing / Fuel pricing – Bus prioritisation

Road pricing should be implemented in connection with improved transportation options, so consumers have viable alternatives. The introduction of bus lanes provides the potential for modal shift at later stage. If pricing or other measures are introduced and the public transport alternative is of poor quality it is likely that people will carry on using a car, but pay more for it. But if bus lanes and other priorities have been put in place a higher number of persons will choose the bus option. (SPECTRUM, 2004b, p.45). For example, congestion pricing can be implemented with public transport (bus prioritisation) and car sharing improvements so motorists have more ways to avoid driving on the priced road. It will be visible for car drivers that using public transport can be quicker than driving a car. This increases its effectiveness at reducing traffic congestion problems. (Road pricing: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Road pricing – Development nearby public transport corridors and nodes

The aim of development where public transport facilities are readily available is to reduce motorised trips by improving the accessibility to public transport. However, other factors are also important besides density factors. Transport use is also affected by factors such as road pricing, firstly to finance public transport and secondly to create a financial incentive to car users to save money by changing mode. (Transit oriented development: TDM Encyclopaedia, Victoria Transport Policy Institute) 

*Road pricing / Parking pricing – Demand responsive system / Individual-oriented public transport solutions 

While road pricing and/or parking pricing aim to reduce travel demand by rising costs it is suggestive to combine these - from the point of view of the car user - “negative” instruments, with “positive” instruments, namely individual-oriented and demand responsive public transport solutions. If changes in modal choice away from car is the aim, it is necessary to create alternatives to the car use. Shuttle Services and free bicycles may be provided during periods of unusually high demand such as busy shopping days in a retail area, special events, emergencies, etc.

Such Shuttles may be free or require a small fare. (Shuttle Services: TDM Encyclopaedia, Victoria Transport Policy Institute). These solutions are especially suitable for urban areas where it is not financially possible to run a fixed public transport route system.

*Parking pricing / Private parking space ownership charge – Development nearby public transport corridors and nodes

Transport oriented developments typically have a diameter of one-quarter to one-half mile (stations spaced half to 1 mile apart), which represents pedestrian scale distances. Development in those areas where public transport facilities are readily available helps commuters to shift from cars to the public transport mode. It includes many design features (Morris 1996), such as parking management to reduce the amount of land devoted to parking compared to conventional development, and to take advantage of the parking cost savings associated with reduced automobile use. To enforce the reduction of car based commuting it is possible for city authorities to implement a levy on all private non-residential parking at the workplace. (Transit oriented development: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Incentives to car pooling / Incentives to car sharing – Traffic control / Bus prioritisation 

HOV lanes are very similar to bus lanes and are often combined with them (so the effects are not only related to car users, but also to public transport). Enforcement is an issue with HOV lanes as it is with bus lanes. However, it is more difficult to spot an infringing private car (with only one occupant as against two or more) than it is to spot a car in a bus lane. The prioritisation of buses can also fade to a prioritisation of other high occupant cars like car shares. (SPECTRUM, 2004b, p.40).

*Direct or indirect cycle subsidies (e.g. free bicycles or bus passes) – Regulatory restrictions on car use (permits, number plate restrictions) / Zoning restricted access (car free zones, environmental zones)

The regulatory strategy to limit automobile travel at a particular time and place is typically implemented as a temporary measure during air pollution emergencies or to reduce traffic congestion during major event. The regulatory measure alone may lead to dissatisfaction towards the politicians if no alternatives to the car use are provided. One possibility is the direct or indirect bicycle subsidy such as the provision of free bicycles as a compensation for agreeing not to use a car. This is also valid for restricted access to zones at all times, like car free zones in city centres. (Walking and Cycling encouragement, Cycling improvements: TDM Encyclopaedia, Victoria Transport Policy Institute) 

*Direct or indirect cycle subsidies (e.g. free bicycles or bus passes) – Bus prioritisation

Bicycling integrates well with public transport (bus, train). Pubic transport is most effective for moderate- and long-distance trips on busy corridors, while cycling is effective for shorter-distance trips with multiple stops. Combining public transport and cycling can provide a high level of mobility comparable to automobile travel. (Bike/Transit Integration: TDM Encyclopaedia, Victoria Transport Policy Institute). To encourage people to switch from car use to non-motorised modes, it is suggestive not only to improve public transport like bus priority at crossings and junctions, but also to show the alternative of cycling through e.g. free bicycles.

*Direct or indirect cycle subsidies (e.g. free bicycles or bus passes) – Demand responsive system / Individual-oriented public transport solutions 

As a strategy against single occupied vehicles modes the combination of bicycle supply and demand responsive public transport system seems reasonable. (Metro, 2003). To strengthen non-motorised transport in urban areas where it is not financially possible to have a fixed public transport route system, it is suggestive to introduce a demand responsive public transport system on the one hand but also to encourage people to use the bicycle by giving direct or indirect cycle subsidies, such as free bicycles. Another environmental friendly solution is the introduction of public electric city cars.

3.2.3. Combination of economic with physical instruments

The following matrix shows only those combinations of instruments that can be modelled in MARS, SATURN and RETRO/FREDRIK, although there are some more relevant positive interactions mentioned in the analysis below. Those that cannot be modelled and are therefore not in this matrix are marked with a star (*).
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3.2.3.1.  Road

Private parking ownership charge / Parking pricing – Designation of on-street parking spots

Parking facilities can be managed and regulated to encourage more efficient use of parking resources and more efficient travel. This often involves making the most convenient parking spaces available to certain higher-value uses. When designating on-street parking spots it is to consider if these spaces are to be charged. The price will depend on the number of parking spaces, the demand and time of day. Typical strategies can be to charge higher parking prices and shorter payment periods for more convenient spaces and to limit use of on street parking to area residents, or provide discounts to residents for priced parking. (Parking management – Regulating parking use: TDM Encyclopaedia, Victoria Transport Policy Institute)

Parking pricing / Road pricing – ITS device for traffic management and control / ITS driver information

An ideal road charging scheme would vary according to location, time of day and type of vehicle. Some ITS technologies need special equipment and communication networks for utilising technology effect such as non-stop payment system on a toll road network. A control centre which monitors roadway conditions can help to set the level of the charges according to the number of cars driving on the road. 

An ideal parking charge would vary according to the number of cars parking in an area. A control centre can manage to raise charges when only a few spaces are free and reduce them when there are a large number of spaces available. It is important for drivers who are using ITS (e.g. GPS systems) for finding parking spaces to know also how much the actual costs will be. 

The KonSULT database (ITS Leeds, 2004) recommends some complementary measures to urban ITS. For example, parking charges and urban road charging may be the solutions to overcome financial barriers: a certain part of the revenues coming from these measures could contribute to funding technology improvements, in particular when launching the ITS projects. (SPECTRUM, 2004b, p. 78).

Parking pricing/ Road pricing/ Fuel taxes – Expansion of existing road network

Often complementary economic instruments to the expansion of existing road network like access or parking pricing have to be implemented so that the increased revenues could finance capacity expansion. The revenue can come from fuel taxes, too, and therefore it has a relationship with interurban measures. Obviously, whether the new infrastructure will be priced or not is an important question for project financing purposes. But a more subtle and often underestimated relationship is that between the current infrastructure policy and the present and future road pricing policy. Capacity expansion, which is justified in the case of the current transport prices, may no longer be justified with better transport prices, which include congestion and other external costs, leading to a more rational use of the existing capacity and a reduced need of new capacity. In any case, capacity increase can usually be achieved not only by expanding the road network, but it requires better traffic organisation and shifting freight traffic to more effective transport solutions. (SPECTRUM, 2004b, p. 84).

*Incentives to car-pooling / Incentives to car sharing – Designation of on-street parking spots

Car-pooling can be encouraged if employers provided free car parking for car-pooling employees. (Golob and Hensher, 1998). Therefore, a certain number of parking spaces must be provided. Anyway it must be considered that car-pooling cars should not have major advantages in comparison with public transport users, e.g. in terms of the distance from the car park/ station to the work place.

3.2.3.2. Public transport

Public transport fare level – Bus lanes / Allocation of existing infrastructure to specific users (pedestrian lanes, bicycle lanes, HOV lanes) / Expansion of existing rail-based transport infrastructure

The KonSULT database (ITS Leeds, 2004) suggests the use of all forms of public transport as complementary measures to physical restrictions, such as HOV lanes. - There are many public transport encouragement strategies, including the improvement of public transport service (e.g. more service through new lines, faster service and more comfortable service) and a reduction of fares and offers of discounts (such as lower rates for off-peak travel times, or for certain groups). A low public transport fare level, with special concessionary fares to ensure equity objectives, raises the attractiveness of this mode. People can get even more convinced if they see time advantages for themselves like through bus lanes. (Public transit encouragement: TDM Encyclopaedia, Victoria Transport Policy Institute). Major transport schemes may also be combined with changes in tariff systems and prices. (SPECTRUM, 2004b, p. 125).

It is assumed that the number of public transport users will rise if the supply of infrastructure is expanded and at the same time the fares decrease. The reduction of prices for public transport journeys can have a direct influence on the number of passengers, because it makes public transport more attractive. The financial deduction will make it easier for people to shift from car to public transport. The prioritisation of buses, e.g. on HOV lanes and therewith the saving of travel time (in a short observation period) can enforce this effect. Persons who give up car use are recompensed by low fares, as the operation is more profitable then. (SPECTRUM, 2004b, p. 124). The problem is that it is hard both to finance an infrastructure expansion and reduce incomes for the public transport operator. 

3.2.3.3.  Mode independent

Private parking space ownership charge / Parking pricing / Road pricing – Allocation of existing infrastructure for specific users (pedestrian lanes, bicycle lanes, HOV lanes) / Bus lanes

Road pricing and parking pricing are not only beneficial for financing transport infrastructure but also work towards reducing travel demand. If together with pricing measures e.g. a HOV lane or bus lane is introduced, the people will soon discover the possibility to save money through sharing a car with others and to save time by travelling on the HOV lane or by bus in the bus lane, which is mostly not as congested as the rest of the street section. It also provides those that are priced off the road with a good alternative. In doing so, it makes road pricing and parking pricing more efficient as an instrument to influence demand, or put otherwise, it makes the optimal charge lower (SPECTRUM, 2004b, p. 28).

A kind of compromise between HOV lanes and road pricing are high occupancy toll (HOT) lanes, which are high occupancy vehicle (HOV) lanes that also allow access to low occupancy vehicles if drivers pay a toll. This allows more vehicles to use HOV lanes while maintaining an incentive for mode shifting, and raises revenue. (Road pricing: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Private parking space ownership charge – Park and Ride

To reduce car based commuting and to ease traffic congestion, city authorities can introduce parking charges at the workplace. Charging alone will lead to dissatisfaction towards the politicians and, therefore, it is also necessary to provide an alternative to car use like park and ride facilities. (Commute trip reduction, Public transit improvements:  TDM Encyclopaedia, Victoria Transport Policy Institute)

Fuel taxes (private) – Infrastructure for non-motorised modes / Bus lanes / Expansion of rail-based transport infrastructure / Improve comfort of PT vehicles / Public transport fleet renewal

With increases in fuel taxes one can expect shifts in the mode of transport, slow (walking and cycling) modes and public transport. Consequently, improvements in the services of alternative modes, as the listed measures, can accompany this instrument. There are numerous reports on the cross-elasticity values of demand for public transport with respect to fuel prices, but cross-elasticity values have much more variation and are significantly lower than own price elasticity value of fuel prices. There are different explanations for this large variation. With an increase in the fuel price some of the trips will not necessarily switch to other modes, but will not be made at all or one might continue to use a car, but to a different destination that is closer. Another explanation is that a cross-elasticity value depends on the initial market share. However, although the evidence of the cross-impact on public transport demand may be weak in some cases, increase of fuel prices should be accompanied by improvements in the services of alternative modes, also to offset any adverse effects regarding equity objectives. (SPECTRUM, 2004b, p. 32).

*Parking pricing – Infrastructure maintenance

The AFFORD project classifies the maintenance activities and their level among those parameters that should influence the prices in the first-best case (pure economic equilibrium). In this aspect the maintenance does not mean a separate instrument, but one of those that work as a sub-variable for pricing (economic) measures. (SPECTRUM, 2004b, p.88). Car drivers may accept parking pricing measures easier if the money levied is used for the maintenance of the road and parking facilities. But as parking occupies public space, which on the other hand could be used by pedestrians or cyclists, it is suggestive to introduce cross financing to the maintenance of footpaths, cycle tracks and pedestrian or cycle crossings.

Road pricing – Park and ride

Road pricing supports park and ride. (Road pricing: TDM Encyclopaedia, Victoria Transport Policy Institute). Park and ride schemes as an accompanying measure to road pricing may often increase overall transportation efficiency by discouraging private cars from entering the city at all, thus reducing traffic levels on radial routes. Schemes will very often involve the making of a simpler road network, which will reduce the number of junctions and thus increase capacity. (SPECTRUM, 2004b, p. 45). If road pricing is introduced in a city to reduce congestion and travel demand it should be noted that park and ride facilities should be placed outside the entering points (cordon ring) to give the driver the opportunity and choice to shift from the car to the cheaper public transport system.

Road pricing – Expansion of rail-based infrastructure / Improve comfort of PT vehicles / Public transport fleet renewal

It is often argued that improving the public transport system is a necessary complementary measure to road pricing as it provides those that are priced off the road with a good alternative. In doing so, it makes road pricing more efficient as an instrument to influence demand, or put otherwise, it makes the optimal charge lower. A side effect of this is that the more is invested in the public transport system, the less is the ability of road pricing to finance the investment. (SPECTRUM, 2004b, p. 28). 

*Road pricing – Infrastructure maintenance

Mostly road pricing is used by the authority to finance the building and maintenance of transport infrastructure. The public accepts the instrument more with this explanation. Thus the effect on financial objectives is positive, but it is still a side effect and should not become the main objective. Because of this effect, road pricing and road infrastructure provision becomes complementary measures in attaining the efficiency objective, road pricing helping to finance infrastructure, and infrastructure provision providing a way of making road pricing more acceptable to the public. But there is also a degree of substitutability, as road pricing makes the need for road investment less acute and changes the composition of the best road investment plan. (SPECTRUM, 2004b, p.27). This is why the financing should change from road maintenance to a cross-financed maintenance and building of environmental friendly infrastructure like rail lines. 

With the implementation of London’s road pricing system the law required certain conditions in order to allow the implementation of road pricing. The design should be done in consultation with the national government, the charges must be part of a larger transportation strategy and the surplus should be returned to infrastructure investments and maintenance. (Swedish National Road Administration, 2003)
Parking pricing – Park and ride

Parking in park and ride facilities is generally free or significantly less expensive than in urban centres. The level of the parking charges together with the public transport tickets should of course not overstep the eventual parking prices in the city centre or road pricing. (Park and ride, parking pricing: TDM Encyclopaedia, Victoria Transport Policy Institute)

Public transport fare level – Infrastructure for non-motorised modes (Pedestrian lanes, cycle lanes)

Walking and cycling improvements support public transport. Pedestrian improvements around worksites can increase public transport use, because without these employees may feel the need to have a car to run errands during breaks. It is also required to create safe and attractive ways to and from the station for pedestrians and specifically for disadvantaged groups. A general reduction of public transport fares attracts more demand from both existing PT users and new users. (Nonmotorized transportation planning: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Public transport fare level – Park and ride

To obtain a change of commuters from car to public transport, the public transport fare level, including concessionary fares, must be reasonable for the drivers. It must be set at a level where it is financially attractive for them to use park and ride facilities. (Public Transit Improvements, Park and ride: TDM Encyclopaedia, Victoria Transport Policy Institute). The tariff system together with fare levels forms a unified measure. It is also possible to integrate parking policies with tariff systems by introducing a single park & ride ticket covering both the parking charge and the selected public transport ticket. (SPECTRUM, 2004b, p. 124).

*Incentives to car-pooling / Incentives to car sharing – Park and ride

As it is often difficult to organise car-pooling because of the different destinations, it makes sense to combine these incentives with park and ride facilities. Commuters can drive to the next park and ride using car-pooling or car sharing and then spread into different directions by public transport. Park & Ride is likely to be progressive with respect to income, since lower-income commuters rely more on public transit and ridesharing than people with higher incomes. Non-drivers can benefit from increased demand for transit and ridesharing, and from bike Park & Ride facilities. It tends to support basic mobility by improving public transit and ridesharing, but the effects may be small compared to other types of transit improvements. (Park and Ride: TDM Encyclopaedia, Victoria Transport Policy Institute)

*Direct or indirect cycle subsidies – Allocation of existing infrastructure to specific users (pedestrian lanes, bicycle lanes, HOV-lanes) / Bus lanes

Bicycling integrates well with public transport (bus, train). Public transport is most effective for moderate- and long-distance trips on busy corridors, while cycling is effective for shorter-distance trips with multiple stops. Combining public transport and cycling can provide a high level of mobility comparable to automobile travel. (Bike/Transit Integration: TDM Encyclopaedia, Victoria Transport Policy Institute). Not only the introduction of free bicycles is necessary to make this mode of transport more attractive, the users need to feel and be safe especially from motorised vehicles. Therefore, the allocation of existing infrastructure to these users like bicycle lanes is suggestive. It is also possible to let cyclists drive on bus lanes to give them more space on their own and divide them from individual vehicles, which on the other hand enforces the attractiveness of public transport too. Since 1997, road traffic regulations in Germany allow bicycles to use bus lanes if it is signed (Fig. 1) (Allgemeiner Deutscher Fahrrad Club 1997).
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Figure 1: Traffic sign of an extra lane for buses also authorised for bicycles (Allgemeiner Deutscher Fahrrad Club 1997)
*Direct or indirect cycle subsidies – Traffic calming

City bicycles can be used to enhance the attractiveness of cycling and encourage mode switching. But it is important to the users to feel and be safe in the street. Therefore, it is necessary to reduce speeds to encourage a more slowly and cautious driving of motorised vehicles or to introduce segregation measures, like one way streets, closures and banned turns to make movement difficult in some areas and divert traffic. It is important that in the second case the segregation measures must be permeable for cyclists, like the allowance of driving against one-way streets. (Cycling improvements: TDM Encyclopaedia, Victoria Transport Policy Institute) (EAMDC Radverkehrsinitiative Oberösterreich 2002) (Dublin Cycling Campaign 2001)
*Land taxation – Infrastructure maintenance

Property tax aimed specifically at those who are most likely to gain from the infrastructure improvement is sometimes called value capture. The idea is that an increase in the accessibility or attractiveness of an area in the end will be reflected in property values in that area. Taxing the properties whose value will increase with the particular infrastructure improvement will help finance the investment, and might very well constitute a Pareto improvement (an improvement where nobody stands to lose and at least one person is better off). (SPECTRUM, 2004b, p. 34).

3.2.3.4. Cycling and walking

*Direct or indirect cycle subsidies – Infrastructure for non-motorised modes (pedestrian lanes, cycle lanes) / Design and maintenance of sidewalks, crosswalks and paths

Non-motorised transportation provide both recreation (they are an end in themselves) and transportation (they provide access to goods and activities). To encourage persons to higher levels of walking and cycling a number of measures can be considered including provision of bicycles free of charge, improved scope for cycle parking at nodal points, improvement of pedestrian and cycle lanes. Key issues will be to promote safety for these vulnerable road users: TDM Encyclopaedia, Victoria Transport Policy Institute)

3.3. Discussion of the combinatorial analysis

While Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b) looked at six different economic measures in more detail (road pricing, fuel tax, incentives to the production and purchase of alternative fuel powered vehicles, land taxation, parking pricing and public transport fare levels), the focus in the combinatorial analysis was on those combinations, which can actually be modelled in. Therefore, only four of those measures seem to be of relevance in this context: 

· Road pricing

· Parking pricing

· Fuel tax

· Public transport fare level

First, it is interesting to look at the impacts of those four economic instruments on each other. Afterwards the interactions with regulatory and physical measures are considered. 

Road pricing is complementary with dense developments because both enforce the reduction of distances driven. An additional measure to road pricing could be the introduction of zones with restricted access to certain road users, which reduces the number of vehicles in a specific part of a city.  This is suitable and mostly introduced in historic city centres which are built in a dense way.

Alternatives to the use of cars are desirable like the prioritisation of buses and other public transport. This is in turn connected with ITS, which controls bus lanes and other infrastructure that is dedicated to specific users. A combination of road pricing with park and ride facilities is therefore essential. Often road pricing is linked to the expansion of roads whereas it would be more reasonable to cross-finance rail expansions as this would lead to a more environmental friendly based mobility and possible changes in modal split towards this mode.

Parking pricing is of course strongly connected to all regulatory and physical measures that concern parking, like parking time, enforcement of parking measures, off-street and on-street parking, etc. In dense developments or zones with restricted access as well as after the introduction of dedicated lanes for special groups (HOV lanes, pedestrian lanes, cycle lanes), parking spaces are few and therefore it is necessary to regulate parking through pricing. 

Fuel taxes can have two applications.  It can finance infrastructure, like road maintenance or new rail investments, or it can help to reduce the number of trips and the distance travelled by car. The latter impact can also be obtained by measures like bus lanes and infrastructure for non-motorised modes. Other improvements in public transport can also help people to switch from car to more environmental friendly modes.

Public transport fares are complementary with a range of other instruments that concern public transport, e.g. bus prioritisation, bus lanes and rail expansion. But it is also necessary to push motorised individual traffic to switch to public transport by park and ride facilities. As every public transport user is at the same time pedestrian or cyclist, a focus should be on non-motorised improvements. 

The above-mentioned combinations of instruments are consistent with the assumptions made in Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b). Still there are combinations of instruments that also have strategic effects but are not mentioned in Deliverable D2 and cannot be modelled in MARS, SATURN or FREDRIK/RETRO. For the sake of completeness they were also mentioned within the analysis, marked with a star (*). 

Including these combinations, two instruments can be added additionally to the above-mentioned main economic factors:

· Incentives to car sharing/ car-pooling

· Cycle subsidies

Incentives to car sharing and car-pooling are having positive interactions with zones / restricted access and regulatory restrictions to different users. Park and ride facilities are therefore advantageous because it tackles the problem before it comes too close to the restricted area and it can function as a car sharing point. 

Cycle subsidies are suitable together with any public transport and non-motorised measure as well as general traffic calming because every cyclist is also a pedestrian and a potential user of public transport if longer distances are involved. Public transport instruments include bus prioritisation, individual public transport solutions and bus lanes, while car-restricted areas, dedicated lanes and zones for non-motorised users and the integration of sidewalks and footpaths in planning favour pedestrians. 

4.
Definition of “interesting questions”

In the following section “interesting questions” are defined concerning urban transport policy instruments and their combination. These questions are intended to reflect questions that are currently being asked by real-life policy makers. A (small) subset of these questions will be answered by the result of modelling exercises, for which different packages of measures need to be constructed. The objective function from Deliverable D6 “Measurement and treatment of the high level impacts of transport instrument packages” “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004a) will be the main indicator for assessing the social benefit of a combination of measures, though it is not the responsibility of Task 9.1 to define this objective function.

Combined instruments that generate beneficial interaction, are those, which reinforce the benefits of one to another, overcome financial and political barriers and/or compensate losers. Efficiency gains increase when policy packages include “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b):

· 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 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?

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?

An analysis of these high level questions shows that there is a link between political acceptance, equity, practicality and level of complication. Although it might be complicated in principle, technical support can help to elevate the level of complication and to make it practical as it is the case with congestion charging. 

A similar line can be drawn between political acceptance and equity. With technical support it might also be possible to establish a higher level of equity, as with road user charging according to the weight of lorries, and higher political acceptance can be achieved.

Therefore, each of the following more specific question can be analysed with regard to these four elements and in terms of actual implementation, it would be difficult to estimate each measure according to these four elements, since their extent will vary between countries and cities. So the main task of SPECTRUM is to analyse the following specific questions as far as feasible with the modelling tools and having in mind these high level questions and combining them with the SPECTRUM assessment framework.

4.1. The urban road transport sector

The SATURN road-based tactical network model will be used to estimate the potential benefits from policy packages including combinations of pricing, regulatory and physical measures within the urban road sector. The work will build upon the approaches adopted during previous research, which has investigated the performance of a variety of road-based Travel Demand Management measures in three historic cities. In this study one of the key advantages of the SATURN software will be used, the availability of a significant number of pre-existing European city model applications.

The questions given below provide a starting point for thinking about which questions should be answered by the urban road sector case studies in Task 9.3. 

Charging can be introduced according to a number of different schemes and each of these can be seen as a different version of the instrument. For example, charging focused upon city centres in the peak ("congestion charging") or on large area throughout the day ("environment charging"). Charging could also be related to vehicle emissions ("pollution charging") and for city centres, through-traffic could be charged at a different rate to other traffic. For each of these variants of the charging measure, relevant questions would be:

· What is the minimum level of charging needed to result in an overall increase in benefits?

· Is the charging scheme feasible in terms of political acceptability?

· Are there particular positive or negative impacts on any of the indicators (e.g. mode split, environmental benefits)?

· Are there impacts in terms of equity and if so, could these be offset by measures such as exempting particular groups or relating charges to income?

· Are there practical problems with implementing the charging scheme?

For a freight pricing measure that is introduced with a physical distribution centre:

· What are the optimal levels of heavy freight and small freight charges to generate a net benefit?

For road pricing combined with regulatory zone restrictions:

· What levels of benefits can be achieved by using a package of pricing and regulatory zone restrictions compared to pricing alone?

· Are there impacts in terms of equity and if so, could these be offset by measures such as allowing particular groups to enter the restricted zone?

For road pricing combined with fuel taxes:

· If road pricing is not introduced alone, but in conjunction with fuel taxes, what levels of benefits could be achieved by the package compared to road pricing alone or fuel taxes alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as environmental indicators, vehicle distance travelled)?

· Would there be political acceptability problems with introducing road pricing and fuel taxes?

For road pricing combined with emission standards:

· If road pricing is not introduced alone, but in conjunction with emissions standards, what levels of benefits could be achieved by the package compared to road pricing alone or emissions standards alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as environmental indicators)?

For road pricing combined with regulatory speed limits:

· If road pricing is not introduced alone, but in conjunction with speed limits, what levels of benefits could be achieved by the package compared to road pricing alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as accident costs, environmental indicators, vehicle distance travelled)?

· Would there be political acceptability problems with introducing road pricing and regulatory speed limits?

For road pricing combined with ITS technologies:

· If road pricing is introduced together with ITS technologies, what level of benefit would be achieved by the package when compared to road pricing alone?

· Does ITS based road pricing lead to a more equitable transport system?


Is there evidence of practical problems with implementing road pricing and ITS technologies?

For pricing measures such as road pricing and fuel taxes combined with bus lanes:

· If pricing measures are not introduced alone, but in conjunction with bus lanes, what levels of benefits could be achieved by the package compared to road pricing alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as accident costs, environmental indicators, vehicle distance travelled)?

· Would there be political acceptability problems with introducing road pricing and regulatory speed limits?

For parking charges:

· Are there impacts in terms of political acceptability or equity with parking charges and if so, could these be offset by varying charges, (for example, by type of payer, car occupancy levels or by distance to central location) or alternatively could bus and rail park and ride schemes offset negative impacts?

· Are there positive or negative side effects on any of the indicators from introducing parking charges (e.g. congestion, mode split, vehicle distance travelled?)

Parking charging in conjunction with road pricing schemes:

· What levels of city centre parking charges would be needed to replicate or improve the benefits of road pricing schemes (at different levels)?

· Are there impacts in terms of political acceptability or equity with a combined parking and pricing package and if so, could these be offset by varying charges, (for example, by type of payer, car occupancy levels or by distance to central location)?

Parking charging in conjunction with parking supply measures: 

· What levels of city centre parking charges would be needed to replicate or improve the benefits of alternative measures such as reductions in city centre parking supply or increases in "outside city centre" parking supply?

· If city centre parking charges are implemented in conjunction with alternatives such as reductions in city centre parking supply or increases in "outside city centre" parking supply, what levels of benefits could be achieved? 

Parking charging in conjunction with park and ride measures: 

· If city centre parking charges are implemented in conjunction with bus and rail park-and-ride systems enhancements, what levels of benefits can be achieved by the package (for particular levels of charging and particular levels of park and ride charge)?

Parking charging in conjunction with high occupancy vehicle policies: 

· What benefits might be achieved by combining high occupancy car parking policies with high occupancy vehicle lanes?
· Is there evidence of practical problems with implementing parking pricing and high occupancy vehicle policies?

If parking pricing is not introduced alone, but in conjunction with regulatory restrictions such as restricted access, permits or regulations restricting through traffic to the city centre:

· What levels of benefits are achieved compared to parking pricing alone and what levels of parking pricing alone would be needed to replicate these combined benefits?

· Are there impacts in terms of equity and if so could these be offset by allowing particular groups to enter the zone?

If parking pricing is not introduced alone, but in conjunction with public transport measures such as selective vehicle detection (SVD) or bus lanes:

· What levels of benefits are achieved compared to parking pricing alone (for particular levels of parking pricing)?

· Are there particular positive or negative impacts on any of the indicators (such as modal share)?

For parking pricing combined with ITS technologies:

· Does ITS based parking pricing lead to more equity in the transport system?

· If parking pricing is introduced together with ITS technologies, what level of benefits would be achieved by the package when compared to parking pricing alone?

· Is there evidence of practical problems with implementing parking pricing and ITS technologies?

4.2. Multi-modal urban transport

The multimodal case studies examined in Task 9.3 will use strategic multi-modal models (MARS, RETRO/FREDRIK) to estimate the potential benefits from policy packages including combinations of pricing, regulatory and physical measures in the multi-modal urban transport setting (Leeds, Oslo). The work will build on approaches used during the OPTIMA, FATIMA and AFFORD projects, extending the options tested previously to include regulatory and physical measures as possible operational form of road pricing and the study will test the complementarity between pricing in the road sector and other measures to improve the attractiveness of multi-modal alternatives. 

The questions given below provide a starting point for thinking about which questions should be answered by the multimodal case studies in Task 9.3.

Public transport fares

· What changes in public transport fares (increases or decreases) are needed to replicate or improve the benefits of current measures?

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

· Are there equity impacts from changing public transport fares and if so, could these be offset by targeting particular passenger groups?

Public transport fares combined with other public transport (bus) measures (bus priority, bus lanes, lane specific users)

· If public transport fares are not introduced alone, but in conjunction with other bus specific measures, what will be the overall benefits (for different levels of fares)? 

· What levels of public transport fares are needed to achieve the same benefit as that achieved through the package?

Public transport fares combined with traffic control:

· If public transport fares are not introduced alone, but in conjunction with traffic control, what will be the overall benefits (for different levels of fares)? 

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

· Are there equity impacts from changing public transport fares and if so, could these be offset by targeting particular passenger groups?

Public transport fares combined with development nearby transport corridors and nodes:

· If public transport fares are not introduced alone, but in conjunction with development nearby transport corridors and nodes, what will be the overall benefits (for different levels of fares)? 

· What levels of public transport fares are needed to achieve the same benefit as that achieved through the package?

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

Car pricing measures

For road pricing/ fuel taxes combined with bus priorities: 

· If a package of road pricing/ fuel taxes together with different bus priority measures (such as bus lanes, frequencies etc.) is implemented, what levels of benefits could be achieved by the package compared to any of the measures alone (for particular levels of pricing/ fuel taxes)?

· Are there positive or negative side effects in terms of any of the impact indicators (such as mode split, environmental indicators, vehicle distance travelled)?

For road pricing combined with emission standards:

· If road pricing is not introduced alone, but in conjunction with emissions standards, what levels of benefits could be achieved by the package compared to road pricing alone or emissions standards alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as environmental indicators)?

For road pricing combined with park and ride facilities:

· If road pricing is implemented in conjunction with park-and-ride systems outside the charging area, what levels of benefits can be achieved by the package (for particular levels of road pricing and particular levels of park and ride charge)?

· Can road pricing be lower if park and ride is introduced together or should it be set higher than when implemented alone?

For pricing measures such as road pricing and fuel taxes combined with speed regulations:

· If road pricing is not introduced alone, but in conjunction with speed limits, what levels of benefits could be achieved by the package compared to road pricing alone?

· If fuel taxes are not introduced alone but in conjunction with speed limits, what levels of benefits could be achieved by the package compared to fuel taxes alone?

· Are there positive or negative side effects in terms of any of the impact indicators (such as accident costs, environmental indicators, vehicle distance travelled)?

· Would there be political acceptability problems with introducing road pricing/ fuel taxes and regulatory speed limits?

For pricing measures such as road pricing and parking pricing combined with regulatory restrictions such as restricted access, permits or regulations restricting through traffic to the city centre:

· If urban pricing measures such as parking pricing or road pricing are not introduced alone, but in conjunction with regulatory access, what levels of benefits are achieved compared to parking pricing/ road pricing alone?

· What levels of parking pricing/ road pricing alone would be needed to replicate these combined benefits?

· Are there impacts in terms of equity and if so could these be offset by allowing particular groups to enter the zone?

For parking pricing combined with development densities:

· If parking pricing is not introduced alone, but in conjunction with development densities, what will be the overall benefits (for different levels of parking pricing)? 

· What levels of parking pricing are needed to achieve the same benefit as that achieved through the package?

· Are there particular positive or negative side effects in terms of any of the indicators (such as mode switch, environment)?

5.
Summary


In Task 9.1 – Creation of packages, it has been necessary to define a series of policy packages, including combination of pricing, regulatory and physical measures, which possess the potential to improve the efficiency of urban transport systems. In the context of SPECTRUM a policy package is defined in general terms as any combination of one or more economic measures with one or more regulatory and/or physical measures. 

The overall approach taken by Task 9.1 can be summarised in the following steps:

· Build upon the findings of other SPECTRUM deliverables and previous research in forming intelligent combinations of urban instruments

· Identify a list of urban instruments to be considered in Workpackage 9

· Make a combinatorial analysis of these instruments

· Discuss with project partners about the definition of “interesting questions” concerning combinations of these instruments

The instruments for the urban context as they were defined and explained in Deliverable D5 “Outline Specification of a high level framework for transport instrument packages” (SPECTRUM, 2003a) were combined with each other. The main criterion was in relation to the combinatorial effect of complementarity, additivity, synergy and substitution between the instruments, which were defined in Deliverable D4 “Synergies and conflicts of transport instrument packages in achieving high level objectives” (SPECTRUM, 2003b).

It was examined which of the instruments can be modelled in MARS, SATURN and RETRO/FREDRIK to come to some of twenty-nine instruments that were combined with each other in a matrix. Eleven regulatory, six economic and twelve physical measures were retained.

As there was found little evidence of true synergy in any of the studies and combinations, we were only looking for simple “positive interactions”. 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.

While Deliverable D2 “Review of specific urban transport measures in managing capacity” (SPECTRUM, 2004b) looked at six different economic measures in more detail (road pricing, fuel tax, incentives to the production and purchase of alternative fuel powered vehicles, land taxation, parking pricing and public transport fare levels), the focus in the combinatorial analysis was on those combinations, which can actually be modelled in MARS, SATURN and FREDRIK/RETRO. Therefore only four of those measures seem to be of relevance in this context: 

· Road pricing

· Parking pricing

· Fuel tax

· Public transport fare level

First the impacts of those four economic instruments on each other were examined. Afterwards the interactions with regulatory and physical measures were considered. 

Road pricing is complementary with dense developments because both enforce the reduction of distances travelled. An additional measure to road pricing could be the introduction of zones with restricted access to certain road users, which reduces the number of vehicles in a specific part of a city. This is suitable and mostly introduced in historic city centres which are built in a dense way. 

Alternatives to the use of cars are desirable like the prioritisation of buses and other public transport. This is in turn connected to ITS, which controls bus lanes and other infrastructure that is dedicated to specific users. A combination of road pricing with park and ride facilities is therefore essential. Often road pricing is connected to the expansion of roads whereas it would be more reasonable to cross-finance rail expansions. 

Parking pricing is of course strongly connected to all regulatory and physical measures that concern parking, like parking time, enforcement of parking measures, off-street and on-street parking, etc. In dense developments or zones with restricted access as well as after the introduction of dedicated lanes for special groups (HOV lanes, pedestrian lanes, cycle lanes), parking spaces are few and therefore it is necessary to regulate parking through pricing. 

Fuel taxes can have two applications.  It can finance infrastructure, like road maintenance or new rail investments, or it can help to reduce the distance of travel made by car. The latter impact can also be obtained by measures like bus lanes and infrastructure for non-motorised modes. Other improvements in public transport can also help to switch from car use to more environmental friendly modes.

The public transport fare level has a complementarity with many other measures that concern public transport, e.g. bus prioritisation, bus lanes and rail expansion. But it is also necessary to push motorised individual traffic to switch to public transport by park and ride facilities. As every public transport user is at the same time pedestrian or cyclist, a focus should be on non-motorised improvements. 

The last step was to formulate “interesting questions” concerning urban transport policy instruments and their combination. These questions are intended to reflect questions that are currently being asked by real-life policy makers. A subset of these questions will be answered by the result of modelling exercises, for which different packages of measures need to be constructed. The objective function from Deliverable D6 “Measurement and treatment of the high level impacts of transport instrument packages” (SPECTRUM, 2004a) will be the main indicator for assessing the social benefits of a combination of measures, though it is not the responsibility of Task 9.1 to define this objective function.

An analysis of high level questions shows that there is a link between political acceptance, equity, practicality and level of complication. Although it might be complicated in principle, technical support can help to elevate the level of complication and to make it practical, as it is the case with congestion charging. 

A similar line can be drawn between political acceptance and equity. With technical support it might also be possible to establish a higher level of equity, as with road user charging according to the weight of lorries, leading possibly to higher political acceptance. Therefore, each of the more specific questions can be analysed in regard to these four elements and in regard to an actual implementation, it would be difficult to estimate each measure according to the four elements, since their extent will vary between countries and cities. So the main task of SPECTRUM is, to analyse the specific questions as far as feasible with the modelling tools and having in mind the high level questions and combining them with the SPECTRUM assessment framework.
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Appendix 2: Previous studies of “optimal” packages of instruments for the Oslo region

In the OPTIMA project (OPTIMA 1998) alternative objective functions for the evaluation of packages of instruments along with methodologies for the calculation of an “optimal” package of instruments were developed. The framework was applied to a number of case studies including Oslo. The instruments studies for Oslo included road and public transport infrastructure investments, fuel taxes, parking charges, public transport fare levels and road pricing. In the FATIMA project (1999) the number of objective functions were increased and in some cases constraints were introduced in the optimisation. The framework was again applied to Oslo as a case study. The same instruments were evaluated in this study. The optimal package according that prevailed according to most of the alternative objective functions used in this project was to increase road capacity by 10%, to introduce a toll scheme with a fee of about 5 Euro, to decrease the public transport frequency of services by about 15% and to decrease public transport fares by about 10-20%.  

In the AFFORD project (Fridstrøm, et al, 2000) equity considerations were added to the framework for the evaluation of a package of instrument. The assessment framework developed under AFFORD was applied to the Oslo region. A number of packages were designed for Oslo and evaluated according to the assessment framework. Instruments in this case included toll ring, parking charges fuel tax and vehicle tax, public transport frequency of service and public transport fare. An additional instrument that was tested was a “first-best” congestion pricing, defined as relating the fee on each link of the road network to the level of congestion (marginal cost pricing) on the link. The alternative packages and different recycling schemes to address equity considerations were evaluated. The instruments that emerged important in this case study were a differentiated toll-ring (with a fee of 2-4 times of the present level during the peak periods and a lower fee or no fee at all during the off-peak periods), a first-best congestion pricing scheme, and increase in fuel tax by up to 2.5 the present level).  

The PROSPECT project (Minken et al, 2002) starts with a different objective function for sustainability. The package of instruments for the Oslo case study in this project includes congestion pricing scheme and public transport frequency. In the optimal package that meets the financial constraint and a predefined equity requirement include a time differentiated toll ring with a fee of about twice the present level during the peak period and an increase in public transport frequency of service by 25% to 50%. In this project and the following project a land use model is integrated in the RETRO model (Vold, 2003)

The Oslo case study in the MC-ICAM project (MC-ICAM, 2004) focussed on the implementation path of alternative “optimal” packages of instruments while accounting for some constraints and equity issues. Among instruments evaluated were alternative congestion pricing schemes, fuel tax and public transport fare. A time differentiated toll ring with a fee level of about 3 times the present level during the peak hours and a reduction of public transport fares of about 20 to 30% emerged as “optimal”.

Appendix 3: MARS-model version 7c

A full description of MARS is given in (Pfaffenbichler, 2003).

General structure

The integrated land use and transport model MARS can be divided into three sub-models: a transport, a residential and a workplace location sub-model. The links between the sub-models are shown in Figure 1
. Accessibility is one of the outputs of the transport model. Accessibility in year n is used as an input into the location models in year n+1. Workplace and residential location is an output of the land use model. The number of workplaces and residents in each zone in year n is used as attraction and potential in the transport model in year n+1. There are also links between the land use sub-models as they are competing for land and availability of land influences its price. MARS iterates in a time lagged manner between the transport and the land use sub-model over a period of 30 years.
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Figure 1: Link between the transport and the land use sub-models of MARS

Nomenclature for the quantitative description

The nomenclature shown in Equation 1 was used as far as possible in the following sections. The right hand side lower case indices refer to MARS zones. The index i always refers to the source of an activity, the index j always refers to the destination of an activity. The upper case indices on the right hand side refer to modes in the transport sub-model and to sub-models and actions in the land use sub-model (domiciles, residents, workplaces, moving in or out). The uppercase indices on the left hand side refer to additional information like different cost components. The index in brackets refers to iteration numbers (“years”) within a single MARS run (0<=t<=30).
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Equation 1: Nomenclature

Transport model part

Strategic transport models previously developed at TUW-IVV
 were used as basis for the development of the MARS transport sub-model. These models use the highest possible level of simplification to represent the road and public transport network. I.e. the network is aggregated to one link per origin-destination (OD) pair. The consequence is that there is no route choice stage in MARS. Figure 2 gives an overview about the whole transport sub-model. For reasons of simplification no distinction between the person groups with and without access to car is made in this figure.
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Figure 2: Transport model sub-system diagram

Trip generation sub-model

Two types of activities are considered in MARS: work and others. Four origin-destination-groups are taken into account in the trip generation sub-model of MARS:

· Home – Work (HW),

· Work – Home (WH),

· Home – Others (OH) and 

· Others – Home (HO).

MARS uses a tour-based concept similar e.g. to the Orestad traffic model of the city of Copenhagen (Jovicic, Overgaard Hansen, 2003). In this concept a tour is defined to be a sequence of a simple trip to destination and a return simple trip from destination to home. Two different types of tours are used in MARS:

· Home – Work – Home (HWH) and

· Home – Others – Home (HOH).

Trip generation follows the overall principle of constant travel time budgets
. Trip rates per capita and day are assumed being constant for the tour HWH
. For the sum of the tours HWH and HOH travel time per capita and day is constant.

Figure 2 shows the trip generation subsystem diagram of MARS. Hatched entities are global constants, double hatched entities are linked to the land use sub-model, checked entities are linked to the distribution and mode choice sub-model and white entities are endogenous to the trip generation sub-model. The trip rate method is used in the trip generation sub-model for tours home – work – home. A multiplication of the constant trip rate commuting with the exogenously
 defined workforce in the study area gives the total number of commuting trips (Equation 2). Multiplying the total number of commuting trips with the travel time per commuting trip gives the total travel time commuting (Equation 3). The link between the total number of commuting trips and travel time per commuting trip indicates that MARS considers a speed flow relationship. Actually this link is part of the trip distribution and mode choice sub-model. Travel time per commuting trip is also influenced by the destination and mode choices resulting from this sub-model.

The transport model calculations continue at the top part of Figure 2. Multiplying the constant travel time budget (travel time per person and day) with the number of residents in the study area gives the total travel time budget. The available travel time non working (HOH tours) is calculated by subtracting the total travel time commuting (HWH tours) from the total travel time budget (Equation 4). Dividing the total travel time non working by the travel time per non working trip gives the number of non working trips (HOH tours) in the study area. Again the total number of trips and the destination and mode choices calculated in the trip distribution and mode choice sub-model have an influence on the specific travel time per trip. A division of the number of non working trips by the number of residents gives the trip rate non working which is not a constant in MARS.
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Equation 2: Trip generation sub-model for tours home – work – home

Pi/HWH
Production of trips at source i for tours home – work - home

r/HWH
Trip rate for tours home – work - home

Ei
Number of employed residents living in zone i
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Equation 3: Total travel time home – work – home

t/HWH
Total travel time for tours home – work – home (min)

Tmij
Trips from i to j by mode m for tours home – work - home

tmij
Travel time for trips from i to j by mode m for tours home – work – home
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Equation 4: Total travel time home - other – home

tB/HOH
Travel time budget per person for tours home – other – home (min)

tB
Travel time budget per person (min)
N
Number of residents in the study area
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Equation 5: Travel time production for tours home – other – home

Pi/HOH
Travel time production for tours home – other – home in zone i (min)

Ni
Number of residents in zone i
Trip distribution and mode choice

The transport sub-model distributes trips simultaneous to destinations and modes. The trip distribution and mode choice sub-model is further divided into a HWH- and a HOH-sub-model. Two person groups, those with access and those without access to a car, are considered in each of the sub-models.

HWH tours

Figure 2 shows the commuting (HWH tour) distribution and mode choice subsystem diagram. The number of commuting trips per origin zone i is defined exogenously by the trip generation sub-system. The trip distribution and mode choice sub-model calculates the probability that a destination and mode combination is chosen for a commuting trip from a given origin.

The attraction of a zone j to be a destination for a commuting trip is the number of workplaces within the zone. Workplace location is given by the land use sub-model. Those with access to a car can choose between slow modes, public transport and car. Those without access to a car can only choose between slow modes and public transport. Travel times and costs per mode and OD pair are the link to policy instruments. Policy instruments affect either directly or indirectly the supply side, i.e. travel times, and/or the travel costs. Travel times and costs per mode and OD pair are used to calculate friction factors per mode and OD pair
. Travel time pedestrian (slow) and travel costs for public transport are defined exogenously. Other times and costs are influenced by the outcome of the distribution and mode choice model in the next iteration and therefore endogenous. The probability that a commuting trip starting in origin i is distributed to destination j and mode m corresponds to the ratio of attraction to friction factor per mode and destination to the sum of all attractions to friction factors from origin i.

As already mentioned there are several feedback loops within the distribution and mode choice model. First, there is a feedback from the probability that PT is used for commuting (Prob. Comm. trips PT ij) to the friction factor PT ij. This feedback considers overcrowding effects. If a user defined capacity is exceeded, the friction factor increases. This feedback is performed once within an iteration. There is a feedback from the number of commuting trips to the entities travel cost private car and travel times private car and public transport. Travel time private car is influenced due to the speed flow relationship and changes in the parking place searching time. Travel time public transport is influenced by the speed flow relationship and the share of PT operated by busses. Travel costs private car are influenced by the speed flow relationship. There is also a feedback from the number of PT trips to the PT friction factor which takes into account the effects of overcrowding.

HOH tours

Figure 2 shows the non working trip (HOH tour) distribution and mode choice subsystem diagram. In the destination and mode choice stage of the transport sub model the travel time available for the purpose non working per origin zone i is defined exogenously by the trip generation sub system. This time is then distributed to modes and destinations. The attraction of a zone j as a destination is given by the land use sub-model. Travel times and travel costs per mode and OD pair give the friction factor per mode and OD pair. Travel time pedestrian and public transport and travel costs for public transport are defined exogenously. The travel time of trips starting in origin i is distributed to destinations and modes corresponding to the ratio friction factor per mode and destination to the sum of all attractions to friction factors from origin i. The number of trips is calculated by dividing the total travel time per mode and OD pair by the specific travel time per mode and OD pair. There is a feedback from the number of commuting trips to the entities travel cost private car and travel times private car. Travel time private car is influenced due to changes in the parking place searching time. There is also a feedback from the number of PT trips to the PT friction factor which takes into account the effects of overcrowding. To calculate trips in the HOH tour sub-model, the distributed time has to be divided by the specific times per OD pair.

Equation 6 to Equation 14 describe the trip distribution and mode choice part of the transport sub-model. The trip distribution and mode choice sub-model uses a combination of the analogy to the law of gravity and Kirchoff’s law from electrical engineering (Equation 6). The production of trips Pi, given by the trip generation sub-model, is distributed to the available destinations j and modes m according to the ratio of attraction to friction factor of destination j to the sum of attraction to friction factor over all destinations. The attraction Aj depends on the activity for which the destination is chosen. For tours home – work – home the attraction is equal to the number of workplaces in the destination zone. For tours home – other activities – home the attraction is the sum of the population living in the destination zone and the workplaces in retail trade. The first part should represent the attraction for the activity visit, while the second should represent the attraction for the activity shopping. Friction factors are indicators to measure the subjectively perceived effort in terms of time and money which is necessary to travel from origin i to destination j. Trip and tour matrices Tmij are calculated separately for the activities work and other.
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Equation 6: Simultaneous trip distribution and mode choice

Tmij
Number of trips by mode m from source i to destination j
Pi
Production of trips at source i
Aj
Attraction of zone j as destination

tmij
Travel time by mode m from i to j (min)

cmij
Travel costs for a trip by mode m from i to j (€)

f(tmij, cmij )
Friction factor for a trip by mode m from i to j (min)

HWH
Tour home – work - home

HOH
Tour home – other activities – home

The trip distribution and mode choice sub-model considers two person groups: those with access to a car and those without access to a car. Those with access to a car are free to choose between slow modes, public transport and car. Those without access to a car can only choose between slow modes and public transport. The calculation of car availability considers car ownership rates, car ownership growth rates, occupancy rates and the share of driver license holders (Equation 7).
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Equation 7: Car availability

AcPC
Share of those with access to a car (%)

owPC
Car ownership rate (cars per 1,000 residents)

oPC
Car occupancy rate (persons per car)

pdrl
Percentage of driver license holders (%)
The friction factors f(tmij, cmij ) (Equation 6) are a function of travel time (including subjective valuation of different parts of a journey) and travel costs. The friction factors used in MARS were developed within a long term research programme of the Institute of Transport Science, Aachen University of Technology (Walther, 1991). The friction factor parameters used in MARS come from an updated version (Walther et al., 1997). The principle form and the parameters of the friction factors was derived from before and after studies in German cities. Their soundness was verified with several case studies in German cities. The basic form of the time dependent component of the friction factors used in MARS is shown in Equation 8. The basic form of the cost dependent component is shown in The two components are added to give the total friction factor.
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Equation 8: General form friction factor travel time (Walther et al., 1997)
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Equation 9: General form friction factor travel costs (Walther et al., 1997)

(
Factor for value of time

Inci
Household income in zone i (€/min)

Slow modes

Equation 10 shows the friction factor for slow modes (pedestrian, bike) as used in MARS derived from (Walther et al., 1997).
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Equation 10: Friction factor slow modes

(, (
Constant factors

tij
Walking time from i to j (min)

Public transport

A trip with the mode public transport consists of four different parts:

· Walking from the source to the public transport stop

· Driving from the public transport stop to the destination

· Changing time

· Walking from the public transport stop to the destination

Each of these parts is perceived and valued differently by the public transport users. The different subjective valuation factors in Equation 11 reflect this fact.
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Equation 11: Friction factor public transport (Walther et al., 1997) p. 20 ff

tPT,wiI
Walking time from source i to public transport stop I (min)

SVPT,wiI
Subjective valuation factor walking time from source to public transport stop

tPT,wtI
Waiting time at public transport stop I (min)

SVPT,wtI
Subjective valuation factor waiting time at public transport stop

tPT,drIJ
Total in-vehicle time from PT stop I to PT stop J (min)

tPT,chIJ
Total changing time from PT stop I to PT stop J (min)

SVPT,chIJ
Subjective valuation factor changing time

tPT,wJj
Walking time from public transport stop J to destination j (min)

SVPT,wJj
Subjective valuation factor walking time from public transport stop to destination

ZPTij
Impedance from costs travelling from i to j by public transport (min)

(Walther et al., 1997) defines separate friction factors for the public transport modes bus, tramway and underground/light rail. MARS makes a distinction whether public transport is separated from individual road traffic or not. The subjective valuation factors used in MARS have the principal form as shown in Equation 12. The values for the parameters can be found in (Walther et al., 1997) p. 21-23.
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Equation 12: Subjective valuation factor for the different parts of a public transport journey

SVPT,kij
Subjective valuation factor for part k of public transport journey from i to j 

(, (,( 
Constant factors

tPT,kij
Time for part k of a public transport journey from i to j (min)

Figure 3 shows the subjective overestimation of access/egress, waiting and changing time in relation to physical time for public transport separated from road (metro, light rail).
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Figure 3: Perception of time for public transport separated from individual road traffic (Walther et al., 1997)

The following friction factor for public transport costs is used in MARS (Walther et al., 1997) p. 19:
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Equation 13: Friction factor from public transport costs

cPTij
Costs for a public transport trip from i to j (€/trip)

(
Factor for value of time; 0.17 Source: (Walther et al., 1997) p. 19

Inci
Household income in zone i (€/min)

Private car

A trip with the mode private car consists of four different parts.

· Walking from the source to the parking place

· Driving from the parking place to the destination

· Searching a free parking space

· Walking from the parking place to the destination

Again the subjective perception of the different parts of a trip is different. The principal form of the friction factor equation is similar to that used for public transport (see Equation 11 and Equation 12). The following friction factor for private car costs is used with MARS (Walther et al., 1997) p. 24:
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Equation 14: Friction factor from costs for car use

kcPCij
Costs of costs component k for a car trip from i to j (€/trip)

k(
Factor willingness to pay for cost component k; 0.43 for fuel and other running costs, 0.769 for parking and road charging costs; Source: (Walther et al., 1997) p. 24

Inci
Household income in zone i (€/min)

oPC
Car occupancy rate

Area speed flow relationship

MARS uses an area speed flow relationship in the peak period. The speed flow relationship uses the following principle form (Singh, 1999):

[image: image296.wmf](

)

a

b

pk

PC

ij

fr

PC

ij

pk

PC

ij

DF

V

V

,

,

,

*

1

+

=


Equation 15: Speed flow relationship

VPC,pkij
Speed by car from i to j during the peak period [km/h]

VPC,frij
Free flow speed by car from i to j [km/h]

DFPC,pkij
Demand factor road from i to j during the peak period

(, (
Constant factors

Figure 4 shows two speed flow curves as given by (Singh, 1999). The steeper one, marked with crosses, is based on data fro the 1965 Highway Capacity Manual. The smoother one, marked with diamonds, is based on data from the 1994 Highway Capacity Manual. The latter is used in MARS.
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Figure 4: Speed flow relationship (Singh, 1999)

Accessibility

Accessibility as output of the transport sub-model and input in the land use sub-model is calculated as follows.
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Equation 16: Accessibility of shops by potential customers

CAccm,i(t)
Accessibility of costumers by mode m from zone i in year t
tm,ji(t)
Travel time by mode m from zone i to zone j in year t
NjR(t)
Number of residents in zone j in year t
The weighting factors in Equation 16 are derived from a study made by the Institute for Transport Planning and Traffic Engineering, Vienna University of Technology on behalf of the Viennese Municipal Department 18 “Urban Development and Planning” (Knoflacher, 1997).

Land use model

The land use sub-model was developed based on research performed for the Viennese Municipal Department 18 “Urban Development and Planning”
. The land use sub-models consists of a residential and a workplace location model. The land use sub-models use in general LOGIT or gravity type models. The ratio of the exponential function value of utilities and dis-utilities of an alternative to the sum of all alternatives is used to distribute a potential to different locations. The location models consist of four further sub-models: a development model, a willingness to move out model, a willingness to move in model and a supply/demand redistribution model. The first one models the development of building stock while the others model the activities of households and businesses.

Residential location model

Figure 5 shows the structure of the residential location MARS sub-model. The residential location sub-model has a sequential structure. Firstly the hypothetical developers decide whether, how much and where to build new housing units. Their decisions depend on three factors:

· The level of the rent which they believe that they can achieve after the housing units are ready for occupation. It is assumed that this is the rent which is paid in the year of the development decision.

· The level of the land price in the decision year.

· The availability of land in the decision year.

The time lagged output of the development sub-model is a number of new built housing units ready for occupation per zone. Construction of housing units reduces green land and land available for construction. If available land becomes rare, the land price will go up.

The next step is the residents moving out or household mobility sub-model. The decision to move out from the actual home depends on:

· The rent per square meter in the decision year.

· The share of green land in the zone. The share of green land is seen as an indicator to represent the quality of living in a zone.

· The accessibility of the zone which indicates the number of opportunities of shopping and working.

The result of the moving out model is a spatial distribution of empty housing units ready for occupation in each year. The sum of new and empty housing units ready for occupation gives the number of housing units supplied in each iteration year.

The third step is the moving in sub-model. The desire to move into a housing unit in a certain zone depends on:

· The rent per square meter in the decision year.

· The share of green land in the zone. The share of green land is seen as an indicator to represent the environmental quality of a zone.

· The accessibility of the zone which indicates the number of opportunities of shopping and working..

The result of the moving in sub-model is the spatial distribution of demanded housing units. The total number of housing units is additionally determined by the external defined indicator potential growth.

A comparison of the moving in and moving out sub-model results gives a ratio of demanded to supplied housing units for each zone. If there are more housing units demanded than supplied in a zone then the excess demand is re-distributed to second best choices in zones with over supply. This procedure is repeated until each housing demanding a housing unit found one or until all supplied housing units are full. If the second option is the case, unsatisfied demand is stored and added in the next iteration.

The ratio of demanded to supplied housing units is affecting the rents. In zones with excess demand rent goes up while in zones with over supply it goes down.
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Figure 5: Sub-system diagram land use part

Residential supply sub-model

Domicile development sub-model

The decision of developers is influenced by the achievable rent, the land price and the amount of available green land in a zone. For the starting iteration 0 a user defined number of new developments is needed to initiate the model (Potential growth iteration 0). In the next iterations the number of new planned housing units is calculated internally. This number is called potential growth iteration n. “Potential” refers to the fact that this number of housing units only can be realised if enough land is available. The potential growth in iteration n is influenced by the ratio of demanded to supplied housing units in iteration n-1. The potential for new domiciles is distributed to the zones according to the attraction to build in a zone. The attraction is defined as the ratio of the rent the developer believes to achieve and the land price. The outcome is the number of new housing units per zone which will be ready to occupy after a external defined time lag. MARS controls whether there is enough land for the proposed developments. If not the number of developments in the zone is cut down. There is no redistribution process to other locations in the development sub-model. The change in the availability of land influences land price and rent.

The number of demanded new housing units comes from the moving in sub-model. The number of empty domiciles comes from the moving out sub-model. The ratio of demanded to supplied housing units has an influence on land price and rent.

The development of new domiciles (single family dwelling or flat, housing units) is described by Equation 17. The basic assumption is that there is an overall potential will to develop a certain number of new housing units PD(t-T) within the study area in each iteration t. This quantity has to be externally defined for the starting year 0. In the following iterations it is endogenously calculated (Equation 27). The spatial distribution depends on one side on the rent, which the developer believes is achievable. It is assumed that this is the actual rent which has to be paid in the year of the decision to develop t-T. As rent changes endogenously (Equation 28), this will be different from the rent in the year t in which the housing unit will be ready for occupation. Secondly, the decision depends the land price in the decision year t-T. The land price also changes endogenously (Equation 29). It is assumed that construction and maintenance costs are homogenous in the study area. The number of developed domiciles is controlled by land availability. If not enough land is available the decision not build is made. There is no re-distribution of intended construction activities to other zones with enough land. The basic form of Equation 17 was derived from an analysis of data observed in Vienna.
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Equation 17: Domicile development sub-model

(Dj(t)
Number of new built domiciles available on the market in zone j in year t
PD(t-T)
Quantity of new built domiciles demanded in year t as perceived by the developer in year t-T
T
Time lag to plan and build domiciles

RDj(t-T)
Monthly rent or mortgage for a domicile in zone j in year t-T (€)

LPj(t-T)
Price for land in zone j in year t-T (k€/m²)

aD, bD
Parameter (derived from a regression analysis using observed data)

Move out sub-model

The user of MARS has to define an average period of time between two moves of an average household. This is used to calculate the “Potential to move” which is the total number of residents moving within the study area in one iteration. The spatial distribution of moving households per iteration is calculated using a LOGIT model. The utility depends on the share of green areas, the accessibility and the rent in a zone. The rent depends on the ratio of residences demanded and supplied.

The number of residents (households) moving out per zone j and iteration t is calculated as given in Equation 18. The total number of people leaving their residential location (either moving out or dying) in an iteration t is calculated by dividing the total population by an average stay time (Equation 19). The spatial distribution of movers depends on the accessibility by car, the share of green land and the rent in zone j. Accessibility by car is intended to reflect the disutility of living near to major road infrastructure. Share of green land is used as indicator to measure the quality of living in zone j. Rent obviously measures the costs of living in zone j
. The basic form of Equation 18 was derived from an analysis of data observed in the city of Vienna.
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Equation 18: Residential moving out sub-model

Nmvj(t)
Number of residents moving from zone j in year t
Pmv(t)
Potential of moving residents in year t
WPAccPCj(t)
Accessibility of working places by private car from zone j in year t
ShGrj(t)
Share of green land in zone j in year t
RDj(t)
Monthly rent or mortgage for a domicile in zone j in year t (€)

amv, bmv, cmv, dmv
Parameter (derived from a regression analysis using observed data and the calibration)
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Equation 19: Potential number of residents moving out

NR(t)
Total number of residents in the study area in year t
Tmv
Average time living at the same residence

The number of movers plus the number of living places in new built housing units plus unoccupied stock from the previous iteration
 t-1 gives the total supply of living places per zone in iteration t
.
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Equation 20: Supply with living places in domiciles per zone

SDj(t)
Supply with living places in domiciles in zone j in year t
nHHj(t)
Number of residents per household in zone j in year t

Ninj(t-1)
Number of people moving into new living places in zone j in year t
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Equation 21: Total supply with living places in domiciles

SD(t)
Total supply with living places in domiciles in year t
Residential demand model

The decision to move into a zone depends on the share of green areas, the accessibility and the rent in a zone. The spatial distribution of moving households per iteration is calculated using a LOGIT model. The utility of moving in is calculated from the indicators share of green areas, accessibility and rent.

Initially the overall number of people requiring a domicile in year t is the total number of movers (Equation 19) plus the study area population due to migration and natural growth. The growth rates for population change have to be defined exogenously. If the supply with living places is not sufficient to satisfy the external growth rates, then growth is limited. The excess demand in an iteration t is stored and cumulated to the external growth in iteration t+1 (Equation 30). An increasing potential of people to move into the study area stimulates new development activities in following iterations (Equation 27).
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Equation 22: Quantity of living places demanded

Pin,d(t)
Total quantity of living places demanded in year t
Ngr(t)
Change in population in year t (natural growth & migration, can be positive or negative)
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Equation 23: Change in population (natural growth & migration) in year 0

pgr(0)
Percentage change in population in year 0 (natural growth & migration, can be positive or negative)
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Equation 24: Demand factor for domiciles

DFD(t)
Demand factor for domiciles in year t
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Equation 25: Constraint on demand

Pin(t)
Total demand for living places which can be satisfied in year t

The spatial distribution of people moving into new residential locations depends on the aggregated accessibility by public transport and car, the share of green land and rent. The accessibility by public transport and car reflects the utility from being able to reach employment opportunities. The share of green land is used as an indicator to measure the quality of living in a zone. A quadratic share of green land term was added to reflect the fact that high density, inner city locations are highly attractive to certain person groups. Rent again measures the cost of living in a zone14. The basic form of Equation 26 was derived from an analysis of data observed in the city of Vienna.
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Equation 26: Distribution of residents demanding a living place

Ninj(t)
Number of residents demanding a living place in zone j in year t
Ainj(t)
Attraction to move into zone j in year t
f(Zinj(t))
Friction factor to move into zone j in year t caused by impedance Z

WPAccPC,PTj(t)
Aggregated accessibility of working places from zone j in year t 

ShGrj(t)
Share of green land in zone j in year t 

RDj(t)
Monthly rent or mortgage for a domicile in zone j in year t (€)

ain, bin, cin, din, ein 
Parameter (derived from a regression analysis using observed data and calibration)

Redistribution sub-model

If the demanded number of housing units in a zone is higher than the supplied number of housing units then the resulting excess demand is re-distributed to other zones with over supply of housing units. The attractiveness in zones with excess demand is set to zero. A new number of households requiring housing units is calculated by summarising the unsatisfied demand. This new potential is distributed to zones with free housing units using the moving in sub-model. The procedure is repeated until either all households found new homes or until all available housing units are occupied. In the latter case the remaining demand is stored and added to the external growth rate in the next iteration. An increasing potential of households willing to move into the study area stimulates the development activities in the development sub-model.

After each iteration t the demanded quantity of domiciles and the rent and mortgage for domiciles are adapted according to the demand/supply situation (Equation 27 and Equation 28). Developers adopt their willingness to construct residential housing in line the ratio of demand to supply on the housing market (Equation 27).
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Equation 27: Relationship potential to build domiciles and demand factor

DFD(t)
Aggregated demand factor for domiciles in year t

a
Small constant number to allow a recovery of demand in year t+1 if demand was 0 in year t

The development of rents depends on the ratio of demand to supply on the residential housing market and changes in car traffic volumes (Equation 28). The latter is intended to reflect that residential property values decrease with increasing exposure to noise and pollution from car traffic.
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Equation 28: Relationship rent to demand factor and road traffic
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Constant factors

If the study area begins to run short of land, land prices are increasing (Equation 29).
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Equation 29: Relationship land price and green land per zone

Unsatisfied external demand is cumulated (Equation 30) and stimulates building activities via the demand factor for domiciles.
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Equation 30: External demand for next iteration

Workplace location sub-model

The workplace location sub-model consists of two parts: one for the production sector and one for the service sector. The basic structure of the workplace location models is similar to the residential model (Figure 5) and therefore not described here. For a full description see (Pfaffenbichler, 2003).

Stepping through time

Figure 6 shows the connection between the subsystems and iterations. MARS starts with a transport sub-model calculation. Accessibility indicators are input into the household location sub-model. After the household location MARS calculates the availability of land, which is input into the workplace location sub-model. The transport sub-model passes results from the speed flow calculation over to the next iteration. The household location sub-model passes the spatial distribution of households to the transport sub-model of the next iteration. Information about new developed residences are passed within the household location sub-model to a time lagged iteration t+T. The workplace sub-model passes information about the spatial distribution of workplaces and the availability of land over to the transport and household location sub-model of the next iteration.
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Figure 6: Process used to step the MARS sub-models through time
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� “Cold starts” refer to situations when vehicles are started after lying idle for an extended period (such as overnight). The emissions characteristics of a vehicle in such a situation are typically different to those shown when the vehicle has “warmed up”. 


�  Although local authority control possibilities have been strengthened by the Transport Act 2000.


� Both the model used by York City Council in 2003 and the model used for SPECTRUM in 2004 referred to  “2005 scenarios” in terms of trip matrix and networks.


� The instruments/combinations are described in a slightly different order to that given above, in order to help to make the discussion more coherent.


� The SPECTRUM high level objective function takes accident costs into account.  However, since these costs are assumed to be solely dependent upon veh-kms, and not upon speed, they will not reflect any benefits due to reductions in speed.


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


� Entities of the causal loop diagrams (CLD) are written in italics in the main text. Information about the technique of CLD can be found e.g. in: Anderson, V., Johnson, L. (1997). Systems Thinking Basics - From Concepts to Causal Loops, Pegasus Communications, Inc., Waltham. or Roberts, N., Andersen, D. F., Deal, R. M., Garet, M. S., and Shaffer, W. A. (1994). Introduction to Computer Simulation - A System Dynamics Approach, Productivity Press., Portland.


� For a fuller description see e.g.: Knoflacher, H., Pfaffenbichler, P. C., and Emberger, G. (2000). "A strategic transport model-based tool to support urban decision making processes." 2nd International Conference on Decision Making in Urban and Civil Engineering, Lyon, 563-574.


� Numerous studies and household surveys have shown that travel time budgets are stable as well over time as across cites, countries and even continents: Brög, W., Erl, E. (1999). Kenngrößen für Fußgänger und Fahrradverkehr, BASt, Bergisch Gladbach.; Hupkes, G. (1982). "The Law of Constant Travel Time and Trip Rates." Futures, 38-46.; Marchetti, C. (1994). "Anthropological Invariants in Travel Behaviour." Technological Forecasting and Social Change, 47, 75-88.; Schafer, A. (2000). "Regularities in travel demand: an international perspective." Journal of Transportation and Statistics, 3(3), 1-32.	�Therefore constant travel time budgets are seen as an appropriate concept to model trip generation in MARS.


� Observed data indicate that trip rates home to work are constant. Contrary to this observed trip rates for other purposes do not seem to be constant. Schafer, A. (2000). "Regularities in travel demand: an international perspective." Journal of Transportation and Statistics, 3(3), 1-32.


� Caution: Exogenous means exogenous to the considered sub-model! From the perspective of the whole MARS model the workforce is endogenous.


� Friction factors measure the subjectively perceived expense for a journey. Travel time and costs are considered in the friction factors. In MARS a definition using generalised costs weighted by exponential functions is used. Source: Walther, K., Oetting, A., and Vallée, D. (1997). Simultane Modellstruktur für die Personenverkehrsplanung auf der Basis eines neuen Verkehrswiderstands, Aachen.


� Knoflacher, H., Pfaffenbichler, P. (2000). "Wirtschaftliche Vorteile für österreichische Regionen durch eine institutionelle Koordinierung von Verkehrs- und Raumplanung (Economic Benefits of an Efficient Institutional Co-ordination between Transport and Land Use policy Illustrated on Austrian Level (BENEFICIAL))." im Auftrag der Magistratsabteilung 18 Stadtentwicklung und Stadtplanung, Wien.


� MARS basically assumes that people are looking for cheap living space. One difficulty is that the other indicators are at least reflected in rent to a certain extent. People try to maximise the utility from the other indicators while minimising their costs. To remedy these difficulties the use of at least two distinct income groups is suggested for further improvements of MARS.


� The redistribution process guarantees that the stock of unoccupied housing units SDj(t-1)- Ninj(t-1) is never negative.


� The underlying assumption has a substantial weak point. In MARS each person leaving a location gives room for another person to move in. In reality, e.g. if children grow up and move out or one partner of an elderly coupe dies, the domicile might still be occupied. In model calibration and testing this lead to difficulties with some zones. Therefore a suggestion for future MARS developments is to include an ageing sub-model.
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