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Abstract

This paper reports rail demand forecasting models which operate at two levels. One focuses on strategic issues applicable to large sections of the network as a whole and the other focuses on individual rail flows. The former accounts for fares, including competition between different tickets, rail service quality, cross-modal competition and a range of socio-economic variables and is used to produce forecasts over a 30 year horizon. The latter additionally deals with population and catchment areas around stations and hence supports a more detailed analysis of socio-economic variables. The results for the 81 policy tests show a considerable variation across flow categories and tests, varying from a small decline to a four-fold increase in rail demand in Britain by 2031.  
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1 Introduction
The research reported here has been prepared as part of the RRUK project ‘The Future Role of Rail in Integrated Transport Policy’. The project seeks to shed light on the suitability of alternative future rail strategies by modelling their impacts. The objectives of the project are to:

(a) Identify alternative aspirations for the future of rail in an integrated transport policy.
(b) Understand capabilities of existing models to forecast such changes.
(c) Identify appropriate model developments for this purpose.
(d) Enhance existing models to enable appraisal of alternative aspirations.
(e) Consider the implications of the appraisal results for future rail research needs.

The alternative aspirations for the future of rail are set out in project report C3/2 (RRUK, 2005a) which seeks to identify alternative strategies and external scenarios to model. This is achieved via a review of government and industry visions relating to the future of rail transport in the UK set against a discussion of the external factors that will influence rail transport. The report identifies a number of possible strategies and scenarios that might be applied to rail and road transport in the UK, presents and discusses evidence as to the likely nature of such strategies and discusses issues relating to how the impacts of such strategies might be modelled.

Objectives (b) and (c) of the project are addressed in project report C3/3 (RRUK, 2005b) which sets out the requirements for the modelling framework and reviews the suitability of existing rail demand models for the task. For the passenger sector, two new models are proposed which bring together the relative strengths of aggregate direct demand modelling where the vast majority of rail demand research has been undertaken. A summary of this work is presented in Section 2 with details of model enhancements (objective d) set out in the appendices.

The remainder of this report presents a set of forecasts for alternative strategies and scenarios facing passenger rail demand and forms a view of appropriate policy implications suggested by the research.
2 Modelling Framework
2.1 Introduction

A general framework for model development is presented in Figure 1. The framework is designed to look at the market response to changes in transport policy, quality and prices set against alternative economic and social conditions. 
Figure 1 here
In choosing an appropriate modelling framework it was important to consider the use to which it will be put (i.e. the range of strategies and scenarios to be tested), the level of detail required to provide meaningful results, the required inputs and outputs, the modelling time horizon, and the cost and practicality of developing the framework. The first consideration is discussed in Section 2.2 and the remainder in Section 2.3.
2.2 Strategies and Scenarios
In specifying a set of policy tests it is useful to distinguish between strategies and scenarios, where strategies are those things that can potentially be planned or controlled (e.g. infrastructure investment, taxation) and scenarios are those trends or events that are outside the control of local and national planners (e.g. economic development, demographic change). Whilst it will be useful to consider strategies and scenarios separately, for modelling the longer term it will be important to consider how strategies and scenarios interact. 

Building on the review material in RRUK report C3/2, an overview of the strategies and scenarios to be tested is provided below.
(a)
Socio-Economic Change

The first stage to modelling is to define a set of likely socio-economic scenarios to assess how change to demographic patterns and economic conditions will affect the demand for rail services. 

(b)
National Rail Strategies

Set against a background of socio-economic change, a series of fare and service quality changes are specified to represent alternative levels of government support and commercial investment across the network. The demand implications of these strategies will in part depend upon the level of competition from other modes and in particular the price and quality of the road network. The various rail strategies are therefore examined against alternative states for the road network which includes national road user charging options and increased levels of investment.

The study also examined market opportunities, which assessed the market potential on individual flows and the demand implications of improving relatively poor services, and also major investments, through review of previous work aimed at the appraisal of major schemes such as the development of a new north-south high speed rail line and proposals for a cross London rail service. These important issues are not covered in this paper.
2.3 Market Response Model
The strategies and scenarios outlined in Section 2.2 present a broad range of issues to be examined and it is clear from our review of demand forecasting methodologies (RRUK project note C3/3) that a single model would not be suitable for all applications. With this in mind we have developed two new demand models. One is specified at a very aggregate level to look at strategic issues (the strategic model) and the other is specified at a more detailed level taking into consideration the spatial nature of rail travel and the influence of station catchment areas on rail demand (the spatial model). Details of the models are set out in appendix A and B of this report. 
Both the strategic and spatial demand models are part of a class of models know as aggregate direct demand models. They are based on ticket sales data combined with accepted elasticities of demand drawn from the Passenger Demand Forecasting Handbook (ATOC, 2005). The models include the potential to assess the demand response to changes in the following explanatory variables over a 30 year forecasting horizon:

· Rail fares (full, reduced and season, together with cross elasticities of demand between ticket types)
· Rail service quality

· Generalised journey time (a composite term covering station to station time, service frequency and interchange requirement)
· Cross modal competition 

· Car journey time

· Car operating cost

· External factors

· GDP

· Employment

· Population

· Car ownership (households without access to a car)
The strategic model is very aggregate in nature and considers seven categories of rail service including:

· London to Rest of Country (LTRC)

· Rest of Country to London (RCTL)

· London to South East (within 50 miles of London) (LSE)

· South East to London (SEL)




· Within South East (WSE)

· Non-London Long Distance (>20 miles) (NLLD)

· Non-London Short Distance
(NLSD)



Base demand and revenue data for each category of flow is provided in Table 1 to illustrate the relative magnitudes of the flows.
The spatial model operates a more disaggregate level than the strategic model and is based on individual demand flows between station pairs. In the development of this model, a considerable effort has been allocated to the specification and estimation of station catchments areas and to populating these catchment areas with data on population, employment, income, and car ownership over a 30 year forecasting horizon. This spatial model offers advantages over the strategic model in the potential to look in great detail at how changing socio-demographics and station accessibility might influence the demand for rail services. As this model is flow-based, it also provides a facility to forecast demand for specific case study investment scenarios to assess market opportunities.  
Table 1 here

3 Socio-Economic Change
3.1 Introduction
National income, employment, population and car ownership are key factors which influence the demand for passenger rail services and all are forecast to change significantly in the near future. It is the aim of this section to review how each of these factors are likely to change and to forecast how these changes might influence the demand for rail travel.
In this analysis we make use of the spatial demand model described in appendix B. It shows the demand for rail as a function of the fare, service quality, the competitive position of road and the trip generating and attracting potential of catchments surrounding origin and destination stations respectively. Here, the trip generating potential of the origin station catchment area is taken as a function of population, income and car ownership, and the trip attracting potential of the destination station catchment area is taken as a function of the level of employment. This structure therefore facilitates a detailed assessment of how changes to background socio-economic trends influence the demand for rail at the level of individual rail flows.
3.2 Socio-Economic Forecasting Assumptions 

Before applying the spatial model it was necessary to define and populate the catchment areas for each station on the network with data on population, income, car ownership and employment over the forecasting horizon. This was achieved by mapping spatially detailed planning data from the Department for Transport’s TEMPRO data sets (DfT, 2006) to 432 geographically coded station catchment zones. A summary of how the planning data changes over time is presented in Table 2 where it is grouped by rail flow category to facilitate ease of comparison with the demand forecasts presented in section 3.3. 

Table 2 here

Between 2001 and 2031 population around origin stations is forecast to increase by 7% overall with stronger growth in London and the South East. Employment levels are set to rise at destinations in London and the South East which is likely to increase the trip attracting potential of these destinations relative to those in the rest of the country. Car ownership is set to rise in all areas except central London where modest reductions are expected. The overall forecast increase in car ownership is likely to have a detrimental impact on rail demand.

If recent experience can be extrapolated, the biggest changes to rail demand are likely to driven by general economic growth. HM Treasury currently forecast GDP growth at 2.7% per year over the next five years, 2% per year between 2011/12 and 2015/16, and 1.75% per year until 2035/36 (HM Treasury, 2006). Clearly, growth rates will vary by geographical area but for analysis presented in the next section we have assumed a uniform 2% per year increase in household income across all areas after accounting for changes in population.
3.3 Socio-Economic Change and Rail Demand
The spatial model (appendix B) was employed to assess the impact of socio-economic changes on the demand for rail travel. The model was applied to the top 4,000 demand flows by volume (excluding flows less than 20km, airport services and parkway stations) over a 30 year forecasting horizon from 2001 to 2031. For ease of presentation the results are grouped under the same seven categories as defined in the strategic model (see Table 1). The exercise assumes that the level of rail service and real fares remain at their base year levels with no change in the competitive position of road. Changes to the background socio-economic characteristics of station catchment areas are assumed to follow those suggested by the Department for Transport’s TEMPRO planning dataset (see Section 3.2).

The influence on rail demand of changes to income, population, employment and car ownership are described below and shown in Tables 3 and 4.
(a) 
Population

Across the network as a whole changing demographics lead to a 6% increase in rail demand with population influences being strongest for trips originating in London and the South East where population growth is forecast to be strongest. The least affected categories of rail flow originate outside London and the South East with Non-London long distance traffic seeing only a marginal 2.1% increase in demand generated by changing demographics.
(b)
Employment
Changing patterns of employment are forecast to generate a maximum 3.1% growth in total rail demand over the forecasting horizon. Not surprisingly, the majority of this growth is generated by flows with London as their destination, and in particular from London flows originating in the South East. This reflects forecast growth to employment in the South East of England.
(c)
Car Ownership

Forecast increases in car ownership and corresponding reductions in the proportion of households without access to cars leads to a reduction in the total demand for rail by 8.7%. The greatest impact of car ownership growth occurs on non London flows (because of they carry relatively less business traffic) with flows in the South East less affected due to existing high car ownership levels, indeed flows from central London are forecast to increase slightly due to a forecast modest reduction in car ownership levels.

Taking population, employment and car ownership together the overall influence on rail demand is minimal (-0.3%) though there is considerable variation across flows. There are significant reduction to demand for flows originating outside the South East and significant increases for flows originating within the South East. This is driven by forecast increases in population and employment, and an expected lower growth in car ownership.
Table 3 here
Table 4 shows that the overall impact of changing population, employment and car ownership is overshadowed by the demand response to modest annual changes to income. An assumed 2% per year growth in real household income is forecast to generate a 121% increase in rail demand assuming there are no capacity constraints. Obviously, this result is dependent on the relationship between GDP and rail travel remaining constant over a prolonged period of time, but it seems unlikely that the relationship would change so much as to lead to anything other than a major growth in demand.

There is considerable variation across flows with strong increases likely for long distance flows from outside the South East to London (driven by large income elasticities), and pretty modest increases for non London short distance flows. The overall forecasts compare well with actual changes with Transport Statistics Great Britain reporting a 13% increase in rail demand between 2000/1 and 2005/6.

Table 4 here
4 National Rail Strategies

4.1 Introduction
In this section we look to build on the spatially detailed forecasts produced in Section 3 with a more general set of forecasts that consider the impact of alternative national transport strategies on the demand for rail travel under different assumptions regarding exogenous influences. An overview of the likely strategies and scenarios facing the rail sector is presented in RRUK Report C3/2 (RRUK, 2005a) with details of specific forecasting assumptions in RRUK Report C3/4a (RRUK, 2005c). 
4.2 Strategies and Scenarios

The strategic demand model reported in appendix A shows the demand for rail services on seven flow categories over the next 30 years as a function of nine factors including: rail fare, rail service quality (GJT), road journey times and costs, population, employment, car ownership and income (gross value added). By forecasting how each factor might change under different assumptions we can use the strategic model to predict the demand implications of key policies. To facilitate an assessment of a wide range of policy options we have defined three sets of forecasts for each of the nine factors (low, central and high). As some factors are correlated under different policy assumptions we have grouped key items and selected 81 strategies and scenarios to be tested.

(a)
Scenarios

The demand for rail services is strongly influenced by demographic change and the economy, especially with regard to income, employment and car ownership. To make sensible predictions about the demand implications of alternative transport strategies we must therefore define an appropriate set of background assumptions relating to economic and demographic change. These assumptions are drawn from a range of official forecasts generated by HM Treasury, the Department for Transport and the Government Actuary’s Department, and are set out in Table 5. 
Table 5 here

They are slightly different from those employed in Section 3 as they are drawn from different sources and relate to broad geographical areas rather than well defined catchment areas surrounding rail stations.

Changes to income are expressed as changes to regional Gross Value Added (GVA) which is based on HM Treasury forecasts for GDP. Under low growth assumptions GVA is projected to increase by 2.2, 2.07 and 1.66 per cent per year for London, the South East and the rest of Great Britain respectively, and for central and high growth cases respective annual growth rates of 2.5% and 3.0% are assumed for all regions. Employment levels and car ownership are forecast relative to GVA and population estimates are drawn from official forecasts by the Department for Transport and the Government Actuary’s Department. 

For ease of modelling, the four external factors are grouped and presented as low, central and high cases.

(b)
Strategies
Against the background of socio-economic changes identified above we have defined a range of broad-brush national transport strategies to test for the road and rail sectors. 
For rail these include the following fare strategies:

· A ‘pro rail’ strategy encouraging modal transfer with a significant reduction to Reduced and Season tickets, with Full fare tickets held constant in real terms

· A ‘business as usual’ strategy involving an extrapolation of trends in fare levels since privatisation. This involves significant increases to full fares accompanied by modest reductions to Reduced and Season tickets.
· A ‘demand management/ revenue raising’ strategy involving significant fare increases across all products. This policy will require a relaxation to existing regulatory constraints and should result in a reduction in the level of financial support required to operate services.

Regarding rail service quality we define three strategies:
· A low case of ‘business as usual’ in which journey times maintained at existing levels.
· A central case of ‘moderate investment’ in which journey times improve to the year 2010 in line with the targets set in the Ten Year Plan (DfT, 2000) and remain constant thereafter. 
· A high case of ‘sustained investment’ in which there is continued improvement in service quality to 2035.

Indices describing the strength of each strategy across the forecasting horizon are shown in Table 6 and described in further detail in RRUK Report C3/4a (RRUK, 2005c)
Table 6 here

In the majority of cases rail’s biggest competitor is car travel and we have therefore focused our efforts on defining appropriate strategies relating to car journey times and operating costs. Detailed modelling assumptions for each are set out in Table 7.
Table 7 here

The assumptions regarding both car times and car costs are based upon the introduction of national comprehensive system of road pricing:

· A low case ‘without road pricing’ involving worsening congestion and a reduction in traffic speeds until 2020, together with sustained reductions to vehicle operating costs driven by increased vehicle efficiency.

· A central case involving a ‘revenue neutral road pricing’ policy introduced in 2016. This policy is assumed to reduce traffic and improve speeds in congested areas, e.g. London, but have limited impact on speeds in other areas. The introduction of road pricing however might significantly affect the costs of motoring but this would depend upon the type of scheme in operation and the areas involved. 

· A high case involving a ‘revenue raising road pricing’ policy introduced in 2016. This will lead to further reduction to congestion and further increases to vehicle operating costs relative to the central case.

Taking the strategies and scenarios as a whole, there are three levels for external factors, three levels for rail fares, three levels for rail generalised journey time and three levels for cross modal competition. This yields a total of 81 (34) scenarios to be tested.

4.3 Demand Forecasts

The strategic demand model is applied to 81 scenario and strategy combinations for each of the seven flow categories listed below.

1. London to rest of the country (LTRC)

2. Rest of the country to London (RCTL)

3. London to South East (LSE)

4. South East to London (SEL)

5. Within South East (WSE)

6. Non London Long Distance (NLLD)

7. Non London Short Distance (NLSD) 

A summary of the forecasts for each flow category are shown graphically in Figures 2 to 9, where forecasts are presented as an index relative to the base year (2005). It should be noted that all forecasts are unconstrained and do not take into account capacity constraints on the network. 
For each flow category there is a broad range of forecasts especially in the long run. This range is driven by the range of policy tests and uncertainties surrounding input assumptions as well as assumptions relating to the parameters and functional form of the model. 

Across the flow categories demand between the rest of the country and London (RCTL) shows the strongest growth and demand for non-London short distance (NLSD) services the least. All flows to and from London show potential for (significant) growth with non-London flows and flows within South East England showing the potential for (moderate) decline as well as strong growth. These headline forecasts are driven by the assumed relative strength of the income elasticity of demand.
Not surprisingly the largest demand increases for all categories were obtained for scenarios involving low fares, high quality of service, revenue raising road pricing and a strong economy. Conversely the worst case for rail involved high fares, low quality, no road pricing and a weak economy. 
Figure 2 here
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Table 8 here
Table 8 shows a set of demand forecasts for a selection of strategies and scenarios for the network as a whole. These forecasts provide an illustration of the impact of key variables.
With each explanatory variable set at central levels, demand is set to increase by 2.5 times existing levels by 2035. Looking at variations across strategies and scenarios it can be seen that the strength of the economy is the key driver for growth followed by service quality and fares. The impact of national road user charging on rail demand is modest due to the offsetting effects of increased operating cost and improved journey times. The strategy of high fares shows the potential to offset exogenous growth and manage overcrowding. 
5 Summary and Conclusions
5.1 Introduction

This report has been prepared as part of a larger EPSRC funded study looking at the role of rail in integrated transport policies. This part of the study looks to provide a view of alternative future passenger rail strategies through a modelling exercise aimed at predicting rail demand under different scenarios. 
There is clearly a broad range of policy options to test for rail, not to mention significant potential impacts from cross modal competition and background socio-demographic and economic change. Following a large scale review of the models available to predict rail demand it became clear that a single model would not be suitable to look at all possible options, rather we looked to develop two different models, one focused on strategic issues applicable to large sections of the network as a whole and the other focussed on concerns for individual rail flows. This approach was complemented by review work looking at individual investments to the rail network of national importance.
The first model developed is based on aggregate rail demand across seven flow categories. This model takes account of changes to fares (including interactions between three ticket types: full reduced and season), rail service quality as measured by generalised journey time, the degree of cross modal competition, and broader socio-economic change (population, employment, car ownership and income). The model is referred to as the strategic model and is applied to generate forecasts for national transport strategies over a 30 year forecasting horizon.

The second model developed is referred to as the spatial model. This model has the same range of explanatory variables as the strategic model but it is applied at the level of individual rail flows. This work has centred on the development, estimation and population of catchment areas surrounding rail stations, which enables a detailed assessment of the impact of socio-demographic change on the demand for rail services. 
5.2 Socio-Economic Change

The first strand on new modelling work was to look at how forecast background changes to population, employment, car ownership and household income might influence the demand for rail travel. Projections of each of these explanatory variables to the year 2031 were drawn from the Department for Transport’s planning data and mapped to station catchment areas. Across the country as a whole there are modest forecast changes to rail demand as a result of changes to population, employment and car ownership, although there is significant variation between variables and flows. 

Population change is likely to increase the demand for rail travel by 6% across the country as a whole by 2031, with stronger growth for flows based in London and the South East (around 10% growth). Forecast changes to employment levels in the South East are likely to have a strong influence on rail demand increasing trips to London by 9.3%, however on other flows the impact of employment is limited. 
With the exception of Central London, car ownership levels are forecast to increase with a reduction in the proportion of household without access to cars and a reduction in the demand for travel by rail. This impact is strongest for Non-London short distance flows and weakest (marginally positive) for London based flows. Overall the impact of changing levels of car ownership on rail demand is estimated to reduce demand by 8.3%.

Overall, the positive impacts of population and employment change are offset by the negative impacts of increased car ownership. At a flow category level however, non-London flows show a 10-15% reduction in rail demand due to socio-demographic change and London based flow a 10-15% increase in demand by 2031.
The changes brought about by socio-demographic change are therefore estimated to be relatively small, especially when compared with the levels of growth to rail demand driven by relatively modest economic growth. Changes to GDP (and GVA) equal to two percent per year are forecast to generate a more than doubling of demand by 2031 without binding capacity constraints. Obviously, this result is dependent on the relationship between GDP and rail travel remaining constant over a prolonged period of time, but it seems unlikely that the relationship would change so much as to lead to anything other than a major growth in demand.

5.3 National Strategies

Building on the forecasts developed to assess the impact of socio-economic change on rail demand, the strategic model was employed to test a number of national rail and road strategies set against alternative states for background socio-economic change. 
The policy tests involved the specification of three strategies each for fare, service quality (generalised journey time), road pricing and socio-demographic change, yielding a total of 81 possible states to be tested. The strategies for rail fares include pro-rail fare reductions and revenue-raising/demand management fare increases. For rail service quality the strategies include a business-as-usual case alongside alternative investment scenarios mirroring the aspirations set out in the Department for Transport’s 10 year plan. Outside of the rail sector the modelling exercise considered demand implications of three different states for comprehensive road user charging including: no scheme, a revenue neutral scheme and a revenue raising scheme. 
The results for the 81 policy tests show a considerable variation across flow categories and policy tests. On aggregate unconstrained demand forecasts vary between a small reduction and a four fold increase in demand by 2031 depending upon the forecasting assumptions. Forecast growth is strongest for flows to London and weakest for non-London short distance travel. Not surprisingly the largest demand increases for all categories were obtained for scenarios involving low fares, high quality of service, revenue raising road pricing and a strong economy. Conversely the worst case for rail involved high fares, low quality, no road pricing and a weak economy.
It is interesting to note that the strength of the economy is the key driver followed by service quality and fares. The impact of national road user charging on rail demand is modest due to the offsetting effects of increased operating cost and improved journey times.

5.4 Conclusion
This project has generated a series of forecast for rail demand for the next 30 years or so, rail and road strategies and background economic change. Although the forecast are wide-ranging the overall picture for rail demand is very positive with significant growth forecast. There are significant differences between flows with London based flows and flows in the South East showing more promise and although socio-demographic and economic change have strong influences on demand the key drivers remain within the control on those responsible for setting fares and investing in services quality. Given this forecast growth, it seems urgent to greatly to examine ways of expanding the capacity of key rail links to London. Two major proposals exist, for a new high speed line to the north, and for new capacity across central London. These schemes, together with more modest alternatives which might need to be combined with use of fares policy to restrain demand particularly in the peak, are clearly high research priorities. Even with a moderately adverse set of exogenous conditions rail demand on these routes is expected to continue to show strong growth.
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Appendix A:
Strategic Passenger Demand Model

A1.
Introduction

This appendix sets out details of the strategic passenger demand model. Section A2 documents the functional form of the model, Section A3 reports the model dimensions and Section A4 shows the data and parameters used to populate the model.
A2.
Functional Form

The general form for the model relates the volume of demand across a group of services as a function of the fare, the level of service, the degree of cross-modal competition and a set of exogenous factors that influence rail demand. Following standard industry practice, the model is specified in incremental form with constant elasticities of demand:
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is the volume of rail demand
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is an index of rail service quality
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is an index of cross modal competition
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is an index of the trip generating potential of the origin station
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Details of the construction of each index are presented below.

Rail Fares

From a policy testing perspective it is important that the model is capable of assessing interactions between different market segments and in-particular interactions between different ticket types. This will help facilitate policy testing relating to capacity utilisation and crowding. Although this task is arguably more suited to a disaggregate modelling approach some insight can be gained at a strategic level using cross-ticket elasticities of demand, and it should be noted that most rail models do not include this feature.
The volume of demand for each ticket type (i) can be expressed as a function of the fare for that ticket and the fares of competing tickets:
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is the fare for ticket i
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is the own-ticket elasticity
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The forecast demand for all tickets is therefore equal to:
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So, in terms of the demand function, the index of rail fares is equal to:
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This specification allows for the overall rail market to expand or contract according to the fares basket and allows for switching between ticket types following changes to the relative costs of each.

Rail Service Quality

The level of rail service quality can be measured in terms of the generalised journey time (GJT). This composite variable is taken as a function of the station to station time (JT), a service frequency penalty (FP) and an interchange penalty (IP). Details of the formulation of each GJT element can be found in the PDFH (ATOC, 2005).
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Changes in the volume of rail demand following changes to the overall level of rail service can be expressed via the GJT elasticity g:
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The GJT metric presents the standard way to measure average service quality for a given timetable on a given flow. 

Cross Modal Competition

In most circumstances the main competitor to rail is private car. To allow for interaction between rail and car, a cross modal index for inter-urban trips is defined:
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where 
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is car journey time 
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is car journey cost
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is the cross modal elasticity of demand

External Influences

The influence of external factors on the demand for rail trips include: population, income (GVA per capita), employment, and proportion of households without access to a car.

[image: image26.wmf](

)

(

)

B

A

B

A

B

A

B

A

NC

NC

exp

EMP

EMP

GVA

GVA

POP

POP

E

EMP

GVA

POP

-

a

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=

h

h

h


Where

[image: image27.wmf]POP


is population


[image: image28.wmf]GVA


is gross value added


[image: image29.wmf]EMP


is employment


[image: image30.wmf]NC


is proportion of households without access to a car 

[image: image31.wmf]h


is a vector of elasticities


[image: image32.wmf]a


governs the sensitivity of rail demand to changes in non car ownership

A3.
Model Dimensions
Following the most recent industry recommendations the strategic model includes 7 categories of rail flow including:
· London to Rest of Country (LTRC)

· Rest of Country to London (RCTL)

· London to South East (within 50 miles of London) (LSE)

· South East to London (SEL)




· Within South East (WSE)

· Non-London Long Distance (>20 miles) (NLLD)

· Non-London Short Distance
(NLSD)



For each flow demand expressed as a function of:

· Fare (full, reduced, season)

· Service quality (GJT)

· Car time, car cost

· population, gross value added, employment and non car ownership
Forecasts are made over a 30 year time horizon from 2005 to 2035.

A4.
Data and Parameters

The base inputs required to operationalise the model include demand and revenue estimates for each category of flow and each ticket type, together with information on elasticities of demand. All other inputs are derived from the specification of strategies and scenarios.
Base demand and revenue data was kindly supplied by the Office of Rail Regulation and is shown in Table A1.

Table A1:
Base Demand and Revenue (2004/5)

	 
	 
	 
	 
	 
	 
	 

	 
	Base Demand (single trips)
	 
	 
	 

	 
	 
	Full
	Reduced
	Season
	Total
	 

	 
	LTRC
	13,937,171
	23,562,892
	28,457,413
	65,957,476
	 

	 
	RCTL
	13,221,105
	23,474,211
	28,457,413
	65,152,729
	 

	 
	LSE
	12,735,386
	21,523,703
	33,062,936
	67,322,025
	 

	 
	SEL
	12,074,993
	21,537,052
	33,062,936
	66,674,981
	 

	 
	WSE
	16,958,960
	23,508,617
	21,512,573
	61,980,150
	 

	 
	NLLD
	47,472,284
	66,079,213
	27,660,385
	141,211,882
	 

	 
	NLSD
	30,351,132
	42,247,366
	17,684,509
	90,283,007
	 

	 
	Total
	146,751,031
	221,933,054
	189,898,165
	558,582,250
	 

	 
	 
	 
	 
	 
	 
	 

	 
	Base Revenue (£)
	 
	 
	 
	 

	 
	 
	Full
	Reduced
	Season
	Total
	 

	 
	LTRC
	349,919,755
	290,750,879
	163,006,205
	803,676,839
	 

	 
	RCTL
	331,151,596
	292,110,097
	163,006,205
	786,267,898
	 

	 
	LSE
	112,572,905
	123,399,534
	166,918,993
	402,891,432
	 

	 
	SEL
	109,138,724
	122,193,599
	166,918,993
	398,251,316
	 

	 
	WSE
	53,294,728
	56,818,011
	31,580,910
	141,693,649
	 

	 
	NLLD
	297,270,725
	430,313,279
	75,344,930
	802,928,934
	 

	 
	NLSD
	33,030,081
	47,812,587
	8,371,659
	89,214,326
	 

	 
	Total
	1,286,378,513
	1,363,397,986
	775,147,895
	3,424,924,394
	 

	 
	 
	 
	 
	 
	 
	 


Source: Data Supplied by the Office of Rail Regulation

The parameters used for forecasting are shown in Table A2. All values are taken from the industry’s passenger demand forecasting handbook (ATOC, 2005). For each flow and each forecast period the matrix of cross and own price ticket elasticities are estimated based on the relative market shares of the products, the conditional elasticities and the cross ticket diversion factors which are used to estimate cross ticket elasticities of demand.
Table A2: Model Parameters
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Flow
	 
	Conditional Fare Elasticity
	 
	Cross Ticket Diversion Rates
	 
	
	

	 
	 
	Full
	Reduced
	Season
	 
	F-R
	F-S
	R-F
	R-S
	S-F
	S-R
	 
	
	
	
	

	LTRC
	 
	-0.85
	-1.00
	-0.60
	 
	0.70
	0.00
	0.63
	0.00
	0.00
	0.00
	 
	
	
	
	

	RCTL
	 
	-0.85
	-1.00
	-0.60
	 
	0.70
	0.00
	0.63
	0.00
	0.00
	0.00
	 
	
	
	
	

	LSE
	 
	-1.00
	-1.15
	-0.60
	 
	0.32
	0.00
	0.66
	0.00
	0.00
	0.00
	 
	
	
	
	

	SEL
	 
	-1.00
	-1.15
	-0.60
	 
	0.32
	0.00
	0.66
	0.00
	0.00
	0.00
	 
	
	
	
	

	WSE
	 
	-0.95
	-1.15
	-0.60
	 
	0.35
	0.00
	0.56
	0.00
	0.00
	0.00
	 
	
	
	
	

	NLLD
	 
	-0.85
	-1.00
	-0.90
	 
	0.38
	0.00
	0.61
	0.00
	0.00
	0.00
	 
	
	
	
	

	NLSD
	 
	-0.90
	-1.05
	-0.60
	 
	0.57
	0.00
	0.67
	0.00
	0.00
	0.00
	 
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Flow
	 
	Rail GJT
	 
	Road Time
	 
	Road Cost
	 
	

	 
	 
	Full
	Reduced
	Season
	 
	Full
	Reduced
	Season
	 
	Full
	Reduced
	Season
	 
	
	
	

	LTRC
	 
	-0.90
	-0.90
	-0.90
	 
	0.30
	0.30
	0.30
	 
	0.22
	0.22
	0.25
	 
	
	
	

	RCTL
	 
	-0.90
	-0.90
	-0.90
	 
	0.30
	0.30
	0.30
	 
	0.22
	0.22
	0.25
	 
	
	
	

	LSE
	 
	-0.90
	-0.90
	-0.80
	 
	0.30
	0.30
	0.30
	 
	0.24
	0.24
	0.25
	 
	
	
	

	SEL
	 
	-0.80
	-0.80
	-0.70
	 
	0.24
	0.24
	0.00
	 
	0.19
	0.19
	0.00
	 
	
	
	

	WSE
	 
	-1.00
	-1.00
	-0.90
	 
	0.30
	0.30
	0.30
	 
	0.24
	0.24
	0.25
	 
	
	
	

	NLLD
	 
	-0.90
	-0.90
	-0.90
	 
	0.30
	0.30
	0.30
	 
	0.27
	0.27
	0.25
	 
	
	
	

	NLSD
	 
	-0.90
	-0.90
	-0.90
	 
	0.25
	0.25
	0.25
	 
	0.34
	0.34
	0.30
	 
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Flow
	 
	Population
	 
	GVA
	 
	Non Car Ownership
	 
	Employment 

	 
	 
	Full
	Reduced
	Season
	 
	Full
	Reduced
	Season
	 
	Full
	Reduced
	Season
	 
	Full
	Reduced
	Season

	LTRC
	 
	1.00
	1.00
	0.00
	 
	1.29
	1.29
	0.00
	 
	0.54
	0.54
	0.00
	 
	0.00
	0.00
	1.00

	RCTL
	 
	1.00
	1.00
	0.00
	 
	2.40
	2.40
	0.00
	 
	0.54
	0.54
	0.00
	 
	0.00
	0.00
	1.00

	LSE
	 
	1.00
	1.00
	1.00
	 
	1.20
	1.20
	0.00
	 
	0.71
	0.71
	0.00
	 
	0.00
	0.00
	1.30

	SEL
	 
	1.00
	1.00
	1.00
	 
	1.20
	1.20
	0.00
	 
	0.71
	0.71
	0.00
	 
	0.00
	0.00
	1.30

	WSE
	 
	1.00
	1.00
	1.00
	 
	1.20
	1.20
	0.00
	 
	0.71
	0.71
	0.00
	 
	0.00
	0.00
	1.00

	NLLD
	 
	1.00
	1.00
	1.00
	 
	1.10
	1.10
	1.50
	 
	0.80
	0.80
	0.00
	 
	0.00
	0.00
	0.00

	NLSD
	 
	1.00
	1.00
	1.00
	 
	0.85
	0.85
	0.00
	 
	0.84
	0.84
	0.94
	 
	0.00
	0.00
	1.00

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Source: Passenger Demand Forecasting Handbook. (ATOC, 2005). F=Full, R=Reduced, S=Season Tickets
Appendix B:
Spatial Passenger Demand Model

B1.
Introduction
This appendix sets out the structure and parameters for the spatial rail demand model. The model draws on existing industry methodology and evidence with the focus on the development and definition of appropriate station catchment areas to forecast the impact of changing socio-demographics on the demand for rail travel. 

B2.
Functional Form
The general form for the demand model sets the volume (V) of demand between stations i and j as a function of the fare (Fij), the level of generalised journey time (GJTij), the degree of cross modal competition (Mij), the generating potential of the origin station (Oi) and the attracting potential of the destination station (Dj).
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At an aggregate level we can assess the influence of changes to external factors using a simple elasticity approach (see the strategic model outlined in appendix A). However, the influence of external factors on rail demand will depend, at least in part, on the accessibility of stations which in turn determines their catchment areas. This introduces an additional modelling dimension to represent origin and destination specific effects through the specification of station catchment areas comprised of a number of zones. This is shown schematically in figure B1.
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Figure B1:
Spatial Demand Model Structure

For each station pair (ij) the demand for rail services is a function of the fare, the level of rail service quality, the degree of cross modal competition and the access and egress weighted socio-economic characteristics of the catchment area surrounding each station.
The demand between any zone in the origin station catchment area (e.g. zone a) and any zone in the destination station catchment area (e.g. zone b) can be expressed as:
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(1)
where


[image: image35.wmf]F


is rail fare


[image: image36.wmf]GJT


is generalised journey time
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is cross modal competition
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is access time from zone a to station i
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is the socio-economic characteristics of origin zone a
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is the socio-economic characteristics of destination zone b

The main problem here is that we do not know, from ticket sales data, the precise origins and destinations of travellers. All we know is the number travelling between stations i and j. However, we do know that the volume of demand between i and j is made up of the sum of all the journeys from the various origins to the various destinations: 
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(2)
Hence by substituting Vaijb of equation 1 into equation 2 we can express observed demand in terms of observed independent variables. Thus the parameters of equation 1 can be estimated, using non-linear least squares, even though we cannot observe the precise origins and destinations of rail travellers. 
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The influence of the origin catchment area on rail demand is taken as a function of the access weighted population, the access weighted income and the access weighted car ownership, and the trip attracting potential of the destination catchment area is taken as a function of the egress weighted levels of employment.
A range of functional forms for access and egress were tested with the best explanation involving a logit decay function in which shows a relatively small initial distance decay effect but as access and egress times increase the effect becomes increasingly stronger then the rate of distance decay begins to slow once again: 
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(3)
where
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is the population in catchment zone a 
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is access time from zone a to the station
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are parameters describing the distance decay

With this function, the influence of socio-demographics on rail demand remains relatively constant for zones close to the station then rapidly decays and a catchment area threshold is reached (Figure B2).
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Figure B2:
‘Logit’ Decay Function

For each socio-demographic variable of interest (population, income, employment, car ownership) catchment area variables are defined as follows:
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where
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is the population in the origin station catchment area
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is the population in origin zone a
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is the average income in the origin station catchment area
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is the proportion of households without access to a car in the origin station catchment area
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is the number of households in origin zone a
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is the number of non car households in origin zone a
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is the number of people in employment in the destination station catchment area
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is the number of people in employment in catchment zone b 

Adopting the constant elasticity approach typically used in rail demand forecasting, the demand for rail services between station i and station j is given as:
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(4)
where
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is a constant to be estimated
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is a basket of fares (full, reduced, season, as in the strategic model) 
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is a vector of elasticities

B3.
Data and Model Estimation

The data required for the estimation and application of the model shown in equation 4 includes:

· Point to point demand and revenue data drawn from the 1999/2000 CAPRI ticket sales database. This dataset incorporates information for 149,470 flows however only a subset of this was used for model estimation and application. 
· Fares by ticket type. This is taken as average revenue estimate for full, reduced and season tickets.
· Rail service quality will be measured via generalised journey time, including estimates of in-vehicle time, service frequency and interchange requirement. This is specified for each ticket type and is estimated using the rail industry’s MOIRA software;

· Road journey distance for each flow is estimated using GIS software with road journey times and costs estimated via road distance and data on average road speeds from Transport Statistics GB and the Department for Transport’s webTAG unit 3.5.6.
· Station catchment areas are defined using 2001 Census data on population, car ownership and employment together with estimates of average household income by postcode sector supplied by Experian Ltd. For each of the 432 stations on our base network catchment areas were defined by a series of 20 polygon zones and each of these zones populated with socio-economic data. 
The data from different sources was then assembled and cross-sectional models calibrated with the specific purpose to estimate and define decay functions (the s and s in equation 3) for station catchment areas. The models are estimated using non-linear least squares techniques and are reported in Whelan, Wardman and Lythgoe (2005) with the main results shown in Table B1.

Table B1:
Regression Estimates of Station Catchment Area Coefficients
	
	Coefficient 
	t statistic

	Intercept
	5.765
	43.5

	GJT
	-1.250
	139.2

	Popn Orig
	0.540
	74.1

	Popn Dest
	0.755 
	103.1

	Access (1)
	-3.926 
	11.2

	Egress (2)
	-3.517
	11.7

	Access (1)
	20.916 
	10.8

	Egress (2)
	19.646 
	11.5

	R2
	0.644
	

	Observations
	44680
	

	RSS
	67381212
	


B4.
Model Application
Following the definition and estimation of station catchment area coefficients, a spreadsheet based application tool was developed to apply the model (equation 4) to data from the top 4,000 rail flows by volume. This application tool combines the data described in Section B3 with newly estimated station catchment coefficients and industry accepted elasticities of demand (see Table A2). This application of the model suggests an elasticity of demand with respect to station access time equal to -1.19.
The model is applied over a 30 year time horizon to projections of explanatory variables at five yearly intervals between 2001 and 2031. Projections of rail fare, rail quality of service, road time and road costs are as described in Section 4 with forecasts of catchment area changes based on the Department for Transport’s detailed planning data forecasts contained within TEMPRO. 
Table 1:
Base Demand and Revenue by Flow Type (2004/5)

	 
	 
	 
	 
	 
	 
	 

	 
	Base Demand (single trips)
	 
	 
	 

	 
	 
	Full
	Reduced
	Season
	Total
	 

	 
	LTRC
	13,937,171
	23,562,892
	28,457,413
	65,957,476
	 

	 
	RCTL
	13,221,105
	23,474,211
	28,457,413
	65,152,729
	 

	 
	LSE
	12,735,386
	21,523,703
	33,062,936
	67,322,025
	 

	 
	SEL
	12,074,993
	21,537,052
	33,062,936
	66,674,981
	 

	 
	WSE
	16,958,960
	23,508,617
	21,512,573
	61,980,150
	 

	 
	NLLD
	47,472,284
	66,079,213
	27,660,385
	141,211,882
	 

	 
	NLSD
	30,351,132
	42,247,366
	17,684,509
	90,283,007
	 

	 
	Total
	146,751,031
	221,933,054
	189,898,165
	558,582,250
	 

	 
	 
	 
	 
	 
	 
	 

	 
	Base Revenue (£)
	 
	 
	 
	 

	 
	 
	Full
	Reduced
	Season
	Total
	 

	 
	LTRC
	349,919,755
	290,750,879
	163,006,205
	803,676,839
	 

	 
	RCTL
	331,151,596
	292,110,097
	163,006,205
	786,267,898
	 

	 
	LSE
	112,572,905
	123,399,534
	166,918,993
	402,891,432
	 

	 
	SEL
	109,138,724
	122,193,599
	166,918,993
	398,251,316
	 

	 
	WSE
	53,294,728
	56,818,011
	31,580,910
	141,693,649
	 

	 
	NLLD
	297,270,725
	430,313,279
	75,344,930
	802,928,934
	 

	 
	NLSD
	33,030,081
	47,812,587
	8,371,659
	89,214,326
	 

	 
	Total
	1,286,378,513
	1,363,397,986
	775,147,895
	3,424,924,394
	 

	 
	 
	 
	 
	 
	 
	 


Source: Data Supplied by the Office of Rail Regulation
Table 2:
Economic and Demographic Change (Year 2001=100)
	
	2001
	2006
	2011
	2016
	2021
	2026
	2031

	
	
	
	
	
	
	
	

	Population

	LTRC
	100
	103
	104
	108
	110
	111
	111

	RCTL
	100
	100
	102
	103
	104
	104
	105

	LSE
	100
	103
	104
	108
	110
	111
	111

	SEL
	100
	101
	104
	105
	107
	108
	109

	WSE
	100
	103
	105
	108
	110
	111
	112

	NLLD
	100
	100
	102
	102
	103
	103
	103

	NLSD
	100
	100
	102
	102
	103
	104
	104

	All
	100
	101
	103
	105
	106
	107
	107

	
	
	
	
	
	
	
	

	Employment

	LTRC
	100
	102
	104
	102
	102
	101
	98

	RCTL
	100
	105
	107
	111
	112
	112
	110

	LSE
	100
	102
	106
	104
	105
	105
	103

	SEL
	100
	105
	107
	111
	112
	112
	110

	WSE
	100
	104
	107
	109
	111
	111
	109

	NLLD
	100
	102
	104
	102
	102
	101
	99

	NLSD
	100
	102
	104
	102
	102
	101
	98

	All
	100
	103
	106
	106
	107
	106
	104

	
	
	
	
	
	
	
	

	Non Car Ownership

	LTRC
	100
	101
	102
	103
	103
	103
	104

	RCTL
	100
	85
	70
	57
	46
	36
	26

	LSE
	100
	101
	102
	103
	103
	103
	104

	SEL
	100
	85
	69
	55
	43
	33
	24

	WSE
	100
	86
	73
	60
	50
	40
	31

	NLLD
	100
	86
	73
	60
	49
	38
	29

	NLSD
	100
	85
	71
	58
	47
	37
	27

	All
	100
	94
	88
	83
	78
	73
	68

	
	
	
	
	
	
	
	


Source: ITS calculations for station catchment areas based upon the Department for Transport’s planning data. 

Note: Non car ownership is the proportion of households without access to a car

Table 3:
The Influence of Population, Employment and Car Ownership on   Rail Demand by Flow Type
	
	
	
	
	
	
	
	
	

	Change in Rail Demand due to changes in Population

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	2.8%
	0.6%
	2.8%
	0.7%
	1.7%
	0.5%
	1.0%
	1.0%

	2011
	4.3%
	1.9%
	4.4%
	3.1%
	4.2%
	1.5%
	2.6%
	2.7%

	2016
	8.2%
	2.8%
	8.4%
	4.3%
	6.1%
	1.9%
	3.6%
	4.0%

	2021
	9.6%
	3.7%
	9.9%
	5.9%
	8.0%
	2.3%
	4.6%
	5.1%

	2026
	10.9%
	4.5%
	11.1%
	6.8%
	9.1%
	2.4%
	5.2%
	5.8%

	2031
	10.9%
	5.0%
	11.1%
	7.6%
	9.7%
	2.1%
	5.3%
	6.0%

	Change in Rail Demand due to changes in Employment

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	0.1%
	0.9%
	0.5%
	4.4%
	1.1%
	0.0%
	0.6%
	1.3%

	2011
	0.1%
	1.3%
	1.3%
	6.5%
	1.9%
	0.0%
	1.3%
	2.0%

	2016
	0.1%
	2.0%
	0.6%
	10.1%
	2.2%
	0.0%
	0.9%
	2.8%

	2021
	0.1%
	2.1%
	0.9%
	10.9%
	2.5%
	0.0%
	1.0%
	3.1%

	2026
	0.1%
	2.2%
	0.6%
	11.1%
	2.3%
	0.0%
	0.7%
	3.1%

	2031
	0.1%
	1.8%
	0.0%
	9.3%
	1.7%
	0.0%
	0.2%
	2.5%

	Change in Rail Demand due to changes in Car Ownership

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	0.3%
	-1.9%
	0.3%
	-0.6%
	-1.6%
	-3.3%
	-3.6%
	-1.8%

	2011
	0.6%
	-3.8%
	0.6%
	-1.3%
	-3.2%
	-6.2%
	-6.8%
	-3.5%

	2016
	0.7%
	-5.5%
	0.8%
	-1.8%
	-4.6%
	-9.0%
	-9.9%
	-5.1%

	2021
	0.9%
	-6.9%
	0.9%
	-2.3%
	-5.8%
	-11.3%
	-12.3%
	-6.4%

	2026
	1.0%
	-8.3%
	1.1%
	-2.7%
	-6.9%
	-13.4%
	-14.5%
	-7.6%

	2031
	1.1%
	-9.4%
	1.1%
	-3.0%
	-7.8%
	-15.3%
	-16.4%
	-8.7%

	Change in Rail Demand due to changes in Population, Employment & Car Ownership

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	3.2%
	-0.5%
	3.6%
	4.5%
	1.2%
	-2.8%
	-2.0%
	0.5%

	2011
	5.0%
	-0.7%
	6.4%
	8.4%
	3.0%
	-4.8%
	-3.1%
	1.1%

	2016
	9.1%
	-0.9%
	9.9%
	12.8%
	3.6%
	-7.2%
	-5.7%
	1.7%

	2021
	10.8%
	-1.4%
	11.9%
	14.9%
	4.5%
	-9.2%
	-7.2%
	1.7%

	2026
	12.2%
	-2.0%
	13.0%
	15.6%
	4.2%
	-11.2%
	-9.2%
	1.2%

	2031
	12.2%
	-3.1%
	12.4%
	14.2%
	3.0%
	-13.3%
	-11.5%
	-0.3%

	
	
	
	
	
	
	
	
	


Note: Table shows spatial demand model forecasts of the cumulative demand change from the 2001 base period for each group of flows.
Table 4:
The Influence of Economic and Demographic Change on Rail Demand by Flow Type

	
	
	
	
	
	
	
	
	

	Change in Rail Demand due to a 2% p.a. increase in Household Income

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	18.7%
	24.4%
	13.2%
	4.3%
	10.1%
	12.8%
	7.5%
	12.4%

	2011
	38.4%
	59.2%
	26.8%
	9.9%
	22.3%
	28.1%
	16.2%
	27.7%

	2016
	67.0%
	103.1%
	46.0%
	15.7%
	36.1%
	44.4%
	25.2%
	46.1%

	2021
	95.2%
	160.4%
	64.4%
	22.6%
	51.5%
	62.9%
	35.1%
	67.4%

	2026
	127.6%
	234.5%
	85.0%
	30.0%
	68.2%
	83.1%
	45.6%
	92.5%

	2031
	161.0%
	327.6%
	105.7%
	38.2%
	86.3%
	105.1%
	56.6%
	121.2%

	Change in Rail Demand due a 2% p.a. increase in Household Income and 

Changes to Population, Employment and Car Ownership

	Year
	LTRC
	RCTL
	LSE
	SEL
	WSE
	NLLD
	NLSD
	All

	2001
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2006
	22.4%
	23.5%
	17.2%
	8.7%
	11.2%
	9.7%
	5.3%
	12.8%

	2011
	45.4%
	57.4%
	34.6%
	18.4%
	25.2%
	22.3%
	12.4%
	28.6%

	2016
	82.3%
	99.4%
	60.2%
	28.5%
	39.5%
	34.9%
	18.1%
	47.5%

	2021
	116.4%
	154.1%
	83.5%
	37.5%
	55.7%
	49.8%
	25.4%
	68.5%

	2026
	155.4%
	223.7%
	108.8%
	45.5%
	71.6%
	65.6%
	32.5%
	92.3%

	2031
	193.1%
	309.4%
	131.5%
	52.0%
	87.2%
	82.4%
	39.4%
	118.0%

	
	
	
	
	
	
	
	
	


Note: Table shows spatial demand model forecasts of the cumulative demand change from the 2001 base period for each group of flows.
Table 5:
External Factors (Year 2005=100)
	
	
	Year

	
	
	2005
	2015
	2025
	2035

	Gross Value Added (GVA)

	London
	Low case
	100
	131
	161
	192

	
	Central case
	100
	128
	164
	209

	
	High case
	100
	134
	180
	242

	South East England
	Low case
	100
	128
	156
	184

	
	Central case
	100
	128
	164
	209

	
	High case
	100
	134
	180
	242

	Rest of Great Britain
	Low case
	100
	121
	142
	164

	
	Central case
	100
	128
	164
	209

	
	High case
	100
	134
	180
	242

	Employment

	London
	Low case
	100
	108
	114
	116

	
	Central case
	100
	106
	115
	124

	
	High case
	100
	108
	117
	127

	South East England
	Low case
	100
	105
	111
	112

	
	Central case
	100
	105
	113
	123

	
	High case
	100
	107
	116
	126

	Rest of Great Britain
	Low case
	100
	103
	105
	105

	
	Central case
	100
	107
	116
	125

	
	High case
	100
	109
	119
	128

	Population

	London
	Low case
	100
	106
	109
	110

	
	Central case
	100
	106
	113
	116

	
	High case
	100
	107
	114
	118

	South East England
	Low case
	100
	106
	110
	113

	
	Central case
	100
	106
	111
	114

	
	High case
	100
	106
	113
	117

	Rest of Great Britain
	Low case
	100
	102
	105
	106

	
	Central case
	100
	103
	106
	108

	
	High case
	100
	104
	108
	111

	Non- Car Ownership

	London
	Low case
	100
	103
	104
	99

	
	Central case
	100
	103
	103
	98

	
	High case
	100
	102
	102
	96

	South East England
	Low case
	100
	98
	95
	84

	
	Central case
	100
	98
	94
	83

	
	High case
	100
	98
	93
	81

	Rest of Great Britain
	Low case
	100
	94
	86
	74

	
	Central case
	100
	93
	84
	72

	
	High case
	100
	92
	83
	70


Table 6:
Rail Strategies (Year 2005=100)
	
	
	Year

	
	
	2005
	2015
	2025
	2035

	Rail Fares

	Full
	Low case
	100
	100
	100
	100

	
	Central case
	100
	116
	135
	156

	
	High case
	100
	148
	219
	324

	

	Reduced
	Low case
	100
	74
	54
	40

	
	Central case
	100
	95
	90
	86

	
	High case
	100
	122
	149
	181

	

	Season
	Low case
	100
	74
	54
	40

	
	Central case
	100
	95
	90
	86

	
	High case
	100
	122
	149
	181

	Rail Journey Times

	All Flows
	Low case
	100
	100
	100
	100

	
	Central case
	100
	96
	96
	96

	
	High case
	100
	93
	85
	78


Table 7:
Cross Modal Competition (Year 2005=100)
	
	
	Year

	
	
	2005
	2015
	2025
	2035

	Car Journey Times

	London
	Low case
	100
	112.7
	121.4
	128.2

	
	Central case
	100
	112.7
	100.8
	106.3

	
	High case
	100
	112.7
	98.4
	103.9

	

	South East England
	Low case
	100
	103.0
	105.2
	105.6

	
	Central case
	100
	103.0
	104.0
	106.3

	
	High case
	100
	103.0
	103.8
	105.0

	

	Rest of Great Britain
	Low case
	100
	103.0
	104.6
	105.6

	
	Central case
	100
	103.0
	105.0
	106.1

	
	High case
	100
	103.0
	103.9
	104.9

	Car Operating Costs

	All areas
	Low case
	100
	95.6
	91.4
	87.3

	
	Central case
	100
	95.6
	127.9
	122.3

	
	High case
	100
	95.6
	164.5
	157.2


Table 8:
Selected Strategies and Scenarios (2005=100)
	Economy
	Fare
	GJT
	Road Pricing
	2010
	2015
	2020
	2025
	2030
	2035

	High
	Central
	Central
	Central
	127
	151
	175
	212
	255
	306

	Central
	Central
	Central
	Central
	123
	142
	159
	186
	216
	250

	Low
	Central
	Central
	Central
	122
	140
	152
	170
	185
	202

	
	
	
	
	
	
	
	
	
	

	Central
	High
	Central
	Central
	110
	114
	114
	118
	122
	125

	Central
	Central
	Central
	Central
	123
	142
	159
	186
	216
	250

	Central
	Low
	Central
	Central
	133
	154
	172
	198
	226
	256

	
	
	
	
	
	
	
	
	
	

	Central
	Central
	High
	Central
	123
	147
	171
	206
	248
	296

	Central
	Central
	Central
	Central
	123
	142
	159
	186
	216
	250

	Central
	Central
	Low
	Central
	118
	136
	153
	179
	208
	240

	
	
	
	
	
	
	
	
	
	

	Central
	Central
	Central
	High
	123
	142
	172
	200
	233
	268

	Central
	Central
	Central
	Central
	123
	142
	159
	186
	216
	250

	Central
	Central
	Central
	Low
	123
	142
	166
	193
	224
	259


Source: Strategic Model Forecasts 
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Figure 1:
Modelling Framework

Figure 2:
London to Rest of the Country 



Figure 3:
Rest of the Country to London
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Figure 4:
London to South East 




Figure 5:
South East to London
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Figure 6:
Within South East





Figure 7:
Non-London Long Distance
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Figure 8:
Non-London Short Distance



Figure 9:
Overall Demand
Strategies & Scenarios
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