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ABSTRACT 
Scottish Ministers now have responsibility for the strategic development of rail in Scotland, including the regulation of fares. The purpose of the research reported here was to review the evidence base that could underpin fares regulation, to identify gaps in that evidence and to identify how these gaps might be addressed.  A literature review and fresh econometric analysis were conducted and the contributions that aggregate econometric and disaggregate choice modelling might make to a better understanding of fare elasticities were identified.  These formed the basis of recommendations for further policy-oriented research.
1.
INTRODUCTION

1.1
Background

Scottish Ministers now have responsibility for the strategic development of rail in Scotland and hence their objectives, including the regulation of fares, are not necessarily those that prevailed at the Strategic Rail Authority (SRA). Transport Scotland recognises that to optimise the range, level and complexity of fares with respect to Scottish circumstances, policy decisions need a firm basis in sound evidence. This not only requires that deficiencies in existing evidence and data are addressed but that best use is made of the data and demand evidence that is available. In particular, the Passenger Demand Forecasting Handbook (PDFH), which has long been the industry standard for demand forecasting, provides little or no guidance specific to Scottish circumstances. Moreover, Transport Scotland is now in a position to make a ‘fresh start’ and is not bound by the conventions and practices of PDFH or previous regulatory frameworks. 
The current regulatory framework, developed under the SRA’s ‘Fares Review’ (SRA, 2003), aims to provide a system to protect passengers from monopoly exploitation, generate revenue, foster product innovation and minimise administration. This system involves the specification of fares baskets for key markets with increases ‘capped’ at RPI+1 in January 2004 and cumulatively each year thereafter. Operators have some flexibility to adjust individual fares within their fares basket by more or less than the average increase for the basket, as long as the value of the fares basket as a whole does not exceed the cap and increase in any one individual fare within that basket is not more than 6% above the rate of inflation.   

Around 40% of rail revenue in Great Britain comes from fares which are regulated. Suburban services around Edinburgh have since privatisation been subject to the same regulatory framework as commuter flows in the South East of England whilst the Strathclyde Passenger Transport Executive has specified fares within this region. However, the outcome of the SRA’s Fares Review (SRA, 2003) was that future fares policy applies to all franchises except Scotrail which will be the subject of separate agreements with the Scottish Executive.

Fares which are unregulated and set according to commercial considerations include all first class fares, off-peak cheap day return fares, long distance open and advance purchase fares, promotional fares and fares which did not exist in February 2003. 

In 2004, the SRA’s view was that the existing fares regulation was constraining demand management and stifling innovation. Services to key conurbations were experiencing severe overcrowding in the peak period. There was a feeling that Saver fares were being held too low, resulting in overcrowding on the first available off-peak services and limited scope for differential pricing of pre-booked tickets. The outcomes of the most recent investigation into fares regulation by SRA has not yet worked through, although in any event the policy for Scotland is now in the hands of the Transport Scotland.
1.2
Objectives
The primary aims of the research reported in this paper were: to critically review the available fares evidence in Scotland; to identify gaps in the evidence base; to provide recommendations for addressing these gaps; and to conduct a limited amount of fresh econometric analysis of rail travel demand. 
1.3
Structure 

The structure of this document is as follows. Section 2 provides a summary of a review of existing fare elasticity evidence. We then consider in section 3 how the conventional elasticity based approach might provide insights into competition between tickets relevant to fares regulation. Section 4 considers the contribution that disaggregate choice modelling might make to informing fares regulation whilst section 5 presents the results of some fresh econometric analysis of rail demand in Scotland. Concluding remarks and recommendations are provided in section 6.  
2.
REVIEW OF FARES ELASTICITY EVIDENCE
2.1
Background: PDFH Recommendations
The PDFH contains a demand forecasting framework and set of recommended parameters, usually in the form of elasticities, which were the standard forecasting procedure within British Rail and which continue to be widely used in the rail industry.   

PDFH adopts an incremental procedure based on changes to base demand. We are here only concerned with fares, but the framework also covers timetable related service quality and external factors in the same incremental manner.  The framework for fare is:
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The proportionate change in the volume (V) of demand between the forecast (f) and base (b) situation is a function of the proportionate change in fare (P) and the appropriate fare elasticity (p). PDFH contains a series of recommended elasticities, split by ticket type and purpose. Those relevant to Scottish flows are set out in Table 1 below. 
TABLE 1 HERE
These elasticities are explicitly specified to be long run, although there is a degree of uncertainty as to what the long run is but with a best estimate of around a year.  
Another source of evidence, although not having ‘official’ status within the rail industry and also restricted to suburban services, is the ‘Demand for Public Transport: A Practical Guide’ (Balcombe et al., 2004), an update of what was widely known as the ‘Black Book’ (Bly and Webster, 1980). Relevant recommendations are reproduced in Table 2.

TABLE 2 HERE
Both these documents provide significant reviews of fare elasticity and other demand related evidence but neither provides Scottish specific elasticities. 

Conditions in Scotland may be such that there is divergence from the PDFH recommended elasticities which are based on evidence largely for flows elsewhere in Great Britain. Contributory factors could include variations in fare levels,  travellers’ perceptions regarding ‘value for money’ in terms of fare per mile charged, different competitive environments, different levels of rail service quality, and different journey purpose mixes. For example, we would expect fare elasticities to be lower (higher) where rail is in a stronger (weaker) position. In some locations Scotland has relatively low levels of car ownership, which might be expected to lead to lower than average elasticities, but offsetting this is the strong competition from coach, particularly in the central belt, which will tend to inflate rail fare elasticities. Rural lines with their unique characteristics are more common in Scotland whilst value for money indicators, such as pence per mile, will vary within Scotland and between Scotland and elsewhere. 

2.2
Review of Scottish Fare Elasticity Evidence

Ideally, we would like to arrive at representative fare elasticities for Scottish flows in much the same way as PDFH provides recommended fare elasticities for broad categories of flow across Great Britain. We reviewed nine studies available to us which provided evidence on fares elasticities in Scotland. 

We are unfortunately forced to conclude that the evidence is so diverse that we are unable to arrive at a recommended set of elasticities with any great confidence. For example, Stark (1983) obtained fare elasticities for suburban journeys of less than -0.5 but in contrast NERA (1999) reported long run values around twice as high. 

Matters are little better for inter-urban trips. Oscar Faber TPA (1993) study obtained a fare elasticity of -0.5, admittedly without any generation effect, whilst Phillips (1987) estimated a value of -0.34 for Glasgow to Edinburgh. The AEAT (1999) ticket type elasticity estimates imply an overall elasticity of -0.8 and Phillips (1987) also reports elasticities of -0.85 and -0.96 for inter-urban trips. In NERA (1999) the long run fare elasticity varied between -0.58 and -1.43  and in OXERA (2004) it is -1.17.

If anything, the evidence for inter-urban non-season tickets would indicate that the fare elasticity in Scotland is less than the -1.0 recommended in PDFH. A figure of -0.8 would seem more appropriate as a central estimate, although it is clear that there is considerable unexplained elasticity variation across routes. 
Looking at this relativity with PDFH in more direct empirical detail, NERA (1999) and further investigation of our fare elasticity meta-data set (Wardman and Shires, 2004) indicated that for suburban flows the fare elasticity is lower in Scotland. However, NERA (1999) and Phillips (1987) suggest no difference between Scottish and other fare elasticities for inter-urban trips whilst other studies (AEAT, 1999; OXERA, 2004;Oxford Research Agency, 1988, 1990) indicate the Scottish elasticities to be higher. 

We cannot draw firm conclusions from the available fares elasticity evidence, which in itself indicates that fresh econometric research is warranted, but we also note that over and above this deficiency much of the literature is somewhat dated.  

3.
COMPETITION BETWEEN TICKETS:  CROSS ELASTICITY APPROACHES
Appraising the impact of fares regulation requires knowledge of the elasticities specific to regulated tickets and of the cross-elasticities between tickets that denote the degree of competition between them. We are only aware of one study that has successfully estimated consistent cross-elasticities between ticket type (Wardman and Toner, 2003). However, this was only for inter-urban London based routes which are very much different in nature to Scottish flows. We would expect the cross-elasticities between ticket types to very much depend upon, amongst other things, the market share of different tickets. Not only are these very different in Scotland than for London based inter-urban flows, the range of tickets offered is different.

Flowing from this work, a means of deducing cross-elasticities between tickets specific to ‘local’ circumstances was developed. Indeed, it was adopted for use in the most recent PDFH update (ATOC, 2005). Suppose we have four generic ticket types of:
· First class tickets, which allow travel on this premium product at anytime and can be bought at anytime;

· Standard class full fare tickets, where travel is allowed at anytime and the tickets can be bought at anytime;

· Standard reduced fare tickets, which place restrictions on the time of travel but which can be bought at anytime;

· Standard class Apex tickets, which allow travel only on specified trains and which must be purchased in advance. Their availability is quota controlled.

We can specify a system of demand equations as follows:
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    (2.4)
V denotes the volume of demand for each of first (1), full (F) reduced (R) and Apex (A) tickets which are a function of their own fares (P) and the fares of the other tickets. Terms other than fare are ignored. A series of own (fxx) and cross (fxy) elasticities need to be known, and PDFH provides guidance on deriving these. Q is the quota of Apex tickets available. The demand for each non-Apex ticket will also depend upon the Apex quota and hence be a function (h) of the volume of Apex sales (VA)

We can deduce all the parameters of the above system of equations from information on the conditional elasticities of each ticket and the relationship between own and cross-elasticities (Toner et al. 2001). The approach readily extends to any number of tickets. The sum of own elasticities equates to the conditional elasticity. In addition, the cross-elasticity of ticket type i with respect to the price of ticket j can be deduced from the own price elasticity of demand for ticket j (fjj), the relative share of the two tickets (Vj/Vi) and what is termed the diversion factor ((ji) which denotes the proportion of those who divert from ticket j to ticket i when ticket j becomes unacceptable (Dodgson, 1986): 
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This system can be used in a strategic fashion to inform regulatory decisions Indeed, it was used to model competition between the various tickets offered by each TOC in work for the SRA that underpinned its most recent Fares Review (SRA, 2003). 

We here reproduce the estimates relating to the Scotrail franchise as a whole. In the case of Scottish inter-urban flows with the full set of tickets, the conditional elasticities used are set out in Table 3. These were based on PDFH guidance. 
TABLE 3 HERE
The diversion factors used are given in Table 4. These were obtained from a survey undertaken in research supporting the SRA fares review (Jacobs Consultancy, 2003), although they do not cover Scottish flows.

TABLE 4 HERE
Table 5 lists the deduced own and cross elasticities for Scottish flows. We would expect in particular the cross elasticities to vary across different flows as the market share of different tickets varies. 

TABLE 5 HERE
While the above table is certainly more useful for developing fares regulation in Scotland than a Great Britain wide set of elasticities, the very nature of the aggregation used means that the differences between routes serving different markets are subsumed within the national average.

Tables 6 and 7 therefore extend the previous analysis and demonstrates how detailed information on ticket sales on different routes can be used to generate matrices of elasticities according to route or, perhaps more robustly, flow type (that is, urban, rural, interurban). This new approach clearly shows that different types of route have different cross elasticities between ticket types. Essentially, the willingness of consumers to switch from one ticket to another as relative (and absolute) attractiveness changes varies according to the market served. Thus the impact of changes in regulation will also vary in different markets according to the different elasticities.  
TABLE 6 HERE
TABLE 7 HERE
It can clearly be seen that the share of particular tickets influences the own and cross elasticities. Comparing the Standard Full own elasticities in Tables 6 and 7, we see the own fare elasticity diminishing as market share rises (-4.85 in Table 6 with market share 4.8%; -1.37 in Table 7 with market share 21.1%). Likewise, as First Class non-season falls from a 3.3% market share to a 0.9% market share, so its own elasticity and the associated cross elasticities with respect to the prices of other tickets increase in magnitude. This is to be expected, but it does give some very large ticket-specific own and cross elasticities as market shares get very small. These may be quite unlike anything seen before, but there is no cause for alarm: an extremely large own elasticity, such as -7.38 for 1st non-seasons in Table 7, is offset by similarly large cross elasticities of 3.00 (standard full) and 3.88 (standard reduced).

If more localised elasticities and/or diversion factors are available or become available through future work, then the demonstrations above can be turned into actual estimates of elasticities for different contexts.

4.
STRATEGIC FARE FORECASTING MODELS: CONTRIBUTION OF DISAGGREGATE APPROACHES
4.1
Analysis of Ticket Choice

We have considered how an aggregate approach based around elasticities could be used to provide evidence which informs decision making relating to fares regulation. There is an alternative strand of research which is based around the analysis of the choices individuals make which can also make a useful contribution.
Although they can be applied in forecasting at an aggregate level (typically when conducting strategic forecasting) it is possible to examine travel choices in considerable detail at the individual level. The parameters of such disaggregate models are obtained from analysis of individuals’ discrete choices without any aggregation to collective behaviour at the analysis stage. 

Disaggregate approaches have a number of attractions. They are based on the analysis of choices and so are a natural means of examining competition which is of fundamental importance to fares regulation. Detailed analysis of the impacts of factors such as journey purpose and a wide range of socio-economic variables is possible because the analysis is conducted at the individual level and choice behaviour can be related to these key intervening influences. Disaggregate methods also open up new modelling opportunities since data on actual and hypothetical choices can be collected with the specific purpose of modelling competition between tickets. In particular, the latter approach based around Stated Preference (SP) data has a number of attractions since it can handle new tickets, change the characteristics of existing tickets in a fashion that informs policy, avoid the undesirable statistical properties of actual choice data and collect more data per person. 

A number of different choice contexts have been examined in Great Britain which provides evidence on competition between tickets. Much of this investigation has been driven by the desire to increase revenue through price discrimination and market segmentation on the part of train operating companies and prior to that the passenger sectors of British Rail. However, a further stimulus was provided by the prospect of on-track competition in the early and mid 1990’s. 

The prospect of on-track competition was a stimulus to SP studies which examined the choices between different operators generally offering a degree of price competition (MVA, 1992; SDG, 1993). Route, and hence indirectly operator, choice has been examined using revealed preference approaches (Rail Operational Research, 1995) based around the possibilities of travelling via London or cross-country. Two related studies examined competition between ‘lead’ and ‘minor’ operators. Accent and HCG (1996) offered an SP experiment between the lead operator who offered an inter-available ticket and a minor operator who offered a reduced fare but with a restricted number of trains. Journey times, departure times and crowding also differed. A similar piece of work, albeit at a more aggregate level, was conducted by AEAT (1999a, 1999b) based on analysis of CAPRI ticket sales data where actual competition between operators existed. The logit model developed is offered in PDFH as a means of forecasting the impact of differential pricing between operators.  Notably, this work indicated that the SP based research of Accent and HCG (1996) tended to over-predict the actual propensity of travellers to switch to the cheaper but lower quality operator. 
Whilst these studies examined competition between operators who offer different fares, and provides some very useful insights into the influence of differential fares on the purchase of operator specific tickets, they did not look at the ticket choices relevant to regulatory authorities which overwhelmingly relate to the range of fares offered by a single ‘monopolist’ operator. 

There have been more detailed studies which have examined choices between a single operator’s different tickets. As far as we are aware the first attempt to model competition between tickets, either a range of operator specific tickets or the tickets offered by different operators, and in this case it was the former, was the SPARROW model (Rail Operational Research, 1987). This was subsequently developed into the MERLIN model (Hood, 1997). However, no fresh quantitative research was conducted to populate the models and instead parameters recommended in PDFH were adopted. 

We are aware of a few studies which have examined competition between different ticket types using choice models specifically calibrated for this purpose to SP data, RP data or both. No doubt there have been such studies conducted by consultants on behalf of train operating companies that are not in the public domain, and we are aware of some. The discussion below is based on those studies available to us, but we do not believe that they are unrepresentative of the approach generally adopted in this area. 

Rail Operational Research (1996) developed an SP based model to explain rail travellers’ choices between their current ticket and a new but more restricted and cheaper ticket as a function of the fare of the two tickets and the displacement time on both the outward and return legs of the journey. As part of a study investigating rail privatisation, Whelan et al. (1997) report the development of RP and SP models which examined the choice of class of travel, ticket type and departure time. The upper nest in the hierarchical model related to the choice of whether a rail journey was made or not. Standard fare elasticities were used in this process of allowing the rail market to  expand or contract in response to fare variations. An innovation in this study, along with the Rail Operational Research (1996) study of the same period, was the recognition that considerations relating to the return leg of the journey are important in ticket choice, an issue that previous modelling of this type had tended to overlook and indeed transport modelling in general is based on one leg of the journey. 

Modelling of ticket choice was undertaken by Whelan et al. (2005) specifically for the purpose of informing SRA’s fares regulation. MNL models relating to six ticket types were estimated to the SP data. It is not based on a network or a corridor but instead deals with a sample of individual traveller’s making decisions relating to class of travel, ticket type and departure time. Each of 1000 business travellers, leisure travellers and commuters with typical distribution of desired departure times are assumed to make a choice between travelling by the six rail tickets or not travelling by train. The latter dimension is driven by PDFH fare elasticities. This is represented by a hierarchical logit model of the form set out in Figure 1.
FIGURE 1 HERE
This model structure allows the overall size of the rail market to expand or contract in response to changes in fare levels and ticketing restrictions and then allocates this demand level between the range of tickets on offer. Segmentation by journey purpose allows for key differences in behavioural responses. 

It should be pointed out that there is nothing particularly unique about this model. It was developed around the available SP parameters as a spreadsheet forecasting tool in a few days. The important feature is its functionality, in that it is purpose designed to examine ticket choice to inform fares regulation and indeed to support commercial decision making. As a result, it possesses a number of advantages, in general, over other forecasting tools: 

· The model does not allocate individuals to trains, only to tickets. Hence it is far quicker to run than models which allocate individuals to trains. The fact that it is not based on a network also greatly assists in run times and its usefulness as a strategic forecasting tool. However, if crowding issues become relevant then some account of train loading is needed.

· The model takes into account the preferences and restrictions on both legs of the journey, which is critical to decision making, and allows the market to grow or contract in response to changes in fares and restrictions. The latter feature can prove important to the evaluation of a regulatory policy or fares proposal. New tickets can be added and existing ones amended or even removed. 
· The forecasting is based on a representative sample of individuals and uses a sample enumeration process. It therefore avoids the aggregation bias involved in forecasting with logit models at an aggregate level. 

· Since the forecasting deals with individuals rather than the whole market, it is possible in principle to allow for widely different propensities to switch times to save money across individuals. Forecasting at an aggregate level can only deal in averages and this will clearly be misleading if some tickets are aimed at distinct market segments.

· Forecasting with the MNL model on a sample enumeration basis overcomes the independence of irrelevant alternatives property of using the MNL model at an aggregate level. As a consequence of individuals having different utilities for the different alternatives, the cross elasticities will not be the same.

· The model estimates consumer surplus at the individual level and adds these up rather then using the rule of a half. Thus it provides a more exact estimate of consumer surplus and also one that avoids the aggregation bias of more aggregate approaches. 

4.2
Demonstration of Strategic Forecasting Model
In this section we demonstrate the application of the Strategic Fares Forecasting Model to specific circumstances in the Scottish context. 

The first step in the application of the strategic model is that of calibration. The purpose of this stage is to estimate constant terms for each ticket type to ensure that the model can replicate the base market shares of each ticket. This is the purpose of constants in statistically estimated models and it makes sense that the model is able to replicate the current position. The other purpose is to scale the model so that it allows the overall rail market to increase or fall in line with whatever are deemed to be the most appropriate fare elasticities for each market segment. 

We report the application of the strategic fares model to trips between Glasgow and Edinburgh. The results are based on a number of simplifying assumptions and are therefore intended to be viewed as illustrative rather than definitive. 
The model is applied to 5 alternative regulatory scenarios, detailed below. For each scenario the model is ‘optimised’ to generate the revenue maximising set of fares under the relevant constraints. For each revenue maximising solution we look at the distribution of demand across ticket types, and changes to revenue, demand and consumer surplus. The change in consumer surplus includes changes in welfare brought about by changes to the utility of rail travel (including overcrowding) but it does not take account of changes to external factors such as road congestion, accident savings and environmental impacts. The measure of the change in welfare is the un-weighted sum of the estimated change in revenue and the change in consumer surplus.
Base input assumptions regarding demand, revenue, fares (for 10 products) and market shares were provided by First ScotRail with the market fare elasticities by journey purpose based around those estimated in this study and reported in section 5. These data are shown in Table 8. Additional assumptions regarding passenger departure time profiles were taken from industry databases and assumptions on passengers’ ticket attribute preferences drawn from the SRA Fares Regulation Study (Whelan et al., 2005). Detailed output for each model run is provided in Wardman et al. (2006). 
Scenario 1

All Standard Class products are regulated with the fares basket constrained to a 1% real increase with individual products constrained to less than 6% real increase. Under these constraints the revenue optimising set of fares includes a 6% increase to Standard Single, Standard Day Return and Standard Cheap Day Return products, accompanied by significant reductions to Cheap Day Single (26.5%) and Standard Flexitime (14.2%) tickets. Total demand increases by 2.4% and total revenue increases by 2%. As a result of significant fare reduction consumers are also estimated to be significantly better off.
TABLE 8 HERE
Scenario 2

As Scenario 1 but with individual products restricted to increases less than 3%. The revenue maximising set of fares generated under scenario 2 are very similar to those shown in scenario 1. Standard Single, Standard Day Return and Standard Cheap Day Return are all shown to increase by the maximum percentage permitted, with significant reductions to Standard Cheap Day Single and Standard Flexitime. There is an increase to demand of 4.1% and an increase in revenue of 1.5%. Consumers are shown to be better off than under scenario 1 due to overall fare reductions. 
Scenario 3
Scenario 3 shows a situation in which Standard Season Tickets only are regulated to a maximum increase of 3%. To maximise revenues under these constraints, fares should increase for Standard Single, Standard Day Return, Standard Cheap Day Return and Season (3%), with reductions to Standard Cheap Day Single and Standard Flexitime which appear to be currently over-priced. Details are provided in Table A3 in Appendix 1.
Scenario 4

Scenario 4 shows the unregulated revenue maximising situation. Under these conditions the operator can increase revenue by 3.9% but this is at the cost of a 10.5% reduction in demand and a large reduction in consumer surplus and overall welfare. In the deregulated market, Standard Cheap Day Single and Standard Flexitime are shown to be currently over-priced with all other products being under-priced relative to their revenue maximising levels. 
Scenario 5

Scenario 5 shows the welfare maximising set of fares subject to operator revenue remaining as now. This scenario show that benefits to consumers amounting to £6M per year can be obtained by resetting fares in a revenue neutral way. This tariff would also generate an increase in demand by 15.8%.  This scenario would lead to large discounts to Standard Cheap Day Singles, Standard Seasons and Standard Flexipasses with offsetting increases to Standard Day and Standard Cheap Day Returns. 
We have demonstrated the application of a spreadsheet forecasting tool which allows detailed but very quick analysis of various regulatory regimes and fare setting strategies. The method does not simply identify the revenue and welfare consequences of a specific action, but optimises to find the revenue or welfare maximising set of fares within a given set of regulatory constraints or operator objectives.  
The revenue optimising mix of fares under different regulatory constraints has been shown to vary considerably whilst the welfare implications also vary across the different scenarios. The model also in this instance demonstrates that significant benefits to consumers can be achieved by rearranging fares in a revenue neutral fashion. 
It is clear from this illustration that a model of this type could be of considerable assistance to Transport Scotland in identifying its preferred regulatory position. However, the results are dependent upon demand parameters obtained in conditions other than those prevailing in Scotland and indeed they will vary across different routes. 

5.
FRESH ECONOMETRIC EVIDENCE

The aims of the econometric analysis of ticket sales were to provide new empirical evidence to fill identified gaps in knowledge, particularly in the Scottish context; and to address common shortcomings of previous fares research. PDFH does not distinguish Scottish specific elasticities. Ideally, it is not simply a matter of identifying whether Scottish fare elasticities are different, but to develop models which account for differences according to journey length, type of flow, some measure of the ‘value for money’ of fares (either in terms of pence per mile or the fare charged given the level of service quality offered) and the strength of competition from other modes. The estimation of dynamic models, which explicitly distinguish the short and long run responses and identify the time taken to reach the long run, is also an important issue. Much previous research fails to make such distinctions and PDFH is weak in this area

5.1 Data Assembly
Ticket sales data was extracted from the LENNON/CAPRI system by Transport Scotland. It covered four weekly periods from 1994 period 1 (April) to 2004 period 5 (August). Data was aggregated into first, full, reduced, Apex and season ticket categories.
The full data set covered 1190 flows amongst the 35 Scottish zones. However, some of these flows contain very few observations whilst some zones, such as the Far North zone, are geographically very dispersed. Thus there is a great deal of averaging involving in representing both the fare and service quality relating to such zones.

We selected 128 flows for analysis, essentially consisting of key flows into Glasgow and Edinburgh and other flows between reasonably well contained zones. Thus a maximum of 17280 observations are available for analysis. 

For season tickets, we only had employment data for Edinburgh and Glasgow and hence the analysis of season ticket demand is based on trips into these two cities. Nonetheless, the 37 flows represent the vast majority of commuting trips in Scotland. 
.

The data set consisted of revenue and volume, from which revenue per trip (fare) is deduced, generalised journey time (GJT) representing timetable related service quality as a whole, Scottish GVA, employment and distance. The data has been converted to real prices with 1994 period 1 as the base. Car ownership data was not included in this data set since a consistent series for the earlier years was not available at local level. Given that this data relates to zone-to-zone flows rather than point-to-point flows, we did not import the car journey time data given that it is not such a precise indicator of car competition at this more aggregated level. 
First Scotrail provided a detailed list of events that would have impacted on rail demand, along with the time period in which they occurred, the routes concerned and the duration of the impact.

5.2 
Modelling Approach

The basic model posits that the volume of journeys (V) in each period t is determined by fare, GJT and GVA (or employment in the case of season tickets). We assume a constant-elasticity specification, so that all variables are in logarithmic form. This relationship need not be purely contemporaneous: the response of demand to changes in the explanatory variables may occur slowly over time, so that demand is affected not only by current fares, GJT and GVA but also by their previous values. The way, and extent to which, past values influence current behaviour defines the dynamic specification of the model. A very general form is provided by an autoregressive distributed lag (ADL) model, which includes a number of both lagged dependent variables and lagged explanatory variables:
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where i, j, k and l are the numbers of lags of the respective variables, X are other explanatory variables included in the model and ( is an error term. The model was first estimated with a large number of lags (13) and those which were not significant were successively omitted, to arrive at the final specification. This procedure was applied to the point-to-point data and resulted in the following dynamic specification:
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The occurrence of the 13th lag of the dependent variable is not surprising with 13 period data and reflects the high degree of autocorrelation of the dependent variable on an annual level.  As will be shown below, this lagged variable is highly significant in all cases.  The fare elasticities based on this model are as follows:
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If the dependent variable in equation 5.1 is non-stationary, estimates of the parameters may be inconsistent and normal significance tests will be misleading. For this reason, stationarity was tested using various panel unit root tests (Levin, Lin & Chu, Im, Pesaran and Shin, Breitung and ADF) and in no case could stationarity be rejected. Thus estimation of model 4 is valid.

Since the model is estimated with a combination of time-series and cross-section data (or a ‘panel’ of flows over time) we have a set of T equations as in equation 4 for each flow.  To allow for differences between flows which are not captured by the explanatory variables, a separate intercept is specified for each flow so that the resulting model is a ‘fixed-effects’ formulation. In addition, in order to adjust for seasonal variation in the dependent variable over the 13 periods, dummy variables are specified for all but one period. In general, most of these are found to be significant. Finally, about 50 dummy variables are included to account for the ‘one-off’ events and disruptions that are thought to affect rail travel, some for all flows and others only for specific flows. Dummies which resulted in coefficients with signs opposite to that expected were deleted. 

Various hypotheses concerning the relationship of the fare elasticity to various factors is examined by including these factors in interaction terms with the fare variables. For example, 
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allows the fare elasticity to vary with distance according to the linear relationship below
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However, the relationship can be specified in various ways, for example, by expressing distance in log form. The influence of other factors on the fare elasticities can be examined in an equivalent fashion. 

5.3
Results Non-Seasons

In addition to the dynamic specification, we have examined whether the fare elasticity varies with distance, flow type, fare per mile (FPM) charged and GJT per mile (GJTPM). We might expect the fare elasticity to be higher where FPM is higher and GJTPM is higher. The fare variables specified were:

· Fare for short distance trips less than 20 miles

· Incremental effects for short trips to Edinburgh, to Glasgow, from Edinburgh and from Glasgow

· FPM and GJTPM effects for short distance trips

· Fare for longer distance trips over 20 miles

· Incremental effects for longer distance trips to Edinburgh, to Glasgow, from Edinburgh and from Glasgow

· Distance effect for longer distance trips  

· FPM and GJTPM effects for longer distance trips

Statistically significant and correct sign coefficients were retained. Outlier observations, defined as those with a standardised residual in excess of 2, were removed. The model for non-season tickets is reported in Table 9. 
TABLE 9 HERE
The distance effect was extremely small and statistically insignificant. A 100 miles journey would only add 0.05 to the fare elasticity. FPM had the correct negative sign but was fare from significant whilst when this was split into a short and long distance effect the latter was wrong sign. There were no discernible effects from GJTPM on the fare elasticity for short distance trips, long distance trips or both combined.
The base fare elasticity for short trips (-0.743) is lower than that for longer distance trips (-0.832). However, there are a number of incremental effects which will in some instances inflate the short distance fare elasticity. Short distance trips originating or particularly terminating in Glasgow are higher. This could be the result of strong competition from pre-paid SPT tickets which are not included in the data set. However, the fare elasticity is also larger for short distance trips originating or destinating in Edinburgh. It is not entirely clear why this is so, but intense competition from bus operators might be a contributory factor.

For longer distance trips, the fare elasticity is slightly lower when the origin is Edinburgh or Glasgow. This might be because services from these locations tend to be relatively good or because relatively price insensitive business travel forms a larger proportion of trips on these flows.     

The estimated GVA and GJT elasticities are reasonable. We did not, however, examine whether these vary with, for example, distance or flow type since the emphasis of this study is on fare elasticities and their variation. 

We can calculate the 1 period, 1 year and long run elasticities implied by these coefficient estimates. These are given in Table 10. There are large elasticities for short distance trips to and from Edinburgh and Glasgow. The elasticities for other short distance flows and the longer distance flows seem highly plausible. 
The difference between the short run and long run elasticities is much larger for short-distance trips than for long distance trips, but the time to long run is about 3 years in both cases, since this is constrained to be equal in the model estimated (the coefficients of the lagged dependent variables are the same). Regarding the elasticities with respect to the other variables, the GJT elasticity is of a reasonable order of magnitude and smaller than the fare elasticity while the GVA elasticity is rather large than one. 
TABLE 10 HERE
5.4
Results for Season Tickets
The data set for seasons is much more limited since over longer distances there are no season ticket sales and even over medium distances there are no sales when there are no large centres of employment. 

The model was estimated to only those 26 flows (15 to Glasgow and 11 to Edinburgh) where there were sales of season tickets in all 135 periods. This yields 3510 observations. Again outlier observations were removed whilst similar analysis of elasticity variation was conducted as for non-season tickets. .  

No effect was present from GJTPM. Nor was any distance effect apparent other than the distinction between short and long distance trips. When we distinguished trips to Glasgow, the results were not at all plausible. Glasgow fare elasticities would be large and positive whilst Edinburgh fare elasticities would be very large and negative. We did not retain this distinction. 

The only effect we could discern was from FPM. However, we cannot include both the fare and FPM in the model since the former was positive implying wrong sign fare elasticities when FPM is low. This result is due to the large correlation between fare and fare per mile. 

Table 11 therefore reports the results for the FPM model since this was marginally superior. It distinguishes between short and longer distances. 
TABLE 11 HERE
Both the FPM for short distance and for longer distance have been lagged one period. The lagged dependent variables are the correct sign and all the lagged terms are significant.
Regarding the Employment and GJT elasticities, the long run employment elasticities turn out to be far too large in both models whilst the GJT elasticity is not statistically significant. The latter may be the result of very limited variations in service quality on the routes and time periods in question. 
The elasticities implied by these coefficient estimates are given in Table 12.  The fare elasticities seem plausible. The FPM varies roughly between 0.05 and 0.15, implying a high degree of variation in the fare elasticity according to its ‘value for money’. 

The long run elasticities exceed the 1 period elasticity. Whilst the elasticity after one year is less than for the initial impact, it is possible that there is initial over-reaction to fare changes which is corrected in subsequent periods as travellers try alternatives to rail but find them to be inferior. Notably, however, the difference between the short and long run is negligible. Because of the initial overshooting, it takes about 4 years to reach equilibrium. 

It should be noted that the fare variations in this data set are minor. This is not ideal for estimating fare elasticities and it should be borne in mind when interpreting the findings. 

TABLE 12 HERE
5.5
Summary of Empirical Findings 
We have analysed a large data set of Scottish rail flows and a number of interesting findings have emerged. 
Regarding non-season trips, the estimate of the long-run fare elasticity inter-urban trips is a little over -1, with a slightly lower value of -0.9 for flows to and from the major centres of Glasgow and Edinburgh. These are very much in line with the PDFH recommendation of -1 for inter-urban Non London flows.

There are some uncertainties surrounding the fare elasticities for non-season suburban flows involving Edinburgh or Glasgow. Our best estimate for suburban flows is a long run fare elasticity of -0.9. Again this is very much in line with the PDFH recommendations of -0.85 within PTE areas and -1.0 outside.  

For season tickets and its key segment of suburban travel, the fare elasticity was found to vary with the fare per mile charged. The fare elasticity varies between -0.5 and -1.5. However, the central estimate is around  -1.0. which is somewhat larger than the values of -0.6 and -0.7 recommended by PDFH for flows within PTE areas and outside. 
There is agreement with both data sets that the elasticity is greater for long-distance trips than for short distance trips. There also tends to be relatively little difference between short and long run fare elasticities. Whilst we have attempted to determine whether elasticities vary across routes and what is the source of this variation, few clear-cut influences have been identified.

It was not in the remit to examine the data split by ticket type other than seasons and non-seasons. Further work on competition between ticket types could yield valuable insights for the purposes of fares regulation. 
6.
CONCLUSIONS AND RECOMMENDATIONS

The primary aim of this study was to review the available fares evidence relating to both research and data in Scotland. A secondary, but nonetheless important, objective was to appraise how the revealed evidence could be used to inform and model strategic options for Scottish fares policy in the future. 

This paper has covered a number of key areas relevant to informing decisions concerning fares regulation in Scotland. Firstly, the available evidence relating to fare elasticities has been reviewed. Secondly, cross-elasticities between tickets appropriate to the Scottish context have been deduced. Thirdly, the evidence relating to ticket choice has been considered, and we have demonstrated the use of a strategic model based on such a model to competition between tickets in a Scottish context. Finally, we have provided fresh empirical evidence relating to fares elasticities in Scotland. 
We here present our conclusions and make recommendations on how decision making regarding fares regulation can be supported by demand modelling.

6.1
Evidence Base

On the issue of evidence base we conclude the following:

· The existing evidence was so diverse that it not possible to draw firm conclusions from it regarding fare elasticities for suburban travel in Scotland. PDFH values would therefore have to be used by default.
· The existing evidence, covered in the literature review, points to a fare elasticity of -0.8 for inter-urban non-season tickets. This is less than the -1.0 recommended by PDFH. This does, however, mask quite appreciable variation across routes.

· Prior to this study, there was only relatively little evidence on fares elasticities in Scotland, and some of that available was rather dated. There was little examination of how fares elasticities vary across circumstances.

· The evidence indicates that there is what appears to be considerable variation across different routes in Scotland, and indeed between Scottish flows and flows elsewhere, there is little understanding as to the precise cause of these variations. This is no different to the situation elsewhere in Great Britain. 

· There is no modelling by ticket type within the non-seasons category or modelling competition between different tickets within the aggregate approach to demand analysis.

· We are not aware of any disaggregate modelling which has addressed competition between ticket types in the Scottish context. 

· These previous two points mean that there is no Scottish evidence on cross elasticities between tickets.

· There is little previous evidence of the lagged nature of demand response to fare changes.

· There is no evidence relating to pre-paid and multi-modal tickets in a Scottish context 

· The fresh empirical findings reported here contrast with the previous literature. Long run and short run fare elasticities have been estimated, with the latter generally not greatly larger than the former.  

· The elasticity estimates reported here for non-season tickets turn out to be very much in line with current PDFH recommendations for both suburban and inter-urban journeys, However, the long run fare elasticity for season tickets is somewhat larger than PDFH currently recommends. There is also some support for the fare elasticity varying according to the fare per mile charged and with distance. 

· Further work is required to determine with any real degree of confidence whether fare elasticities on rural routes and those with smaller volumes of traffic are different to those on the larger flows more routinely analysed.  

· Further work is required to better explain elasticity variation across routes and to model the demand for each ticket type and the competition amongst them.

6.2
Forecasting Tools

There are essentially two different forecasting approaches that can inform fares regulation. One is an aggregate approach, based on elasticities, which is the current PDFH procedure. The other is an approach based on disaggregate choice modelling which we have demonstrated. On the issue of forecasting tools we conclude the following:

· The PDFH method for forecasting competition between ticket types is an elasticity based approach. In principle, it could be used to inform fares regulation in Scotland. It can be customised to Scottish circumstances and we have here done so with the available evidence. However, more information on Scottish specific elasticities and diversion factors is needed before this can be used in practice to support decision making

· Enhancements to the PDFH approach should be made to allow for variations in restrictions across tickets, introducing restrictions and dealing with new tickets. 

· Disaggregate models can examine choices in considerable detail and clearly provide information that is central to the decisions surrounding fares regulation.  Care needs to be taken to allow the model to grow or contract the overall market as fare levels and restrictions change and to examine both legs of the journey.
· Developing a strategic forecasting tool for the explicit purpose of informing fares regulation is a relatively straightforward task and is preferable to using off-the-shelf forecasting tools. Such a purpose built model should be based around the choice of ticket but with little emphasis on forecasting the specific departures chosen. Such a model was successfully developed and applied for the SRA in its recent investigations into fares regulation. We have demonstrated the application of such a model to Scottish circumstances and concluded that it would provide considerable assistance to Transport Scotland in identifying its preferred regulatory position.
· Consideration should be given to enhancing such a strategic model, for example, by handling single leg tickets, by allowing taste variation across travellers to reflect somewhat different propensities to change travel times or incur other restrictions in order to save money, or by allowing a more flexible form of logit model to explain choice between tickets.
6.3
The Way Forward

As described previously, there are two different modeling approaches that can be used to inform decision making regarding fares regulation. 

Our view is that a sensible and balanced approach would be to pursue both strands of research simultaneously since each has its attractions and risks. There is also an element of complementarity in the research that would need to be done to underpin each approach. For example, diversion factors are needed in the aggregate approach but could be readily collected within the surveys needed for disaggregate modeling, disaggregate modelling can inform upon the take up of new tickets to enhance the aggregate approach whilst econometric analysis involved in the aggregate approach can provide elasticities to grow and contract the market in the disaggregate approach.
· There is a need to better understand the sources of variation in fare elasticities. Whilst econometric analysis of ticket sales data can provide such insights, there is a limit to the degree of segmentation that can be conducted and important dimensions, such as journey purpose, cannot be explored.  Further insights would require survey based techniques to achieve the necessary level of detail and a programme of disaggregate choice modelling using SP and possibly RP data is proposed.

· There is scope to better understand fare and service quality competition between tickets and the impact of the introduction of new tickets through the development of disaggregate ticket choice models, building upon previous work such as that undertaken for SRA in its most recent fare review. 

· The ticket specific elasticities and cross price elasticities reported here were based on best available evidence. However, the diversion factors and conditional elasticities did not relate to Scottish circumstances. A programme of relatively straightforward survey work could provide results more specifically tailored to the Scottish situation. In this respect, the Stated Intentions approach might contribute to the tricky issue of estimating the conditional elasticities needed by the procedure for deducing own and cross elasticities. 

· A separate strand of research should enhancing the framework for deducing cross-elasticities by including non-fare competition between tickets and the inclusion of new tickets. The enhanced method will have data requirements that will need to be addressed by fresh econometric research or new surveys.  

6.3.1
Aggregate Elasticity Approach
The PDFH elasticity based approach for dealing with competition between tickets could be used to inform regulatory decision making and indeed previous versions have been used for this purpose for the SRA. 

In order to apply this to the Scottish context, relevant own and cross elasticities should be estimated. This can be done by two approaches

Econometric Analysis

This requires estimation of models which distinguish by ticket type. This is not straightforward. The chances of success are increased if diversion factors are used to assist the estimation

The data sets used in this study could be analysed in more detail, involving the estimation of a system of equations covering full and reduced tickets and, where appropriate, first and Apex. Even if it were not possible to estimate a full set of own and cross elasticities, the approach may provide conditional elasticities relevant to Scotland which could be used in the decompositional approach

Decompositional Approach

The procedure deduces own and cross elasticities from conditional elasticities, diversion factors and market shares of different tickets. 

The econometric analysis could provide conditional elasticities. However, there are risks that the econometric analysis would not provide the full set of conditional elasticities. Given that market research is need to determine both fare and time based diversion factors, the opportunity could be taken to obtain estimates of conditional elasticities from survey based approaches. 

Our view is that is it probably worth pursuing both approaches since both require fresh evidence on diversion factors whilst the conditional elasticities of the econometric analysis could inform the decompositional approach and the decompositional approach could provide evidence relating to the effects of changes in restrictions to inform the econometric analysis. The econometric analysis should also further explore variations in elasticities across routes in addition to across tickets. 
6.3.2
Disaggregate Choice Modelling
This approach would require appropriate SP exercises which examined choices between different tickets and would most likely involve on-train surveys. The SP data would be supplemented with suitable RP data.

This would provide Scottish specific behavioural choice parameters for relevant circumstances and ticket types. However, there would still be a need to populate the model with overall market elasticities. The results of this review would contribute here, but there might be a need for more disaggregate elasticities which the fresh econometric analysis proposed above would provide.  
The opportunity could also be taken within this disaggregate modeling approach to improve understanding of how fare elasticities vary over circumstances, notably journey purpose, which is beyond the means of econometric analysis of ticket sales. In particular, such research might address the gaps that exist in understanding of the commuting market and particularly markets where pre-paid and often multi-modal tickets dominate. The surveys would also provide the opportunity to collect data on diversion factors and to experiment with means such as stated intentions of providing more evidence on the relationship between conditional and own elasticities. 
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Table 1: PDFH Fare Elasticities Relevant to Scottish Flows
	Flow
	Season

Tickets
	Other
Tickets
	Commute
	Business
	Leisure

	PTE < 20 miles

Non PTE < 20 miles

Inter-Urban
	-0.6

-0.7

-0.9
	-0.85

-1.0

-1.0
	-0.6

-0.7

-0.9
	-0.5

-0.6

-0.6
	-0.9

-1.05

-1.10


Note: PTE denotes Passenger Transport Executive. Seasons and commuting are synonymous. 

Table 2: Demand for Public Transport Recommendations

	
	2004 Study
	1980 Study

	Suburban Rail Short Run
	-0.58
	-0.50

	Suburban Rail Peak Short Run
	-0.34
	

	Suburban Rail Off Peak Short Run
	-0.79
	


Table 3: Conditional Elasticities Used in Deducing Scottish Elasticities

	Ticket
	Elasticity
	Ticket
	Elasticity

	1st Non Seasons
	-0.5
	Std Full
	-0.5

	1st Seasons
	-0.5
	Std Reduced
	-1.0

	Std Season
	-0.5
	
	


Table 4: Diversion Factors Used in Deducing Scottish Elasticities

	
	1st Non Seasons
to:
	1st Seasons
to:
	Std Seasons to:
	Std 

Full

   to:
	Std Reduced 

to:

	1st Non Seasons
	-
	0.1
	0.00
	0.09
	0.04

	1st Seasons 
	0.00
	-
	0.00
	0.00
	0.00

	Std Season 
	0.00
	0.00
	-
	0.00
	0.00

	Std Full 
	0.18
	0.00
	0.10
	-
	0.20

	Std Reduced 
	0.18
	0.00
	0.00
	0.42
	-


Note: The remainder would switch to another mode or not travel. 

Table 5: Deduced Elasticities for Scottish Inter-Urban Flows

	
	
	A
	B
	C
	D
	E

	1st Non Seasons
	A
	-4.29
	0.01
	0.00
	1.91
	1.87

	1st Seasons
	B
	0.00
	-0.50
	0.00
	0.00
	0.00

	Std Season
	C
	0.00
	0.00
	-0.50
	0.00
	0.00

	Std Full
	D
	0.04
	0.00
	0.04
	-1.03
	0.45

	Std Reduced
	E
	0.02
	0.00
	0.00
	0.24
	-1.26


Note: A, B, C, D and E denote the five ticket types
Table 6: Elasticities for Full Set of Tickets, Reduced has 83% Share
	with respect to price of:

Elasticity of demand  for: (market share)
	1st Non Seasons 
	1st Seasons 
	Std Seasons 
	Std 

Full


	Std Reduced  

	1st Non Seasons (3.3)
	-2.29
	0
	0
	0.63
	1.16

	1st Seasons
	0
	-0.5
	0
	0
	0

	Std Season
	0
	0
	-0.50
	0
	0

	Std Full                (4.8)
	0.28
	0
	0.09
	-4.85
	3.98

	Std Reduced     (83.5)
	0.02
	0
	0
	0.12
	-1.13


Table 7: Elasticities for Full Set of Tickets, Std Full has Significant (21%) Share
	with respect to price of:

Elasticity of demand  for: (market share)
	1st Non Seasons 
	1st Seasons 
	Std Seasons 
	Std 

Full


	Std Reduced  

	1st Non Seasons  (0.9)
	-7.38
	0
	0
	3.00
	3.88

	1st Seasons
	0
	-0.5
	0
	0
	0

	Std Season
	0
	0
	-0.50
	0
	0

	Std Full                (21.1)
	0.05
	0
	0.02
	-1.37
	0.79

	Std Reduced       (70.7)
	0.02
	0
	0
	0.17
	-1.19


Note: Own elasticities are on diagonals, cross elasticities are on off-diagonals.

Table 8: Edinburgh – Glasgow Case Study 
	Demand 
	5,975,000
	 
	Revenue 
	39,556,559
	 
	 
	 
	

	
	
	
	
	
	
	
	
	

	Journey Purpose
	Elasticity
	Share
	
	Time of Day
	Category
	Load Factor

	Business
	-0.50
	0.55
	
	Peak
	1
	0.90

	Commute
	-1.00
	0.14
	
	Off-Peak
	3
	0.40

	Leisure
	-1.50
	0.31
	
	
	
	

	
	
	 
	
	
	
	
	
	

	
	
	
	
	Outward
	Return
	

	Ticket
	Time of Day
	Share
	Fare (p)
	Start
	End
	Start
	End
	Advance

	1st Single
	1
	0.0046
	1400
	 
	 
	 
	 
	0

	1st Day Return
	1
	0.0194
	1350
	 
	 
	 
	 
	0

	1st Seasons
	1
	0.0054
	978
	 
	 
	 
	 
	0

	1st Flexipass
	1
	0.0181
	1170
	 
	 
	 
	 
	0

	Std Singles
	1
	0.0354
	990
	 
	 
	 
	 
	0

	Std Day Returns
	1
	0.1717
	810
	 
	 
	 
	 
	0

	Std Cheap Day Single
	3
	0.1132
	880
	550
	915
	1642
	1815
	0

	Std Cheap Day Return
	3
	0.4408
	445
	550
	915
	1642
	1815
	0

	Std Seasons
	1
	0.1105
	652
	 
	 
	 
	 
	0

	Std Flexipass
	1
	0.0808
	754
	 
	 
	 
	 
	0


Source: First ScotRail and ITS Calculations
Table 9:  Non Seasons Dynamic Models

	
	Coefficient

(t-value)

	Fare-Short

+Orig-GLA
+Orig-EDB

+Dest-GLA
+Dest-EDB
	-0.743 (5.2)

-0.340 (2.1)

-0.420 (2.4)

-0.936 (5.2)

-0.535 (3.2)

	Fare-Long

+Orig-EDB&GLA
	-0.832 (42.6)

0.082 (2.1)

	Fare-Short (t-1)
Fare-Long (t-1)
	0.297 (3.8)

0.289 (15.1)

	Vol (t-1)
Vol (t-13)
	0.314 (55.2)

0.173 (35.4)

	GVA
	0.880 (34.4)

	GJT
	-0.272 (6.9)

	Adj R2
	0.997

	Obs
	14846


Note: t-values in parentheses
Table 10: Non-Seasons Implied Fare Elasticities

	
	
	Short distance
	Long distance

	
	
	Other
	from GLA
	from EDB
	to GLA
	to EDB
	Other
	from EDB or GLA

	FARE
	1 Period
	-0.74
	-1.08
	-1.16
	-1.68
	-1.28
	-0.83
	-0.75

	
	1 Year
	-0.78
	-1.33
	-1.46
	-2.31
	-1.65
	-0.94
	-0.80

	
	Long run
	-0.87
	-1.53
	-1.69
	-2.69
	-1.91
	-1.06
	-0.90

	GVA
	1 Period
	0.88
	
	
	
	
	
	

	
	1 Year
	1.44
	
	
	
	
	
	

	
	Long run
	1.72
	
	
	
	
	
	

	GJT
	1 Period
	-0.27
	
	
	
	
	
	

	
	1 Year
	-0.44
	
	
	
	
	
	

	
	Long run
	-0.53
	
	
	
	
	
	


Note: all elasticities significant at 0.05; GVA and GJT elasticities same for all. flows
Table 11: Season Tickets Dynamic Models
	
	Coefficient

(t-value)

	FPM-Short

FPM-Long
	-9.047 (8.3)

-14.021 (19.8)

	FPM-Short (t-1)
FPM-Long (t-1)
	5.090 (4.2)

7.557 (10.1)

	Vol (t-1)
Vol (t-13)
	0.409 (30.0)

0.189 (17.0)

	Employment
	0.953 (11.3)

	GJT
	-0.179 (1.5)

	Adj R2
	0.982

	Observations
	3009


Table 12: Season Tickets Implied Fare Elasticities

	
	Distance
	Short
	Long 

	
	
	FPM 0.05
	FPM 0.10
	FPM 0.15
	FPM 0.05
	FPM 0.10
	FPM 0.15

	FARE
	1 Period
	-0.45
	-0.90
	-1.35
	-0.70
	-1.40
	-2.10

	
	1 Year
	-0.42
	-0.84
	-1.26
	-0.68
	-1.36
	-2.04

	
	Long run
	-0.49
	-0.98
	-1.47
	-0.80
	-1.61
	-2.41

	Emp
	1 Period
	0.95
	
	
	
	
	

	
	1 Year
	1.79
	
	
	
	
	

	
	Long run
	2.37
	
	
	
	
	

	GJT
	1 Period
	-0.18**
	
	
	
	
	

	
	1 Year
	-0.34**
	
	
	
	
	

	
	Long run
	-0.45**
	
	
	
	
	


Note: ** not significant at 0.10; otherwise significant at 0.05.
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Figure 1: SRA Strategic Model Structure
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