SOME CHARACTERISTICS OF
RAIL COMMUTER DEMAND

By Stephen Glaister™®

The work reported here was a preliminary to a study intended to provide predictions
of the effect of fares structures varying with the time of day on demand for short to
medium distance rail travel into central London termini at different times of the day.
This is of interest on the revenue side because several rather different markets are
served, and there may be opportunities to increase revenues by adjusting the existing
pattern of price discrimination. It is of interest on the cost side because of the difficulty
of having to provide a high physical capacity to supply peak demand.

The present study was experimental, being intended to show how successfully the
logit choice model might be applied to the modelling of the market shares of different
ticket types, using preexisting time series of point-to-point ticket sales. Our principal
source of data was British Rail’s National Passenger Accounting and Analysis System
(NPAAS) for London-based flows, for thirteen four-weekly periods in each of the six
years 1972 to 1977. Our analysis was in terms of the response of choice between
ticket types (annual season, monthly season, weekly season, full fare and cheap fare)
to changes in their relative prices. So the relationship of the present results to
time-of-day choice is only indirect. However, decisions do have to be made about the
relative fares of different ticket types, within the long-established general structure of
railway passenger rates.

Other workers (for example, the UK Transport and Road Research Laboratory,
1977) have analysed the effects of different fare levels on the demand levels of the
various ticket types, but they have not taken full account of the possibility that the
demands are interdependent. For instance, if the cost of holding a season ticket falls
relative to the cost of other ticket types, there will in general be some transfer to
season tickets from other types of tickets, as well as some newly generated traffic. It
may therefore be misleading to consider the response of one class of flow to its own
price in isolation. This is especially so if we wish to predict the net effect on total
revenues of a change in relative fares. We attempted to model the shares of the ticket
types in the whole market, in terms of the set of relative fares and other characteristics
faced by users. There are additional advantages in analysing the market as a whole
because during the period when our data were collected market shares were changed

* London School of Economics. This paper describes work carried out with financial assistance from
the British Railways Board. between July 1978 and June 1979. I am indebted to Miss
W. Narendranethan for her able research assistance, and also to Mr. R. Oldfield and his colleagues at
the Transport and Road Research Laboratory for their help and advice. The paper is a summary of a
full report (Glaister and Narendranethan, 1980) which is available, together with Appendices I, II and
111, on request from the authors.
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significantly by factors other than fares. There was a notable growth of long-period
season tickets at the expense of other ticket types, reputedly in order to preempt
frequent increases in fares and because of a growing tendency on the part of
employers to offer credit facilities for their purchase. The logit is a very simple and
convenient specification to work with, but this carries the penalty that it imposes
strong restrictions on the relationships among the cross elasticities, as is apparent in
our results. We are interested in whether our model of market shares produces more
useful estimates of the cross elasticities than the simpler approach which constrains
many of them to be zero a priori.

With the time and resources available to us we were only able to carry out a full
analysis of two flows, High Wycombe to London and Bedford to London.! The High
Wycombe flow had previously been the subject of an intensive study by the Transport
and Road Research Laboratory, and we wanted to compare the results of using the
two different techniques. This flow also has a particular interest because the M40
motorway was opened to London during the study period, and we were interested to
see what impact this had on railway patronage. We have been able to estimate both
the total impact of the motorway and also its differential effect on holders of different
ticket types, and hence its impact on revenue. We also considered the response of
overall demand and revenues to changes in general fare levels, real incomes, the
quality of competing roads, rates of unemployment, and seasonal and other variables.

THE STATISTICAL TECHNIQUE

We have indicated our need for an estimation technique that would allow us to model
market shares of several ticket types. We chose the sequential multinomial logit model
developed by McFadden (1973), Domencich and McFadden (1975) and McFadden
(1977). Computationally and statistically efficient maximum-likelihood estimation
techniques for this model were readily available to us. The other reasons for choosing
it were as follows.

We had information only on the choices made by those who actually travelled by
rail. This was a rathér extreme form of “choice based sampling” (McFadden, 1977),
as we had a complete record of the decisions made by those who selected the rail
mode, and a complete record of the fares and some other characteristics of the rail
alternatives between which they were choosing, but knew - nothing about the
characteristics of the individuals and nothing about those individuals who travelled by
alternative modes or about the trips they made. We therefore had to characterise the
choice between ticket types as being conditional on the decision to travel by rail
having been taken. One might justify this by assuming that the individual breaks his
travel decision into stages. The first stage would be to ask, “If I decided to go by rail,
what would be the best type of ticket for me to use?”” After this had been answered the
second stage would be to ask, “Given that I now know the costs and other

! High Wycombe is 30 miles from London in the direction of Oxford, and has a population of 61,000.
Bedford is 52 miles north of London, with a population of 74,000.

2 The program we used to do this was the Qualitative, Intermittent and Limited Dependent Variable
Program (QUAIL). This was developed by McFadden, Wills et al. at the University of California,
Berkeley. We are indebted to Hugh Wills for making the program available.
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characteristics of my preferred rail alternative, shall I go by rail, by car, or not at all?”
Domencich and McFadden (1975) demonstrate that this kind of two-stage decision
process by an individual is equivalent to a separable structure for the utility function.
It is more important that they demonstrate how the logit may be broken into
components to correspond to the stages, and that the information needed at the
second stage about the first-stage decision may be summarised in a single “inclusive
price index”. Our method was to apply the logit to the conditional problem of the
choice of ticket type, and to use the estimates so derived to construct the “fares index”
that would be used in the second stage if we had the requisite information. This fares
index contained information on the relative merits of the alternative ticket types as
evaluated by those who have made a choice between them. So we then used it as a
price variable in a straightforward regression to explain, along with other variables,
the total number of trips made by rail by all ticket types. The property of the
independence of irrelevant alternatives unique to the logit allows this conditional
structure to be used, and McFadden (1977) shows that in our situation the use of the
standard likelihood function will yield consistent estimators of the conditional
multinomial logit. The use of the fares index in a final ordinary least squares regression

is ad hoc.
We had no objective way of testing whether the assumption of separable decisions

is the best possible specification. All we were able to do was to see whether its results
were sensible, and to test whether the fares index that it produced performed any
better in explaining total demand than some much cruder variable like average fare
paid. However, we were able to try alternative specifications for the “first” stage. It
may be'that the conditional choice of ticket type could itself be better regarded as a
two-stage process: that season tickets as a whole are perceived as’ being one
alternative and the two daily tickets as another. Thus the sequence would be, “if I were
to buy a season ticket, which kind would be best for me, and if I were to buy a daily
ticket, which would be best?” Having answered these questions, the traveller would
decide between a season and a daily ticket on the basis of two “fares indices”, one
calculated for each of the two compound alternatives. On the other hand, maybe the
cheap day return is perceived as an alternative distinct from the other four ticket types
as a group. Figure 1 illustrates these two decision trees. We tried both possibilities.

In principle, the first of the two would provide a test of the Transport and Road
Research Laboratory’s assumed market segmentation, which separated season tickets
(identified with journey to work), full fare journeys (business or in-course-of-work
travel), and cheap tickets (leisure or optional travel). If this segmentation is
appropriate, the structure illustrated in Figure la should fit the data well, and the
estimated cross elasticities should be small.

- THE DATA

For each of 78 periods we had estimates of the total numbers of trips made on annual,
six-monthly, four-monthly, quarterly, monthly, weekly, full fare, cheap and other
tickets. We also had estimates of the revenue taken and of the average fare paid per
single trip. In converting season ticket purchases into estimated trips we had to use
standard assumptions originating from British Rail: for example, it is assumed that an
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Alternative Choice Structures

annual ticket represented 540 trips before December 1975 or 480 trips subsequently.
(Similar adjustments were made for the other types of season tickets.) Since we had no
independent evidence on the accuracy of this figure, and since it is likely that it has
changed over the years as the numbers of season ticket holders (especially annuals)
has changed, the assumption is likely to be a source of error.?

All season ticket data were expressed in two ways. “Potential” figures allocate all
the trips attributed to a ticket to the period in which the ticket was purchased.
“Spread” figures allocate the trips evenly over the period of validity of the ticket. In
our work we duplicated our analysis to use both sets of figures. We had a prejudice
towards the potential figures because they more closely mirror actually observed
behaviour (the purchase of a ticket), but in general we found that it did not make a
great deal of difference which figures we used. We only report here results from
potential data. (Results from spread data are available in Glaister and Naren-
dranathan, 1980.) ,

We found that the four-monthly and quarterly season tickets accounted for only a
small proportion of all journeys. Since we could reduce the size of the problem to
(barely) manageable proportions by leaving them out of the account, we did so. This
left us with five ticket types. '

3 In particular, there may be some confusion of the effect of the motorway dummy variable, since the
motorway opened towards the end of 1973 and the season ticket data show an artificial drop from the
end of 1975. The estimate of the effect of the motorway may therefore be biased. But it seems likely that
this bias is small, since the estimates indicate that the primary loss of traffic was from cheap tickets
rather than seasons.
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TABLE 1
Changes in Market Shares of Ticket Types

Logit Estimate t-statistic Mean Probability Shares

Annual fare —12.88 —0.337 30.195 Annual 0.115
Monthly fare — 1.698 —0.0031 30.202 Monthly 0.146
Weekly fare —13.86 —0.273 0.236 Weekly 0.065
Full fare — 4,37 —-0.157 0.325 Full 0.274
Cheap fare —12.34 —0.318 0.197 Cheap 0.400
Motorway:

Annual 0.26 0.132

Monthly 0.22 0.138

Weekly 0.68 0.319

Full —0.04 —0.033

Trend:

Annual 0.03 0.556

Monthly —0.005 —0.098

Weekly -0.02 —0.298

Full —0.002 —0.061

Strikes:

Annual 0.27 0.110

Monthly 0.37 0.195

Weekly —0.03 —0.001

Full 0.24 0.145

Alternative:

Annual —2.87 —0.433

Monthly —2.99 —0.462

Weekly ~0.72 —0.075

Full —1.26 —0.218

+ 42 Seasonal and pre-emptive dummies

At ML Estimate At Zero

Log likelihood —107.8 —125.1
SS Residuals 1.78 34.35
D.F. 248 311

% Predicted 40.34 20

Likelihood ratio 34.56

THE HIGH WYCOMBE RESULTS

Table 1 shows the results of one of the most satisfactory conditional logits. The
“dependent variable” here was the proportion of the market held by the relevant ticket
type. In interpreting the coefficients it is important to bear in mind that we were
explaining movements in the relative market shares of the different ticket types, and
that these must always add up to unity.

119




May 1983 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

The explanatory variables were, first, the five fare levels (measured at constant
prices). These were entered in such a way that a change in one fare could have a
different effect on each of the ticket types from a change in another (that is, they were
entered as “non-generic” variables). Then came a set of four dummy variables. These
were constructed by taking a variable which has the value zero before the M40
motorway was opened between High Wycombe and London and unity thereafter, and
examining its interaction with four of the five dummies which represent the
alternatives (omitting alternative 5, cheap tickets). The resulting coefficients show the
impact of the opening of the motorway on the market share of the relevant ticket type,
relative to the share held by the cheap day ticket. The signs of the coefficients thus
indicate that the impact of the opening of the motorway was to enhance the market
share of the various season ticket types at the expense of full and cheap daily tickets.
This is what one might expect if the effect of the road improvement was to improve
accessibility by road to central London relatively more for off-peak, casual, leisure
and shopping trips than for the more regular commuting trips.

The next variable is a simple time trend (again estimated relative to the share of
cheap tickets) intended to account for a tendency for annual tickets to grow at the
expense of other types. The coefficients indicate that this growth was particularly at
the expense of the weeklies. We tried replacing the trend variable by an index of real
earnings, and found that it fitted only marginally less well. There was a particularly
strong impact of increase in earnings on weekly season ticket holdings. The levels of
unemployment in High Wycombe and London were introduced as alternative
explanatory variables. Because these two variables were highly correlated it was not
possible to introduce both together, and there was little to choose between them. An
increase in either variable greatly enhanced the market share of annual season tickets
at the expense of all other ticket types, weeklies being the hardest hit. It is plausible
that people in stable employment would be more likely to travel on annual tickets,
whilst those at risk of becoming unemployed would be more likely to travel to work on
weekly tickets. Unfortunately the intercorrelations between earnings, unemployment
and trend made it impossible to disentangle their individual effects, and trend alone is
included in the results noted in Table 1. For this reason our account of the effects of
the variables taken separately is speculative.

In Table 1 a variable appears which took a value of unity during periods in which
there was some form of strike. It seems that strikes had a particularly bad effect on
cheap day tickets and, more surprisingly, on weeklies. This may be because the
habitual weekly ticket holder tended to transfer to full fare daily tickets (which do
relatively well during strike periods), because much of the industrial action took the
form of one-day stoppages which would eliminate the price advantage of the weekly
ticket. Finally we display the results for a set of variables which are the “pure
preference” dummies. These would allow the observed market shares to be reproduced
if there were no measured differences between the characteristics of the ticket types.

Two further dummy variables were used to model the preemptive behaviour of
some purchasers of long-period seasons at some points in our sample period in
anticipation of one or more increases in fares. Both dummies were normally zero, but
one had the value unity in the period of an increase in fares, and the second had the
value unity in the two periods before an increase.

A total of 42 other explanatory variables were also included in the estimation, but
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TABLE 2

Ordinary Least Squares Progression
Dependent variable: log of total number of journeys

(a) Inclusive Fares Index (b) Average Fare Paid

Coef. t-statistic Coef. t-statistic
Constant 16.82 42.32 14.25 38.54
Log price —1.38 —-3.74 —-0.74 -3.10
Log earnings 1.14 2.44 0.62 1.46
Trend 0.004 1.51 0.006 2.34
Motorway dummy —0.22 —4.07 —0.26 —4.77
Pre-emptive
Dummy 1 —0.05 —1.61 0.09 2.81
Dummy 2 0.05 1.40 —0.04 —1.41
Strike dummy —-0.25 —5.20 —0.22 —4.18
London
unemployment —-0.21 —2.02 —0.26 —2.62
High Wycombe
unemployment 0.16 1.98 0.19 2.30
Frequency —0.75 —1.79 —0.10 —2.35
+12 Seasonal and other +12 Seasonal and other
dummies dummies
R?=0.894 Corrected R? = 0.848 R2=10.886 Corrected R? = 0.838
F(23,54) = 19.70 F(23,54) = 18.30
DW = 1.96 DW = 1.99

the corresponding estimates are not displayed. They were a set of dummy variables
interacting with the pure preference dummies to represent the effects of seasonal
variation in the market shares. In principle there would be four variables for each of
the twelve seasonal dummies, but we established that many were unimportant enough
to be omitted for the sake of computational economy. A large and positive coefficient
was noted on the dummy for annual tickets in the first period of the year, because of
the habit of renewing these tickets at the beginning of the year.

The logit estimate was used to create an inclusive fares index in accordance with the
approximation given by Domencich and McFadden (1975, page 77). This was then
used as a price variable in an ordinary least squares regression explaining the
logarithm of total trips. The results of the best of several alternative specifications-are
shown in Table 2a. This yields an elasticity of the total number of trips with respect to
the fares index of —1.38 + 0.72 (the latter figure is the 95% confidence interval). The
elasticity with respect to real earnings is 1.14 + 0.91. The opening of the motorway
seems to have caused the loss to the railway of 22% + 10% of all trips. There is no
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Logarithms of Actual and Fitted Total Journeys per Four-week Period

evidence of any effect from a variable constructed to represent the minor changes in
train frequency over the period. Some experiments with a series of real petrol prices
also failed to show any significant effect. Figure 2 shows a plot of the actual and the
fitted numbers of journeys. It can be seen that the model reproduces the pattern of"
movements quite well.

For comparison the inclusive fares index was replaced in the ordinary least squares’
regression by a simple average fare paid, defined as the total revenue divided by the
total number of journeys. The average fare paid is a variable which might well be used
in a “simplistic” regression model. The simple correlation between the logarithm of the
fares index and the logarithm of average fare paid was 0.90, indicating that there were
differences between the two variables. The ordinary least squares results may be
compared in Table 2b. It will be noted that there are large differences in the price and
income elasticities. The statistics of goodness of fit are slightly better for the fares
index regression.

There does therefore seem to be some evidence that the use of the inclusive. price
index technique would lead to substantially higher estimates of income elasticities of
demand. The difference here is especially striking, because in one case the estimate is
well above unity and in the other it is well below it (though neither estimate is
significantly different from unity).
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THE EFFECTS OF PRICE CHANGES FOR HIGH WYCOMBE

Our special interest is in the effects of changes in the prices of particular ticket types
on the demand for the tickets, and the effects on revenues. We now derive several sets
of price elasticities, each evaluated at the means of the relevant variables.*

(i) The elasticity of the total number of trips with respect to the fares. This is
obtained by multiplying the elasticity of the fares index with respect to each fare by the
elasticity of total journeys with respect to the fares index, —1.376. The result is:

annual fare —0.02

monthly —0.012
weekly 0.035
full —0.208
cheap —0.696

Once again the main impact is due to changes in the non-season fares, and season
fares have little net effect. This is consistent with expectations. (The weekly fare has
the wrong sign, but weeklies account for only about 7% of the tickets; see Table 1.)
The season tickets and cheap day tickets are sold in very different markets; the cheap
day tickets have a much higher proportion of leisure and shopping trips, for which the
rail fare is likely to be much more of a deterrent. We have already noted that cheap
day trips on the railway were reduced disproportionately by the opening of the
competing motorway.

(i) The elasticity of total trips with respect to an equiproportionate increase in all
fares. This is the total effect if all fares are simultaneously increased in the same
proportion. It is obtained by summing the previous values; this gives a value of
—0.901. This is higher than the value obtained from the “naive” average fare paid
elasticity of —0.74 + 0.48 (but not significantly so). A possible explanation is that a
change in fares generally involves a change for some individuals in the relative
advantages of different ticket types. Some will switch ticket type to take advantage of
this, and in so doing will be able to mitigate some of the price increase. This is reflected
in the fares index, which changes by less than it would otherwise have done. Thus the
observed change in total number of trips is associated with a smaller change in the
fares index than in the average fare paid. So trips tend to show a higher elasticity with
respect to the fares index than with respect to average fare paid.

(iii) The elasticity of individual ticket types with respect to individual fares. This
was one of the primary interests of our study, because it allows an estimate of the
possibilities of changing the proportions of different ticket types by changing their
relative fares.

The results are given in Table 3. It will be noted that the elasticity of demand for
trips on annual tickets with respect to annual fares is very high at —2.24. This is
reconciled with the earlier observation that total trips are very insensitive to annual
fares by noting the relatively high cross elasticities in the remainder of the first row of
the table. They indicate that almost all the passengers lost to annual tickets change
instead to other ticket types, rather than deciding not to travel by rail at all.

4 The algebra of these elasticity calculations is set out in detail in Glaister and Narendranethan
(1980).

123



May 1983 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 3
High Wycombe Elasticities: 2 Stage Model

Ticket Type
Fare Annual Monthly Weekly Full Cheap
Annual —2.24 0.268 0.268 0.268 5 0.268
Monthly 0.038 —0.304 0.038 0.038 0.038
Weekly 0.248 0.248 —3.02 0.248 0.248
Full 0.190 0.190 0.190 —1.26 0.190
Cheap 0.277 0.277 0.277 0.277 —2.15

(iv) The elasticity of total revenues with respect to each fare. This is:

annual fare 0.125
monthly 0.120
weekly 0.099
full 0.0187
cheap —0.203

It will be noted that raising any of the season ticket fares will lead to an increase in
revenues, when all the consequent switching in choice of tickets has taken place. The
full fare has very little effect. But increasing the cheap fare has a markedly opposite
effect, consistent with the previously noted relatively high elasticity of trips with
respect to this fare because of the nature of the market that it represents. Note that the
elasticity of journeys with respect to annual fares is very low at —0.02, and yet the
elasticity of revenues with respect to annual fares is only 0.125 because of the
switching to cheaper ticket types.

(v) The elasticity of the total revenues with respect to an equiproportionate
increase in all fares. This is the sum of the values given in (iv), which is 0.160. This
overall revenue elasticity is consistent with the previously recorded. journey elasticity
of —0.901. However, as we have noted, the component markets which make up these
two net elasticities have very mixed characteristics.

OTHER CHOICE STRUCTURES

We have so far assumed that the choice of ticket type, conditional on a decision
already made to travel by train, is a straightforward choice between the five available
types. However, the preceding results suggest that the three season ticket types may be
perceived as one “group” and the two daily types as another, as illustrated in Figure
la. A logit model was fitted to the conditional choice between the three season types,
and a fares index constructed from the results, just as in the previous section. The
same thing was done for the choice between the two daily tickets. Then a third logit
model was estimated for the choice between a season and a daily ticket, using the two
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previously constructed fares indices as two of the explanatory variables. So this choice
is made on the basis of the “average” cost of season tickets as against the “average”
cost of daily tickets. From this estimate a third fares index was constructed to give an
overall “average” cost of rail travel. This was then used in an ordinary least squares
regression as an explanatory variable for the total number of rail trips made.

A third possible pattern of preferences is illustrated in Figure 1b. Here the cheap
ticket is seen as an alternative distinct from all the others. The pattern of elasticities
established in the previous section might be thought to indicate this, because the cheap
day market does seem to have special characteristics, as one would expect. We refer to
the two formulations in Figure 1 as “seasons versus dailies” and “cheap versus the
rest”.

The estimates of the “seasons versus dailies” formulation are summarised in Tables
4(a), (b), (c) and 5(a). They yield the following elasticities of total trips with respect to:

annual fare —0.048
monthly —0.024
weekly —0.011
full 0.446
cheap —1.280

The large elasticity of the “wrong” sign for full fare tickets calls this formulation into
question, though there is little to choose between any of the formulations in terms of
the statistical measures of goodness of fit.

The corresponding estimates for the ‘“cheap versus the rest” formulation are
summarised in Tables 4(d), (¢) and 5(b). They yield the following elasticities of the
total number of trips with respect to

annual fare —0.077
monthly —0.019
weekly —0.001
full —0.319
cheap —0.355

These values all have the expected signs and a similar structure to those obtained in
the previous section, except that the elasticity with respect to cheap fares is rather
lower. Because of this the sum of these elasticities is also a little lower at —0.77. The
income elasticity is estimated at 0.90 + 0.82 with this formulation. The overall price
elasticity is close to that obtained from the crude average fare paid formulation of
Table 2a, though the income elasticity is somewhat higher.

The matrix showing the effects of individual fares on individual ticket types is
displayed in Table 6. It is generally similar to the corresponding Table 3. It will be
noted that the more complex formulation allows a slight relaxation of the restrictions
on the estimated cross effects.

The revenue effects are

annual fare 0.080
monthly 0.113
weekly 0.080
full —0.104
cheap 0.125
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The general conclusions from this formulation would be the same as those stated
earlier, except that the indications here are that there would be some small revenue
advantage in increasing rather than decreasing cheap fares. It remains true that one
could secure the cost advantages of increased fares for season tickets with very little
change in revenues.

TABLE 4
Changes in Market Shares of Groups of Tickets

1. Seasons versus Dailies

TABLE 4A
Logit Estimate t statistic Probability Shares
Annual fare —15.66 —0.26 Annual 0.353
Monthly — 4.65 —0.06 Monthly 0.447
Weekly —13.98 —0.19 Weekly 0.201
Motorway
Annual —0.60 —0.21
Monthly —0.60 -0.23
Trend
Annual 0.05 0.63
Monthly 0.02 0.23
Strikes
Annual 0.37 0.11
Monthly 0.45 0.15
Alternative
Annual —1.79 -0.17

+29 Seasonal and pre-emptive dummies

Likelihood ratio 6.86
TABLE 4B
Logit Estimate '  t-statistic Probability Shares
Full fare 1.36 0.03 Full 0.406
Cheap —2.93 —0.05 Cheap 0.594
Motorway
Full 0.06 0.04
Trend
Full —0.005 —0.13
Strikes
Full 0.23 0.13
Alternative
Full —1.24 0.19

+12 Seasonal and pre-emptive dummies

Likelihood ratio 1.98
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TABLE 4C
Logit Estimate  t-statistic Probability Shares
Fare index from Table 4a
Seasons —0.445 —0.23 Seasons 0.326
Fare Index from Table 4b Others 0.674
Others -5.99 —0.31
Motorway
Seasons 0.68 0.46
Trend
Seasons —0.019 —0.24
Strikes
Seasons 0.57 0.27
Alternative
Seasons —-3.73 —0.35
+14 Seasonal and pre-emptive dummies
Likelihood ratio 11.5
2. Cheap versus the Rest
TABLE 4D
Logit Estimate t-statistic Probability Shares
Annual fare —12.27 —0.25 Annual 0.192
Monthly —1.40 —0.02 Monthly 0.243
Weekly —12.40 —0.19 Weekly 0.109
Full —4.46 -0.11 Full 0.457
Motorway
Annual 0.32 0.15
Monthly 0.28 0.16
Weekly 0.79 0.34
Trend
Annual 0.029 0.52
Monthly —0.003 —0.06
Weekly —0.018 —0.28
Strikes
Annual —0.006 —0.002
Monthly 0.128 0.06
Weekly —0.307 —0.11
Alternative
Annual —1.703 —0.20
Monthly -1.79 —0.24
Weekly 0.26 0.03

+36 Seasonal and pre-emptive dummies

Likelihood ratio

17.46
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TABLE 4E
Logit Estimate  t-statistic Probability Shares

Fare index from Table 4d —0.91 —0.26 Others 0.600
Cheap fare —11.24 -0.35 Cheap 0.400
Motorway 0.13 0.14

Trend —0.003 —0.13

Strikes 0.27 0.19

Alternative —0.09 —0.02

+14 Seasonal and pre-emptive dummies

Likelihood ratio 3.85

TABLE 5

Dependent variable: log of total number of journeys

(@) Seasons versus Dailies (b) Cheap versus the Rest

Coef. t-statistic Coef. t-statistic
Constant 19.83 16.50 16.10 85.85
Log price —2.97 —3.72 —1.04 —4.26
Log earnings 1.69 2.90 0.90 2.20
Trend 0.008 3.43 0.006 2.30
Motorway dummy —0.30 —5.69 —0.31 —6.02
Pre-emptive
Dummy 1 —0.07 —2.25 —0.06 —2.28
Dummy 2 —0.005 —0.11 0.007 0.17
Strike dummy —0.59 —5.48 —0.33 —6.30
London
unemployment —0.19 —1.81 —0.24 —2.59
High Wycombe
unemployment 0.16 1.95 0.15 2.34
Frequency —-0.06 —1.48 —0.08 —2.04
+12 Seasonal and other +12 Seasonal and other
dummies dummies
R?=0.893 Corrected R? = 0.848 R2=0.90 Corrected R? = 0.857
F(23,54) = 19.66 F(23,54) = 21.06
DW = 1.93 DW =2.03

“Note that different formulations will yield different price indices, as evidenced by
the comparison between the two price coefficients in Tables 5a and 5b. However, the
overall effect of an equiproportionate change in all fares, given by the sums of the
effects of the individual fares, is very similar in the two cases.
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TABLE 6
High Wycombe Elasticities: Three-Stage Model

‘Ticket Type

Fare Annual Monthly Weekly Full Cheap
Annual —2.09 0.299 0.299 0.299 0.048
Monthly 0.030 —0.254 0.030 0.030 0.012
Weekly 0.316 0.316 —2.61 0.316 0.0005
Full —0.002 -0.002 —0.002 —1.45 0.198
Cheap 0.532 0.532 0.532 0.532 —1.68

BEDFORD

A similar exercise was carried out for Bedford to London flows, except that the
three-stage formulations. were not tried. The logit results exhibit the same general
properties as those for High Wycombe, so we do not comment upon them here.

The overall elasticity results are, for trips:

annual fares 0.004
monthly —0.030
weekly —0.009
full -0.139
cheap —0.619
and for revenues:
annual fare 0.133
monthly 0.126
weekly 0.145
full —0.162
cheap 0.070

The pattern of effects here is similar to that found for High Wycombe in the “cheap
versus the rest” formulation. The overall elasticity of trips is also very similar at
—0.739, though the estimate of earnings elasticity at 0.566 + 0.60 is rather lower. The
matrix of cross effects is shown in Table 7. Again the pattern is very similar.

COMPARISON WITH OTHER RESULTS

The Transport and Road Research Laboratory (1977) obtained elasticity estimates
for a variety of flows from similar data to our own. They obtained them by directly
relating season ticket and cheap ticket flows to their respective average fares. For
High Wycombe their point estimates were —0.88 and —1.69 respectively. Our
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TABLE 7
Bedjford Elasticities
Ticket Type

Fare Annual Monthly Weekly Full Cheap
Annual —2.69 0.217 0.217 0.217 0.217
Monthly 0.26 —2.51 0.26 0.26 0.26
Weekly 0.388 0.388 —3.68 0.388 0.388
Full 0.458 0.458 0.458 —2.100 0.458
Cheap 0.755 0.755 0.755 0.755 —1.95

corresponding estimates are —1.14 and —2.215 (the former being obtained from .the
first three rows and columns of Table 3 by weighting the partial column sums by the
proportions of all season tickets represented by each partial column sum). For
Bedford the Transport and Road Research Laboratory values were —0.26 and —1.55
and ours are —2.41 and —1.95 (calculated from Table 7). Thus our values are
consistently higher than those of the TRRL, and in one case an order of magnitude
greater. However, TRRL work does show that one must expect considerable
variations in estimates from place to place, so we cannot conclude that the divergence
noted here is a general one. We noted above that the quality of the fit of the first of the
two compound structures for High Wycombe (Figure 1a) would provide a test of the
TRRL market segmentation. In fact the structure fits as well as the others in the
statistical sense, but it produces one seriously implausible elasticity estimate. The
other compound structure produces much more plausible estimates, and the cross
elasticities derived from it, shown in Table 6, would perhaps indicate that full fare
tickets could be regarded separately, but that there is substantial interchange between
cheap tickets and seasons.

SUMMARY AND CONCLUSION

Overall elasticities of total trips with respect to a uniform percentage increase in all
fares were estimated to be between —0.77 and —0.90 for High Wycombe, depending
on the formulation used, and —0.74 for Bedford (these figures are all the point
estimates). Earnings elasticities were estimated to be between 0.90 and 1.69 for High
Wycombe, depending on the formulation, and 0.56 in the case of Bedford. Separate
estimates were obtained for the effects of changes in the price of any one ticket type on
total demand, on total revenues and on the demand for any ticket type, allowing for
the switching between ticket types that results from a change in the relative fares. For
High Wycombe the elasticity of season tickets as a whole with respect to all season
ticket fares was estimated at —1.14 (Transport and Road Research Laboratory value
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—0.88) and for cheap fares at —2.22 (Transport and Road Research Laboratory
value —1.69). For Bedford our price elasticity estimates are generally higher than for
High Wycombe, while the Transport and Road Research Laboratory estimates are
lower.

The overall loss of railway traffic on the opening of the M40 motorway between
High Wycombe and London was estimated at between 22% and 30% depending on
the formulation used, and this loss was predominantly from cheap day travel rather
than seasons. We have estimated the effects on the relative market shares of the ticket
types (and hence, implicitly, the effects on revenues) of the incidence of strikes,
changing real incomes, unemployment rates, and unspecified trends in behaviour.
Pre-emptive purchasing behaviour was modelled. No effect of service frequency could
be identified from the small changes which occurred.

Taking these results at face value, total revenue would actually increase if season
fares were increased, despite the high response of season tickets to fares, because
much of the traffic lost to seasons would transfer to daily tickets. This suggests that
worthwhile cost savings might be obtained with no loss in revenues if season rates
were increased somewhat relative to other rates, provided that some of those switching
from season tickets to daily tickets would also change their time of travel from the
peak to the off peak. The simplest formulation would imply a case for substantially
reducing off-peak cheap day fares as a means of generating extra revenue at a time
when marginal costs are low, though the other formulations do not support this.

The interpretation of the logit market shares model which assumes maximisation of
utility by individuals is valuable in providing a theoretical foundation, in assisting with
the interpretation of the results, in suggesting suitable alternative forms for multiple
stage decisions and in providing the basis for a proper statistical structure. However,
the validity of our results does not rest entirely on its acceptance as a realistic
description of behaviour. The particular market shares model we have chosen to work
with has the advantage of tractability but it does impose some strong prior restrictions
on the behaviour it describes. For instance, the cross price elasticities of demand with
respect to any given fare must be the same for all ticket types. (Table 3 illustrates this.)
The benefit of imposing severe restriction of this kind is that it greatly reduces the
number of coefficients that have to be estimated from very limited data. Though they
may perhaps be thought to be too unrealistic to be acceptable, restrictions of some
kind must be imposed in order to render estimation feasible with the number of
observations available to us. The multi-stage structure of Figure 1 allows some
relaxation of these conditions (as Table 6 illustrates).

The methods we have used have many shortcomings, and these must qualify the
results we quote. This is compounded because we have results for only two flows; they
may be atypical in many ways, and what works for these flows may not work for
other flows. We were able to devote much less attention to Bedford than to High
Wycombe, so the Bedford results should be treated with the greater caution. One
feature requiring explanation is the very much higher season ticket elasticity in
Bedford than in High Wycombe. The Transport and Road Research Laboratory
(1977) was able to investigate a very much wider variety of flows, and found a number
of unexplained differences between them. Hence this paper can only claim to be an
illustrated discussion of a technique, rather than a presentation of results suitable for
use in forecasting.
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