FACTORS INFLUENCING
LONG-DISTANCE RAIL PASSENGER
TRIP RATES IN GREAT BRITAIN

By Julie M. Rickard*

INTRODUCTION

In 1980, the most recent year for which government statistics are available,
115.5 million passenger rail trips of over fifty miles in length were made in Great
Britain (Department of Transport, 1980). This represents an average of 2.1 trips
per .person per year. Clearly the average obscures a wide range of trip rates
between individuals. Somewhat surprisingly, little research has been devoted
specifically to the modelling of differences in trip rates between different groups
in the population.

There have been two main strands in research on inter-urban rail passenger
demand in Britain. Firstly, British Rail (and consultants acting on its behalf)
have carried out extensive market research. This usually takes the form of on-
mode questionnaire surveys which record the personal characteristics of travellers;
the results are presented in the form of simple descriptive statistics. Secondly,
several aggregate statistical models of inter-urban demand have been produced
from data on ticket sales. Despite recent attempts in stated preference work
(for example, Sheldon and Steer, 1982) to bridge the gap between these two
strands of research, they have remained largely separate; information on the
characteristics of travellers has rarely been entered into the models.

This paper discusses the methodology and results of an approach which goes
some way towards uniting the two strands. Statistical models are produced to
explain the variations in trip rates between individuals in terms of their personal
characteristics and geographical location. The models help to explain and predict
the differing trip rates found in different geographical areas, and thus provide
information on the market potential for new projects such as the opening of a
new main line station. It is also envisaged that they can be used to predict the
effects on future trip rates of the changing socio-economic and demographic
composition of the population. This paper, however, concentrates on the
explanation of trip rates of different geographical areas, with an application of the
models to data for five English counties.

* Transport and Road Research Laboratory, Crowthorne. This work was carried out within
the Institute for Transport Studies at the University of Leeds, under the supervision of Dr.
C. A. Nash and Dr. A. S. Fowkes. It was supported by the ESRC Collaborative Award in Social
Sciences scheme and British Rail.
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METHODOLOGY

The trip generation models used were developed from analysis of the Long
Distance Travel Survey (LDTS). It is useful to note that the term “‘generation”
is used in conflicting ways in the literature (see Rickard, 1986). The definition
used here is that used in the Department of Transport’s Traffic Appraisal Manual
(Department of Transport, 1982): that is, a measure of the number of trips
leaving a specified area for all destinations. The models are designed to predict the
number of trips generated from each district on the basis of the characteristics
of its residents. They can then be used in conjunction with census data to produce
an estimate of trip rates in the area of interest.

Though now a little out of date, the LDTS is the most appropriate data set for
the development of a British model of inter-urban trip generation. It is a postal
survey which was carried out on a continuing basis from 1974 to 1980. Survey
forms were sent to a random sample comprising approximately 30,000 individuals
selected annually from the electoral register, supplemented by an additional
sample of 16—17-year-olds not included in the register. The sample selected each
year was divided into 26 groups, each of which was asked questions about its
long-distance trips within a specific two-week period. An impressive response rate
of 70 per cent was achieved, partly by the use of incentives and by following up
approximately 2,000 respondents each year.

The LDTS lends itself particularly well to the modelling of trip generation,
as it records a large amount of detail about each respondent and any trips he or
she has made. Its size is a major advantage, because a long-distance rail trip is a
relatively rare occurrence for the majority of people. As it is a postal survey, it
can contact those individuals who never, or very rarely, travel by rail, and provide
information on their characteristics; many of these people would not be reached
by an on-mode survey. Close examination of the data shows a close resemblance
between the composition of the sample and the population of Britain as described
by the 1981 census, though there is a noticeable under-representation of
employer/managers in large organisations (see Rickard, 1986, pp. 30—36).

After extensive examination of trip rates recorded on LDTS, the data were
supplemented by three additional variables describing the characteristics of the
district of residence which appeared to play some part in determining an
individual’s trip rates. These were: the presence of a rail station and, where
appropriate, the quality of rail service from that station; the proximity of London
(a destination identified as having particularly great attraction); and the level in
the urban hierarchy (as defined by Smith (1968) and Carruthers (1962 and 1967),
updated where appropriate by 1981 census data).

The size and complexity of the data made it necessary to adopt a two-stage
approach to the analysis. The exploratory stage is used to identify non-random
patterns requiring explanation, and to generate hypotheses. The confirmatory
stage comprises formal statistical modelling and significance testing. A full
description of the methodology can be found in Rickard (1986).

Exploratory analysis
It was hypothesised from the outset that the composition of the long-distance
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travel market is not homogeneous across the different journey purposes. It was,
therefore, proposed that separate models should be developed to explain business
and non-business trip rates. The issue of simultaneity between an individual’s trip
rates and his or her level of access to the rail system (and quality of the rail service
available) was considered at some length. After careful consideration, it was
decided that a single equation system was appropriate. It was assumed that a
household rarely locates near a railhead solely because a particular individual
makes many long-distance trips by rail. Other factors, such as nearness to a more
frequently used facility such as a school, workplace or shops, are usually of much
greater importance (see, for instance, Carter, 1976). Any reservations about this
assumption would relate primarily to the small number of high-frequency business
travellers by rail.

A long-distance trip is defined for the purposes of the current exercise as a one-
way movement of over fifty miles in length from one place to another. The use of
a fifty-mile cut-off point excludes all trips which could be described as intra-urban
(London is approximately 35 miles from east to west). The present analysis is
confined to trips originating from within the individual’s district of residence, as
this enables the models to be used for prediction in conjunction with data
collected by the census.

Initial analysis of the data was by the exploratory analysis technique AID
(Automatic Interaction Detector). This uses binary segmentation techniques to
divide the sample into subgroups based on variation in levels of the dependent
variable between categories of the independent variables. Its principal output is
a tree-like diagram of the structure of the data, showing the most important
variables and any significant interaction between them (Sonquist and Morgan,
1964; Fielding, 1978). This makes it possible to identify the main explanatory
variables, and gives rise to hypotheses of data structure which are formally tested
in the second stage of the analysis.

Figure 1 shows an AID analysis of the business market. A detailed analysis of
its contents is included in Rickard (1986). For present purposes, however, it can
be viewed as an example of AID output. The tree-like diagram shows the
successive divisions of the data and the subgroups selected. The divisions produce
“branches” of the tree. The subgroups produced by each split are represented by
boxes, each labelled with the name of the variable which induced the split and the
categories that fall into the subgroup. The boxes show the number of individuals
in the subgroup (n), the trip rate of the group (%), and its variance. The diagram
should be examined from top to bottom. The box at the top contains the parent
population to be divided. The boxes further down the page contain subgroups
produced by the successive splits. A heavy border round a box indicates that the
group can be split no further (that is, the proportion of the total sum of squares
explained by the split, the number of individuals in a potential subgroup, or the
between-group sum of squares of a potential split fall, is lower than a specified
minimum value). The order of splits is indicated by the numbers in circles. These
numbers are chronological: the lower the number, the earlier the split occurs in
the process. As those variables with the greatest explanatory values are selected
first, a low number represents an important split. Interaction between the
variables is indicated by the asymmetry of the tree (Fielding, 1978). The skewness
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of the dependent variable (number of rail business trips of over 50 miles in
length per individual in a two-week period) has produced a large group of
individuals with very low trip rates and a series of smaller groups with higher trip
rates.

Confirmatory analysis (modelling)

The choice of model form was approached by means of the Generalised Linear
Modelling (GLM) framework (after Nelder and Wedderburn, 1974; McCullagh and
Nelder, 1983). GLM generalises the Classical Linear Regression model to a wider
range of model forms, providing a convenient framework for model form choice.
This generalisation arises from the observation that a large number of model
forms possess certain common properties, such as linearity and a common method
of computing parameter estimates.

A GLM can be viewed as consisting of three parts:

1. A deterministic linear element;

2. A random element (distribution of the dependent variable);

3. A function which produces an equation of linear form (1), given the dis-
tribution of the dependent variable (2).

Examination of the data with regard to these three factors enables model form
to be hypothesised before estimation. Examination of the frequency distribution
of long-distance trips per individual per two weeks shows that it is not significantly
different from a negative binomial distribution (NBD). Kendall and Stuart (1958)
have shown that an NBD can be viewed as a mixture of poisson distributions, each
with its own mean. Subsequent examination of the subgroups produced by the
exploratory analysis shows that the long-distance travel market can indeed be
viewed as consisting of a series of subgroups of individuals, each group following
its own poisson distribution and therefore having its own propensity to make
trips. This suggests the adoption of modelling procedures suitable for use with a
dependent variable following a poisson distribution.

A logarithmic transformation of the dependent variable gives a linear equation:

InA;j =B +1InN; +B1x; + 82X, ... +BuXxp

where

In is natural logarithm

A is the trip rate of subgroup j and also the parameter of the
poisson distribution

N; is number of individuals in subgroup j

Xy, X ...X, are dummy variables representing characteristics of the res-
pondents

B:, B, ... B, areestimated parameters

j represents a group of individuals with a particular combination
of dummy independent variables; j = 1 . .. m. m is the total
number of combinations — that is, if there are five independent
variables each with two levels, m = (2%) = 32

Bo is the “intercept™ (or reference group) term.

This is known in the econometric literature as poisson regression (Maddala, 1983).
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FIGURE 1

Exploratory Analysis of Business Trips by Rail
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TABLE 1
Parameter Estimates of the Business Trips Model
In\; =8o +InN; + 8,5, +8,5; +83G, tBaR,

deviance = 18.65 df=19

Category of Parameter Standard Ratio Anti-log
Respondent Estimate Error of (Estimate: of

(B,) Estimate S.E.) Estimate
Reference group —6.995 0.222 -31.509 0.001
Sy Employers and managers

in large establishments,
self-employed professionals,
intermediate non-manual,

armed forces, students 1.774 0.184 9.641 5.894
S3 Employers and managers

in small establishments,

professional employees 2.412 0.178 13.551 11.156
G, Aged 18—54 years 0.869 0.211 4,118 2.385
R, District of origin:

Metropolitan city centres,
London, non-metropolitan
urban areas 0.555 0.145 3.828 1.742

It is equivalent to a form of loglinear modelling, as explained by McCullagh
and Nelder (1983). The equation is estimated iteratively by maximum likelihood
techniques.

A series of models was produced of trips made for both business and non-
business purposes. The difference in the goodness of fit between the models was
calculated, and the significance of the improvement of fit between successive
models andalysed, by reference to chi-square tables. A number of alternative
selection techniques were used to increase the probability of the choice of a
satisfactory model. The residuals are subsequently examined to give an indication
of whether an appropriate model form has been chosen.

Calculation of trip rates from the models

The final models for business and non-business trips are shown in Tables 1 and 2.
The exploratory analysis showed that a division of the non-business market
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TABLE 2

Parameter Estimates of the Non-business Model
In\ =8y +InN; + 8,5, +8,G, + B34, +B4T, +55,G,

deviance = 12.69 df=10

Category of Parameter Standard Ratio Anti-log
Respondent Estimate Error of (Estimate: of
(By) Estimate S.E.) Estimate

Reference group —4.525 0.091 —49.725 0.011
S, Professional employees,

armed forces, students 0.659 0.148 4.453 1.933
G,y Aged 18—24 or over 65 0.200 - 0.087 2.999 1.221
A, Resident in district with

main line station 0.433 0.088 4.920 1.542
T, Household type:

1 adult < 65, 2 adults 65+,

> 3 adults 0.354 0.079 4.481 1.425

S,G,  Membership of groups
Sand G 0.767 0.204 3.760 2.153

between trips for visiting friends and relatives and other leisure trips was not
worth while, as their composition was very similar. The evidence suggests that
a single non-business model is sufficient.

The parameter estimates in Tables 1 and 2 can be used to calculate the
estimated trip rates of groups of people with each combination of characteristics.
The characteristics of LDTS respondents were coded in the form of categorical
variables. They are, therefore, represented as dummy variables in each model
(where level 1 of the variable consists of individuals falling into categories of that
variable associated with low rail usage, and level 2 (and level 3 where appropriate)
represents individuals in a group of high rail usage. The anti-logarithm of the
parameter represents the expected average trip rate of individuals in level “1”
(that is, the low-frequency rail usage group) as defined by categories of all the
selected variables. The remaining parameters enable the trip rates of all other
subgroups to be calculated. For example, in the rail business model, if an
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individual is in category “2” (the high rail usage group) of the age variable and in
category “1” for the remaining variables, his or her trip rate will be calculated by
adding the parameter value of the reference group and that of G, (the high usage
group as defined by the age variable) and taking the anti-log of the result. Altern-
atively, the anti-logarithm of each appropriate parameter can be multiplied
together with the reference group to give the same result. The anti-logs of all
the parameter values are given in Tables 1 and 2, as these give an indication of
the role of each variable. A value higher than one indicates that membership of
the group concerned increases trip rates over those in the reference group,
whereas a value lower than one shows that membership of the group reduces trip
rates. Thus it can be seen that membership of the socio-economic group
associated with high levels of non-business rail travel has a particularly large
generating effect on non-business trips, whereas an individual’s business trip rates
are most strongly influenced by membership of both the socio-economic and age
groups associated with high levels of rail business travel.

A list of the set of variables from which the variables were selected is given in
Table 3.

Rail business model

The variable “socio-economic group of respondent” represents the respondent’s
occupation. Not surprisingly, employers and managers, professionals and inter-
mediate non-manual workers are found to make significantly more business trips
by rail than junior non-manual workers, manual workers and people who are not
economically active. Students and members of the armed forces also have
relatively high trip rates. This reflects the LDTS’s definition of a rail business trip
as “an appointment or call in the course of work™, which clearly includes a
greater variety of trips than simply those carried out by the stereotypical briefcase-
carrying business traveller.

Two occupation groups, “employer/manager group II”’ (employers or managers
in establishments employing fewer than 25 people) and professional employees,
have considerably higher trip rates than the rest of the high usage group. It was
thus necessary to break down the socio-economic group variable to form three
usage groups:

1. High wusage group - employer/manager group II and professional
employees.

2. Medium usage group — employer/manager group I, self-employed pro-
fessionals, intermediate non-manual workers (employees in occupations
ancillary to the professions not normally requiring qualifications of
university degree level, artists and non-manual supervisors), students and
members of the armed forces).

3. Low usage group — as in Table 1 (junior non-manual workers, manual
workers and people not economically active (except students).

The medium usage group is fairly diverse in character. Employer/manager
group I (employer/managers in organisations with 25 or more employees) and the
professional self-employed are in the group because, though they have high trip
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TABLE 3

List of Explanatory Variables

1. Sex of respondent
2.  Socio-economic group of respondent
3. | Socio-economic group of respondent’s head of household
4. Number and age of adults in the household
5.  Number and age of children in the household
6. Household type (a combination of classes 4 and 5)
7. Household size
8. Number of cars in the household
9. . Number of vans in the household
10. Number of vehicles in the household (a combination of 8 and 9)
11. Age of the respondent
12. Degree of urbanisation of district of respondent’s residence
13.  Access to the rail network
14. Level of origin district in the urban hierarchy
15. Region of origin

16. Distance of origin from London

rates overall, most of their trips are made by car rather than by rail. These
occupational groups have particularly high levels of car ownership, higher than
those of individuals in the high rail usage group. Two-thirds of those in employer/
manager group I live in households with two or more cars. The analysis of LDTS
business trip rates by car has shown that the presence of two cars is an important
indicator of an individual’s propensity to make business trips by car. Intermediate
non-manual workers, on the other hand, make fewer business trips overall than
the professional and managerial groups, but make a relatively high proportion (33
per cent) of the trips they do make by rail. Students and members of the armed
forces have relatively high rates of business trips by rail; this is probably at least
partly due to the availability of railcards.
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The ‘“age” variable is used to produce a high rail usage group consisting of
respondents aged 18—54 years and a low usage group consisting of the remainder
of the sample. People aged between 18 and 54 form the majority of those who are
economically active. Those aged 55—65 have a relatively low trip rate and do not
warrant inclusion in the high usage group.

The “type of origin” variable again divides the sample into two groups. The
group with higher rail usage consists of individuals residing in the central districts
of the metropolitan areas (that is, Manchester, Liverpool, Sheffield, Newcastle,
Birmingham, Leeds and Glasgow), in London and in other large non-metropolitan
areas (free-standing towns such as Derby, Nottingham, Blackpool, Lincoln,
Norwich, Swansea and Cardiff). The lower usage group consists of those living
in the outer urban areas of the metropolitan conurbations, smaller towns and
rural areas. Note that, in order that trip rates can ultimately be estimated in
conjunction with census data, only those trips originating in the respondent’s
districts of residence are recorded. The “type of origin> district variable,
therefore, represents the respondent’s districts of residence. The districts in the
upper usage group tend to be business centres, which naturally generate many
business trips and usually have good access to a high quality railhead.

The variable representing access to, and quality of, the rail service was entered
into early runs of the model, but was rejected as statistically insignificant. It is
probable that the type of origin variable represents access to the rail network as
well as the proximity of business centres.

The trip rates associated with all combinations of these characteristics are
shown in Table 4. Note that there is much variation between groups. The trip
rates range from an average of 0.001 trips per 2 weeks (or one trip every 38 years!)
to 0.042 trips (or approximately one trip per year). Obviously there is much
variation around the averages in each group. Again the frequency distributions of
trips in each group follow poisson distributions, and the majority of members
of each group make no trips within the two-week period.

The model parameters show that occupation has the greatest effect on trip
rates of all the characteristics examined. An individual’s trip rate is increased most
of all by membership of the “high” socio-economic group.

The fifth column of Table 4 shows the trip rates per individual for business
trips carried out by car (both as driver and as passenger). There are approximately
three times as many car business trips as rail business trips recorded on LDTS.
Note that with one exception the car trip rates are higher than the corresponding
rail trip rates; but here too there is a wide range.

It is clear that employer/manager group II and professional employees aged
18—-54 have by far the highest rail trip rates. For people in these occupations
but outside the age range, the trip rate is halved. In general, the trip rate for car
is substantially above that for rail, but there is clear evidence that people residing
in urban areas have a stronger tendency to use rail, at the expense of the car, than
those located elsewhere. To this extent, it appears that the “type of origin”
variable is acting as a proxy for rail accessibility, rather than being important in
its own right.

Among the group of employers and managers, self-employed professionals,
students and members of the armed forces, trip rates are generally much lower.
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Again there seems to be a clear tendency for individuals resident in an urban area
to substitute rail for car, and it is among them that the rail share of the market is
highest.

For other socio-economic groups, trip rates are lower still, but with the same
tendency towards higher rates for the 18—54 age group than for others. Within
this age group, location again appears to influence the choice between rail and car.

Column 6 shows the percentage of members of each group that live in house-
holds with a car. Once again, there is much variation between the groups (ranging
from 42.7 to 93.4 per cent). The car business trip rates, and to a lesser extent the
rail business trip rates, tend to increase with the increasing proportion of house-
holds with cars. In addition, in the majority of groups, households with a car
have higher business trip rates than households without a car. This suggests that
car ownership is here reflecting some other variable, such as statusin the company.

Non-business model

As with business trips, the socio-economic group of the respondent is the most
important characteristic determining non-business trip rates. However, the
composition of high and low usage categories is different. The high usage group
consists of professional employees, members of the armed forces and students.

It is no surprise to find students and members of the armed forces in this
group, since they tend to live apart from family and friends, are relatively unlikely
to have a car available, and have access to railcards. More surprising is the presence
of professional employees. They appear to be members of this group because they
have above-average incomes but lower car ownership rates than employer/managers
or self-employed professionals. This may well be because company cars are not
available. The combination of these factors results in a relatively high trip rate
for visiting friends and relatives, with use of rail for a high proportion of trips.

The age of the respondent also appears to influence rates. Those aged 18—24
and over 65 years form the high usage group. They have access to railcards, and
are more likely than people in other groups to travel independently rather than
in family units, so that rail travel is comparatively economical for them.

A third characteristic of respondents — their type of household — is also
important. The upper group consists of households comprising one adult under
65 years, households of two adults over 65 years, and households with more than
three adults. At first sight this appears to be a fairly diverse group, though all have
a high propensity to make long distance trips. Extensive examination of the
explanatory analyses showed this to be the most appropriate grouping. Individuals
under 65 living alone would be expected to make more trips than those in larger
households because, by definition, they live separately from friends or relatives,
and solitary travel makes car travel a less economical option.

Two-pensioner households are also in the upper group. More surprisingly,
households comprising only one adult over 65 are not in the upper group, though
this might be logically expected to follow; they have a low average trip rate. It is
possible that single-pension households comprise older-than-average pensioners,
many of whom have outlived their partners. Advanced age may be an impediment
to rail travel in this group.
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The final characteristic selected as significant is the level of accessibility of the
individual’s district of residence to the main line rail network. The optimum
division of the sample appears to be into a high usage group who live in districts
with a station that has a main line service, and a low usage group who live in
districts with rail feeder services or with no station at all. The high usage group
make significantly more trips than the low usage group.

The non-business rail trip rates of individuals with each combination of
characteristics are shown in Table 5. As in the rail business model, the trip rates
show much variation, ranging from 0.010 trips per two weeks (or one trip every
3.7 years) to 0.126 trips per two weeks (or 3.276 trips per year). Once again,
note that these are average trip rates. Each group contains a large number of
people who make no trips within the period.

The structure of the non-business model is slightly more complex than that
of the business model. All the characteristics listed have statistically significant
effects on trip rates. The interaction between socio-economic group and age is
also significant. This means that if an individual is a member of a high usage
group as defined by both the age and socio-economic group variables, his or her
trip rate is likely to be particularly high.

As in the rail business model, socio-economic group is the characteristic which
has the greater effect on trip rates. Therefore the five groups with the highest non-
business trip rates contain members of the high socio-economic group.

The highest trip rates are achieved by students, professional employees and
members of the armed forces aged 18—54, living in a one-person household or one
containing three or more adults. These people appear very sensitive to the
accessibility of the rail service; where they have a main line service available
within the district, they make more trips by rail than by car, but elsewhere they
make more trips by car. For members of these groups who are not in the 18—24
age group and/or live in households of other types, the trip rates are lower, but
quality of rail service remains a very important determinant of choice of mode.

For other socio-economic groups, age and household structure have a similar
effect on trip rates, but the effect of rail service quality becomes ambiguous.
This is because, though good access to rail raises rail trip rates, it raises car trip
rates too. There is a clear implication that within these groups it is some other
factor, correlated with the availability of a main line rail station within the
district, that is raising trip rates by both modes.

As one might expect, there is a positive relationship between the proportion of
the group with a car and the group’s car trip rates. However, there is also a strong
relationship with rail trip rates. The groups with below-average rail trip rates have
a broad range of levels of car ownership. This includes those low car-owning
households that have low trip rates by both modes and those high car-owning
households that have high trip rates by car. As with business trips, households
with access to a car generally have higher car trip rates than those without.
Conversely, the majority of these households have lower rail trip rates than
households without cars. Six groups do have higher rail trip rates among those
with cars than those without; but little should be read into this finding, as in
each case the number of households without a car is very small, so there is
increased probability that a spurious high trip rate may be produced by chance.
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USING THE MODELS WITH DATA FOR SELECTED COUNTIES

These models have been used in conjunction with census data to produce estim-
ated numbers of long-distance rail trips for selected counties (for detailed
discussion see Rickard, Fowkes and Nash, 1987). This is a straightforward
exercise: the appropriate trip rate from Tables 4 and 5 is multiplied by the
number of individuals known to be in each subgroup in the appropriate district,
as given by the 1981 census. The trips predicted for all the groups are sub-
sequently summed to give the total number of trips expected in the district.

In addition to the census data, it is necessary to know the degree of urban-
isation of the district (in the business model) and whether or not the district
has a main line rail station (in the non-business model). Urban areas are marked
** in Table 6, and those with a main line station are marked * in Table 7. These
tables summarise the results for long-distance rail business and non-business trips.

The trip rates are given for districts in five selected counties (Greater
Manchester, West Yorkshire, Surrey, Hertfordshire and Lincolnshire). The
counties were chosen to test the models on a variety of areas. They include
counties from both the north and south of England, and exhibit varying degrees
of urbanisation.

Columns A to F of Table 6 show the percentages of the population of each
district which fall into the six subgroups as defined by the socio-economic group
and age variables found to be important in determining business trip rates. Note
that the two counties in the South East (Surrey and Hertfordshire) generally have
higher proportions of their populations in socio-economic groups with high rail
trip rates.

The last column shows the total number of rail business trips predicted per
year. This ranges from 5,000 trips (in Boston, Lincolnshire), to 98,000 (Leeds,
West Yorkshire). Obviously the total number of trips generated is closely related
to the population of the district. A more interesting comparison between districts
therefore can be made using trips per thousand population (the penultimate
column in Table 6). This variable also shows a wide range (from 3.6 in Wigan to
7.3 in Elmbridge). The range is primarily the result of differences in the socio-
economic and age composition of the districts. There is a fair degree of variation
in the predicted trip rates within the counties, but there is greater variation
between counties. The highest predicted business trip rates are in Surrey (6.29
trips/1000 population) and Hertfordshire (5.41 trips/1000 population), which
have relatively high percentages of individuals in the high trip-making
occupations. Manchester, Lincoln and Leeds (that is, those districts which fall
into the more ‘urbanised’ category) all have considerably higher business trip
rates than the remainder of the districts in their respective counties.

As in the analysis of the rail business trip rates, there is much between-county
variation in the predicted rail non-business trip rates (see Table 7). However,
there is also considerable within-county variation.

This variation depends to a large extent on whether or not the districts in
question contain main line rail stations. Those districts that contain main line
stations are marked with an asterisk in. Table 7. Their trip rates are estimated to
be approximately 50 per cent higher than those of districts without a main line
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station. It is noticeable that districts containing main line rail stations also tend to
contain somewhat higher proportions of individuals in the population categories
of high usage (particularly those shown in columns A, B and D).

The final column in Table 7 shows, in parentheses, for districts that have a
main line station, the trip rates that would be expected in the absence of the
station. This gives some indication of the relative importance of accessibility of
a main line station. The majority of these districts would have trip rates above
the average for their respective counties even if they did not have a main line
station, though obviously the presence of the station gives them very much
higher rates. It therefore appears that the main differences in expected trip rates
are the result of differences in levels of access to the main line, but that socio-
economic group and age do also affect the trip rates of some districts. Generally,
however, the socio-economic and demographic factors selected show compar-
atively little variation between districts, though there is a tendency for the Home
Counties to have a higher proportion of individuals in high trip-making socio-
economic groups.

The derived trip rates were subsequently tested against the observed trip rates
for the counties. The results are discussed in full in Rickard, Fowkes and Nash
(1987). Very few data on inter-urban trip rates are available, primarily because
their calculation requires a large (and expensive) sample from a household survey.
However, two sources were used: the Long Distance Travel Survey itself and
British Rail’s Area Travel Surveys.

The size, geographical coverage and high response rate of LDTS make it the
most useful data set for validation. It is not ideal to validate models on the same
data that were used to develop them, as this may favour the model being tested
and so lead to incorrect acceptance of a poor model. In the present case such
problems were minimised by estimating the models on the entire data set and
validating them on geographically selected parts of the data.

Table 8 shows trip rates for each of the selected counties as observed on the
LDTS and as estimated from the models. Insufficient sample sizes made valid-
ation at the district level impracticable. Inevitably the small sample sizes
obtained when LDTS is disaggregated result in substantial random variability
between the observed rates. However, statistical testing shows that they are
consistent with the estimates from the models.

Note that the widest variation between observed and predicted trip rates is
found in Surrey. Many long-distance trips from Surrey involve interchange in
London. If, as a consequence, one redefines Surrey as having a feeder service
rather than a main line service, the forecasts are considerably more accurate.

British Rail’s Area Travel Surveys (household surveys carried out within
selected towns) were also used in the validation exercise, though they differ in
certain important respects from the data used to develop the models. For
example, they ask about trips of over 25 miles in length carried out within the last
three months. A correction factor (including a multiplier to allow for more
inaccurate memory over the longer period) was applied to convert them into
trips per two weeks of over fifty miles in length. As this is clearly a crude index,
no sensible statistical testing could be considered. However, the results give
no reason to doubt the predictions of the models.

227



May 1988 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 6

Composition of Districts and their Predicted
Rates of Long Distance Rail Business Trips

Column A B C D E F Trips per Trips per
SEG HH?t 1 1 2 2 3 3 1000 Year
Age of Respondent 16—-17, 18-54 16-17, 18-54 16-17, 18-54 pop.per (000)
55+ 55+ 55+ 2 weeks
Greater Manchester
Bolton 37.9 42.5 3.7 9.4 2.0 4.6 4.2 28
Bury 36.4 40.3 4.7 10.4 2.6 5.5 4.7 21
Stockport 34.0 36.1 5.9 13.8 3.4 6.8 5.5 42
Rochdale 37.5 43.9 3.5 8.9 1.8 4.6 4.1 22
Oldham 40.8 42.2 3.4 7.5 1.9 4.3 3.8 22
Wigan 38.5 46.3 2.6 7.6 1.5 3.6 3.6 29
Tameside 40.4 44.1 2.8 6.4 2.0 4.4 3.7 21
Trafford 34.7 38.9 5.6 12.5 2.7 5.5 5.0 29
Salford 41.6 44.3 3.0 6.1 1.7 3.4 3.4 22
Manchester* * 40.7 44.4 2.7 7.5 1.6 3.1 6.0 70

West Yorkshire

Wakefield 37.8 46.1 3.1 7.8 1.6 3.6 3.7 30
Bradford 38.2 42.0 4.1 9.4 2.0 4.3 4.2 49
Calderdale 41.4 - 39.8 4.2 8.5 2.0 4.2 4.0 20
Kirklees 38.6 41.3 4.1 9.1 2.2 4.7 4.2 41
Leeds** 38.5 40.7 4.8 10.4 1.9 4.1 5.3 98
Surrey

Mole Valley 33.1 28.3 8.9 15.8 4.7 9.3 6.6 13
Guildford 31.4 33.6 1.5 16.3 3.6 7.7 6.1 19
Reigate & Banstead 32.6 30.4 8.7 14.6 5.0 8.7 6.4 19
Epsom & Ewell 33.1 29.5 8.9 16.6 4.5 7.4 6.3 11
Elmbridge 31.4 37.3 8.6 17.7 4.9 10.5 7.3 21
Surrey Heath 24.0 34.3 1.4 20.2 3.7 10.5 7.3 14
Runnymede 32.8 37.5 6.8 12.0 3.5 1.4 5.5 10
Spelthorne 30.9 38.4 5.9 13.1 3.4 8.4 5.8 14
Waverley 34.8 28.3 8.1 15.2 4.7 8.9 4.6 13
Woking 28.6 32.1 1.5 19.1 3.7 9.1 6.8 15
Tandridge 30.6 30.3 7.7 15.5 5.3 10.7 6.9 14

+ SEG HH = socio-economic grouping of head of household:
1: Junior non manual, manual, not economically active (except students);
2: Employer/managers I, self-employed professionals, intermediate non-manual, students;
3: Employer/managers II, professional employees.

** District is a conurbation central city, London, or a non-conurbation urban area.
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TABLE 6 (continued)

Column A B C D E F Trips per Trips per
SEG HHt 1 1 2 2 3 3 1000 Year
Age of Respondent 16-17, 18-54 16-17, 18-54 16-17, 18-54 pop.per (000)
55+ 55+ 55+ 2 weeks
Hertfordshire
Watford 33.3 41.8 4.8 12.1 2.6 5.5 4.9 10
E. Herts. 29.4 34.4 6.3 17.1 3.8 9.1 6.5 18
Broxbourne 29.8 42.3 4.8 12.0 2.9 8.4 5.5 11
Dacorum 30.8 37.6 6.6 14.9 3.0 7.0 5.3 18
St. Albans 28.4 30.2 9.7 21.5 3.1 7.1 6.7 22
Stevenage 29.2 42.8 5.7 16.2 1.6 4.6 5.1 10
N. Herts 33.1 34.6 6.8 16.1 2.7 6.7 5.7 16
Hertsmere 32.3 33.1 7.1 14.5 8.4 4.6 6.1 14
Three Rivers 32.6 30.8 8.7 16.8 3.2 7.9 6.2 13
Welwyn Hatfield 32.9 35.0 7.6 15.9 5.6 3.0 5.6 14
Lincolnshire
Boston 38.5 43.3 4.0 7.5 2.4 4.2 3.9 5
S. Kesteven 37.4 41.4 4.5 8.9 2.6 5.2 4.4
N. Kesteven 36.2 44.6 4.0 9.2 2.0 4.0 4.1 11
S. Holland 42.2 42.9 2.7 5.4 2.5 4.4 3.6
W. Lindsey 35.5 43.5 4.1 8.9 2.6 5.4 4.4 9
. E. Lindsey 44.3 39.9 3.2 5.8 2.3 4.4 3.7 10
Lincoln** ' 39.7 45.2 3.4 7.0 1.3 3.4 6.1 12
CONCLUSIONS

A thorough statistical approach to category analysis is used to produce models
which explain inter-urban rail trip rates in terms of the socio-economic, demo-
graphic and geographical characteristics of an area. The analysis suggests that the
British population consists of a series of subgroups, each with its own propensity
to make long-distance rail trips. The analysis revealed enormous differences in this
propensity, according to socio-economic group, age, household type and location.
Socio-economic group appears to be the most important variable in the business
travel market. There is also clear evidence that the use of rail is higher among
people located within urban areas, and that this is at the expense of car.

The role of socio-economic group in the non-business market is a little
surprising; it would be expected that there would be high use of rail among
students and members of the armed forces, but it is interesting that professional
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TABLE 7

Composition of Districts and their Predicted
Long Distance Rail Non-business Trip Rates

Column A B c D E F G H Trips Trips
SEG HH{ 1 1 1 1 2 2 2 2 per per
Age of Respondent 18—24 16-17 18—24 16-—17 18-24 16-17 18-24 16-17 Year 1000
65+ 25-64 65+ 25-64 65+ 25-64 65+ 25-64 (000) pop. per
Household typett 1 1 2 2 1 1 2 2 2 weeks
Greater Manchester
Bolton 1.9 0.7 0.5 0.4 43.7 25.7 13.1 14.0 114 14.1
Bury 2.0 0.6 0.5 0.4 43.2 23.8 14.4 15.2 66 14.3
Stockport* 3.2 1.0 0.9 0.5 41.7 23.2 14.5 15.0 175 21.7 (15.4)
Rochdale 1.6 0.4 0.4 0.3 44.4 24.8 14.0 14.1 76 14.0
Oldham 1.3 0.5 0.3 0.2 43.0 25.3 14.4 15.2 81 14.1
Wigan* 1.9 0.6 0.3 0.2 46.5 24.5 13.5 12.8 162 20.1(13.8)
Tameside 1.2 0.4 0.2 0.1 44.1 25.4 14.4 14.2 79 14.0
Trafford 2.8 0.9 0.7 0.7 42.0 24.2 14.5 14.3 83 14.4
Salford 1.2 0.5 0.3 0.3 41.5 25.8 15.5 14.9 90 14.2
Manchester* 1.6 0.8 0.7 1.0 38.8 26.6 15.3 15.0 253 21.6 (14.9)

West Yorkshire

Wakefield* 1.3 0.4 0.3 0.2 45.9 23.9 14.1 13.9 163 20.0(13.9)
Bradford* 1.5 0.6 0.4 0.3 42.6 25.8 14.0 14.7 56 20.5(14.2)
Calderdale 1.2 0.4 0.3 0.3 42.5 25.6 14.2 15.4 71 14.2
Kirklees 1.5 0.5 0.4 0.2 42.6 26.0 13.7 15.1 138 14.2
Leeds* 2.0 0.8 0.6 0.5 41.7 24.5 14.1 15.4 389 21.2 (14.4)
Surrey

Mole Valley* 4.7 1.5 1.5 1.2 38.3 22.0 14.2 16.7 48 23.6 (15.2)
Guildford* 5.0 2.1 1.2 0.9 40.6 21.3 13.9 15.0 74 23.6 (14.3)
Reigate & Banstead* 4.1 2.0 1.0 0.5 40.5 21.8 14.3 15.8 70 22.9(14.8)
Epsom & Ewell* 5.4 2.1 1.1 0.8 40.4 20.4 13.8 16.0 46 25.6 (16.3)
Elmbridge* 4.3 1.5 1.3 0.8 39.7 21.2 15.2 16.1 67 23.0(16.0)
Surrey Heath* 1.4 2.0 1.8 1.0 44.3 17.8 13.1 12.7 48 24.3 (14.7)
Runnymede* 3.5 1.3 1.0 0.8 40.3 20.5 17.1 15.6 42 22.7 (14.8)
Spelthorne* 3.3 1.0 0.8 0.5 42.9 20.2 16.1 15.4 53 21.9(13.8)
Waverley * 4.6 1.4 0.9 0.7 39.3 23.2 13.5 16.3 65 22.8(14.9)
Woking* 1.5 5.3 1.4 1.0 43.3 21.4 12.9 13.4 53 25.0(14.8)
Tandridge* 4.5 1.8 0.6 0.4 41.9 21.3 14.4 15.1 45 22.6 (14.5)

+ SEG HH = Socio-economic group of head of household:
1: Professional employees, members of the armed forces, students;
2: Other occupations. '
++ Household type:
1: 1 adult under 65 or 2 adults over 65 or large adult households;
2: Other household types.
* Indicates presence of a main line station. The figures in parentheses are those that would apply in the
absence of a main line station.
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TABLE 7 (continued)

Column A B C D E F G H Trips Trips

SEG HHf 1 1 1 1 2 2 2 2 per per

Age of Respondent 18—24 16—17 18-24 16—17 18-24 16-17 18-24 16-—17 Year 1000
65+ 25-64 65+ 25-64 65+ 25-64 65+ 25-64 (000)  pop. per

Household typeff 1 1 2 2 1 1 2 2 2 weeks

Hertfordshire

Watford* 2.4 0.9 0.6 0.3 42.9 23.9 14.8 14.3 41 21.0 (14.2)

E. Herts.* 3.9 1.0 0.3 0.6 46.4 20.4 14.0 13.5 61 21.7 (15.1)

Broxbourne* 2.2 0.6 0.3 0.4 48.2 19.9 14.8 13.4 43 20.8 (14.0)

Dacorum* 4.0 1.1 0.6 0.5 44.8 21.4 14.5 13.2 74 22.1(14.2)

St. Albans* 5.6 1.5 1.5 1.0 41.9 19.5 14.2 14.8 77 23.5(14.8)

Stevenage* 4.1 1.3 1.3 0.9 44.6 21.2 14.4 12.2 44 22.4 (14.3)

N. Herts* 3.8 1.1 1.2 0.8 41.9 21.6 14.1 15.7 63 22.4 (14.7)

Hertsmere* 3.8 1.1 1.2 0.7 43.0 20.9 15.4 14.0 51 22.3(14.4)

Three Rivers 4.3 1.2 1.1 0.8 42.1 20.5 14.4 15.5 36 17.5

Welwyn Hatfield* 3.3 1.0 1.4 1.0 39.5 20.5 16.5 16.8 56 22.8(14.9)

Lincolnshire

Boston 1.7 0.8 0.3 0.1 43.1 23.9 14.0 16.2 20 14.3

S. Kesteven* 3.1 0.8 0.5 0.2 45.3 23.5 13.2 13.4 53 20.9 (14.0)

N. Kesteven 6.6 3.2 1.0 0.8 40.5 19.8 12.9 15.2 31 15.1

S. Holland 0.9 0.4 0.2 0.1 44.0 23.7 14.6 16.0 23 14.1

W. Lindsey 4.5 2.7 0.4 0.4 44.7 20.5 13.3 13.5 29 14.4

E. Lindsey 2.4 1.2 0.2 0.1 39.9 24.3 13.7 18.3 41 14.9

Lincoln* 3.2 1.5 0.5 0.4 38.3 25.8 14.6 15.7 44 21.9 (14.7)

employees are also members of the high usage group. This may be the result of
a combination of relatively high incomes and low car ownership, perhaps partly
because of the low level of company cars in this group. For this high usage group,
accessibility to a main line station again appears very important. Household
structure also has an interesting effect. Generally speaking, households consisting
of one person or of many adults have higher rail trip rates at the expense of car,
but in the pensioner category, it is two-person households that have higher trip
rates. Pensioners living alone make few trips by any mode.

The approach described here complements existing aggregate prediction
techniques which help to identify potential market areas (aiding decisions on the
potential location of new main line stations). It can also be used to give insight
into the effects of demographic changes within the population over time on rail
patronage and on the differences in trip rates between different areas.
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TABLE 8
County Trip Rates from LDTS and
Those Estimated from the Model using Census Data
1 2 3 4 5
County Trip per head for 2 weeks LDTS LDTS Model
Sample Observed Predicted
LDTS Model Size Trips Trips
A. Business Trips
Greater Manchester 0.0047 0.0045 1498 7 6.7
West Yorkshire 0.0031 0.0045 1285 4 5.8
Surrey 0.0045 0.0063 671 3 4.2
Hertfordshire 0.0031 0.0058 637 2 3.7
Lincolnshire 0.0000 0.0043 270 0 1.2
All 5 counties 0.0037 0.0049 4361 16 21.4
B. Non-business Trips
Greater Manchester 0.0154 0.0174 1498 23 26.1
West Yorkshire 0.0210 0.0189 1285 27 24.3
Surrey 0.0179 0.0234 671 12 15.7
Hertfordshire 0.0236 0.0218 637 15 13.9
Lincolnshire 0.0148 0.0167 270 4 4.5
All 5 counties 0.0186 0.0193 4361 81 84.2
C. Total Trips
Greater Manchester 0.0201 0.0219 1498 30 32.8
West Yorkshire 0.0241 0.0234 1285 31 30.1
Surrey 0.0224 0.0297 671 15 19.9
Hertfordshire 0.0267 0.0267 637 17 17.6
Lincolnshire 0.0148 0.0210 270 4 5.7
All 5 counties 0.0223 0.0242 4361 97 105.5
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