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ABSTRACT

Wardman, M., Whelan, G.A. and Toner, J.P. (1994) Direct Demand Models of Air Travel: A
Novel Approach to the Analysis of Stated Preference Data. ITS Working Paper 421, Institute for
Transport Studies, University of Leeds, Leeds.

This paper uses what has been termed the direct demand approach to obtain elasticity estimates
from discrete choice Stated Preference data, The Stated Preference data relates to business
travellers’ choices between air and rail. The direct demand methodology is outlined and some
potential advantages over the conventional disaggregate logit model are discussed. However,
further research regarding the relative merits of the two approaches is recommended. The direct
demand model is developed to explain variations in the demand for air travel as a function of
variations in air headway and cost and in train journey time, frequency, interchange and cost.
Relatively little has previously been published about the interaction between rail and air and the
elasticities and variation in them which have been estimated are generally plausible. In particular,
the results show that large improvements in rail journey times can have a very substantial impact
on the demand for air travel and that the rail journey time cross-elasticity depends on satisfying
a three hour journey time threshold.

KEY-WORDS: Demand modelling; mode choice, elasticities, stated preference
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DIRECT DEMAND MODELS OF AIR TRAVEL: A NOVEL
APPROACH TO THE ANALYSIS OF STATED PREFERENCE DATA

1. INTRODUCTION AND OBJECTIVES

The research reported here was undertaken as part of an ESRC funded project (R000233791)
examining the impact of rail service quality and fare on the demand for air travel and long
distance car travel. This paper is concerned with the interaction between air and rail in the
business market.

Whilst the research findings reported here are of interest in their own right, since relatively little
research has been conducted on the interaction between rail and air in Great Britain, this paper
is also concerned with methodological issues; namely the development of what we have termed
direct demand models based on Stated Preference (SP) data.

It is our understanding that models developed on SP data have invariably been of the disaggregate
logit form, and in particular they have examined individuals’ discrete choices amongst alternative
modes of transport. We here present models which are calibrated on data collected from SP
discrete choice experiments but which aim to explain the variation in collective behaviour rather
than the variation in individuals’ discrete choices.

Section 2 outlines the broad distinctions we make between what we have termed the aggregate
and disaggregate modelling approaches whilst section 3 discusses in more detail the modelling
issues relating to the direct demand model. Section 4 advances what we believe to be the main
advantages of using a direct demand approach to the analysis of SP data and section 5 presents
the empirical findings. The concluding remarks are contained in section 6.

2. BACKGROUND: MODELLING APPROACHES

Although distinctions can be made between alternative demand analysis methodologies on various

dimensions, we here distinguish according to the unit of observation that enters the demand
model.

What are termed direct demand models are a form of aggregate model in that the dependent
variable takes the form of the collective behaviour of travellers. They subsume the various stages
of travel decision making info a single stage, represented by the quantum of individuals travelling

between two points by a given mode. They are based on recorded ticket sales, as is common in
~ the railway industry (Wardman, 1994), and on counts or surveys of travel behaviour.

The model aims to explain the variation in the demand for a mode of travel as a function of
variations in the characteristics of that mode of travel, of competing modes of travel and of other
relevant socio-economic factors, although most direct demand models rarely include factors other
than those relating to the mode in question. It is therefore the empirical equivalent of the
conventional demand function of economic theory. Although some argue that such direct demand
models do not have the same behavioural basis as disaggregate models derived from utility



maximising behaviour, we would argue that the axiom that there is a relationship between
aggregate demand and modal characteristics cannot be described as anything other than
behavioural whilst, quite fundamentally, we will argue that these models are potentially more
behaviourally robust since the only assumption required with direct demand models is that there
is a well behaved relationship between demand and modal characteristics.

In contrast, disaggregate models take the discrete choices of an individual or some other decision
making unit as the unit of observation. The choices are commonly the mode choices individuals
are either observed or stated to make and, in contrast to this study, the context is often that of
urban travel.

Disaggregate models specify a relationship between the probability that an individual will choose
an alternative and the utility of each alternative in the choice set. The utilities are related to
relevant variables representing travel circumstances and personal characteristics, with unobserved
factors being represented by an error term. It is the purpose of the calibration stage to estimate
the weights attached to each variable in the utility expression. The form of model derived depends
on the assumptions concerning the error term. Assuming that the errors associated with each
alternative are independently and identically distributed and follow a type I extreme value
distribution yields the commonly used multinomial logit model. The binomial logit model, in the
special case of just two alternatives, does not need to assume independently and identically
distributed errors, and is essentially the only model used to examine discrete choices amongst two
alternatives. The hierarchical logit model is typically used when choices are expressed amongst
more than two alternatives since it avoids the restrictive assumptions of the multinomial logit
model in such instances. A more detailed discussion of disaggregate models is provided in
Maddala (1983) and Ortuzar and Willumsen (1990).

3. MODELLING ISSUES

Although direct demand SP models are based on the data derived from discrete choice
experiments, they differ from disaggregate models in that they operate on the volume (V) of
demand rather than discrete choices. The discrete choices for a particular travel alternative are
summed for each scenario of the SP experiment, Thus if 100 individuals respond to an SP
experiment involving 12 pairwise comparisons of, say, rail and air, we have 12 estimates of the
volume of rail demand and of air demand, as opposed to 1200 choice observations that would be
available for input to a disaggregate model. Clearly a single SP design, which typically offers
between 9 and 16 comparisons, would not provide a sufficient number of observations to develop
a robust model. Thus there is a need to offer different designs to increase the number of
observations available for modelling. If four designs each involving 12 comparisons were allocated
amongst the 100 individuals, we would have 48 observations of the volume of both rail and air
demand.

Suppose the relationship between the volume of demand for mode m between i and j at any point
in time can be specified as:
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