NOTES AND COMMENTS

MARGINAL COST PRICING OF SCHEDULED
TRANSPORT SERVICES

By Odd I. Larsen

The purpose of this note is to demonstrate the direct use of a demand function in a
marginal cost pricing scheme for scheduled passenger transport.

Jansson (1979) presents a development and generalisation of the theory of optimal
bus fares set forth by Turvey and Mohring (1975). The main point, both in the original
theory and in Jansson’s generalisation, is that the total transport cost, on which
marginal cost is calculated, should include users’ cost as well as producers’ cost.
Marginal cost pricing will then usually imply that fares will be set below the producers’
marginal cost. Consequently the producers of scheduled passenger transport will run a
financial deficit if they adhere to that pricing policy, and we get a case for a public
subsidy to cover the loss.

A minor drawback in this approach to pricing theory is that the part played by
demand in determining optimal price is somewhat hidden in the user cost concept and
an unstated demand function. By working directly from a demand function and the
producers’ cost function, it may be possible to throw some additional light on the
marginal cost pricing of scheduled transport services. There is, however, no basic
difference between the two approaches.

It is also shown here that the condition for price to be optimal can be stated in a
way that is not quite obvious from Jansson’s article. This way of stating the condition
may be useful for some purposes.

To keep the exposition brief and simple, we shall assume that the supply of a
scheduled transport service is given by a single variable X, which we may tbink of as
vehicle-kilometres per unit of time. We also assume that the carrying capacity and
travelling speed of each vehicle are kept constant. An increase in X may then come
about through higher frequency of service or through a denser route network.

A demand function for scheduled passenger transport can be written as:

Y=Y({pX) (D

Here we can take Y as passenger-kms per unit of time and p as average fare per
passenger-km. The corresponding demand elasticities are:
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The case for including supply as an argument in the demand function stems mainly
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from the fact that higher frequency or a denser route network will reduce the
generalised cost of travelling, and thus increase demand. That is, quantity and quality
of supply are, so to speak, “joint products”. Scheduled passenger transport may be a
somewhat special, but not unique, case in that supply enters the demand function.

The producer’s cost function we will simply put down as:

C=CX)Y) (2)
with marginal costs 0C/0X = C, =20, 0C/6Y=C, =0

If we keep demand constant and balance a marginal increase in supply by an
increase in price, the demand function yields:
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and consequently
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Given (1), (2) and (4), the “social” net income from a marginal increase in the
supply of scheduled transport services can now be written as:
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Let us note in passing that, if we think of X as a vector x(1),...x(n) of different supply
characteristics, such as route density, frequency and travelling speed of vehicles, all
influencing both cost and demand, a necessary condition for optimal design of a
scheduled transport system will be SI,(;, = ST, for all j.
Assume that supply is determined by the number of passengers on the peak load
sections of the route network. If traffic on the peak load sections is a constant fraction
of total demand, we can take supply as given by

Y

X:‘; (6)

where the average load factor, k, is given by the distribution of passengers over the
route network. The increase in supply brought about by a marginal increase in
demand can be found by combining (6) and the demand function (1) to yield
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We can now calculate marginal net “social” cost from an increase in the level of
demand as:
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Combining (8) with (5), (6) and (7) and rearranging terms, we can also write marginal
“social” cost as:
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From (9) it is clear that marginal “social” cost will depend on price both directly
and indirectly. The condition dSC/dY = p and (9) give us the following expression for

optimal price:
C e

Except for the special case when the right-hand side of (10) is invariant under changes
in p, it will be a function of p. To find the optimal price we thus have to solve an
equation of the form

p=h() (11)

The numerator in (10) is the producers’ marginal cost with respect to an increase in

. the level of demand. Optimal price will equal producers’ marginal cost only if we then

have sufficient demand (and supply) to yield e, = 0. Otherwise optimal price will be a
fraction of producers’ marginal cost.

We may use (10) to indicate the optimal price and level of subsidy for different
types of scheduled passenger transport. If, for example, there is a tendency for le,/e,|
to be smaller for longer than for shorter routes, this will imply that price as a fraction
of producers’ marginal cost will be higher for longer routes.

The optimal fares in a local transport system thus might be 50% of producers’
marginal cost, but optimal pricing policy for an airline may require fares to be set at
95% of producers’ marginal cost.

It is also tempting, on the basis of (10), to speculate on the effect of rising consumer
income. At least in local traffic, this may increase le,/e,| and consequently decrease
optimal price as a fraction of producers’ marginal cost. Thus it may be argued that the
increase in public subsidies to local transport, even when income is rising, is both
justifiable and explicable.
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