THE DEMAND FOR COMMUTER
RAIL TRANSPORT

By Carol C. McDonough*

Because in the United States the auto is popularly used for commuting from suburb
to city, most large cities face the problem of increasing traffic congestion. Traffic
congestion is an economic problem because it imposes costs on the auto commuter
and on the community at large. For the commuter, traffic congestion necessitates
the expenditure of additional time and money. The entire community must bear the
social cost of the resulting air and noise pollution. One solution is increased use of
public transport: rail, bus and rapid transit.

Several studies have investigated the process of modal choice and the determinants
of modal demand. Warner [11] and Quandt and Baumol [9] found that relative
times and money costs provided consistently important explanations of modal
choice. But Lave [5] and Moses and Williamson [7] estimated that extremely large
money cost and time differentials may be necessary to produce a significant increase
in public transit demand.

This study focuses on the short-run market demand for commuter rail service.
In the short run, the total market demand for transport can be assumed constant,
because there is insufficient time to adjust locational factors such as employment and
residence that determine one’s transport needs. Empirical evidence was obtained
from the Boston metropolitan region.!

The paper is outlined as follows: Section I develops the theory of consumer demand
for commuter rail transport. On the basis of this, a model of the market demand for
commuter rail transport is developed in Section II. In Section III, the results of
least squares regression estimation of the parameters of the demand equation are
presented and evaluated. The conclusions to be drawn from these results are dis-
cussed in Section IV.

*The author is Assistant Professor of Economics at the Lowell Technological Institute, Lowell,
Massachusetts. She acknowledges with gratitude the financial support of a Ford Foundation
Dissertation Fellowship and the advice of her dissertation adviser, Dr. Ann F. Friedlaender of
Boston College.

1Much of the demand data was generated during a Demonstration Project conducted within the
Boston metropolitan region from December 1962 to March 1964. One phase of the project consisted
of a series of staggered fare and service-level experiments on the region’s major commuter rail line.
These data, combined with pre-project and post-project data, form the data set analysed.
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I. THEORETICAL FRAMEWORK

Transport derives its status as a consumer good primarily from its tied-sale nature:
i.e., itis usually demanded in conjunction with other goods and services. The rational
consumer chooses that mix of items, including transport, which maximises his
satisfaction.

If consumer tastes, income and expectations, and the prices of related goods, are
held constant, the demand for any transport mode depends upon its price. The
consumption of transport, however, necessitates not only an outlay of money but also
an expenditure of time. Time will be treated as a component of total cost, and thus
introduced directly into the demand function.

Time should command a positive price because it is a scarce resource, which must
be allocated among income-producing work, transport and leisure. If work itself
provides no utility, working time is valued at a price equal to the marginal wage
rate. Given perfect interchangeability between work and non-work activities, non-
working time should be similarly valued. But institutional conventions specifying
relatively fixed bounds for the workday and work-week frequently limit this inter-
changeability, thereby decreasing the opportunity cost of non-working time. The
opportunity cost of time should nevertheless vary directly with wages and income,
for several reasons. Income may provide some measure of the scarcity of an indi-
vidual’s time, a higher income indicating a greater time scarcity and thus a higher
value to be placed on non-working hours [3]. Furthermore, in a society where
worth is often measured by monetary success, non-working time may well be valued
in proportion to the market value of working time, even when they are not freely
interchangeable.

The opportunity cost of time should vary significantly between different times of
day [1]. If trip time is categorised by peak v. off-peak hours,2 a peak hour should
have the higher opportunity cost. Because the peak trip is generally a work trip,
there is a closer relationship between peak travel time and working hours. Also, the
peak work trip is taken more often, and during a period when time is relatively
scarce, since many weekday hours are normally allocated to work. Because the value
of time varies directly with its scarcity, discretionary weekday hours should be more
highly valued, with an opportunity cost more closely related to income.3

Off-peak travel time should have a lower opportunity cost. Weekday off-peak
trips are demanded primarily by persons without full-time employment, for whom
time is less scarce and thus presumably less valuable. Evening off-peak trips are
generally demanded in conjunction with some leisure time activity and might there-
fore command less emphasis on time minimisation; this seems to be borne out in
practice (see Table I).

In the short run, because total transport demand is constant, the demand for any
transport mode is related to the process of modal choice. Choice of mode depends
upon the total price and the utility of each mode. Total modal price, however,

2Transport service during the morning hours of 7.00 to 9.30 and the afternoon hours of 4.00 to
6.00 is classified as peak service; service at all other times is classified as off-peak service.

3Beesley’s findings [2] indicate that the value of time spent travelling to work by public transit
varies with income, both directly and proportionately.
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varies directly with the valuation of travel time. Given alternative modes X and ¥,
with money costs M; and travel times T;, the rational consumer will choose trips

by modes X and ¥ such that
MU, = MU,

M,+VT, = M,+VT,
where V represents the opportunity cost of time.

II. A MODEL OF THE MARKET DEMAND FOR
COMMUTER RAIL TRANSPORT

If modes of commutation are distinguished by significantly different money costs
and travel times, three basic modes can be identified: private, public and auto-rail.

Private transport is commutation entirely by auto. Public transport is com-
mutation by rail, bus and/or rapid transit, when the secondary home-station trip
is made on foot or by public transit. Auto-rail transport is rail commutation with
auto transport utilised for the secondary home-station trip.

Public transport should have the lowest money cost, but the greatest travel time.
The money cost of private transport is higher than that of public transport, but
generally lower than that of auto-rail transport (except where there are very high
toll and parking charges) because auto-rail necessitates a cash outlay for rail fare
as well as the cost of auto ownership and operation. The travel time of private
transport should be less than that of public transport, but greater than auto-rail
travel time. Auto-rail transport is the most time-saving mode because the use of
private transport minimises secondary trip time, while rail commutation to the city
eliminates time-consuming highway and city traffic congestion.

To analyse rail demand specifically, public transport is subdivided into standard
rail transport and alternative forms of public transport. Note that rail transport is
not treated as a homogeneous service: the two modes of rail commutation, standard
rail and auto-rail transport, have widely differing money costs and travel times.

Given that public, auto and auto-rail transport rank in ascending order for money
cost and in descending order for travel time, one’s effective range of modal choice
may be circumscribed by one’s income level. A lower-income commuter, for whom
time is assumed to be less valuable and the monetary constraint more severe, should
opt for a mode with a comparatively low money cost, even at the price of higher
travel time. Public and auto transport would then be the preferable alternatives.
A higher-income commuter, more willing to incur a greater money cost in exchange
for a time saving, should generally react to changes in relative money cost or travel
time by changing between auto and auto-rail transport.

Furthermore, a pattern emerges of intermodal changes consequent on changes in
income. Since a higher income increases the valuation of time, modes with relatively
low travel times should become increasingly desirable as income increases. The
commuter for whom standard rail transport is only marginally preferable to auto
transport may change to the latter in reaction to an income-produced increase in
the opportunity cost of time. For the auto commuter near the margin of indifference
between auto and auto-rail transport, an increase in income may cause substitution
toward less time-consuming auto-rail transport. Note that the relationship between
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income and rail demand is itself a function of income. The first substitution pattern,
which should have a higher incidence within the lower-income range, results in an
inverse relationship between income and rail demand. The second pattern, more
characteristic of higher income groups, results in a direct relationship.

Variables other than costs and income that may affect rail demand are the
seasonal factor and auto availability. Rail demand should be greater during the
winter months, because of hazardous and time-consuming road conditions. The
relationship between auto availability and rail demand should vary by income range.
Within the lower-income range, where modal choice is concentrated between public
and auto transport, auto availability should have a negative effect on rail demand.
Within the higher-income range, where modal choice is essentially between auto
and auto-rail transport, auto availability should not be a determining factor,
because an auto is required for either mode.

Since market rail demand should also depend upon the size of the potential
market, a population variable is introduced to identify cross-sectional differences in
demand that result from differing market size. Population should have a positive
effect on rail demand.

The market demand for rail transport is specified as
D= D(%’ B; Th,’ R; N: Y> S, P)

M, T,
and linear relationships are posited between rail demand and the explanatory
variables.

The demand statistic (D) measures weekday town~—city trips per suburban rail
station.

Auto money cost (M,) indicates full pecuniary auto expenditures per trip. Rail
money cost (M,) is measured by rail fare.

Auto travel time (7,) indicates town—city auto riding time. Rail travel time (T;)
is the summation of rail waiting and riding times.

Home-rail station travel time should vary inversely with station availability,
measured as rail stations per square mile of town land area (7}). A positive
coefficient on T, would suggest that rail demand is elastic with respect to station
availability; if demand is inelastic, increased station availability may result in the
wider distribution of a relatively constant demand and thus a decrease in per-
station demand.

The availability of alternative public transport is indicated by the dummy
variable (R).4 R takes a value of 1 when no feasible alternative public transport
exists. Since the absence of a feasible public transport alternative should tend to
increase rail demand, R should have a positive effect on rail demand.

N indicates auto availability per town.

Y indicates median income per town.

$ is a dummy variable representing the seasonal factor, with a value of 1
indicating winter trips.

P indicates population per town.

4R replaces the money cost and travel time of alternative public transport, which cannot be
accurately measured when there is no feasible public transport alternative.
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A relative-cost specification of the cost variables has been chosen because modal
choice is more directly affected by comparative modal costs. Because relative cost is
expressed as the ratio of auto to rail cost, the relative cost variables should have a
positive effect on rail demand.

Problems of measurement prevent the direct inclusion of the money cost and
travel time of auto-rail transport. However, some inferences about their effects on
rail demand follow from the general analysis.

III. THE EMPIRICAL RESULTS

The data set is segmented into subsets by distinction of lines, of which there are five,
and for lines 1 to 4 by distinction of peak v. off-peak and inbound u. out-
bound service.5 Covariance tests had shown significant heterogeneity with respect
to these distinctions.

The regression results are presented in Table I. The F statistics indicate that each
regression is significant at standard levels.

The positive and generally significant coefficients on 7,/7, indicate that an
increase in auto travel time and/or a decrease in rail travel time typically cause rail
demand to increase. In fact, T,/ T, is the most highly significant variable, suggesting
that choice of mode is particularly sensitive to relative travel time.

For lines 3, 4 and 5, relative money cost M,/M, has the expected positive effect
on rail demand, and most of the coefficients are at least mildly significant. However,
M,/ M, seems to contribute no significant explanatory power for lines 1 and 2.

The significantly positive effect of T} on rail demand in a majority of the equa-
tions indicates that greater station availability generally increases rail demand per
station.

All significant coefficients on R are positive, suggesting that the lack of alternative
public transport may increase rail demand in some instances.

The seasonal variable § generally exerts a positive effect on rail demand, but it is
insignificant in several equations. '

The positive and generally significant coefficients on P indicate that market rail
demand varies directly with potential market size.

The signs of the income coeflicients are expected to depend upon general income
level. An examination of the income coefficients in relation to the mean incomes of
the line subsets (Table I1Ia) supports this hypothesis. The negative income coefficients
for line 1, which has the lowest mean income, are consistent with the assertion that
substitution between public and auto transport predominates in the lower-income
range. Likewise, the positive coefficients for higher income lines 4 and 5 may reflect
the prevalence of auto ». auto-rail substitution. For lines 2 and 3, with mean income
values in the middle-income range, positive income coefficients are observed for the
peak period and negative coeflicients for the off-peak period. This suggests that peak
travel time may be valued more highly, i.e., at a higher percentage of income, than

SFor line 5, which provides limited peak service, the covariance test indicated the absence of
significant inbound-outbound heterogeneity.
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TasLE Ila TasrE ITb
Rank by  Rank by Rank
Mean Income Mean Income Correlation
Line Income Coefficient Income  Coefficient  Cogfficient
in peak
3
1 6442-130 —0-391 1 1
2 7193-537 0-396 3 3 +1-0
3 7044-021 0-041 2 2
4 7270-571 1-864 4 4
out peak
3
1 6419-231 —0-112 1 1
2 7167-462 0-072 3 3 +1-0
3 7002-970 0-037 2 2
4 7270-571 1-532 4 4
in off-peak
$
1 6442-130 —0-159 1 1
2 7237-832 —0-088 3 2 +0-8
3 7099-002 —0-019 2 3
4 7270-571 0-409 4 4
out off-peak
3
1 6419-231 —0-096 1 1
2 7210-316 —0-077 3 2 +0-8
3 7048-372 —0-015 2 3
. 4 7270-571 0-902 4 4
in and out peak™
$
5 9194-632 0-012

*The inbound-outbound distinction is not observed for line 5, because of the homogeneity of the

sample space.

off-peak time. Therefore, when income approximates the value of both peak and
off-peak time, the income range beyond which change between auto and auto-rail

transport occurs is higher in the off-peak period.

The finding that, within each line subset, the peak income coefficients tend to
have higher absolute values than the corresponding off-peak coefficients suggests
that peak-hour commuters are more sensitive to the opportunity cost of time.

The income coefficients tend to become increasingly positive as mean income
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increases, implying that the incidence of income-induced change from auto to auto-
rail transport increases with mean income. To investigate the correlation between
the mean income of each line subset and the positiveness of its income coefficient,
rank correlation analyses were performed. The results (Table IIb) indicate the
presence of strong positive correlation, with rank correlation coefficients of +1-0
for the peak and +0-8 for the off-peak groups.

The relationship between auto availability N and rail demand should also vary
by income range. The significantly negative coefficients on N which predominate
for line 1 are consistent with its negative income coefficients. For the other lines, the
coefficients on /N were not expected to be significant, because the generally positive
income coefficients imply essentially modal change between auto and auto-rail.
The significantly positive coefficients observed on N within these line subsets may
result from a high positive correlation between income and auto availability.6

IV. CONCLUSIONS

Although much work remains to be done in investigating the determinants of short-
run commuter rail demand, the empirical evidence points to several conclusions.
The strong significance of the income and relative travel time variables suggests
that rail demand is most sensitive to changes in time cost, whether these changes
result from changes in travel time or in the opportunity cost of this time. Moreover,
commuters tend to place greater emphasis on time-minimisation for peak-hour trips,
which are generally work trips, than on the more occasional, leisure-oriented, off-
peak trip. Evidences of this are the signs on the income coefficients, which suggest a
higher opportunity cost for peak time, and the comparatively greater magnitudes
of the peak relative travel time coefficients. Thus, attempts to divert auto commuters
to rail transport by decreasing rail travel time should have a higher probability of
success during the peak period, when in fact there is greater traffic congestion.

The results also suggest that rail commutation is not intrinsically an inferior good.
Within the higher income range, where presumably private transport is used for the
home-station trip, higher income levels are associated with increased rail demand.
The negative relationship between income and rail demand within the middle
income range can be explained in terms of relative cost. Auto-rail transport may be
non-optimal for the average middle-income commuter because of its high money
cost. However, as income and thus the opportunity cost of time increase within this
range, standard rail transport, with its high home-station travel time, likewise
becomes non-optimal. Therefore, the middle-income commuter may opt for auto
commutation, not because he judges rail transport to be unsatisfactory, but because,
given his valuation of time, auto transport has a comparatively low total cost. If this
interpretation is correct, the reduction of home-station travel time through the
provision of efficient public transit to and from suburban rail stations should tend
to increase rail demand.

6For line 4, where particularly significant coefficients on JV are observed, there is a correlation of
0-9 between income and auto availablity.
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