URBAN EXPRESS BUS AND RAILROAD
PERFORMANCE

Some Toronto Stmulations

By D. N. Dewees*

INTRODUCTION

The purpose of this study is to compare the relative performance of the traditional
local transport modes with a proposed investment in a commuter railroad or in
express bus operations. A computer program is used to simulate the performance of a
set of urban transport modes between a central business district and a suburban
area. An existing arterial highway system and subway system are compared with an
expressway, a new subway line, three forms of express bus operations, and a com-
muter railroad. The simulation model determines the travel time, waiting time,
walking time and monetary costs required for each mode for the complete door-to-
door trip. Five different commuter income classes are considered, and the percentage
using each mode when presented with a variety of choices is calculated for each
income class.

The two areas examined in this study are close reproductions of the Toronto
central business district and a residential area four miles away. The performance of
each of the transport systems is based upon data provided by the Toronto Transit
Commission and the Government of Ontario transit operation, and a Varlety of
data on hlghway performance.

The model is, in other respects, highly simplified. The total number of travellers
between the two areas is assumed fixed, and not responsive to the performance of
the transport system. The model is deterministic, not stochastic. The performance
and fares of the systems evaluated are not affected by the number of passengers
attracted. Only user costs and performance are computed: the capital and operating
costs of the systems are ignored, since these have been compared in many other
studies.! Thus the results should be accurate estimates of performance where the
assumed conditions and service levels can be replicated, but cannot be easily applied
to other situations.

*Associate Professor of Economics, University of Toronto. The author acknowledges support from
a contract between the Ministry of State for Urban Affairs and the Institute for the Quantitative
Analysis of Social and Economic Policy. The views expressed in this paper do not reflect the official
views of either institution. He also thanks David Gillen for his energetic work on this project.

1See, e.g., E. Smith [1]. His article studies the cost of providing the services, but does not calculate
performance characteristics on a door-to-door basis.
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THE TEST SCENARIO

The transport simulation model used in this study is an adaptation of one described
in an earlier report [2], and will thus be treated only briefly here. The model is
based on one developed by Blackburn [3] as an outgrowth of Lancaster’s work.
It assumes that choices between modes depend upon the valuation of attributes of
those modes, and that for any traveller a dollar value can be assigned to an incre-
mental change in the quantity of any attribute. The cost of travel by mode # is thus

n—1 .
Ce = pe+ '21 v ok (1)

where py is the monetary costs of travel by model £, « is the quantity of attribute
possessed by mode £, and ¢ is the dollar value of a unit of attribute 7.

Ck is the price of a trip, including both monetary and time costs. Modal choice
decisions are made by choosing the facility with the lowest C. Thus between a given
origin and destination pair ¢, the modal choice algorithm among m modes will be

n—1 .
MIN Ci = pr+ Z viay for K=1ltom (2)
i=1

For this study the modal attributes are travel time, waiting time, walking time,
and the monetary price of the mode. The model is designed to evaluate variance in
travel, waiting, and walking time as well, but data are not currently available to
include the variance in these calculations. The total cost of a trip is thus

5
Cr = I thoi (3)
i=1
where ¢ = 5 is the price, and s} is now, but need not always be, 1. To avoid confusion
between g, and Cg, the former will be referred to as the monetary cost or price of
the trip, and the latter as the RCOST of the trip.

Use of this model requires knowledge of the valuation placed by commuters upon
the three time attributes of a trip. A survey of existing studies of the valuation of travel
time suggests that travel time may appropriately be valued at about 30 per cent of
the commuter’s wage rate [2, Appendix A]. Waiting time is valued at 1-5 times the
value of travel time, and walking time is three times the value of travel time.2 These
increases reflect the added disutility associated with waiting and walking. The
figures may vary with variations in climate, but these should be reasonably repre-
sentative for Toronto and other cities with similar climate. We have divided the
Toronto population into five income classes and assigned values to travel, waiting,
and walking time for each class. The resulting traveller’s preference vector (TPV)
or ¢' is shown in Table 1.

The CBD area examined here is based upon an area 1-2 miles square between
College and Front Streets and Spadina and Jarvis Streets in Toronto: the heart of
downtown. This area is divided into 625 zones, 250 feet on a side. Actual Toronto
data are used for the number of jobs or trip destinations in each zone. The transport
facilities in the study are somewhat simplified from existing facilities: they include a
single north-south subway line representing the Yonge Street line, and four east—

2This is consistent with D. A. Quarmby [4] and T. E. Lisco [5].
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west surface lines representing the College, Dundas, Queen, and King Street street-
car lines (see Figure 1). Commuter railroad trains terminate at a station contiguous
to the southern-most subway station: that is, the Union Station location.

The suburban area (SUB) in the model is based on an area somewhat more than a
mile square, located four miles north-west of the CBD. The SUB area, like the CBD,

18



URBAN EXPRESS BUS AND RAILROAD PERFORMANCE D. N. Dewees
TaABLE 1

Value of Time by Income Class

(', i = 1-3)

Income Class 1 2 3 4 5

$ 3 $ 3 3
Median wage rate ($/hr) 0-90 2-20 3.87 5-53 8:33

Time value ($/hr)

Travel (f = 1) 0-27 0-66 1-16 1-66 2-50
Wait (i = 2) 0-40 0-99 1-74 2-49 3-75
Walk (i = 3) 0-81 1-98 3-48 4-98 7-50

is divided into 625 zones, each 250 feet on a side. Toronto data are used to determine
the number of households and thus the number of trip origins in each zone.

The two areas are assumed to be connected by an arterial road, and by a subway
line with feeder bus service. The simulation evaluates two new projects, a direct
subway line and an expressway. Since these were considered in the earlier study [2],
they will not be discussed at any length here.

This study will concentrate on evaluation of the hypothetical commuter railroad
and express bus alternatives. The commuter railroad line bisects the SUB area, with
a single station at its northern boundary. It terminates at the station on the southern
boundary of the CBD, with transfer facilities to the subway line (see Figure 1). The
trains are assumed to run at twenty-minute headways during rush hour, and sixty-
minute headways off-peak, a rough approximation to the existing railroad service
on the Pickering to Oakville lakeshore line. Suburban commuters are assumed to
walk, use feeder buses, or drive to the suburban station. In the CBD they have a
choice of walking or transferring to the subway, with a possible further transfer to
surface lines. These choices are made on the basis of minimising the total RCOST of
the trip.

Three express bus services are considered, as shown in Figure 1. The first operates
a local service down the centre of the suburban area, then uses the local artery to
run non-stop to the CBD. Speed in the suburban area is therefore equal to that of a
local bus, while speed on the artery is equal to that of automobile traffic, since no
stops are made. In the CBD area this bus runs down Yonge Street, making five stops
at the same locations as the five subway stations. Here its speed is again that of a local
bus. This will be referred to as the A express bus service. It is express only in making
no stops between CBD and SUB. Service is every two minutes during rush hour and
every six minutes off-peak, comparable to the better quality bus services offered by
the Toronto Transit Commission. No special or reserved lanes are required.

The second express bus service is designed to be more like a commuter railroad
service. While the bus begins with a local run bisecting the suburban area, it then
uses an expressway (presumably a new expressway) to travel from the suburban
area to the CBD. No stops are made in this portion of the trip. The run terminates
at the commuter railroad station in the CBD. Passengers must then either walk to
the destination or transfer to the subway and then to local surface lines. As with
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the commuter railroad, no free transfer is provided. This will be referred to as the
B express bus service. Frequency is again every two minutes in rush hour and six
minutes off-peak.

For both the A and B express bus runs we have assumed the same headways as
prevailed on existing heavily used local bus routes. One might expect, however, that
an express bus line serving a limited section of the suburban area and the downtown
could only attract a fraction of the patronage of a local line serving those areas and all
in between. This would suggest that a realistic express bus service should operate
with longer headways. While determination of precise headways would require an
iterative solution in which service was based on actual passengers attracted, we can
take as a limit the headways currently existing for commuter railroad service. If one
envisioned the present lakeshore railroad service replaced by express buses, it would
be possible to originate buses from each station which after leaving that station pro-
ceeded direct to the CBD. Because each bus carries far fewer passengers than a train,
the number of buses required to carry the same passenger load would provide a
service at least as frequent at most stations, and far more frequent at some.

We have therefore included express bus service C, which is identical to A except
that headways are twenty minutes in rush hour and sixty minutes off-peak. Here the
primary difference between the commuter railroad and the express bus is that the
latter provides some local suburban distribution, and five stops rather than one

in the CBD.

SIMULATION RESULTS

The simulations consist of calculating the performance, for each of five income classes,
of the two original transport modes, the new expressway, the new subway, three
express bus modes and the commuter railroad. These calculations are repeated for
the peak period and the off-peak period. The resulting total RCOST is shown in
Table 2.

Among the four express projects, the express bus with five downtown stops, mode
5-A, is best at all income levels. This is true in both peak and off-peak periods. In the
lowest income class it is only marginally better than the same service at longer
headways, 65 cents as against 70 cents, but at high income levels the twenty-minute
headway greatly increases the total RCOST of mode 5-C.3 In income class 1, mode
5-A costs half as much as the arterial auto, while at the highest income level its
advantage has been reduced to about 10 or 15 per cent. The old subway is better
than express bus 5-A in income classes 1 and 2, but fails in the higher income classes
because of the time consumed in walking and waiting for transfers.

As between the commuter railroad and the express bus of similar frequency, the

3The model assumes that waiting time is half the time between departures. When service becomes
sufficiently infrequent, passengers no longer arrive randomly, but arrive to catch a particular bus or
train. This reduces the waiting time, but adds some measure of inconvenience, as other activities
must be scheduled around departure times. In the absence of a model for evaluating schedule incon-
venience we have uniformly calculated waiting time as one-half of headways even for long headways,
although this probably overstates waiting costs for infrequent modes.
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TABLE 2

Total RCOST by Mode
(Dollars|passenger, 1-way trip)

Income Class 1 2 3 4 5

Mode $ $ 8 3 $

Peak I (Auto) 1-31 1-51 1-76 2:02 245
2 (Subway) 0-56 1-02 1-60 2:18 3-16

3 (X-way Auto) 1-22 1-35 1-52 1-69 1-98

4 (New Subway) 0-47 0-80 1-18 1-58 2-25

5A (bus) 0-65 0-89 1-21 1-56 2:12

B (bus) 0-89 1-25 1-64 2:01 2-61

C (bus) 0-70 1-04 1-48 1-93 2-67

D (RR) 1-11 1-59 2-14 2-66 3-53

Off-Peak 1 (Auto) 1-28 1-44 1-65 1-85 2-20
2 (Subway) 0-59 1-08 1-72 2-35 341

3 (X-way Auto) 1-15 1-26 1-41 1-55 1-80

4 (New Subway) 0-48 0-82 1-25 1-68 2-40

5A (bus) 0-62 0-84 1-13 1-43 1-93

B (bus) 0-88 1-24 1-63 1-99 2-40

C (bus) 0-80 1-29 1-92 2-56 3-62

D (RR) 1-23 1-88 2-65 3-39 4-62

A = X-bus using local artery, 5 CBD stops. 2 and 6 minute headway

B = X-bus using expressway, 1 CBD stop. 2 and 6 minute headway
C = X-bus using local artery, 5 CBD stops. 20 and 60 minute headway
D = Commuter railroad, 1 CBD stop. 20 and 60 minute headway
Runs of 17 and 19 October 1973.

Assumes 1-5 occupants per auto.

express bus (mode 5-C) maintains its advantage at all income levels. For income
class 1 the twenty-minute-headway express bus costs 70 cents compared with $1-11
on the railroad, while at the high income the figures are $2:67 and $3-53. Thus, with
similar headways and fare levels, the express bus has a decided advantage because
of its better capability for downtown distribution, even though it is running on a local
artery between the suburban and downtown areas, averaging only 13 miles per hour
compared with 33 miles per hour for the commuter railroad.

Finally, as between the commuter railroad and the express bus to a single down-
town terminal, mode 5-B, the bus is still superior. The cost for this express bus is
almost always higher than for the other two buses, but it is always well below that of
the railroad in both peak and off-peak periods. Some of this advantage arises from
the bus’s superior distribution in the suburban area, where it makes a number of
stops through the centre of the district, instead of using a single station. The
remainder is due to shorter headways.

The relative RCOST of the four express modes determines the passenger load
which each carries. Table 3 shows express bus A taking a substantial share of the
passengers in the lower income classes, and all passengers in the highest income class,
when competing with the arterial highway and old subway. The B bus, running to a
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single downtown station, carries no passengers in the lowest income class, some
middle-income passengers, and a few in the highest income class. Its higher fare
discourages the lowest income travellers from leaving the subway, while its poor
downtown connections and consequent high walking and waiting time discourage
high-income travellers.

The C bus shows a similar pattern with few low-income passengers, many middle-
income and no high-income. Here again the fare discourages low-income groups,
while the long headways deter the highest income class. The commuter railroad
carries no passengers in any income class. With its high fare, infrequent service, and
poor downtown distribution, it is completely dominated even by the arterial high-
way and old subway.4

It must be remembered, in evaluating these results, that the computed RCOST
is the cost from each suburban zone to an average of all CBD zones weighted by
density. If we were to evaluate performance only for trips to workplaces near the
railroad station, the railroad performance would look substantially better. Even
where, as here, the railroad incurs substantially greater average RCOST than the

TABLE 3

Passengers by Mode
(Percentage of total trips, peak only)

Income Class 1 2 3 4 5

Mode % % % % %
1 0 0 17 69 100
2 100 100 83 31 0
0
1 0 0 0 0
2 71 26 1 0 0
5A 29 74 99 100 100
1 0 0 0 18 99
2 100 97 56 28 0
5B 0 3 44 54 1
1 0 0 0 9 100
2 - 98 55 34 24 0
5C 2 45 66 67 0
1 0 0 17 66 100
2 100 100 83 34 0
5D 0 0 0 0 0

4The existing Toronto commuter rail service faces some subway competition at its two innermost
stations. The railroad carries only 2 per cent of all commuters between one of these stations and the
CBD, and 10 per cent between the other and the CBD. This tends to confirm the simulated results;
the railroad’s headway, fare, and poor distribution give a subway an overwhelming advantage at short
distances.
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TABLE 4

Composition of RCOST by Mode
(Dollars[passenger, 1-way trip)

Class 1 (Low Income) Class 5 (High Income)

Mode Travel Wait Walk $ Total  Travel Wait Walk $ Total

Peak
1 0-12 0 0-02 1-17 1-31 1-07 0 0-21 1-17 2-45
2 0-17 0-03 0-12 0-25 0-56 1-56 0-27 1-08 0-25 3-16
3 0-07 0 0-02 1-13 1-22 0-64 0 0-21 1-13 1-98
4 0-10 0-02 0-10 0-25 0-47 0-91 0-21 0-89 0-25 2:25
5A 0-12 0-01 0-07 0-45 0-65 1-18 0-09 0-27 0-58 2-12
B 0-07 0-01 0-20 0-61 0-89 0-73 0-17 0-88 0-82 2-60
C 0-12 0-07 0-07 0-45 0-70 1-18 0-65 0-27 0-58 2-67
D 0-08 0-09 0-18 0-77 1-11 0-78 0-89 0-88 0-97 3-52
Off-Peak

1 0-09 0 0-02 1-17 1-28 0-82 0 0-21 1-11 2-20
2 0-16 0-07 0-12 0-29 0-59 1-44 0-64 1-08 0-25 3441
3 0-06 0 0-02 1-07 1-15 0-52 0 0-21 1-07 1-80
4 0-09 0-04 0-10 0-25 0-48 0-86 0-40 0-89 0-25 2-41
5A  0-09 0-02 0-04 0-47 0-62 0-86 0-24 0-27 0-56 1-93
B 0-05 0-02 0-18 0-63 0-88 0-54 0-38 0-84 0-83 2-59
G 0-09 0-20 0-04 0-47 0-80 0-86 1-92 0-27 0:56 3-62
D 0-07 0-20 0-18 0-77 1-23 0-74 2-21 0-84 0-97 4-62

Source: Runs of 17 and 19 October, 1973.

competing modes, it might gain some passengers who live near the SUB station and
work near the CBD terminal. What the study shows is the time and monetary costs
to commuters of serving even a one-square-mile area with a single passenger terminal.

The total RCOST and consequent modal split just observed can be understood
better by examining the composition of RCOST shown in Table 4. Here the total
cost of travel by each mode is broken down into its component travel, waiting, and
walking time and dollar elements for the lowest and highest income classes. In the
lowest income class, express buses A and G offer a low total fare because, with the
relatively good access offered by five downtown stops, low-income passengers are
prepared to walk to their downtown destinations without paying for a transfer to the
surface system. The dollar component of the same modes for the high-income class
is 13 cents greater, because a large number of high-income commuters find it
preferable to pay for a downtown transfer rather than consume valuable time in
walking. It is interesting to note that for the low-income class the dollar cost is a
large proportion of the total RCOST (about two-thirds), while in the highest income
class it is less than 25 per cent of the total cost. Mode C differs from A only in its
longer waiting time because of the longer headway between buses.

The simulation program used here determines the performance of each mode,
but does not simulate operating costs for the transit modes, using instead a given
fare structure. Fares per passenger mile on the railroad and express bus modes are

23



January 1976 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

assumed equal. It would appear that this assumption, if it is not accurate, favours
the commuter railroad. Meyer, Kain and Wohl [6] found that the monetary cost of
express buses would be less than that of rapid transit in most circumstances, and
commuter railroad costs are certainly above transit costs.5 The large subsidies
needed for suburban commuter railroad service in Ontario suggest that here, too,
actual bus costs would not exceed rail costs, and might be significantly lower.

Express bus B involves a substantially higher monetary outlay than either A or C,
and a much higher cost for walking. The monetary cost reflects the cost of transfers
in the CBD for those whose destination is far from the single terminal, while the
increased walking time is for those deterred by the fare but still not in the immediate
vicinity of the station. The commuter railroad’s performance looks quite similar to
that of express bus B. This should not be surprising, since both use a single downtown
terminal. Railroad waiting time is greater than that of the express bus. When com-
pared with express bus G, the railroad has a higher dollar cost, more waiting time,
and more walking time.

The results discussed here are for two areas only four or five miles apart, and need
not necessarily hold for longer trips. We can generalise from these results, however, by
looking at the relative marginal cost of an additional line haul mile for the various
modes. Because we have assumed identical fares on bus and railroad, the fares of all
four systems will increase identically as the areas are moved farther apart. The only
other component of line haul marginal cost is travel time, the inverse of speed. The
bus using a local artery travels at 13-3 miles per hour in the peak period, while the
expressway bus moves at 33 miles per hour and the commuter railroad at 31-8 miles
per hour. Thus the relative performance of the railroad and the expressway (B) bus
will be essentially unchanged with increasing line haul distance. The bus will still be
measurably better. The bus on arterial roads, however, moves at 40 per cent of the
speed of the others. Because of'its higher travel times, it will rapidly lose its passengers
to the faster modes as distance between the areas is increased. This effect will be
greatest for high-income commuters because of their high time value. At a separation
of 15 miles, the C bus will have costs similar to those of the commuter railroad, while
the A bus will be equal at close to 20 miles.

CONCLUSIONS

This study has simulated the performance of several express bus systems and a
commuter railroad line, for comparison with each other and with both highway and
subway transport. Performance is calculated between a CBD and a relatively close
suburban area, about four miles away. Passengers of five income classes are con-
sidered and both peak and off-peak conditions investigated.

In this rather narrow situation, the commuter railroad is completely dominated
in both monetary cost and time performance by all express bus systems. The rail-
road’s faster line haul speed is more than offset by its poor suburban distribution and
its inability to provide access to a wide area of the CBD. Express buses operating
locally in the suburban area, travelling along an expressway and then making a
number of stops in the downtown area, offered substantially better performance by

5This was confirmed recently by E. Smith [1].
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any measure. Their monetary cost was lower and the waiting and walking time
substantially reduced when compared with the commuter railroad. The superiority
of an express bus was maintained even when it travelled on a local artery between
the two areas rather than operating over an expressway. Its slower speed between
areas was more than compensated for by its better performance within each area.

If the distance between the suburban and the downtown areas were increased,
the relative performance of the bus operating on local streets would decline by
comparison with the local railroad. At 15 to 20 miles the railroad would become
superior. However, if an expressway is available for bus operation, its performance
does not decline relative to that of the commuter railroad as distance increases, since
the average rush hour expressway speed in metropolitan Toronto is approximately
the same as the average speed of the suburban commuter trains. Thus at a line haul
distance of 20 miles, the commuter railroad performance is better than that of an
arterial bus; but an expressway bus, even with a single downtown stop, is still better.

On the other hand all these express buses operate in the midst of automobile
traffic, so even the best of them does not fully exploit all the potential advantages of
the mode. If exclusive lanes were provided, either in the downtown area or along the
artery or expressway used for the line haul, their speeds would be correspondingly
increased. Exclusive lanes would have the added advantage that they would reduce
the variance or uncertainty in travel time. While this was not statistically evaluated
here, it is quite possible that people would prefer a somewhat slower average trip if
the chance of a substantial delay due to traffic jams were reduced.

These results tend to show a high level of performance by an express bus system
making multiple downtown stops with good connections to the local transit system.
They cannot be used as an argument against all commuter railroad operations,
because only a narrow situation has been examined here and because the cost of
providing the service is not computed. They do however suggest that where good
roads are available express buses should be seriously considered as an alternative to
proposed commuter railroad lines. They further suggest that designing any com-
muter system to include an integrated downtown distribution with several stops can
greatly enhance the performance of the system.
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