A COMPARISON OF STREETCAR AND
SUBWAY SERVICE QUALITY

By D. N. Dewees*

INTRODUCTION

Replacing a streetcar line operating on a city street with grade-separated rail
rapid transit such as a subway should improve service quality for transit patrons,
since operating speeds may be twice as great for the subway as for streetcars. Some
patrons will benefit more than others, however, and some will be made worse off.
The time saving from higher operating speeds is greater for long trips than for short
trips, so that long-distance travellers benefit most. Furthermore, the distance be-
tween stops is almost invariably increased, and the amount of walking needed to
reach the vehicle is increased by the distance from the street to the subway platform.
Thus to some extent the service is degraded. Travellers who are midway between
subway stations, and travelling only short distances, may find service is worse with
the subway than it was with a streetcar.

This paper will develop a model to describe transport costs on public transit in a
single variable. The cost model will then be used to evaluate travel costs for various
trips along Bloor Street, Toronto, before and after the streetcar service was replaced
by a subway. Conclusions will be drawn regarding the change in service quality for
different locations and different trips. The side effects on Bloor Street vehicular
traffic volumes are also considered.

CALCULATING RELATIVE TRANSPORT COST

The transport cost model used in this study is an adaptation of one described in a
report by Dewees (1973), and is presented only briefly here. The model is based on
one developed by Blackburn (1970) as an outgrowth of the work of Lancaster (1966).
It assumes that a comparison of two modes depends upon the valuation of character-
istics or attributes of those modes, and that for any traveller a dollar value can be
assigned to an incremental change in the quantity of any attribute. The cost of travel
by mode £ is thus
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n—1
Co =t + Z ooy, (1)
i=1

where p, is the monetary cost of travel by model £, af is the quantity of attribute
possessed by mode £, and o' is the dollar value of a unit of attribute 7. There are n
attributes, including the monetary cost; so when the monetary cost is separated, as
here, n — 1 other attributes must be evaluated.

C, 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 between two modes
will be

n—1
MIN C, = p + ). vioffork = 1,2. (2)
i=1

For this study the modal attributes are travel time, waiting time, walking time,
and the monetary price of the mode. This study will focus on cost differences between
modes; and, since the same flat fare is applied to both streetcar and subway, the
price term p, will drop out of the comparison, leaving the time components alone.

Given the value v* of the disutility that a traveller attaches to an hour spent in
activity 7, the time cost of the trip can be expressed in dollars. For this paper the
computation will be further simplified by using the travel time rather than dollars
as the numeraire, so that the relative cost on a mode (CR) is the sum of'its time com-
ponents times the value of each relative to the travel time value:

"
1

M e
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i

of fork = 1,2

<
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where o' = the value of travel time.

Several studies give some guidance on the relative disutility that travellers attach
to travel time, waiting time and walking time. Quarmby (1967) used discriminant
analysis to study workers’ mode choices in Leeds, and found that walking and wait-
ing time were worth two to three times as much as in-vehicle time. Lisco (1967)
found walking time to be worth about three times as much as in-vehicle time.
Domencich and McFadden (1974), on page 163, find waiting and walking time to be
three to four times more burdensome than travel time. A recent survey (Hensher,
1976) found variations in the values associated with different modes of travel, and a
number of conceptual problems in previous empirical estimates of travel time values.
It is therefore not possible to place a high degree of confidence on any single set of
relative time values.

As is common in studies of this type, we will span the range of relative time value
results by using two alternative assumptions. In the first, we will assume that all time
is valued equally. The total time cost for a trip in this calculation is simply travel
time plus waiting time plus walking time. The alternative assumption is that waiting
time for a bus or a subway train is valued at 1.5 times travel time, and walking time
within, to or from a station is valued at three times as much as travel time. Both sets
of results are presented, so that the importance of the relative time values can be
observed in the final result.
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TaBLE 1
Streetcar and Subway Scheduled Service

Streetcar (1961) Subway (1971)

Speed (mph)

Peak ) 10.0 22.5

Off-peak 10.6 23.1
Waiting time (minutes-seconds)
(= % headway)

AM/PM peak average 1-10 1-40

Mid-day/evening off-peak average 1-30 2-32

DESCRIPTION OF STREETCAR AND SUBWAY SERVICES

Bloor Street in the west and Danforth Avenue in the east form a straight main
artery running through the city of Toronto, crossing Yonge Street in the middle of
the city. On 26 February 1966 subway service replaced streetcars between Keele
Street, about four miles west of Yonge, and Woodbine Avenue, almost four miles
east of Yonge. In 1968 the subway was extended an additional three miles in each
direction to Islington and Warden.

Table 1 shows the service levels along Bloor Street and Danforth Avenue offered
by the streetcars in 1961 and by the subway in 1971. The average vehicular speed on
the subway is more than twice that of the streetcar during both peak and off-peak
periods. Service frequency, however, is somewhat less for the subway than for the
streetcars, because of the greater capacity of subway trains. Some simplification is
involved in representing the subway operation with a single average speed for the
Bloor line. The stations near the outer ends of the line are further apart than in the
city centre, so the actual subway speed is somewhat slower in the centre, and some-
what faster at the end of the line. Thus the results that follow overstate the perform-
ance of the subway for short trips near Yonge Street.

SERVICE COMPARISONS USING WEIGHTED TIME

Two different comparisons are used here to evaluate the relative performance
of the streetcar and subway along Bloor Street: total travel time to Yonge Street,
and trip length for equal performance of the streetcar and subway. Total time to
Yonge Street is the time required to travel from various points along Bloor Street
to the intersection of Yonge and Bloor. This includes the time required for walking
to the streetcar stop, or to the subway station and down to the platform; the time
waiting for a vehicle; and the travel time to Yonge Street. We assume that it takes an
average of 67 seconds to walk from the nearest kerb outside the station to the nearest
point on an east-west platform, except at the Yonge station where this walk requires
100 seconds. Thus all subway trips to and from Yonge include a minimum of 167
seconds of in-station walking.
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Because the streetcar station spacing is shorter and the walking distance corres-
pondingly shorter, the streetcars tend to have an advantage for short trips, while the
subway has an advantage for longer trips. Thus we have also calculated the length
of trip for which a traveller would be indifferent between using the streetcar and the
subway. All calculations are made for both peak and off-peak periods, with waiting
and walking time valued equal to, and alternatively higher than, travel time.

Because walking is so much slower than travelling either on the streetcar or on the
subway, the tradeoff between the streetcar and the subway depends to an important
extent upon where the trip begins and ends. If the trip begins and ends exactly at a
streetcar stop, and if a subway station entrance is located at each of those two stops
after the line is constructed, then walking time is only the time to walk from the street
to the platform on the subway. For such a trip station spacing is irrelevant; the
traveller considers primarily waiting and travel time. On the other hand, if the
traveller begins his trip midway between two subway stations, even if his destination
is at a station, he may face a walk of up to 0.3 mile on the central (Jane to Main)
portion of the subway, and up to 0.55 mile on the outer ends of the line. Since street-
car stops were generally spaced at 7 or 8 per mile, the longest walk to a street car
would have been 0.07 mile. All calculations are made both for travellers at a
station and for travellers who would be half way between stations at one end of their
trip. We have not considered the extreme case of a trip with both ends between
stations.

Table 2A shows total time to Yonge Street during the peak period, assuming all
times have equal value. The first half of the table is for a traveller beginning and
ending his trip at a streetcar stop or a subway station. For all distances shown in the
table the subway has a time advantage, ranging from a few seconds between Yonge
and Castle Frank to 14 minutes between Jane and Yonge Streets. That difference in
total time approaches the subway total time, so that the subway trip requires 45 per
cent less time than used to be needed for the streetcar trip.

The second half of Table 2A shows the total time to Yonge Street for travellers
whose origin is midway between stops or stations. In this case, the streetcar is actually
three minutes faster between Castle Frank and Yonge. Thus, when walking time is
included, travellers making these short trips were somewhat better off with streetcar
service than with subway service. After the trip length reaches two miles or more, the
subway regains its advantage; it is 4 minutes faster from Dufferin Street and 1
minute faster from Pape Street. Near Jane or Main Street, the subway advantage is
6 to 9 minutes even for travellers midway between stations.

Table 2B repeats the calculations of Table 2A, using off-peak schedules rather than
peak period schedules, but still valuing travel, waiting and walking time equally.
In the off-peak, streetcar service is somewhat better relative to the subway than in
the peak period, because of improved streetcar speeds and greater subway headways.
Still the subway shows an advantage for most travellers whose origin and destination
are at a station. For travellers midway between stations, at Bathurst or Castle Frank,
the streetcar holds a measurable advantage over the subway. Beyond a two-mile
distance, however, the subway regains its advantage, which grows to the end of the
line.

Table 3A shows the total time to Yonge Street in the peak period where waiting
time is valued at 1.5 times travel time, and walking time is valued at three times
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TABLE 2

Total Time to Yonge Street
(All time values equal)

Yonge
Castle

Station: Jane Keele Dufferin  Bathurst |  Frank Pape Coxwell Main
Miles to Yonge 5.0 3.8 2.6 1.5 1.0 2.1 3.2 4.4
Miles to the
next subway
station 0.57 0.34 0.26 0.31 0.57 0.39 0.57 0.71
A. PEAK PERIOD
Origin and Destination at Station
Streetcar 31-17 24-06 16-50 10-12 7-11 13-49 20-27 27-40
Subway 17-45 14-35 11-21 8-27 7-07 10-03 12-59 16-11
Origin between Stations
Streetcar 32-41 25-30 18-14 11-36 8-35*  15-13 21-51 29-04
Subway 23-27 17-59 13-57 11-33 12-49 13-57 18-41 23-17
B. OFF-PEAK PERIOD
Origin and Destination at Station
Streetcar 29-52 23-04 16-15 10-00 7-11*  13-19 19-40 26-29
Subway 18-19 15-11 12-04 9-13 7-55 10-46 13-38 16-44
Origin between Stations
Streetcar 31-16 24-28 17-39 11-24* 8-35%  14-43 21-04 27-53
Subway 24-01 18-35 14-40 12-19 13-37 14-40 19-20 23-50

“Times in minutes and seconds.
*Streetcar is faster.

travel time. The modal comparison for travellers whose origin and destination are
atastation is little changed from that of Table 2A, except that all times are increased
because of the waiting time valuation, and subway times are further increased
because of the higher value given to the walk into and out of the station. Here the
streetcar shows a 4 minute advantage for trips to Bathurst or Castle Frank, and a
smaller advantage even to Pape. The subway time saving is not significant until
trips become longer than 3 miles or so.

The radical change brought about by the heavier weighting of waiting and walk-
ing time shows up in the second part of Table 3A, where the trip origin is midway
between stations. Here the streetcar is always faster than the subway, even for trips
as far as Jane or Main Street. Travellers between Castle Frank and Yonge actually
record a 19 minute equivalent travel time loss from using the subway instead of the
streetcar if they are midway between stations. The time to Castle Frank is greater
than to Pape; the station spacing at Castle Frank is greater, requiring a longer walk.
Even at Main Street or Jane Street, 45 to 5 miles from Yonge Street, the streetcar
has a 5 to 10 minute advantage over the subway.
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TaBLE 3

Total Time to Yonge Street*
(Waiting = 1.5 X Travel; Walking = § X Travel)

Yonge
Castle

Station: Jane Keele Dufferin ~ Bathurst | Frank Pape Coxwell Main
Miles to Yonge 5.0 3.8 2.6 1.5 .o, 21 3.2 4.4
A. PEAK PERIOD
Origin and Destination at Station
Streetcar 31-52 24-41 17-25% 10-47* 7-47% 14-24*  21-02 28-15
Subway 24-09 20-59 17-45 14-51 13-31 16-27 19-23 22-35
Origin between Stations
Streetcar 36-04*  28-53*  21-37* 14-59* 11-59%* 18-36*  25-14%  32-27*
Subway 41-15 31-11 25-33 24-09 30-37 28-09 36-29 43-53
B. OFF-PEAK PERIOD
Origin and Destination at Station
Streetcar 30-37 23-49 17-00*  10-45* 7-56*  14-04*  20-25*  27-14
Subway 25-09 22-01 18-54 16-03 14-44 17-35 20-27 23-34
Origin between Stations
Streetcar 34-49*%  28-01*  21-12*%  14-57* | 12-08*  18-16*  24-37*  31-26*
Subway 42-15 32-13 26-42 25-21 31-50 29-17 37-33 44-52

“Times in minutes and seconds.
*Streetcar is faster.

Table 3B repeats the calculations of Table 3A for the off-peak period. Here again
the streetcar is faster for travellers originating as far as Dufferin or Coxwell Streets,
over 2 miles from Yonge. For travellers between stations, the streetcar once again is
always preferable to the subway, with savings of 7 minutes to 19 minutes.

Another way to compare the performance of the streetcar and the subway is to
calculate the trip length at which travellers are indifferent between the two modes.
Table 4A shows these trip lengths for indifference, assuming all times have equal
values. Travellers whose origins are midway between stations when the stations are
0.29 mile apart will prefer the streetcar for trips of less than 1.26 miles, and the sub-
subway for trips longer than that distance, during the peak period. In the off-peak,
the breakeven point will be 1.63 miles. The first four lines of the Table show that, as
station spacing increases, the trip length for indifference also increases to 3.68 miles
in the peak period and 4.26 miles off-peak when stations are 1.1 miles apart. This
increase in the trip length of indifference occurs because of the longer walk required
to reach more widely spaced subway stations (1.1 miles between Royal York and
Old Mill), while streetcar station spacing is assumed to be constant, at 0.14 mile.

The first four lines of Table 4A assume that 67 seconds are required to enter or
leave a subway station. The next two lines, with 0.5 mile station spacing, show how
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TABLE 4

Trip Length for Indifference Between Streetcar and Subway

Miles
A. All Times Equal Values Peak Off-peak
Trip origin midway between stations :
Station Spacing
(67 second station entry except as noted)
0.29 mile 1.26 1.63
0.50 mile 1.89 2.31
0.60 mile 2.19 2.64
1.10 mile 3.68 4.26
0.50 mile
(43 second station entry) 1.65 2.06
(100 second station entry) 2.22 2.67
Trip origin and destination at stations:
Station spacing irrelevant 0.81 1.14

B. Waiting Time Valued at 1.5 X Travel; Walking Time Valued at 3 X Travel
Trip origin and destination midway between stations : Peak Off-Peak
Station Spacing
(67 second station entry except as noted)

0.29 mile 3.62 4.45
0.50 mile 5.50 6.50
0.60 mile 6.39 7.47
1.10 mile 10.78 12.68
0.50 mile
(43 second entry) 4.80 5.74
(100 second entry) 6.50 7.59
Trip origin and destination at stations:
Station spacing irrelevant 2.28 2.99

the indifferent trip length varies according to station entry and exit time. If the entry
time is only 43 seconds, the indifferent trip length drops from 1.89 to 1.65 miles in
the peak period. When 100 seconds are required per station entry (as at Yonge
Street) the trip length of indifference rises to 2.22 miles. Thus walking into and out
of the station is a significant factor in comparing streetcar and subway performance,
even when walking time is valued the same as travel time.

The last line in Table 4A shows the indifferent trip length when origins and desti-
nations are at stations. The short distances of 0.81 mile in the peak period and 1.14
mile in the off-peak reflect the penalty imposed by walking into and out of the average
subway station. Since few transit trips are less than one mile in length, this means
that most travellers whose origins and destinations were at a subway station would
find service better with the subway than it had been with the streetcar. This would
include all passengers transferring to the Bloor line from other bus or streetcar lines.
Only one set of calculations is shown for trips originating and terminating at
stations, because station spacing is irrelevant to the choice between modes here.
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Table 4B repeats the calculations of Table 4A, using weighted travel time. Here
the low speed of walking combines with the high assumed value of walking time to
increase greatly the indifferent trip length. Even with station spacing at 0.29 mile,
the streetcar is preferred at trips less than 3.62 miles long in the peak period and
4.45 miles in the off-peak period. When station spacing rises to 1.1 mile, the streetcar
is preferred for trips up to 10.78 miles in length in the peak period and 12.68 miles in
the off-peak period. These calculations show that many travellers would have been
better off with a streetcar than with the subway for the trip lengths shown here.

The foregoing analysis suggests that the service improvements from replacing
surface streetcars with grade-separated rapid transit may be less than a simple
comparison of travel times would suggest. Thus a transit demand study comparing
streetcar and subway performance which relied on schedule speeds and ignored
waiting time and station spacing would understate the true service elasticity of
demand. There is another factor at work here, which would further bias a simple
transit demand study. Replacement of the streetcars greatly increased the traffic-
carrying capacity of Bloor Street, since the streetcars had occupied two lanes of a
predominantly four-lane street. Traflic counts on Bloor Street (excluding streetcars)
before and after the subway opened show an increase in traffic volumes of 20 per cent
to 25 per cent. If the increased flow is accompanied by an increase in average speeds
(and there are no data on this), the demand for the subway service would be less than
one would predict if one ignored the improvement in auto performance on the street.

CONCLUSION

The findings of this study can be briefly summarised. Travellers whose origin and
destination are at a subway station will find that the subway offers better service
than the streetcar for all but the shortest trips: under 1 mile if times are valued
equally, or 2 to 3 miles if waiting and walking time are more highly valued. Travellers
originating between stations, however, will find that their evaluation of the two
modes depends strongly upon the length of their trip and the station spacing. Even
if times are valued equally, a trip of 2 or 3 miles may be made more advantageously
by streetcar than by subway. For travellers between stations, when waiting and
walking time are valued more highly than travel time, the streetcar may offer better
service for trips up to 5, 6 or even 7 miles. Since many transit trips are shorter than
these distances, and since the empirical evidence suggests that walking and waiting
time are weighted more heavily than travel time, there may be a significant number
of urban transit riders who find service worse rather than better when surface lines
are replaced by even a high-quality subway line. This suggests that the replacement
of a streetcar service with subway service may cause some previous transit users to
switch to another mode, either walking or using the automobile. It is an important
empirical question how many riders boarding the streetcar would be at a subway
station, and how many would be midway between stations.

Several limitations on these results should be noted. First, calculations are based
upon scheduled. operations. It is common, however, for surface transit vehicles
operating in heavy traffic and with traffic signals to become bunched together, par-
ticularly during rush hour. The bunching tendency is greater for surface vehicles
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than it is for subway trains. Thus the performance of the streetcars is probably
somewhat overstated. Second, a subway may offer seating, ride quality or overall
comfort superior to a streetcar, and these advantages are not captured in our time
attributes. Third, placing subway station entrances at both ends of the platform, as
has been done at some Toronto stations, can significantly reduce the walking dis-
tance for between-station travellers ; otherwise the problems identified here would be
even greater. While these factors may mean that actual service is better for the sub-
way and worse for streetcar than has been represented here, it is still clear that the
advantages of rapid transit are 51gn1ﬁcantly less when waiting and walkmg time are
considered than when only travel time is considered.
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