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This paper discusses strategies of transit operation, differentiating be
tween the all-day service function and the peak-hour operations of pro
viding traffic and parking relief. A general mode split formula in which 
the disutility of the car is equated to the disutility of transit is used to 
evaluate the relevant factors in the individual choice of transit mode. 
Various types of networks are examined. For cities with low densities 
of development the timed transfer system is shown to give maximum 
destination opportunity. The concept of levels of service is discussed 
from the point of view of the passenger. It is recommended that levels 
of service be studied in greater depth so that these factors could also 
be considered. 

The city of Edmonton started to use the concept of timed 
transfers in 1964 and has gradually expanded it. The 
system has to be viewed in relation to the functions of 
transit, particularly the service function, rather than 
from the point of view of providing peak-hour relief. 

FUNCTIONS OF PUBLIC TRANSIT 

There are four basic functions of public transit that 
should be considered: 

1. To provide transportation to those who cannot use 
a car, who do not have access to a car, or who prefer 
transit; 

2. To conserve energy based on an overall energy 
conservation strategy that a government may devise; 

3. To provide peak traffic congestion relief, i.e., to 
divert transport demand to a less space demanding mode 
so as to avoid or postpone the construction of roadway 
facilities; and 

4. To provide parking relief, particularly in areas of 
congestion and high land prices. 

MODE SPLIT FORMULAS 

The use of transit is dependent on individual decision 
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making. The mode split formula developed in Paris, 
which equates the total disutility of a car trip to the total 
disutility of a transit trip, appears to give a good expla
nation of this decision-making process (3). Much has 
been written about predicting mode spliC In general, the 
comparison has been with the car (1, 2). The result has 
been the development of paratransif, which provides 
services similar to those of a car, namely door to door 
and on demand. Care has to be taken to not reinvent the 
car or the chauffeured car. The latter, called taxis, al
ready exists. There is beginning evidence that the taxi 
industry will follow the history of transit in the 1950s and 
1960s with a cycle of higher prices and less service, 
leading to its eventual decline. 

General Formula 

In the modified Parisian equation, cost of car trip equals 
cost of transit trip, when 

and 

Cost of transit trip= Cr+ (ttf60)a4l + Ct1w/60)a51 + Ctw/60)a61 

+ (tu/60)a7l (2) 

where 

M = kilometers traveled, 
C0 =cost in dollars of car travel per kilometer, 
t0 = travel time by car in minutes, 

C0P = cost in dollars of parking, 
t0P = time to find parking in minutes, 
t 0 w =time to walk from parking to final destination in 

minutes, 
Cr =transit fare in dollars, 
tt = travel time by transit in minutes, 
tw = waiting time for transit in minutes, 

tiw = walking time to stop or station in minutes, 
ttt = transit transfer time in minutes between differ

ent routes, and 
I =hourly income of individual. 
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a1 to ai are factors that evaluate time for travel, walk
ing, waiting, and transferring in terms of hourly income. 
In Paris these factors were: for travel time0.5, for 
transfer time 1.5, for walking time 0.875, for waiting 
time 1.5, and for parking time 0.25. These factors may 
be similar or different in Canada or the United States. 
More data and analysis are needed to obtain reliable fac
tors that may even then vary among communities. For 
strategy purposes the formula explains the effect of 
various approaches. To improve the position of public 
transport any or all of the following could be attempted: 

1. Increase the cost per kilometer for cars, 
2. Increase the travel time of the car trip and reduce 

the travel time for transit (lane allocation, preferential 
signals), 

3. Increase the cost of parking, 
4. Reduce the availability of parking and thereby in

crease cost and walking distance, 
5. Reduce or eliminate transit fares (the formula also 

explains that this factor is relatively minor), 
6. Reduce waiting time at the bus stop, 
7. Reduce the walking time for transit, 
8. Reduce or eliminate transfer time, and 
9. Decrease the hourly income (or the standard of 

living). 

Obviously not all of these approaches are feasible, prac
tical, or desirable. Most public transit improvement 
schemes have concentrated on reducing travel, waiting, 
walking, or transfer time. The demand-responsive 
schemes generally replace waiting at a stop with waiting 
at the place of origin, which eliminates walking time and 
may increase travel time (if the first one to be picked 
up) or reduce it (if the last one to be picked up). 

Travel Time Reduction 

The mode-split relationships developed in the past relied 
on travel time ratios or differences and used door-to-door 
times. The Paris equation assigns different weights to 
the various components of door-to-door time and shows 
that, while a reduction in travel time 1·elalive to the ca1· 
is effective, a reduction in waiting or transfer time is 
more effective. Since the evaluation of time is subj ec
tive. it is most important that routes be direct and that 
traffic coi:igestion be bypassed by traffic engineering 
measures such as exclusive lanes or priority signals. 

Waiting Time Reduction 

The general assumption has been to use half the fre
quency of service, up to a maximum of 10 min, as waiting 
time. Surveys in Edmonton however showed that there 
was often no time to interview passengers (4) on routes 
where the service interval was 30 min. In other words, 
as shown in Figure 1 (4), with good schedule information 
and absolute reliability in keeping to the schedule, the 
waiting time will be a minimum even when there is in
frequent service (85 percentile, 6 min!). When the fre
quency of service is 10 min or less, passengers gener
ally do not refer to timetables and the assumption of 
waiting time being half the frequency of service is prob
ably correct. Schedule adherence and reliability are 
therefore of fundamental importance in low-density areas 
where the frequency of service is usually 15 or 30 min. 

Walking Time Reduction 

Walking time can be reduced for a fixed-route system by 
increasing the density of the network and by coordinating 
subdivision design (particularly in the provision of walk-

ways) and bus routing design. As shown in Figure 2 (4), 
the maximum acceptable walking distance in Edmonton is 
400 m (1300 ft). 

Transfer Time Reduction 

To reduce transfer time the route design and schedules 
must be coordinated. Edmonton has changed to the timed
transfer system and transit centers have been established. 
By having all routes meet at these centers at fixed inter
vals, multiple destination opportunity is provided. Trans
fers are guaranteed on a regular all-day basis. While a 
slight delay is introduced in waiting for transfers, the 
public appears to accept this delay as reasonable at a 
transit center. 

TYPES OF NE'IWORKS 

Historical 

There are still a number of networks based on former 
streetcar networks or developed on a piecemeal basis. 

Grid 

A grid system as illustrated in Figure 3 has the advantage 
that passengers can go anywhere with only one transfer. 
However, it also requires frequent service and medium 
to high-density service areas. Frequent service may be 
justified in peak hours, but such service at midday (the 
base period) or at low patronage periods, late at night 
or &mdays and holidays, can be very costly. Based on 
acceptable walking distances, a grid requires a route 
spacing of 800 m (0.5 mile). With an average speed of 
18 km/h (11 mph) on a perfect north-south/east-west 800-
m (0.5-mile) grid, the frequency of service would have 
to be 5 min if waiting time is not to exceed 5 min. How
ever, a 5-min frequency requires a traffic generation 
that many low-density residential areas cannot produce, 
even if everybody uses transit. The grid does not allow 
for different densities along different routes. 

If the transfers are not multidirectional but unidirec
tional (e.g., to and from the CBD), then a lesser fre
quency of service can be designed. As in subdivision de
sign the grid is too inflexible a system for many North 
American cities. The grid works only if densities are 
uniformly high and the subdivision design has an 800-m 
(0. 5-mile} grid. 

Radial 

In a radial system, as illustrated in Figure 4, the main 
transit routes fan out from the center of a city like the 
spokes of a wheel. Such a system is usually comple
mented with several cross-town or circumferential routes. 
Many radial routes exist for historical reasons. A radial 
system depends greatly on a strong and healthy CBD, which 
results from good planning control. In Canadian cities 
the CBD still attracts about :m percent of the work trips 
and is the largest single destination. The remaining 70 
percent of the work trips are more dispersed (the density 
factor) and are therefore more difficult to serve by tran
sit. The need for transverse or ring routes means thatthe 
transfer locations and times must be carefully designed. 
To make transfers possible the frequency of service has 
to be increased, for transit riding cannot be accomplished 
without a transit service opportunity. 

The Timed-Transfer System 

The timed-transfer system (Figure 5) is often developed 
from a radial system. A number of transit centers, each 



with its own feeder bus system, are established, and 
the CBD and transit centers interconnect to form a net
work (Figure 6). The basic midday schedule is generally 
based on 30-min intervals but could be 60 or 120 min in 
suburban or more rural areas. Maximum destination 
opportunity is provided by timing all routes to meet at 
the transit center at the same number of minutes past the 

Figure 1. Waiting time at bus 
stop. 

Figure 2. Walking distance 
from home to bus stop. 

Figure 3. Grid system. 

100 

90 

w 
i 00 
0 
::' 90 

~ Q. 80 
~ g 70 
!-Cl) 

~ ~ 60 

~~so 
u CJ "10 
II: z 
~ ii3o 
w ...! 

t 2 J ll 5 C 7 8 9 10 11 1i ·13 N 15 16 17 
TIME WAITED FOR BUS IN MINUTES 

·-

::'. ~ 20 I 
~ 10 I 
3 I 
~ ............ ~.~.o~~o.:.L..J....120~0</U...J....1~30~0~0 ...... .L...14L...JOOO It 

u 0.__.._.._.._._,,.so~o,.--<---<---''-'-,~co~o,.._m~ 
DISTANCE WAL.KEO TO BUS STOP 

~--.-.....J---b-,...---t---l----;c1areview 
Nn1tl1(1M• 

Note: Grid is shown in concept only and has 
been modified to allow for topography. 

Oalvt1d1uo 

MW Woods 

3 

hour each hour (Figure 7). To minimize transfer time, 
the system works best with off-street transfer stations, 
which can best be located at shopping centers or com
munity centers, or alternatively at commuter rail, rapid 
transit, or light rail transit stations. The regular basic 
schedule should be maintained in the peak hours, with 
additional service as needed. Feeder buses can then be
come express buses to other major destinations. The 
route modifications for Southwest Edmonton provide an 
example of how such a system evolved (Figure 8). It is 
relatively easy to add service on those links that generate 
a greater load. 

In Edmonton the peak-hour service frequency is 

Figure 4. Radial system. 
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generally 10 or 15 min on the feeder routes with a 30-
min express route maintained at midday. As long as the 
peak service fits with the critical transfer time at the 
centers, there is complete flexibility (i.e., 15, 10, 71h, 
6, and 5-min frequencies work, but 20, 12, or similar 
odd service frequencies do not fit). Because several 
feeder routes may arrive simultaneously at a center, it 
may be necessary to send platoons of buses (express 
continuations of feeder routes) to a major destination 
rather than increase the frequency of service. 

The basic consideration in establishing a transit net
work is to provide access to transit within an acceptable 
walking distance. The length of the route is determined 
by the distance between transit centers or more pre
cisely by the time taken to cover that distance, which is 
(15n-2) min, where n is an integer. Sometimes the fre
quency of service has been increased between centers 
so as to provide the linkage. Sometimes the route has 
been deformed so as to fit the travel time between cen
ters. The feeder bus to a center can make a collection 
trip that is determined by the schedule module and re
quires, for a 30-min module, {28n-3) min, where n is 
an integer. Greater efficiency is achieved by taking 

Figure 6. Part of transit map, showing timing points. 

Figure 7. Part of transit schedule, showing timings. 
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a feeder route from one center and feeding it also to 
another center; one-way loops are therefore to be 
avoided. 

In Edmonton the transit centers are also used as the 
starting points for routes to industrial areas. At pres
ent these services are provided only in peak hours, and 
the possibility of a demand-responsive basic daytime 
service is being investigated. 

PATRONAGE STATISTICS 

The timed-transfer system in Edmonton, together with a 
market analysis, has increased patronage over the years 
both absolutely and relatively. Patronage trends are 
given below and are also shown in Figure 9. 

Population 
Rides per 

Year Passengers Capita 

1951 159 600 35 800 000 224 
1956 226 000 34 400 000 152 
1961 281 000 28 100 000 100 
1966 376 900 32 000 000 85 
1971 434 800 40 000 000 92 
1972 440900 41000000 93 
1973 443100 42 500 000 96 
1974 443 300 45 200 000 102 
1975 451 600 51200000 113 

The market analysis consists of studying origin-destination 
data for work trips obtained from the civic census (5). 
The census gives, at 3 to 5-year intervals, all work 
trips by mode and morning destination lime. Know iug 
the market a system has, plus the potential market that 
can be served, allows for better routing systems. The 
market analysis is then supplemented by public hearings, 
first an orientation meeting to identify needs, and then a 
meeting to discuss alternatives. 

Figure 8. Route changes in Southwest Edmonton based on 
timed transfers. 
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Figure 9. Patronage trends. 

LEVELS OF SERVICE 

Very little has been done to determine acceptable levels 
of service. In highway capacity the concept is used; 
however, in transit the concept of maximum capacity is 
used. Since many European systems design for stand
ees and not for seated loads (e.g., a 12-m bus accom
modates 15 seats and 102 standees), the word capacity 
can be misleading and a concept of level of service is 
needed in public transport. In most cities transit has 
to compete with the car, and so the base of measuring 
levels of service should relate to seats. The following 
arbitrary values are suggested: 

Level of 
Service Load Factor 

A 0.5 x seats 
B 0.75 x seats 
C 1.00 x seats 
D 1.50 x seats 
E 1.0 x seats+ 1 passenger/0.16 m2 

(0.6 passenger/ft2 ) of standing space 

The rationale is that having a double seat available to one
self is ideal and therefore level A; level C is often used 
for urban service; level D is sometimes used as a maxi
mum sta,ndard for suburban service; level Eis undesir
able. These levels are chosen from the point of view of 
the individuals to be served. The service provided is 
then dependent on frequency of service standards, traffic 
demand, and the hardware available. 

In Edmonton diesel and trolley buses prevail, but on 
one link a light rail transit facility is now under con
struction (Figure 5). The choice of hardware has more 
to do with labor rates, productivity, right-of-way oppor
tunities, equipment availability, and infrastructure than 
with level of service. At midday at least level of service 
B should be provided on all routes, and in the peak hours 
level D could be accepted (with double the frequency, four 
times the volume can be carried). Because of the slow 
delivery of equipment Edmonton has not been able to 
apply level-of-service standards. Additional service is 
based on service to new areas and on reducing over
loads. Level-of-service standards will also have to be 
modified for other factors used in the Highway Capacity 
Manual such as size of metropolitan area, length of trip 
(standing for a short distance is acceptable), average 
speed, preferential treatment for transit at intersections 
or roads, stops per kilometer, and frequency of service. 
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CONCLUSIONS 

The timed-transfer route system has been shown in Ed
monton to contribute an increase in transit patronage, 
because it gives increased transit travel opportunity. At 
the same time the system becomes simpler for the pas
senger to understand. 

The mode-split analysis should incorporate more fac
tors, as was done in the Parisian formula; however, re
search is needed to obtain more accurate quantitative 
factors that can be used in Canada and the United States. 
More study is also needed to develop meaningful concepts 
of levels of service that can be incorporated in transport 
planning objectives. These levels of service can be dif
ferent for peak or midday conditions. 
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