
Evaluation 

 
An evaluation is presented herein, to compare and contrast the four signalling options for 
reducing the headway on the Y/U/S subway. An evaluation of the benefits and associated 
costs of each option is presented, and a discussion based on operating factors is included. 
 
Exhibit 3.3.8 indicates the minimum headway achievable under each of the four 
signalling options, and Exhibit 3.3.9 indicates the corresponding increases in subway 
capacity which can be achieved. In Exhibit 3.3.10, the total estimated capital cost of each 
option is presented, while in Exhibit 3.3.11, the implementation period (from approval) 
for each option is shown. 
 
It is evident that headway reduction is an expensive and time consuming proposition. The 
increase in cost for successive increases in capacity is disproportionately large compared 
to the increment in capacity obtained. This relationship is shown graphically in Exhibit 
3.3.128. It is evident that Option 2 is less cost-effective than Options IB and 1A, but is 
considerably better than Option 1C. The disproportionate increase in cost of Option 1C 
indicates that this option is not cost-effective. 
 
The lengthy implementation periods associated with Options 1C and 2 are a major 
drawback of these options, especially in the case of Option 2, where no significant 
benefit, in terms of reduced headway or increased capacity, would be obtained until the 
entire implementation activity had been completed. (It must be noted that the 
implementation periods for Options 1C and 2 are based upon early evening closure of 
sections of the Y/U/S subway. Longer implementation periods would be required if early 
closure is not acceptable.) 
 
Substantial increases in the operating fleet associated with Options IB, 1C and 2 do not 
provide proportionate increases in capacity. This implies that equipment productivity is 
reduced (compared to present operations), as shown in Exhibit 3.3.13. The reduction in 
productivity under Option IB (about 5%) is due to train turnaround operations behind 
Finch terminal. The reduction in productivity under Option 1C (about 19%) is due to 
elimination of the St. Clair West short turn operation, train turnaround operations behind 
Finch and Wilson terminals, and line speed reductions. The reduction in productivity 
under Option 2 (about 23%) is as for Option 1C, with further speed reductions to 
facilitate headway reduction to 90 seconds. Reduced equipment productivity leads to an 
increase in capital cost for additional vehicles, plus an increase in annual operating and 
maintenance costs. The large reduction in equipment productivity under Options 1C and 
2 would result in substantial increases in operating costs. Introduction of "step-back" 
operation at terminals, required under all options herein, would also increase operating 
costs. The magnitude of the operating cost increases could affect the percentage of 

                                                 
8 The cost estimate for Option 1C is based on an implementation sequence 1A-1B-1C. 
The cost estimate for Option 2 is based on an implementation sequence 1A-1B-2. Cost 
estimates in Exhibits 3.3.10 and 3.3.12 do not include vehicles, structural changes or 
additional yard facilities 



operating costs recovered through farebox revenues, if the increased revenues resulting 
from higher ridership are not proportional to the increased costs associated with 
providing improved service. This in turn could have implications with respect to fare 
prices or operating subsidies. However, in the case of Option 2, the high operating costs 
could be reduced if the train crew size could be reduced to one operator. 
 
To summarize, the foregoing evaluation indicates that Option 1C is undesirable, due to 
the excessive capital cost, lengthy implementation period, reduced equipment 
productivity and high operating cost of this option. Options 1A and IB are attractive, on 
the basis that they can be implemented within a reasonable time period at a relatively 
modest cost, without significant reductions in productivity. Option 2 is preferable to 
Option 1C to achieve headway reduction below 112 seconds provided that operating cost 
savings resulting from elimination of the train guard can be realized. 
 
A number of operating factors, many of which are related to the quality of service, can 
affect the desirability of each of the four options presented. These factors could impact 
upon the overall success of an increased capacity program, and must therefore be 
considered carefully during the decision process. 
 
One of the most important factors to consider when evaluating the signalling options is 
the impact upon current operations that would occur during the period of implementation 
of the proposed modification. Frequent or lengthy delays or temporary subway 
shutdowns during a "service improvement" program would negatively impact upon the 
Commission's reputation for providing a fast and reliable transit service. The likelihood 
of such service disruptions occurring increases with the extent of the modifications 
proposed. Service disruptions would be unavoidable if extensive modifications are 
undertaken, and the corresponding lengthy implementation period would compound the 
problem. Measures introduced during implementation of major modifications to reduce 
the impact on daily operations would substantially increase the cost of the project. It is 
evident that implementation of Option 1C or Option 2 would cause significant disruption 
to daily operations. 
 
Another important factor to be considered during the evaluation process is the quality of 
service that will be possible after the proposed modifications are completed.  For 
example, under Options 1C and 2, headway reduction would be achieved, in part, by 
controlling the speed of trains. The resulting reduction in average train speeds would lead 
to a noticeable increase in travel time, and hence reduced passenger satisfaction. Also, if 
increased train frequency results in subway operations which are very sensitive to delays 
and fluctuations such as under Option 1C, then passenger dissatisfaction may also occur. 
Additional signalling equipment associated with Option 1C, or introduction of new 
signalling technology required under Option 2, could negatively impact upon service 
reliability. Reduced headway operation could not be considered a success, if the resulting 
service is less attractive to passengers than current operations. 
 
The ability to consistently sustain the desired headway must also be considered during 
the evaluation process. For example, in order to guarantee that 112 second headway can 



be consistently sustained under all operating conditions, Bloor Station should be 
reconstructed to achieve 30 second dwells, and the Finch terminal should be modified as 
indicated under Option IB herein. (However, apart from the high capital cost of 
reconstructing Finch terminal and the small reduction in headway gained, productivity 
would be reduced due to train turnaround behind the terminal stations, and a fleet 
increase would be required. This would suggest that subway extensions to new terminals 
should be considered as an alternative.) With regard to 90 second headway operation, the 
fact that several worldwide transit systems which are designed for 90 second headway 
operation are not actually operated at 90 second headways, suggests that the headway 
objective under Option 2 may not be sustained under all operating conditions. 
 
It is evident that implementation of an ATC System under Option 2 would provide some 
tangible benefits such as consistent train operation (compared to wayside signalling), 
continuous overspeed protection, potential for reduced manpower operating costs, and 
possibly reduced energy costs. However, for Option 2, the lost value of the existing 
signalling system must be considered. The existing signalling system is relatively young 
compared to its design life of 50 years and represents a substantial capital investment. 
The remaining useful life of this equipment would be lost if it was replaced with ATC 
equipment. 
 
It is considered that the timing of a possible extension to the Spadina line could influence 
the decision to change signalling technology on the Y/U/S line. If the opening of the 
extension is scheduled to occur before ATC can be implemented on the Y/U/S line, then 
wayside signalling technology must be installed on the Spadina line extension.  ATC 
technology could only be implemented on a subway extension if sufficient ATC-
equipped vehicles were available. 
 
The foregoing discussion illustrates the fact that headway reduction can only be achieved 
with some trade-off in subway operations. The operating implications of achieving 
reduced headway operation are summarized in Exhibit 3.3.15. These implications should 
be considered carefully during the decision process. 
 
A summary of the four identified signalling options for achieving headway reduction on 
the Y/U/S subway is presented in Exhibit 3.3.14. 



3.4 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 
The signalling portion of the Improved Headway Study has been a joint effort of 
Transmode Consultants Inc. of Toronto, Gibbs & Hill Inc. of New York, and 
Commission staff. 
 
A substantial portion of the study was devoted to an analysis of present subway 
operations. The determinants of train frequency were identified, and methods of 
achieving headway reduction were developed. 
 
The principal constraints on train frequency presently occur at Bloor and Finch Stations, 
where extended station dwell times and lengthy train turnaround times, respectively, limit 
the achievable headway on the line. In addition to these constraints, there are a number of 
factors which combine to dictate the minimum achievable headway. As discussed in the 
report, these factors include historical, physical, operating, and philosophical 
considerations. 
 
There are two fundamental signalling options to be considered in order to achieve 
headway reduction. The first involves modification of the existing signalling system to 
the extent necessary to achieve the desired headway. The second involves replacement of 
the existing signalling system with an alternative system based on different technology. 
 

Conclusions 

 
The principal conclusions related to achieving headway reduction through signalling 
changes on the Y/U/S subway are summarized below: 
 
1. The current peak period operation on the Y/U/S subway at a scheduled headway of 
130 seconds is very close to the minimum achievable headway for the existing vehicles, 
signalling system and operating environment.  However, scheduled headways could be 
reduced to approximately 122 seconds with the acquisition of additional rolling stock, 
implementation of minor signalling modifications (scope of work detailed in the report as 
Option 1A) and introduction of minor changes in operating practice.  An increase in 
capacity of 2400 passengers per hour per direction (pphpd) during peak periods would be 
achieved.  In order to sustain scheduled operation at a reduced headway of 122 seconds, 
it would be necessary to limit the dwell time at Bloor Station to 45 seconds.  Methods 
and procedures proposed herein are considered effective in this regard over the short 
term. 
 
2. Operation at a scheduled headway less than the design level of 120 seconds is 
possible in many areas of the Y/U/S subway, due to the fact that actual station dwells at 
most line stations rarely approach the worst-case value of 30 seconds utilized in the 
signal system design.  Scheduled headways as low as 112 seconds are feasible on the 
existing Y/U/S subway if signalling modifications (scope of work detailed in the report as 
Option IB) are implemented in areas where relatively large station dwells occur, or where 
subway alignment imposes special restrictions ("bottlenecks").   There are, however, a 



number of operating implications associated with subway operation at a 112 second 
headway as detailed in the report and summarized in Exhibit 3.3.15. 
 
3. Headway reduction to 112 seconds would provide a capacity increase of 4800 
pphpd, or 14% over present operation.  This headway is considered to be the practical 
limit for headway reduction on the Y/U/S subway utilizing the existing signalling 
technology.  The ability to consistently sustain 112 second headway operation under all 
operating conditions would be achieved by reconstruction of Bloor Station and the Finch 
Terminal. However, train turnaround operations behind the reconstructed terminal would 
lead to reduced productivity, increased fleet requirements and increased operating costs. 
 
4. It would be necessary to reconstruct Bloor Station to achieve dwell reduction to 30 
seconds. Reconstruction of Bloor Station is considered a good investment, since Bloor 
will always be a transfer station. Unless Bloor Station is reconstructed, operation through 
Bloor will always be impeded by extended dwell times. 
 
Reconstruction of the Finch and Wilson Terminals would not be a good investment if 
subway extensions were subsequently undertaken, since terminal operations would no 
longer occur at these locations. 
 
Terminal operations utilizing a front crossover are very desirable due to the higher 
productivity obtained with a reduced fleet requirement. If subway extensions are 
undertaken, a side platform terminal configuration with a front crossover at 15 foot track 
centres would facilitate reduced headway operation compared to present terminal layouts. 
It is recognized that such a terminal layout has the potential to confuse patrons regarding 
the platform from which the first train will depart. It is considered however, that the 
potential for confusion could be alleviated by design of the terminal station, and with 
appropriate signage triggered early enough by approaching trains. 
 
5. The existing signalling system is designed to accommodate the high acceleration 
rate capability of the H and M series cars. This design approach is essential in order to 
ensure safety. However, the H and M cars, are presently operated at the standard 
acceleration rate, in order to achieve performance consistent with the G-cars. Operation 
at an acceleration rate less than the maximum possible rate has a negative effect on the 
achievable headway, as the full capability of the system is not being utilized. However, 
the Commission's operating experience with the existing rolling stock, indicates that the 
reliability of the trains would be reduced during high rate operation as train motors 
would fail more frequently than during operation at the standard acceleration rate. 
Nevertheless, the impending retirement of the G-cars presents an opportunity to consider 
utilizing the high acceleration rate performance capability of the H and M series cars, if 
problems related to train reliability can be satisfactorily resolved. High rate operation 
would provide, benefits, in terms of reduced headway, at both line and terminal stations. 
High rate operation would reduce round trip time due to higher average speeds, hence 
reducing fleet requirements for any given level of service. The resulting capital cost 
savings would be substantial considering that each 6-car subway train costs 
approximately $10,800,000 to procure. Although higher vehicle maintenance costs are 



likely to result from high rate operation, such costs would be offset by reduced operating 
labour costs (associated with the fleet reduction noted above). High rate operation would 
be especially beneficial at terminal stations. If high rate operation is implemented, 
modification of the existing traction power system would be required to operate at 
headways less than 112 seconds. 
 
6. The minimum achievable headway utilizing the existing signalling technology in 
the Y/U/S subway is approximately 105 seconds.  However, extensive signalling 
modifications would be required over the entire Y/U/S line (scope of work detailed in the 
report as Option 1C).  Under this option, the number of signal blocks would be 
significantly increased, and the length of each signal block would be reduced, resulting in 
reduced reliability and increased operating difficulty. A lengthy implementation period 
(6.5 years based on six hours of installation work per night) and high cost, combined with 
a deterioration in the quality of service, reduce the attractiveness of this option. 

 
7. In order to achieve 90 second headway operation, it would be necessary to replace 
the existing signalling system with an Automatic Train Control (ATC) System.  In 
addition to Automatic Train Protection (ATP) functions, the ATC System should also 
provide Automatic Train Supervision (ATS) and Automatic Train Operation (ATO) 
capabilities in order to ensure that 90 second headway operation can be sustained. 
Implementation of an ATC system would minimize the achievable headway (compared 
to wayside signalling) and would result in more consistent train operation.  Reduced 
energy costs may result and there would be the potential for reduced manpower operating 
costs.  Operations would be enhanced by provision of continuous overspeed protection. 
 
Substantial modifications would be necessary to implement an ATC System (scope of 
work detailed in the report as Option 2). Reconstruction of Bloor Station and Finch and 
Wilson Terminals would be required to achieve 90 second headway operation. A large 
fleet increase would be required, necessitating construction of additional yard storage 
facilities. 
 
There are a number of issues related to replacement of the existing wayside signalling 
system that should be noted. The existing signalling system is capable of providing many 
more years of reliable service, hence, its replacement before the end of its design life 
does not appear justified at this time. Implementation of ATC on the Y/U/S subway 
would be very difficult, time consuming and expensive. Substantial disruptions to service 
would occur during the implementation period. No benefit, in terms of reduced headway 
capability, would be achieved until the entire implementation activity was completed. 
Interchangeability of vehicles between the Y/U/S and Bloor-Danforth subways would be 
lost. The fact that other transit systems worldwide have been designed for 90 second 
headways, but are not actually operated at 90 second headways (even though passenger 
demand would justify such headways), raises some doubt that 90 second headway 
operation can be sustained over a long period of time. Nevertheless, it is considered that 
implementation of an ATC System should be approved in principle as it is the only 
method of achieving the design objective of 90 second headways. Studies should be 
initiated to establish the measures required to protect this option for the future. 



 
8. Implementation of headway reduction under some of the options herein would 
result in large reductions in equipment productivity and hence substantial increase in 
operating costs.  Introduction of "step-back" operation at the terminals would also 
increase operating costs.  The magnitude of the operating cost increases could affect the 
percentage of operating costs recovered through farebox revenues, if the increased 
revenues resulting from higher ridership are not proportional to the increased costs 
associated with providing improved service.  This in turn could have implications with 
respect to fare prices or operating subsidies.  The high operating costs could be offset, if 
the train crew size could be reduced to one operator as a result of introduction of ATC 
technology. 
 
9. Although difficult to quantify, wider vehicle doors would provide a reduction in 
station dwell time, thus enhancing operations at heavy-usage stations.  Vehicle cost and 
procurement time would be increased, and slightly reduced seated capacity would result. 
 
10. An 11% increase in subway capacity could be achieved by the procurement of 50 
foot cars, and operation of 500 foot trains. This concept is independent of signalling 
modifications proposed herein, but requires further study to quantify the operating 
implications and costs. 
 
11. Problems associated with close headway operation at terminal stations could be 
avoided by utilizing short turn, branch line or circular route concepts. Subway extensions 
would, however, be required. Short turn and branch line operations are less desirable than 
circular route operation, from an operating standpoint. 
 
Exhibit 3.3.14 presents a summary of the four identified signalling options for achieving 
headway reduction on the Y/U/S subway. The operating implications of achieving 
reduced headway operation under each option are summarized in Exhibit 3.3.15. 
 



Recommendations 

 
It is evident that headway reduction is a complex, expensive and time consuming 
proposition. The increase in cost for successive reductions in headway is 
disproportionately large compared to the increment in capacity obtained. An incremental 
approach to achieving headway reduction on the Y/U/S subway to a lower limit of 90 
seconds is recommended, as follows: 
 
1. Minor signalling modifications and a public information program described under 
Option 1A herein should be implemented as soon as possible in order to reduce station 
dwell times at Bloor Station.  These measures will benefit current operations and will 
permit 122 second headway operation (subject to availability of additional rolling stock).   
Consideration should be given to postponing the planned improvement in Bloor-Danforth 
service in favour of the Y/U/S Line, in order to provide the additional 20 cars needed to 
reduce headways on the Y/U/S Line to 122 seconds.  A relief crew should be provided at 
Finch Station, in order to substitute for incoming train crews, during 122 second headway 
operation. 

 
2. The planned elimination of the St. Glair West short turn operation should be 
postponed, pending a decision regarding possible extension of the Spadina Line.  
Procurement of 60 additional cars should be initiated, so that additional service at 112 
second headways can be provided.   Specification of wider doors should be considered 
for these cars (and all future orders) if the additional cost of doing so is not excessive, and 
provided that the vehicle design is not adversely affected. 
 
3. Engineering  design  work  associated  with  signalling modifications  in  selected  
areas  (the  "bottlenecks") should be initiated,  in order for implementation of signalling 
changes required for 112 seconds headway to be completed in conjunction with delivery 
of additional cars noted above. 
 
4. A detailed cost-benefit analysis of high rate operation should be undertaken. The 
conclusions of such an analysis could affect the magnitude of work and fleet 
requirements of some of the options presented herein. 
 
5. Extensive modifications to the existing signalling system, required to achieve 
further headway reduction (below 112 seconds) on the Y/U/S subway, should not be 
implemented. The combined factors of high capital and operating cost, increased 
operating difficulty, reduced productivity, lengthy implementation period, service 
disruption, and reduced service quality outweigh the achievable gain in capacity, 
therefore rendering this option undesirable. 
 
6. Implementation of the type of Automatic Train Control (ATC) signalling system 
recommended by Gibbs & Hill Inc. as the means of reducing headways on the Y/U/S 
subway to 90 seconds should be approved in principle and further detailed studies 
undertaken to determine measures for protection of that option for the future. 
Consideration should be given to introduction of ATC technology on proposed new 



subway lines which may be constructed in the future. Experience with ATC obtained on a 
new subway line would be advantageous, at such time in the future when the age of the 
existing signalling system on the Y/U/S subway justifies major re-signalling of the line. 
 
7. A detailed study should be undertaken to determine the optimum configuration of 
proposed 50 foot cars. The extent of physical modifications required to accommodate 500 
foot trains over the entire Y/U/S subway should also be determined. Operation of 500 
foot trains at 112 second headways would provide a 25% increase in subway capacity 
compared to present operation. 
 
8. Implementation of any significant signalling modifications on the Y/U/S subway 
should be co-ordinated with other proposed subway projects, such as subway extension 
or construction of new lines, which may necessitate relocation of the transit control 
centre, consistent with the Commission's long term plan in this regard. The signalling 
modifications proposed for the "bottleneck" areas are such that replacement of portions of 
the existing central control panel at Hillcrest would be required. If this option is adopted, 
and other major subway construction projects are also undertaken, then it would be cost-
effective to co-ordinate the implementation of these activities with relocation of the 
transit control centre. Much duplication of effort could be avoided by adopting this 
approach. 
 
9. If subway extensions are undertaken (perhaps as an alternative to reconstructing 
existing terminals), then consideration should be given to construction of a side platform 
terminal with a front crossover, at 15 foot track centres, in order to achieve headway 
reduction to between 105 and 112 seconds without the expense of train turnaround 
operations behind the terminal station. 
 
10. Long-term planning studies should be initiated, in order to determine the feasibility 
of construction of branch lines, or connection of Finch Station on the Yonge Line with 
Wilson Station on the Spadina Line to form a large circular route, in order to avoid the 
problems associated with close headway operation at terminal stations. 
 


