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Highlights of the Canadian Capacity 

Guide for Signalized Intersections 

S. TEPLY 

ABSTRACT 

A unified approach to the treatment of capacity-related issues in urban net
works has been emerging in Canada during the last 10 years. In 1982 the Execu
tive of District 7 (Canada) of the Institute of Transportation Engineers ap
pointed a committee to develop a series of documents that, eventually, will 
form a Canadian Urban Tranz:rpoctation Capacity Guiae. The conunittee decided to 
proceed with the section on signalized intersections as the first task. The 
main reason for this decision was that the capacity of traffic signals is usu
ally the key factor in all urban capacity considerations, and, as a result, a 
chapter on signalized intersections was most urgently needed. Moreover, a num
ber of analytical and design procedures related to traffic signals have been 
tested in the Canadian context in the past decade. Although capacity research 
and development have been only marginally coordinated in Canada, a common 
philosophy has been forming, as may be seen in documents prepared in Ontario 
and Alberta. The first edition of the Canadian Capacity Guide for Signalized 
Intersections was preceded by three draft versions that were d iscussed both 
within and outside the committee. One of the guide's principal objectives is to 
test the approach and procedures and to elicit comments from users and re
searchers on a country-wide basis. The objective of this paper is to inform the 
North American transportation research community about the document and to 
highlight its philosophy and associated techniques. In essence, capacity analy
sis is based on a lane-by-lane saturation flow procedure that allows for cali
bration to local community conditions. 

The need for a specifically Canadian document on 
capacity arises mainly from differences in climate: 
driver behavior: structure of cities: traditional 
traffic engineering practices, and political, judi
cial, and legal systems compared with those of other 
countries. In addition, it has been recognized that, 
in a country as vast as Canada, there is a great 
need for a common philosophy that can accommodate a 
wide variety of regional issues. Such a philosophy 
has been forming (!-1>· 

research and to emphasize common features of the 
techniques used in different regions, 

• To make it possible to incorporate parameters 
specific to a community or region, 

• To identify the "missing links" and to focus 
future development of Canadian practice on a common 
philosophy, 

• To set up the background for such a philos
ophy, and 

• To provide a direction for the future educa
tion of users without restricting the development of 
regional and individual expertise 

The objectives of the guide (!) can be detailed 
as follows: 

• To consolidate current Canadian practice and Although the document should provide basic guid-
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ance for both experienced and novice practitioners, 
it also leaves room for additional analytical or 
design considerations and procedures where appro
priate or necessary. This is why it is titled a 
•guide" instead of a "manual." 

The foundations of individual techniques of the 
guide are described in sufficient detail to allow 
users to judge the applicability to a specific case 
or to use shortcuts where appropriate. Consequently, 
no distinction is made between so-called "planning• 
and "operations• techniques. 

USER-RELATED PRINCIPLES 

The editor and the authors of the guide have fol
lowed the following principles to enhance user ac
cessibility: 

1. Understandability. Not all users will enjoy 
the benefits of an advanced traffic flow theory 
education. The guide should be a self-contained 
document for traffic engineering professionals who 
may have limited practical or research experience. 

2. Explainability. The guide has not been 
written as a textbook. Nevertheless, it is expected 
that it will be used both in academic and in profes
sional development courses. Consequently, the proce
dures of the guide should be easily explainable with 
the use of traffic flow theory and practice. 

3. Scientific soundness and practicality. It has 
been difficult to combine these two aspects. The 
guide, however, is mainly intended to serve practic
ing professionals, and, as a result, some compro
mises with theory were necessary. For example, al
though Webster's treatment of the left-turning 
movements with opposing traffic (5) has been con
sidered theoretically most correct, a simplified, 
more easily understandable procedure has been in
corporated. The results are accurate within less 
than 10 percent, which is justifiable from a prac
tical point of view. 

4. Accountability. The procedural setup of the 
guide should not only make it possible to incorpo
rate local and regional parameters but, possibly more 
important, provide an opportunity to verify individ
ual computational steps by direct measurements of 
existing situations. For that reason, volume manip
ulations have been restricted to a minimum and 
values of saturation flows adjusted to local condi
tions are directly verifiable by brief surveys. The 
use of local insight is advocated throughout the 
guide. 

Most of the techniques have been tested and eval
uated in terms of their theoretical soundness and 
practicality for Canadian conditions. An experienced 
user can, however, complement the analytical and 
design techniques outlined in the guide by using 
more detailed procedures in those cases in which the 
guide indicates a critical issue. 

The guide covers individual, not necessarily 
isolated, signalized intersections. The strategic 
and network context is discussed and systemwide 
objectives are emphasized. Such analytical or design 
objectives must be reflected in performance goals. 
For example, although equalizing delays on all ap
proaches may be a worthwhile goal at an intersection 
of two major arterial roadways, longer delays may be 
desirable at the collector approach of an intersec
tion with an arterial street in order to minimize 
shortcutting through a residential neighborhood. 

VOLUME: FLUCTUATIONS AND CONVERSIONS 

An import distinction is made between "demand" and 
"supply" volume. Traditional intersection surveys 
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consider only the volumes of individual movements 
within the intersection space. This represents the 
supply volume because it is limited by the capacity 
supplied by the geometric and timing features of the 
facility. Consequently, the supply volume-to-capac
ity ratio cannot exceed 1.0. 

Demand volume represents the number of vehicles 
approaching the intersection. It is counted at the 
end of an intersection approach queue or derived 
from demand models. As a result, under growing queue 
conditions, the demand volume-to-capacity ratio is 
greater than 1.0. The guide generally employs the 
demand volume. 

Changes of the demand in time represent its fluc
tuations. Although 1 hr is acceptable in many situa
tions, the guide also recommends the use of rate of 
flow based on shorter periods for other conditions, 
such as for smaller communities. All flows are, 
however , expressed as hourly volumes. As will be 
demonstrated later, delay (the major evaluation 
parameter) is quite sensitive to the time base. 

Vehicle categories are converted into passenger 
car units (pcu' s) both for volumes and for satura
tion flows. Typical Canadian conversion factors (pcu 
equivalents) have been determined using a least
squares optimization procedure that reflects the 
composite effect of individual vehicle categories 
(.§.). They are as follows: 

Vehicle Category 
Passenger cars, vans, pickups 
Single-unit trucks 
Multiunit trucks 
Multiunit trucks heavily loaded 
Buses or streetcars 
Motorcycles 
All trucks and buses combined 

(approximation) 

Passenger Car 
Unit Equivalent 
(pcu/ veh) 
1.0 
1 , 5 
2 , 5 
3 , 5 
1. 75 
0 . 5 

2.0 

As a rule, the guide uses lane-by-lane analytical 
or design techniques. Consequently, all yolumes and 
saturation flows must be expressed separately for 
each lane. 

SAFETY CONSIDERATIONS 

aecause certain safety parameters form inviolable 
constraints to capacity considerations, they are 
explicitly discussed in the guide for both vehicular 
and pedestrian movements. 

Vehicular Requirements 

Two features of vehicular safety are included. They 
involve the duration of the amber interval and the 
total intergreen period. 

Amber interval can be determined by two methods. 
Both of them use a common formula but differ in the 
recommended acceleration rates. Nevertheless, they 
somewhat simplify the true decision- or dilemma-zone 
problem. As can be seen in Figure 1 the driver of a 
vehicle that is in the decision zone at the onset of 
amber has a choice of continuing at a steady speed 
(v) and legally entering the intersection during the 
last portion of the amber interval, or of stopping 
at the stop line at a reasonable deceleration rate. 
Typical perception and reaction time (tpr> is 1.0 
seci cor responding distance is denoted dpr • Specific 
adjustments are recommended for s t eep downhill inter
section approaches. 

The intergreen period is defined as the time 
between the end of the green interval for the traf-
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FIGURE 1 Determination of the amber interval. 

fie stream losing the right-of-way and the beginning 
of the green interval for the conflicting traffic 
stream gaining the right-of-way. It consists of an 
amber interval and an all-red period. 

The proposed technique to minimize potential 
vehicle-to-vehicle conflicts is based on the need to 
clear the last vehicles of the ending phase before 
the approaching vehicles of the starting phase reach 
the potential conflict area (Figure 2). The last 
vehicle legally entering the intersection during 
amber must clear the conflict area (Z1 or Z2, 
respectively) before the first vehicle of the start
ing phase, legally entering the intersection at the 
onset of green with a "rolling" start, reaches the 
conflict area. The formula includes the amber over
run portion, time needed to reach the conflict area, 

5 

l 
Z1 : Conflict Area for Lanes 2 and 5 

Lane 2 Clearing (ending phase) 
Lane 5 Approaching (starting phase) 

Z2 : Conflict Area for Lanes 3 and 10 

Lane 3 Clearing 
Lane 10 Approaching 

FIGURE 2 Determination of the intergreen period. 

Transportation Research Record 1005 

time needed to clear the conflict area (based on the 
length of a passenger car because longer vehicles 
act as a barrier), less the time needed by the first 
vehicle of the starting phase to reach the near end 
cf the conflict area. The suggested range cf input 
values reflects regional differences in driver be
havior and in legal practices. 

For vehicles clearing and pedestrians approach
ing, an identical procedure is recommended, but the 
length of a passenger car is excluded. When a vehi
cle is in the crosswalk area, it acts as a barrier. 

The all-red interval fills up the remaining time 
between the amber interval and the intergreen period. 

Pedestrian Requirements 

For pedestrians, duration of walk intervals and 
clearance periods must be determined. These depend 
on the availability and dimensions of refuge areas. 
Again, basic parameters and considerations are 
identified. Naturally, the sum of the longest pedes
trian walk interval and the clearance period for 
each phase must not exceed the sum of the longest 
vehicular green interval and the associated inter
green period for that phase. 

CAPACITY ANALYSIS AND SIGNAL DESIGN 

In signal operations there are two major tasks re
lated to capacity. The first one is the quantitative 
evaluation of the performance of existing or planned 
signalized intersections (titled "Analysis" in the 
guide) and the second one is the design of new 
facilities. Both tasks are schematically shown in 
Figure 3. 

The analytical task is based on a definition of 
the basic or the initial saturation flow for a given 
community or region and identifies the adjustment 
procedures for specific intersection conditions. 
Many individual geometric or traffic factors are 
included. 

(a) 

Input 

Traffic 
conditions 

Geometric 
features 

(b) 

Signal 
settings 

Input 

Traffic 
conditions 

Geometric 
features 

ANALYSIS 

DESIGN 

Output 

Evaluation 
criteria 

Design of 
signal 

settings B 
Output 

Evaluation 
criteria 

I 
I 
I 

I I 
I I I 

I ----· --------L-----------------~·-- ------ I 

FIGURE 3 Schematic illustration of the signal operations 
analytical process (a) and schematic illustration of the signalized 
intersection design process (b ). 
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Quantified performance parameters constitute the 
output of the analytical task. Capacity is naturally 
preeminent, but other expressions of capacity, such 
as volume-to-capacity ratios, reserve capacity, and 
delays, are also defined. 

The design process concentrates on finding the 
best set of signal settings to suit local condi
tions, desired objectives, and performance param
eters. This process is concerned with phasing 
schemes, cycle time determination, and green alloca
tions. The suggested procedures use volume-to-capac
ity ratios or, alternatively, the probability of 
clearance, delays, and queues as tools to achieve 
the specified goals. 

SATURATION FLOW CONCEPT 

The saturation flow concept is shown in Figure 4. 
Three types of saturation flow are defined in the 
guide: basic, initial, and adjusted. 
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FIGURE 4 Saturation flow concept indicating a decline after 
about 40 sec of green (solid line). 

Basic saturation flow is defined as the number of 
passenger car units that can discharge across the 
stop line of an "ideal" intersection lane (width 3.0 
to 3.5 m) and move straight through (i.e., no turn
ing movements) without any additional traffic fric
tion (e.g., no parking, no bus stops). Ideal Cana
dian weather conditions during an optimum length of 
the green interval must also be included. The value 
of the basic saturation flow provides a good stable 
measure of driver behavior in a given community and, 
as such, can be used as a comparative indicator. 
Canadian research ( 6) suggests that not only the 
population size of a community but also its socio
economic features influence saturation flows. 
Another important finding confirmed by international 
experience (2) indicated that the duration of the 
green interval should be considered because satura
tion flow declines after about 30 to 40 sec of green 
(solid line in Figure 4). 

Initial saturation flows reflect a set of typical 
conditions that modify intersection performance. 
Long-lasting winter driving conditions and intersec
tion environments are identified in the guide. It is 
recommended that a set of initial saturation flow 
values be developed for every community or region 
(based on local investigations). The differences may 
be significant as shown in Figure 5, which shows the 
typical ranges of basic saturation flow for summer 
and corresponding initial saturation flows for 
winter conditions as a function of the duration of 
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Seconds After Green Started 

FIGURE 5 Typical ranges of Canadian basic and initial 
saturation flows in a cumulative average format. 
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the green interval for five Canadian cities. The 
values are depicted in a cumulative average format 
for a given green interval. For example, the values 
shown at 20 sec after green started show the average 
saturation flows for green intervals of 20 sec 
(i.e., between seconds O and 20) • As a consequence 
of this format, Figure 5 cannot be directly compared 
with Figure 4. 

It has been found that the impact of weather 
conditions becomes important only with major 
changes. Although citizens of other countries may 
find it somewhat strange, professional traffic engi
neers will understand that, from an intersection 
capacity point of view, typical Canadian summer 
conditions may include temperatures as low as -10°C 
(as long as the roads are not slippery) • Typical 
winter conditions are characterized in the guide by 
low temperatures (-10°C to -30°C), pavement dry or 
well sanded, and exhaust fumes restricting visibil
ity. Extreme winter conditions are defined by lower 
temperatures or heavy snowfalls. 

The recommended intersection environment clas
sification is based on the geometric standards and 
the general activity level, which is usually as
sociated with adjacent land use. For example, a 
typical central business district intersection ap
proach lane features a low geometric standard in 
combination with a high level of adjacent land-use 
activities, such as many pedestrians, frequent load
ing and stopping, and dense spacing of access 
points. This means that the initial saturation flow 
value for such an intersection is substantially 
lower than that for an industrial area with a high 
standard of roadway design and little interference 
from land-use activities. The user must consider 
individual approaches to the same intersection in
dependently because they can belong to different 
categories, depending on their dominant features. 

Initial saturation flow is used as a starting 
point for the incorporation of specific intersection 
conditions. The resulting value is termed the ad
justed saturation flow. For existing intersections, 
this value can also be determined by direct measure
ments--or, if it was calculated, it·can be verified 
by short surveys. 

Procedures for the determination of the adjusted 
saturation flow include the following situations for 
through lanes: 

1. Geometric conditions: 
• Lane width, 
• Gradient, and 
• Queueing and discharge space. 

2. Traffic conditions: 
• Public transit, 
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• Parking, and 
• Duration of the green interval. 

Adjustments for 
i ncludo app1i~~h1o 
In addition, the 
considerations may 

left- or right-turn movements may 
procedures for the through lanes. 
following geometric or traffic 

be necessary : 

1. Geometric condition--turning radius. 
2. Traffic conditions: 

• Opposing traffic flows, 
• Pedestrians, and 
• Effect of movement combinations 

ahare one lane. 
that 

Figure 6 shows a summary of the applicability of 
different saturation flow adjustments to various 
lane function combinations. 

Possible Adjustments 
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FIGURE 6 Overview of initial saturation 
flow adjustments. 

Individual cases are discussed in detail and 
procedures for the adjustment of initial saturation 
flows are provided. This section is a major part of 
the guide because the saturation flow concept con
stitutes its backbone. Unfortunately, the scope of 
this paper does not allow a description of the in
dividual procedures. Suffice it to say that the 
techniques have not only been verified under Cana
dian conditions, but, perhaps more important, they 
allow for calibration to specific conditions of a 
given community or region. 

If an approach lane features a combination of 
several factors for which adjustments of the initial 
saturation flow are necessary, the resulting ad
justed value is not necessarily a multiplicative 
product of individual adjustments. In many in
stances, one of the factors will govern. For exam
ple, where the saturation flow for right-turning 
traffic is controlled mostly by a high pedestrian 
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flow rate in the adjacent crosswalk, an additional 
adjustment for a tight radius is not appropriate. 
Most right-turning vehicles will have to stop, prac
tically eliminating the effect of the radius. 

The techniques ~uggested for the determination of 
adjusted saturation flows and the allocation of 
volumes to lanes with more than one movement (shared 
lanes) also employ auxiliary turning-movement fac
tors that are determined as ratios of the initial 
saturation flow and the adjusted saturation flow for 
individual movements. This factor reflects a spe
cific degree of difficulty in making a right or left 
turn under given circumstances. However, when the 
lane assignment haB been completed, the volume ia 
converted back to the real, measurable volumes. 

INTERSECTION PERFORMANCE CRITERIA 

Even though capacity in itself can be used as an 
absolute comparative measure, it does not reflect 
the operation of a signalized intersection relative 
to traffic demand. To this end, the following eval.u
ation criteria are used in the guide: 

• Lane (or approach) volume-to-capacity ratios, 
• Intersection volume-to-capacity ratio, 
• Lane reserve capacity, 
• Intersection reserve capacity, 
• Average lane delays, 
• Average intersection delay, and 
• Probability of discharge. 

The guide employs the probability of discharge 
(clearance) as an alternative measure for the design 
task. 

Most of the evaluation criteria that relate vol
ume to capacity are well known and will not be dis
cussed in this paper. It should be noted, however, 
that none of them in itself can fully represent the 
0omplcAity of functions and objectives. The guida 
has not attempted to combine them in a single mea
sure, but instead recommends simultaneous assessment. 

Delays for individual lanes and the overall in
tersection represent the most powerful and practical 
tool for the evaluation of performance because they 
relate directly to drivers' perception. Total delay 
is expressed as a sum of uniform and overflow delay. 

The uniform delay equation in the guide uses the 
queueing theory relationship [see Figure 7(a)]. 

The TRANSYT-7 computer program provided an over
flow delay formula suggested by Whiting (~). The 
program has been extensively used in Canada for a 
number of years with satisfactory results. The com
bination of uniform and overflow delay is shown in 
Figure 7 (b) • Naturally, even in well-under saturated 
conditions, an occasional cycle may feature an over
flow. 

The delay equation was tested by independent 
investigations in Toronto and in Edmonton. The for
mula matched field conditions with a high degree of 
accuracy. It should be emphasized, however, that for 
saturated or oversaturated conditions, the evalua
tion time (i.e., duration of the congestion) has an 
overriding effect (Figures 8 and 9). The slopes of 
the delay functions for 60-, 30-, and 15-min periods 
differ dramatically. In practical analytical or 
design problems, the length of the congested period 
can rarely be determined accurately and, conse
quently, the delay values for oversaturated condi
tions should be taken as an indication of the magni
tude of the problem, not as absolute, accurate 
values. 

The acceptance of the Whiting delay equation in 
Canada is also evidenced by the range of users of 
the SINTRAL computer program system for signalized 
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FIGURE 7 Queueing diagrams illustrating the basic delay 
considerations: idealized conditions well below saturation 
(volume-to-capacity ratio is 0.7) (a) and idealized conditions 
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when demand exceeds capacity (volume-to-capacity ratio is 1.2) (b). 

intersection analysis and design (~) that incor
porates the formula. 

The guide identifies the detailed delay formula 
and includes graphic representation of the most 
common conditions. Figures 8 and 9 are only two of 
the four graphs used in the guide. These diagrams 
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FIGURE 8 Average lane delay as a function of volume-to-capacity 
ratio (0.1 to 1.3), saturation flow (1,800 and 1,550 pcu/hr green), 
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FIGURE 9 Average lane delay as a function of volume-to-capacity 
ratio (0.1 to 1.3), saturation flow (400 and 200 pcu/hr green), green 
interval-to-cycle time ratio (0.1, 0.3, and 0.7), and evaluation period 
(duration of congestion) (60, 30, and 15 min). 

can be used for the manual determination of average 
lane delay. 

Because of the shape of the delay function, a 
volume-to-capacity ratio of O. 9 is generally con
sidered a practical capacity limit. Differences in 
the delay due to saturation flow and the ratio of 
the green interval to cycle time become essential 
for lower values of both parameters. As a conse
quence of the original Webster cycle time-delay 
relationship (5) cycle time itself has only a minor 
impact as long-as it remains in the range of 0.75 to 
1.5 of the "optimum" cycle time (Figure 10). 

DESIGN PROCESS 

The principles of signal design are shown in Figure 
3 (bl. The task employs tentative geometric features 
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and traffic volumes as the input, and the detailed 
signal settings constitute the output that may then 
be compared to the desired performance criteria. 
Iterative adjustments are usually necessary. 

The aecerminac1on of cne m1n1mum and optimum 
cycle time follows the well-known Webster method
ology (5) that needed no adjustment for Canada 
(Figure -10). In addition, special pedestrian needs 
in regard to cycle time are considered. The user is 
also advised to consider systemwide issues, such as 
coordination. 

The following techniques can be used for the 
allocation of green intervals within cycle time. 

• Proportioning volume-to-saturation flow ratios, 
• Equalization of the probability of discharge, 
• Delay minimization, and 
• Congestion management. 

The technique of proportioning the volume-to
saturation flow ratio concentrates on the er itical 
lanes. It allocates green intervals for individual 
phases in the proportion of critical lane volume-to
saturation flow ratios to the total intersection 
volume-to-saturation flow ratio. This method has 
been widely used in Canada in the past. 

The probability-of-discharge technique attempts 
to balance the probabil i ty of waiting more than one 
cycle for the critical lanes of individual phases. 
The Poisson distribution of arrivals in used because 
it is not only simple (one parameter distribution) 
but, more important, it accurately represents the 
traffic conditions in most Canadian situations. 

Two applications of this technique are described: 
starting from green intervals determined by propor
tioning the volume-to-saturation flow ratio and 
starting from the highest desired probability of 
discharge (.~) • 

The delay allocation design technique assigns the 
green intervals for the critical lanes of individual 
phases in such a way that the overall intersection 
delay is minimize-a or is in agreement with other 
design objectives. 

The goal of the congestion management green allo
cation technique is to prevent queues from "spilling· 
over" the available storage space. In some in
stances, a revision of the previously determined 
cycle time may be needed. 

OTHER CONSIDERATIONS 

Although the guide is prirnai:: ily concerned with the 
operation of individual signalized intersections, 
system aspects are emphasized. They may be expressed 
in the strategic objectives of the design, such as 
the reduction of shortcutting through residential 
areas. In such a case, the green allocation objec
tives will be expressed as "minimization of delays 
on arterial roadways and a maximum allowable delay 
on the collector or residential approaches." Co
ordination of signal operation along a route or in a 
network may significantly modify the arrival pattern 
and, as a result, the selection of evaluation cri
teria and the subsequent design method. 

CONCLUSIONS 

The currently available edition of the Canadian 
Capacity Guide for Signalized Intersections is based 
on international as well as Canadian research and 
practice. Nevertheless, it has been acknowledged 
during the development stage of this edition that 
more theoretical as well as empirical research is 
needed. Many of the outlined procedures and values 
should be subjected to real-life tests in different 
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regions of Canada. A country-wide uniformity would 
not be a worthwhile objective in itself if it were 
not based on common foundations in driver behavior, 
traffic engineering, and legal practices. 

Several new featu~es of signal design and analy
sis can be identified in the first edition: 

1. Calculations are based on demand instead of 
supply volumes; 

2. Typical Canadian passenger car unit equiva
lents for different vehicle categories have been 
established on the basis of their interactive flow 
impact; 

3. Amber intervals, intergreen periods, and 
pedestrian safety requirements are inherent compo
nents of the procedure; 

4. Basic saturation flow values facilitate the 
transferability of the process; 

5. Saturation flow values vary with socio
economic chara9teristics of a community not just its 
size; 

6. The effect of ambient conditions is identi
fied; 

7. The impact of long green intervals is quan
tified i 

8. Webster's procedure for determining satura
tion flow for left turns with opposing traffic is 
simplified; 

9. Factors for saturation flow adjustments are 
not necessarily multiplicative; 

10. Turning factors based on saturation flow 
values are introduced as auxiliary measures in the 
procedures for volume allocation to lanes and for 
determination of adjusted saturation flows for lanes 
with a combination of movements; 

11. The procedure allows verification of inter
mediate results for existing situations; 

12. Several simultaneous criteria are used for 
the assessment of capacity-related intersection 
performance; and 

13. u1.cc11 .i.u1...c1.val allv1...c:u .. ivu J:1a1.a111ctc1.e1 .:an be 
selected on the basis of design objectives. 

The editor, the authors, and the committee an
ticipate significant contributions from users. Sev
eral ITE sections have already established commit
tees to this end. Periodic revisions will also be 
needed in the future. 
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Discussion 

Robert H. Wortman* 

The Canadian Capacity Guide for Signalized Intersec
tions represents a significant contribution to the 
literature on highway capacity in that it presents 
material, concepts, and numerical values that have 
been found to be pertinent to conditions in Canada, 
All of those who contributed to the guide are to be 
commended for their efforts that resulted in this 
document. 

The publication of the guide comes at a time when 
the signalized intersection chapter of the new High
way Capacity Manual is being put in final form and 
prepared for release. A review of the two documents 
reveals similarities as well as marked differences 
in philosophies and approaches, For example, both 
documents use saturation flow concepts as the basis 
for the capacity calculations, and rate of flow is 
preferred to the use of hourly volumes. Although 
delay is used as the measure of level of service for 
signalized intersections in the new Highway Capacity 
Manual, the Canadian guide suggests delay along with 
volume-to-capacity ratio and reserve capacity as 
measures of the adequacy of intersection operation, 

Even though delay appears to be a common measure 
in both documents, there are differences that should 
be noted by users. The Canadian work uses average 
delay and the delay equation from TRANSYT-7, In 
contrast, the new Highway Capacity Manual will em
ploy stop-time delay and a delay equation that has 
been modified to reflect the findings of field stud
ies. Furthermore, there is some variation in the 
specific values of delay that define the operational 
levels for intersections. 

In the discussion of capacity values for left
turning vehicles, it is interesting to note the 
apparent variation in values that was observed in 
various Canadian cities. Although the equation for 
permissive left-turn conditions is based on an 
empirical relationship developed in Edmonton, typi
cal maximum values for other cities are also given. 
This certainly serves to support the observation 
that considerable variation in values can be found 
in different locations. The field data that have 
been used in the development of the new Highway 
Capacity Manual show similar results. 

The Canadian guide contains material in a number 
of areas that should be of interest to those who are 
involved in capacity analyses. There is a quantifi
cation of the effect of winter conditions on capac
ity as well as of the influence of right-turn-on-red 
situations. Also, there is a discussion of network 
objectives that may be considered in evaluating 
operation and design problems. Basically, the net
work objectives reflect policies that give priority 
to certain movements or approaches. 

Further work in several areas could possibly 
improve and enhance the current version of the 
guide. This work should include consideration of the 
following comments: 

1. Average signal delay generally increases as 
cycle length increases, thus the average delay val
ues as shown in the guide may not be appropriate 
when cycle lengths are long. 

2, It would appear that the quality of progres
sion is a major variable that is not included in 
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computing delay. With volume-to-capacity ratios of 
less than 0,8, the average delay with excellent 
progression can be significantly less than for a 
condition with adverse progression. 

3. The maximum delay for acceptable operation is 
defined as 30 seci this value may be too large for 
intersections where motorists expect to benefit from 
signal progression. 

4, The variation in the flows for left turns has 
been noted I however, it would help the user if the 
expected variation in all of the values and predic
tive equations used in the capacity calculations 
were indicated, In essence, the user should be ap
prised of the basis and validity of all of the nu
merical values that are shown in the guide. 

In closing, comments should also be directed to 
all ,individuals and groups who are involved with the 
development of capacity procedures as well as to the 
users of those procedures. For those who are in
volved in the development of procedures, there is a 
need to resolve the differences between the various 
procedures, approaches, and computations. Such dif
ferences tend to confuse the user community, With 
respect to the users, there is a need to become 
thoroughly familiar with the procedures. The proper 
application of capacity procedures requires that the 
user have a certain level of understanding of the 
material and use good judgment in applying the 
guidelines that have been developed. 

Author's Closure 

Robert Wortman's comments on the Canadian Capacity 
Guide for Signalized Intersections are sincerely 
appreciated. 

During the past 20 years techniques for capacity 
analysis have converged significantly. Nevertheless, 
a deep understanding of the applicability of the pro
cedures to local and regional conditions has been 
lagging somewhat behind the wphilosophy, w The guide 
and the new edition of the Highway Capacity Manual 
as well as other national documents play an 
important role in the development of a common basis 
on which we can compare our experience, It is not 
surprising that some of the specific values are dif
ferent, but it is encouraging to see that major 
trends are similar. 

The first edition of the guide will soon be 
critically reviewed. Wortman's suggestions will cer
tainly be included in that review. At this time, how
ever, I would like to point out that the committee 
deliberately divorced the broader wsystems" aspects 
from individual (not necessarily isolated) 
intersection issues. Even a relatively simple linear 
or network coordination of traffic signals introduces 
an additional dimension to the problem and usually 
implies a modified set of objectives. Insofar as 
delay is considered a measure of performance its 
values at individual intersections may no longer 
govern, Although an overall delay reduction would be 
expected in such a system, some intersection ap
proaches may experience a delay increase for the 
benefit of the larger system. Depending on a de
signer's objectives, delay may be supplemented by 
other measures, such as a performance index con
sisting of delay, r•mning time, and a weighted 
number of stops. In some systems, the number of 
stops along certain network links may become the 
sole criterion. 
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Having stated that, I should note that I agree 
with Wortman that a better treatment of these issues 
is needed. The users must exercise a 
judgment and we should provide them 
information we can give within the 
guide. 
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Signal Delay with Platoon Arrivals 

JAMES M. STANIEWICZ and HERBERT S. LEVINSON 

ABSTRACT 

Delays at signalized intersections assuming "platoon" flow are analyzed. 
Graphic analysis of vehicle platoon arrivals is used to develop equations fran 
which the average travel time delay per vehicle can be estimated. Delay for two 
different, basic conditions is analyzed: (a) when the first vehicle in the 
platoon arrives during a green interval and is unimpeded and (bl when the first 
vehicle in the platoon arrives during a red interval or is impeded by queued 
vehicles. Delay based on the resulting relationships is compared with delay 
obtained by three conventional methods: the Webster method, May's continuum 
model method, and the new 1985 Highway Capacity Manual method. Where the pla
toon leader is unimpeded, there is no delay when the capacity of the through
band equals or exceeds the approach volume. ·rhus, a high volume-to-capacity 
ratio may provide a high level of service. This contrasts with delays based on 
random or uniform arrivals, which are sensitive to the volume-to-capacity 
ratio. However, where the first platoon vehicle is impeded by a red interval or 
by queue interference, a chain reaction may occur in which following vehicles 
are also impeded. This situation may create considerable delay and effectively 
reduce progression. Effective traffic signal coordination, therefore, can sub
stantially reduce delay and improve levels of service. 

Delay has become an important means of assessing 
level of service at signalized intersections. Con
sequently, accurate measurements of this delay are 
essential. Delay computations and computer simula
tions often assume uniform or random vehicle flow, 
singly or in combination. However, where signals are 
spaced closely together or form part of a progres
sive system, platoon flows are common and more 

closely represent reality. Such cases result in a 
different pattern of delays. 

Delays at signalized intersections are analyzed 
assuming platoon flow instead of a random or a uni
form arrival pattern. The following question is 
addressed: What average delay does a platoon of 
traffic encounter at a signalized intersection? A 
simple graphic analysis of vehicle platoon arrivals 




