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Abstract

The Geography of Traffic Accidents
and Risk Reduction
An Assessment of the Ottawa-Carleton Region

Accident research traditionally concentrates on the
identification of factors that influence events preceding a traffic
accident. The factors are associated with a variety of disciplines
including behaviourial, mechanical and environmental studies.
Geography contributes to the understanding of the phenomena of
accidents as a result of considerable attention given to the
explanation of patterns of land use and traffic movement in
regional settings. The circumstances are studied to develop and
implement countermeasures in effort to reduce the risk associated
with vehicle operation.

This research proiect evaluates the effectiveness of safety
countermeasures at locations up-graded from stop sign to traffic
signals in the Regional Municipality of Ottawa-Carleton. The study
begins with an overview of the Region and countermeasure policies
implemented by RMOC. The emphasis of the evaluation is based on
the application of the "Traditional™"™ approach and the
nprobabilistic" approach to 54 locations that received traffic
signals in 1986. The accident frequencies at these locations are
studied using a "before-and-after" comparison and the data is
standardized for risk by using traffic volume. The results
indicate a substantial drop in accident rates, however, the
evaluation does not indicate the level of contribution by traffic
signals or by other factors.

The allocation of traffic signals is evaluated in a
supplementary analysis of components associated with traffic
accidents. This complementary evaluation is of a "with-and-
without™ nature and includes a land use matrix of socio-geographic
factors associated with the 54 countermeasure locations. The
results indicate the presence of land use combinations common to
particular locations. However, the results are inconclusive in the
absence of representative multi-variate analysis. The study
concludes that more standardized evaluation techniques are required
to ensure the cost effective allocation of safety resources in the
Region.

Key Words:

Traffic accident analysis, traffic management, safety improvement,
evaluation, countermeasure, traffic signal, traffic signal warrant,
risk exposure, accident frequencies, traditional approach,
probabilistic approach, "regression to the mean®, before-and-after,
with~and-without, spatial factors, soclio-geographic factors.



Résumé

Géographie des accidents de la circulation
et de la réduction du risque

Une évaluation sur la région d’oOttawa-Carleton

Les recherches sur les accidents ont traditionnellement été
effectuées sur l’identification des facteurs qui influencent les
évenements précédant les accidents de circulation. Ces facteurs
sont associés avec une variété de disciplines incluant des études
sur le comportement, de mécanique et de l’environement. La
géographie contribue A comprendre le phénomene des accidents en
donnant beaucoup d’attention A 1l’explication des patrons de
terrains et du mouvement de la circulation dans certains
environnements. Les faits sont étudiés pour développer et mettre
en mesure des contre-mesures pour réduire les risques associés
avec 1’opération d’un véhicule.

ce projet de recherche évalue 1’efficacité des contre-mesures de
sécurité A des emplacements ol les. signaux d’arrét ont été
remplacés par des feux de circulation dans la Région Municipale
d’ottawa~Carleton. Cette recherche commence avec une vue générale
sur la région et sur les politiques de contre-mesures appliquées
par R.M.0.C.. L’emphase de 1l’évaluation est basée sur
1rapplication de 1’approche traditionnelle et de l’approche de
probabilité sur 54 emplacements ayant regus des signaux en 1986.
La fréquence des accidents & ces emplacements est étudiée
utilisant une comparaison de navant-aprés® et l/information est
ensuite unifiée pour les risques utilisant le volume de
circulation. Les résultats indiquent une baisse substentielle du
taux d’accidents, par contre, 1’é4valuation n’indique pas le niveau
de contribution apportée par les feux de circulation ou autres

facteurs.

La répartition des feux de circulation est évaluée dans une
analyse supplémentaire des constituants associés aux accidents de
circulation. Cette évaluation complémentaire est de nature "avec
our sans" et inclue une matrice des facteurs socio~-géographiques
d’utilisation de terrains associés avec les 54 emplacements de
contre-mesures. Les résultats indiguent 1la présence de
combinaisons d’utilisation de terrain communes avec certains
emplacements. Par contre, les résultats sont peu concluant en
1’absence d’analyses représentant des multi-variantes. L’étude
conclue gque des évaluations technigques plus uniformes sont
requises pour assurer la rentabilité des allocations de ressources

de sécurité dans la région.

Mots clés:

Analyse d’accidents de circulation, administration de circulation,
amélioration de la sécurité, évaluation, contre-mesures, feux de
circulation, justification des feux de circulation, exposition au
risque, fréguence d’accidents, approche traditionnelle, approche
de probabilité, régression A la moyenne, avant-apras, avec ou
sang, facteurs spaciaux, facteurs socio-géographiques.
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Chapter 1

The Geography of Traffic Accidents and Risk Reductions
An Assessment of the Ottawa-Carleton Region

1.10 Backaround

The common perception of a traffic accident is that of a
rare or unique event that occurs by chance. However, Cantilli
and Horodeniceau (1979) suggest only 5 to 10 percent of traffic
accidents fall under this category. Traffic accidents are more
often attributed to a combination of human, mechanical and
environmental factors which, to some extent, make these events
predictable (Langlois & Olsthoorn, 1990). Traditionally, traffic
accident research attempts to disaggregate factors such as driver
and pedestrian demography, quantity and quality of exposure and
vehicle composition in order to identify a manageable set of
factors that influence the sequence of events that result in a
traffic accident (Hauer, Sept. 1981). The multiple components
drawn from these factors are studied in greater detail in order
to develop and implement remedial countermeasures, in a cost
effective manner.

A geographical approach, without claiming precedence over
other approaches, offers an additional perspective to the
understanding of the phenomena of accidents (Whitelegg, 1987).
Geography has contributed to the subject area as a result of
considerable attention given to the explanation of patterns of
location and movement in regional and intraurban settings. For
example, the movement of vehicles is determined by a multitude of
Land Use System components: residential patterns, street
geometries, population densities, traffic densities, location of
workplace, shopping areas and other generators of traffic. Many
of these components, familiar to the geographer, are involved
with the circumstances preceding road traffic accidents by
varying degrees. When applicable, they may be used to estimate
the accident probabilities associated with particular locations.

1



The operation of a vehicle involves a certain amount of
danger that is associated with a particular activity whether it
is the journey to work, a shopping expedition or simply a
sightseeing event. The risk associated with these activities is
often vreduced significantly through the application of risk
management techniques. However, the danger is never eliminated
as a result of cost/benefit trade-offs between reducing risk, or
the accident rate, and the expenditure of resources (Roberge,
1984).

The implied acceptance of risk, whether in industrial
applications, railway and highway crossings or at roadway
intersections, denotes the recognition of the concepts of risk
assessment and risk management. Vehicular traffic at roadway
intersections is controlled by various signalling devices such as
traffic signals, stop signs or yield signs. The controlling
features have been placed in effort to reduce risk, hence, the
accident rate. In some cases, the control elements have been
placed to increase the level of convenience to the driver,
regardless of accident rates associated with the location. In
either instance, the traffic management technique is expected to
enhance the flow of traffic without jeopardizing the safety of
the user.

What motivates the apilication of traffic management
technigues throughout a particular region and why are certain
control devices found at specific locations? To what extent do
major Land Use Systen components determine the application of
particular types of traffic management and how are these related
to volumes or traffic flow? How is Land Use System information
to be used to identify the role played by individual land use
components in the allocation of traffic control devices. These
are questions and issues that are addressed in the study of
traffic accidents and risk management, from & geographers

perspective.



1.20 oObjectives

The main objective of this research project is to review the
spatial distribution of traffic accidents in the Ottawa-Carleton
Region that occur at intersections with traffic signals and stop
signs. More specifically, the intent of this study is to
identify and evaluate the effectiveness of current policy
directives towards up-grading traffic management techniques
within the Region. The scope of the study is directed at the
evaluation of the effect of safety countermeasures at locations
that have undergone a transition from stop sign to traffic signal
control techniques. These objectives are viewed from a "policy
evaluation" perspective using the traditional form of evaluation
and a probabilistic methed of analysis.

1.21 Policy Evaluation

Administrators of traffic safety research and improvement
programs are continually faced with the task of making decisions
concerning the most effective method of allocating the limited
number of safety dollars set aside for accident reduction

(Council et al, 1980). The decision making process involves a
variety of inputs that range from political considerations to
budget limitations. The decision process has become more

critical as the transportation system expands at a greater rate
than the resources put aside to insure traffic safety. Thus, it
is no surprise that the continuing need for a well designed
system to evaluate the effectiveness of safety improvement
programs is a major issue of concern today.

Safety countermeasure programs are evaluated to ensure that
resources are spent on projects that actually improve the
accident picture for a particular area. However, safety
administrators may be sincerely persuaded, by rigorous policy
directives for countermeasure implementation, that efforts to
evaluate the program are unnecessary. Nonetheless, it is poor
policy to finance marginal or ineffective safety initiatives



while other accident locations are inadequately addressed.
Likewise, it is important to evaluate how effectively a safety
countermeasure has brought about the desired result for a
particular situation. The success or failure of the
countermeasure, in terms of the desired result, will remain
unknown unless the effectiveness is evaluated.

The allocation of traffic accident countermeasures in the
Regional Municipality of oOttawa-Carleton is based on strict
policy requirements that are outlined by traffic control signal
warrants. The warrants have been developed by traffic safety
administrators at a Provincial level and have been adopted as
policy by Regional Council for a variety of reasons. Perhaps the
most important reason is that Provincial funding for the
countermeasure implementation will not be given unless the
warrants are satisfied. secondly, the traffic warrant
requirements have been developed based on historical traffic
volume and accident trends throughout the Province of Ontario.

The Region does not conduct a formal countermeasure
effectiveness evaluation program for traffic signal control
installations. The safety administration staff will conduct a
traditional evaluation of the countermeasure upon request of
senior management or Council members. This traditional approach
involves the comparison of the accident frequencies for three
years prior to installation and three years following
installation of the traffic control signals. However, these
studies are not conducted on a regular and consistent basis. The
evaluation procedure, when conducted, is simplistic in nature and
fails to give timely results. Therefore, it is very difficult to
determine whether the Regional policy directives for individual
countermeasure implementations are successful.

1+ is also very difficult to determine if Regional
implementation policies have improved the allocation of
countermeasures to those locations in most need throughout the
Region. There are no formal comparisons of locations that have



undergone countermeasure treatments to untreated locations with
similar or higher accident rates. 1In fact, certain high risk
locations may have been overlooked because they did not meet the
particular requirements outlined in the traffic control signal
warrants. Unfortunately, it is difficult to distinguish these
inadequacies without a formal method of evaluation.

This study is intended to address the inadequacies of the
current Regional policy directives with respect to traffic safety
countermeasure implementation and evaluation. The study will
describe the allocation procedure in place at the Region followed
by a detailed account of traffic signal control warrants. 1In
order to address the current policy needs more succinctly, this
study will attempt to evaluate the effectiveness of
countermeasure implementations in the Region using a variety of
traditional and more sophisticated methods found in accident
research annals. The results will be summarized and compared to
current policy objectives in order to identify key variables that
may be currently overlooked. An attempt will be made to
introduce a valid evaluation procedure that will address the
policy areas that are not currently emphasized at the Region.

1.22 Evaluation Technigues

The evaluation of the effectiveness of safety
countermeasures is generally of a "before-and-after" nature and
seldom includes a control group for "with-and-without"
comparisons. This is not unusual because of the practical
difficulty of identifying a set of countermeasure "with"
locations and a set of "without" locations that are similar in
terms of street geometry, accident frequencies, traffic volume
and other specific casual factors (Hauer, 1985).

The traditional "before-and-after" approach is relatively
simple to apply. It involves the evaluation of the variance
between the most current accident rates and the reported accident
histories of years past, much in a similar pattern to that



currently used at the Regional Municipality of Ottawa-Carleton.
The countermeasure is sald to be successful if the variance is
positive and unsuccessful if the variance is negative. It is
difficult to determine the roles played by various 1land use
components in the accident process from this sort of analysis.

The traditional approach is relatively easy to apply,
however, the conclusions drawn may be misleading because they do
not account for accident fluctuations “hat occur in response to
specific components other than the safety countermeasure
treatment (Council et al, 1980). An example given by F.M.
council highlights that many evaluation studies of the reduction
of the speed limit to 55 mph in the United States in the mid
1970’s concluded the countermeasure caused a significant decline
in fatalities. However, Council notes that there were other
causes at work such as a decrease in mileage driven due to the
energy shortage (Council, 1980). Similarly, the aging of the
accident data used in particular areas may highlight a maturation
effect where the accident trends decrease naturally over time
(Council, 1980). If the accident researcher did not account for
this, it may be incorrectly concluded that the decrease in the
accident rate was directly attributable to the countermeasure
implementation.

The most significant cause of erroneous conclusions in
traffic safety evaluations is found in the phenomena of
"regression to the mean"™ (Council, 1980). Traditional evaluation
methods are based upon the common assumption that "what happened
in the past will happen again" if no countermeasures are put in
place. More often than not, this approach provides a positive
evaluation in terms of a drop in accident rates. This conclusion
is obscure and misleading. The analysis does not consider the
phenomena of "regression to the mean". This phenomena refers to
individual data points "regressing to the overall trend mean"
without any countermeasure treatment having been applied (Council
et al, 1980). That is to say, the highest deviant points in any



empirical study will tend down to the mean number of the points
while the lowest deviant points will tend up towards the mean
number (Blalock, 1979),

In other words, the number of accidents occurring in the
past will not happen again because each 1location will tend
towards the mean number of accidents in the particular study area
if no countermeasure is implemented (Hauer, 1985). For example,
the mean number of accidents for a particular city may be i. The
locations with 2 or more accidents in the current year would have
predicted accidents in subsequent periods that are closer to 1
because of the regression to the mean effect (Hauer, 1984).
Therefore, it is difficult to state that the number of accidents
"pefore® 1is a good indication of what will take place if
countermeasure is implemented.

1.23 Objectives Summary

In attempt to improve upon traditional methods, more
sophisticated prediction techniques have been developed to
provide accident estimates for evaluative comparisons, for
"hefore-and-after" studies particularly. 1Instead of using past
histories as the benchmark measure, estimated accident
frequencies are calculated with adjustments to reflect the
"regression to the mean". These "average mean" estimates are
used for the comparative analysis to provide a more realistic
appraisal of the safety countermeasure performance over time.

The approach taken in this study is of an investigative
nature in attempt to test both the "traditional" and the "average
mean” or probabilistic approaches of evaluating safety
countermeasures at traffic accident locations. The study
attempts to make "before-and-after"™ and "with-and-without"®
countermeasure location comparisons in both the "traditional"®
manner and in the "average mean" manner in order to evaluate the
effectiveness of countermeasure Policy implemented in the
Regional Municipality of oOttawa-Carleton.



Chapter 2
The Regional Municipality of Ottawa-Carleton

The Regional Municipality of Ottawa~-Carleton (RMOC) is
located at the junction of the Ottawa and Rideau rivers. The
Region spans an approximate area of 2,767 square Xkilometres
including area municipalities and a rural region which comprises
approximately 90 percent of the entire area (RMOC, 1989). The
Region was established by the ontario Legislature in 1969 and
comprises the upper tier of the two tier system of 1local
government. The lower tier 1is «comprised of 11 area

municipalities.

2.10 Socio-Economic Characteristics

The demand for travel and transportation in the Region, as
in any place, is governed by land use, or, specifically, the
demographic and socioeconomic profile of the area. Therefore, it
is appropriate to briefly examine the Kkey characteristics of
population, dwelling units, and employment in the Region,
particularly for those readers that are unfamiliar with the area.
The changing dimensions of the Socio-Economic fabric and the
subsequent impact on traffic accidents may deserve more detailed
study but that must rest in another research paper at this time.

The population of the Region, in 1986, was approximately
606,639 which is a 10 percent increase from 198l. According to a
demographic profile from the RMOC Pianning Department (Table 1),
the major population changes occurred in the eastern {30%) and
western (19%) suburban areas while the central core (1.7%) within
the greenbelt remained relatively constant. The same trend
exists in terms of the number of dwelling units in each
municipality, however, the central core maintains a relatively
constant 60 percent distribution of total dwelling units.
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Employment growth and the proportional distribution of jobs
throughout the Region differs from these trends significantly.
The growth of employment in the Region between 1981 and 1986 was
approximately 17 percent. However, the geographic distribution of
this growth was concentrated in the eastern (44.1%) and western
(37.5%) suburban areas while the central core (11.6%) grew less
rapidly. More interestingly, the proportional distribution of the
jobs changed significantly. The central core dropped from 80.2%
concentration level to 76.3% between 1981 and 1986. The eastern
suburban area proportion of jobs rose from 7% to 8.6% and the
western suburban job inventory rose from 11.8% to 13.9%. The core
area decline in job concentration was partially explained by the
relocation of some federal government employment to the Quebec side
of the Census Metropolitan Area. In 1986, the central core
remained the focal point for the proportion of jobs in the Region,
however, the level was declining. Hence, it may be expected that

travel patterns adjusted accordingly.

2.20 The Regional Road System

The Regional road system is overseen by four different
governing bodies: the National Capital Commission acting for the
Federal Government; the Province; Local Area Municipalities; and
the Regional Municipality of oOttawa-Carleton (RMOC, 1989). The
total road kilometres found within the Region are approximately
4,500 kilometres of roads and highways (RMOC, 1989). The Region
is responsible for approximately 1,110 kilometres of streets and
highways, of which 350 kilometres are located in the urban and
semi-urban areas, and 760 kilometres which are rural (RMOC, 1989).
This is illustrated by Figure 1 and Table 2.

The NCC is responsible for the 80 kilometre system of scenic
driveways and parkways that span the urban and suburban areas of
the Region (RMOC, 1989). The Provincial Government presides over
the King’s highway network that links the Region to other
population centres in Ontario. This includes approximately 220
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kilometres of highways that include the 417, Highway 15, 16, 17,
29, 31 and 44 (RMOC, 1989). The province also provides
guidelines and funding for special transportation management and
improvement programs. The 1local area municipalities are
responsible for approximately 3,150 kilometres of local streets
that provide access to residences, businesses and other
properties (RMOC, 1989).

within this framework, the NCC, Provincial and Regional
roads are considered as part of the upper tier road system. The
upper tier is typified by roads providing an arterial function,
or, providing the shortest practical route between major traffic
generation centres (RMOC, 1989). The service provided by the
Regicnal road system is modified on a perpetual basis to meet
travel needs as land use and roadway functions change. In
addition, the Region works regqularly with the area municipalities
to systematically review the current situation of changes in road
jurisdiction. Improvements made to the Regional road system
include signage, road widening, road construction, intersection
improvements, as well as transportation system management such as
traffic signal controls, highway ramp metering and bus priority
measures.

Roadways in the Region are broken down into a rural and
urban designation which is further classified as Freeway,
Arterial, Collector and Local. The factors that are considered
in this process include the following: type of service, traffic
volume, flow characteristics, speed, vehicle mix and connections
to other classes (RMOC, 1989). The Freeway classification is
typified as a divided highway with full access control and grade
separations at intersections. The speeds are relatively high and
traffic volume is generally greater than 20,000 vehicles (Average
Daily Trips: ADT) (RMOC, 1989). The Arterial Road is designed to
collect and distribute traffic along a continuous route. The
Arterial carries volumes between 5,000 and 30,000 (ADT) and are
typified by streets such as Bank, or, Carling Avenue (RMOC,

11



T ~—
Annual Kilometrage Driven
versus Road Length
| ] P Sy
! & diuy g s
O O NN\ 72
3000-'-." ..' ot rrsnsrerrnee iw". nnnnnnnnnnnnnnnnnnnnnn
BN i —
20004 VAN 4 VRN SRR
1500 .°,
1000 .-
500
0o ¥ T T T
RMOC Local Provinefal NCC
B Rood Longh (53] annual Km (MAItons)
| Figure 1
Table 2
Pattern of Vehicle Movements - RMOC 1986
Road Annual % Road Length %
Juridiction Kilometrage Distribution Kilometres Distribution
RMOC 2,600,000,000 48.1% 1,100 24.2%
LOCAL 1,400,000,000 25.9% 2,150 69.2%
PROVINCIAL |  1,200,000,000 2.2% 20 4.8%
Nce 200,000,000 3.7% 80 1.8%
Total 5,400,000,000 4,550
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1989). The Collector roadway contains traffic signals at major
intersections and carries volumes between 1,000 and 12,000
vehicles (ADT) (RMOC, 1989). The purpose of a collector is to
collect and distribute traffic from major arterial roads to
secondary traffic generators, such an example is Kilborn Avenue.
The Local street designation simply provides full and direct
access to residences and businesses throughout the Region.

The general pattern of vehicle movements over the entire
network for 1986 is illustrated by Table 2 {RMOC, 1989). On an
annual basis, over 5.4 billion vehicle miles occur within the
Region. Almost 505 of this takes place on the Regional road
system which only accounts for 24% of the total road network.
Only 26% of the vehicle miles are incurred upon the local network
which accounts for almost 70% of the total network kilometres.

2.30 Transportation System Management - Regional Policy

The Regional transportation system has evolved into a very
complex state and requires attentive management in terms of the
development, implementation and monitoring of programs and
projects designed to improve the functioning of the system. The
management activities undertaken by the Region are delineated by
several categories from financial management to environmental
assessment, project management and <transportation planning
management, to name a few. For the purposes of this study, the
areas of interest lie within the sectors of priority planning
management, traffic management, traffic signal control warrants
and development control agreements.

2.31 Priorityv Planning Management

The objective underlying priority planning management is to
rank the various Regional transportation projects based on
certain guidelines to ensure an appropriate allocation of
resources based on the available funding. The primary function
of this sector is to compile and perform the analysis for project

13



justification, selecting and scheduling a program of projects and
activities, and monitoring the subsequent status and cash flow.
The Regional Transportation Department currently wuses a
nprogramme type" method of grouping projects into priority
levels. This involves the classification of approximately 100
programs and activities into categories relating to common
services, transportation planning, design-construction and
operations.

Projects for the forthcoming year are chosen based on
project priorities, estimates of project cost and cash flow
needs, and, finally, on subsidy considerations. The project
priorities are defined within the following categories in order
of importance (RMOC, 1989);

1. Committed works,

2. Maintenance of existing systenm,

3. Salvaging assets and extending useful life,

4. Improve level of service and safety,

5. Extend service.

Each proposed project must undergo further priority ranking
within one of the above categories. This is accomplished through
what is called a "needs"™ study. This study is comprised of an
inventory of conditions and adequacy ratings, including the costs
of the improvements to eliminate the deficiencies. Each "Needs"
study is applied to the appropriate category from which
comparisons and rates are compiled with all other projects. 1In
the cases of intersection and traffic signal improvement
programs, the rates and rankings are based on the number of
accidents, traffic volume and traffic signal warrants and would
falli sixth in line to Road Construction, Road Reconstruction,
Transitway Construction, Structure Construction and Street

Lighting priority categories (RMOC, 1989).

2.32 Traffic Management

The Traffic Management sector is comprised of several
components dedicated to the control, improvement and monitoring
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of the Regional transportation system. The primary components
are traffic surveys, traffic signal systems, intersection
improvement programs, traffic accident analysis systems and
safety improvement programs. Each of these divisions represent
the primary data sources that are used to compile the various
traffic management "Needs" studies.

2.33 Traffic Volume Surveys

Traffic volume surveys represent the average annual
vehicular traffic flow through an intersection on a daily basis.
Traffic volume surveys are the source documents used to
standardize accident frequency data analyzed in this research
paper.

Traffic volume surveys have been collected at the Region for
several years, primarily by two methods. First, by means of
automatic traffic recorders at 42 locations and, second, from
data collected in the field by approximately 40 temporary summer
staff (RMOC, 1989). Approximately 1,000 manual and 2,000
automatic counts are taken each year on turning movements and
classification counts (RMOC, 1989). This data 1is used as
significant inputs to other studies such as traffic signal timing
determination, safety and intersection improvements and other
transportation planning activities.

2.34 Traffic Signal Control Systems

The traffic signal control system at Region is comprised of
approximately 605 signals which are controlled by a central
computer system (RMOC, 1989). This is an increase of 125
locations or 26% since 1986. out of the 125 1locations, 80
locations (64%) represented a transition from a stop sign or
pedestrian cross walk traffic management device. The remaining
45 locations represent brand new installations and over half of
these were made at rural locations. The purpose of the traffic
signal control program is to provide pedestrian and vehicle
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traffic with adequate safety and clearance time when crossing or
turning at a street intersection. The traffic signals are also
used in z system of highway "ramp metering" in order to control
traffic flows during peak hour tidal flows.

2.35 Intersection Improvement Prodram

The intersection improvement program is comprised of low
cost geometric improvements that are a highly effective measure
for enhancing capacity and safety. These locations were not
considered in this research paper because of the "low cost"
nature of the countermeasure implementation. This paper was more
concerned with the high cost allocation of traffic signal
devices.

The locations, under the Intersection Improvement Program,
are often identified by the public, Regicnal council members and
the Transportation Department. Each project is priority ranked
pased on a benefit/cost ratio in which the numerator takes into
sonsideration, with egual weight, the traffic volume and number
of accidents affected by the improvement (RMOC, 1989).
Apparently, there are an average of 20 such projects with highest
priority with only 3-5 projects implemented each year (RMOC,

1989).

2.36 Traffic Accident Analysis System

The traffic accident analysis system at the Region is based
on the Motor Vehicle Accident Reports that originate from the
various police forces in the Region. The information contains
all traffic accidents that occur on public roadways within the
Region, excluding non-reportable accidents (those with estimated
damage under $700). The average annual accident frequencies are
approximately 15,000 and occur at approximately 2,300 locations
(RMOC, 1989). In 1988, approximately 40% of the accidents took
place at intersections with traffic signal controls, 30% at non-
controlled locations, 20% at stop sign locations and 10% at
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jocations having yield signs, pedestrian cross walks, police
school guards and school bus stops (RMOC, 1989).

The traffic accident analysis group produce three reports on
a quarterly basis. The first report is a Detall Peport of
Traffic Collision Location and lists each accident alrhabetically
by road location. This information is sumzarized in the
Frequency Ranking Report of Traffic Collision Locations which
categorizes the locations by the specific control type: traffic
signal, stop sign, yield sign, no control, pedestrian cross walk,
police school guard and school buses. The report ranks the
locations by accident frequencies for each category. The
Frequency Report has been provided by the Region, by special
permission, in database format for the period of 1986 to 1989 and
will comprise the basic information for this study. An example
of the report is illustrated in Table 3. The third report is the
Statistical Summary Report that aggregates and cross tabulates
related items such as time of day, weather conditions,
directionality and injury occurrences. These reports are of high
quality and have been rigorously scrutinized.

2.37 Safety Improvement Program

The safety improvement program conducts an annual study
based on the aforementioned accident and traffic volume reports
when the year end reports have been completed. The program
selects approximately 15-20 new locations each year for site
specific analysis (RMOC, 1989). The locations are selected by a
priority ranking scheme in which the accident freqguency is
adjusted by exposure, or, traffic volume. Upon identification, a
cause-effect relationship is identified between a hazard and the
accidents and attempts are made to eliminate the problem.
Contributing factors identified by the safety improvement group
include roadway geometries, traffic control device design or
location, traffic operating characteristics, environmental
conditions and roadway surface conditions.
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The safety improvement studies normally lead to the
provision of an effective traffic accident countermeasure through
the intersection improvement program or the annual traffic
control signal priority program. During the last 6 years, the
group has studied approximately 120 locations and countermeasures
have been implemented at 65 of the locations (RMOC, 1989). The
safety improvement group evaluate the success or failure of
implemented projects in order to reduce the potential or
continuing projects that are ineffective. The method of
evaluation consists of comparing the accident experience at the
location for a certain time period, usually three years, "before-
and-after” the implementation of the countermeasure. In
addition, the group conducts an analysis using cost data and
minimum economic benefit data from Transport Canada in order to
determine the accumulated savings as a result of countermeasures
implemented. The group estimates that approximately $3 million
have been saved annually as a result of the introduction of
safety countermeasures (RMOC, 1989).

2.38 Traffic Signal Control Warrants

Traffic signal control warrants have been developed by the
Provincial Ministry of Transportation as an outline governing
cost contributions by the Province. 1In addition, the guidelines
offer a method of comparing potential locations for safety
improvement on a consistent basis.

In conjunction with the priority review program, an
application for implementation of traffic signal controls is
based on the following four requirements.

1. The accident history for the location must be provided
for the current and previous three years.
2. In order to avoid the proliferation of traffic signals,

the Region requires that no two traffic signalling
device locations be closer that 300 feet.
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3. The report must be accompanied by a detailed traffic
study analysis. This report should include the

following:

a. vehicle counts entering the intersection in each hour,
from each approach in a representative 8 hour day; with
the 8 hours representing the greatest percentage of the
24 hour traffic.

b. Peak hour period studies should include 2 hours in the
morning and evening and disaggregated into 15 minute
intervals with classification by vehicle type (ie)
autos, light trucks, trucks.

c. Indication of Speed.

d. Potential collision diagram based on past experience.

e. Seasonal Variations.

f. Details of Physical Layout:

i. Intersection Geometrics vii. Pavement Markings

ii, Channelization vii. Street Lighting
iii, Grades ix. Driveways
iv, Site/Distance Restriction x. Rail Crossings
v. Bus Stops/Routings xi. Nearest Signals
vi. Parking Conditions xii. Utility Poles.
4. The traffic signal warrant analysis must be complete in

order to secure Provincial funding of the project.
Regional Council may waive the need for the warrants,

however, Provincial funding will not be provided.

The following analysis is required to meet the regulations
outlined as traffic signal warrants. In addition an example
warrant is illustrated in Appendix 1 (RMOC, 1989).

The Restricted Flow Conditions refer to urban areas where
speed limits are less than 70 kilometres per hour. The Free Flow
Conditions refer to rural areas where speeds are posted in excess
of 70 kilometres per hour. In addition, right turns are not
considered traffic crossing the artery, and channelized flows
should not be included. Finally, volume requirements must be
increased by 25 percent if road capacity is greater than 4

multilanes.

i. Minimum Vehicle Volume Warrant:
Restricted Flow: Vehicles entering from all approaches each
hour for the heaviest 8 hours must exceed 720. Volume from
the minor street must be 170 vehicles per hour for each of
the heaviest 8 hours.
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Free flow: Vehicles entering from all approaches each hour
for the heaviest 8 hours must ex:eed 480. Volume from the
minor street must be 120 vehicles per hour for each or the
heaviest 8 hours.

ii. Delay To Cross Traffic Warrant:

Restricted Flow: The major street approach volume must
exceed 720 vehicles per hour for each of the heaviest 8
hours. Volume crossing major street must exceed 75 for each
hour of the 8 hours.

Free Flow: The major street approach volume must exceed 480
vehicles per hour for each of the heaviest 8 hours. Volume
crossing major street must exceed 50 for each hours of the 8

hours.

iii. Accident Hazard:
A minimum of 5 accidents must have occurred in the last 12
months, averaged over 36 consecutive months, involving
damage serious enough to be reported to police.
an adequate trial of less restrictive remedies with
satisfactory observance and enforcement have failed to
reduce accidents.
volume is not less than 80% of requirements specified in
Minimum Vehicular vVolume or the Delay to Cross Traffic
Warrant. .

iv. Combination Warrant: If the other conditions are only met
to extent of 80% and: There happens to be a sudden rural to
urban change such as a business district development.
Extreme width of road for pedestrians to cross.

Predominance of small children or handicapped persons.

V. Minimum Pedestrian Volume Warrant: :
Restricted Flow: Pedestrians crossing major street must be
240 per hour for the heaviest 8 hours of the day.
vehicular traffic from the major street approaches must be
575 for the 8 hours.
Free Flow: Pedestrians crossing major street must be 120
per hour for the heaviest 8 hours of the day.
Vehicular traffic from the major street approaches must be
290 for the 8 hours.

2.39 Development Control Agreements

The situation often arises that the aforementioned warrants
cannot be met because of the absence of historical traffic flow
data for new developments or because of expected changes in
traffic patterns as a result of the redevelopment of traffic
generating entities. In this event, the Region enters into a

21



development control agreement contract with the developer. The
contract outlines the responsibilities of the developer and is
normally accompanied by a letter of credit for the amount of the
installation or, a security bond to ensure that all comnitments
are ccmpleted.

The installation of traffic signals, in the absence of
historical data is calculated using trip generation rates for
particular types of developments and the aforenentioned a traffic
signal control warrants. This ensures that developers provide
the appropriate traffic management device at key locations in
order to control! the flows anticipated by the particular
development. In the majority of the new development cases, there
will be no subsidy from the Provincial Ministry of
Transportation. Therefore, the Region requires the developer to
agree to "front-end" the entire cost, assuming the device will be
warranted within two years. The Region will assume all
maintenance ard cperating costs at that time, unless Council
directs otherwise.

The Development Services Branch of the Region is responsible
for the compilation and coordination of the conditions to be
outlined in the development control contract, on behalf of the
Transportation Department. The conditions may vary in complexity
based on the scope of the development proposal and may require
different device installations at various stages throughout the
project. The requirements are based upon the projected traffic
flows expected to be generated by the project. These flows are
projected using a Trip Generation Manual that was recently
developed for the Region. The manual is a summary document
containing trip generation rates and relationships for a wide
range of land uses specific to the National Capital Area. The
manual outlines both vehicle and pedestrian trips that may be
generated from various densities of land use development such as
office, retail, residential, educational, health care, lodging,
transport terminal and industrial areas and residential areas.
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These categories are subject to further disaggregation to
indicate flows generated by specific land uses, government
offices versus business parks, for example.
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Chapter 3

3.10 Bagkdround

The concepts of transportation managenent, safety
effectiveness and risk reduction are all closely linked and have
been studied through a variety of disciplines. Road safety
scientists have been working on the development of a theoretical
approach to analyze accident occurrences and reduce traffic hazards
for several years. However, no one method seems to be applied on
a consistent basis. Perhaps the various approaches simply answer
questions at different stages in the risk management process. The
concepts or risk management are in no way peculiar to
transportation management; applications have been made with regards
to technological hazard, scientific exploration and social policy
implementation (Kates, 1977).

Risk management is summarized by two distinct but overlapping
categories: risk determination and evaluation. The determination
of risk is typified by identification and estimation while the
evaluation of risk is typified by acceptance or aversion (Kates,
1977). The identification of risk infers the statistical screening
of events considered to be hazardous. Case clusters are often
jdentified to uncover areas of adverse consequences (Shrader-
Frechette, 1985) in a fashion similar to research by the Safety
Improvement Group at the Regional Municipality of Ottawa-Carleton.
Upon identification, the estimation of risk addresses the direct
measurement of threat potential based on the concentration of
exposure (Kates, 1977). Risk estimation is an attempt to measure
the magnitude of risk based on various forms of scientific
extrapolation from experience. Estimations may be calculated using
simple averages of historical data or they may incorporate a more
sophisticated approach through linear regression. The evaluation
phase considers the risk estimates or, magnitude of the threat
potential and levels of risk acceptance or aversion are identified.
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The threat potential accepted for particular situations implies
societal preference that is revealed by behaviourial attitudes or
expressed by specific rules and reqgulations (Kates, 1987). The
implementation or risk reducing techniques depend on costs and
benefits associated with providing safety levels that are
acceptable to society (Roberge, 1986).

The traditional approach to traffic accident research is
closely linked to the fundamental components outlined in risk
management. The risk identification phase is comprised of
calculating levels of hazard associated with various locations
throughout the traffic system. These levels are normally measured
in terms of historical accident and exposure rates that are
illustrated by "accidents per million miles or kilometres™ (Pigman,
1980). In the case of studies conducted by the Region, these rates
are expressed by "million entering vehicles" (Mev). The accident
database is generally ranked by the accident rates to identify
those locations with the highest risk measure. These locations are
generally chosen for more detailed studies.

Additional studies may include the calculation of revised risk
estimates based on historical accident performance and projected
traffic volumes associated with the particular locations. The
locations are ranked by severity and, depending upon budgeted
guidelines, a specific number of sites are chosen for risk
reduction, or countermeasure implementation. The risk evaluation
stage is comprised of highlighting a manageable set of factors that
are considered to influence the sequence of events resulting in a
traffic accident. The elimination of the causal factors is
believed to reduce the number of accidents. The causal component
assessment process identifies a taxonomy of human, environmental
and vehicle deficiencies that are ranked in a hierarchic system of
definitely, probably or possibly a causal or severity increasing
factor (Treat, 1980). These measures are normally identified and
tested for significance using the classical statistical hypothesis
testing method. The contributing factors are evaluated in terms
of a cost-benefit analysis of alternate countermeasures that may
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be implemented to reduce risk. In order to allocate resources most
efficiently, the most effective and least costly safety measure is
chosen for implementation.

In effort to evaluate the steps taken to reduce risk, specific
nhefore-and-after" and "with-and-without" analysis are applied to
compare the current accident rates to the rates that would be
expected to occur if the countermeasure was not introduced. There
are two popular evaluation approaches: the wtraditional™ and the
naverage mean" approach. The techniques are relatively simply to
understand. However, the assumptions and calculations vary in
terms of sophistication and the results may be difficult to
interpret. The following section will appraise the methods in more

detail to identify the advantages and shortcomings or each
approach.

3.20 Traditional and Probabilistic Approaches
3.30 Traditional Approach

The traditional approach taken to evaluate the effect of
safety countermeasure is comprised of a series of comparative
studies of accident rates in a nwith-and-without™ and a "before-
and-after" approach (Hauer, July 1978). These types of studies
are relatively simple to apply and involve the evaluation of the
variance between the most current accident rates and the reported
accident histories of past years. As a rule, the countermeasure
is deemed successful if the accident rate has dropped in comparison
to previous years. When the accident rate remains the same, the
countermeasure is again deemed successful because it stopped the
situation from becoming worse. In the case where the accident rate
has increased, the countermeasure is deemed ineffective and further
studies are conducted to determine additional causal factors.

3.31 Standardization for Traffic EXposure
The traditional approach is used in several types of traffic

safety evaluations. The applications range from testing traffic
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signal installations to stop and yleld sign replacement. For
example, during the 1970‘s the city of Seattle began installing
traffic circle controls in residential neighbourhoods in order to
increase traffic flow and decrease energy consumption and pollution
emissions (Rutherford et al, 1985). The rules at such
intersections were the same as at other non-signalized locations.
The right of way is given to the driver on the right. The accident
rate comparisons for evaluation were comprised of "before-and-
after" comparisons for a 3 years period prior and a 3 year period
following the countermeasure implementation and were conducted for
intersections with yield signs versus the locations with traffic
circles. The results were based on the raw accident frequencies
and no estimates were used. The outcome indicated a 30% drop in
accidents at the traffic circle locations whereas the yield sign
locations exhibited a 10% drop.

The traditional approach is seemingly straight forward at the
outset but there are certain practical difficulties to be
identified. First, an important difficulty encountered in
traditional countermeasure evaluation studies is the
standardization of accident location records in terms of exposure
levels, or traffic volume. Particular locations with high volumes
of traffic flow, such as arterial or collector streets, have a
greater risk-exposure factor that those locations with lower
volumes of traffic flow, such as local street configurations.
Therefore, it is inappropriate to draw comparisons between of
accident frequencies without standardizing for traffic volume. The
comparisons are more meaningful if the data is standardized in
terms of exposure levels. The results of standardization make the
n"pefore-and-after" type studies easier to evaluate. For example,
the actual accident rate drops when traffic volumes rise from one
period to the next but the number of accidents remain the same.
This indicates that the countermeasure arrested the expected growth
in the number of accidents.

The standardization process requires that exposure levels are
known for all the locations in question. The accident rates are
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adjusted by using a common exposure index such as accidents per
million kilometres or, in the case of Regional Municipality, in
terms of accidents per million entering vehicles. The results of
standardization are 1less misleading than the raw accident
frequencies. For example, a local accident location may have
experienced 1 accident in the past year with exposure levels in
the range of 100 traffic volume movements during a 24 hour pericd.
An arterial location may experience 50 accidents over the same
period with exposure levels in the range of 45,000 traffic volume
movements during a similar 24 hour period. Initially, the arterial
location is perceived as the location with the highest number of
accidents. However, the standardization of data in terms of
accidents per million entering vehicles indicates that the local
street locations would have 18 accidents per million vehicles
versus 2 accidents for the arterial location. The accident rate
is calculated as follows:

AR = (A * (10)76) / (B * C)

Where: AR = Accident Rate
A = Number of Accidents per Intersection
B = Number of Days in the Year
C = 24 Hour Annual Average Daily Trips

and is provided by the traffic safety section at the Region’s
transportation department.

3.32 Cross Sectiona) Studies

The standardization of the data improves the accuracy of the
comparative evaluations but it becomes difficult toc differentiate
between locations that are similar in nature. That is to say that
the results of the evaluation become obscure when comparing local
accident locations to those of a collective, arterial and freeway
type nature. The standardized data should be disaggregated into
categories of location type to facilitate cross sectional
comparisons between similar types of locations in the "with-and-
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without" perspective.

The need for cross sectional studies, as part of the resource
allocation evaluation, idertifies a second practical difficulty
with the traditional approach to countermeasure evaluations. The
cross sectional, or, "with-and-without®™ approach requires a
significantly large database to ensure there are locations that are
indeed comparable. The task of identifying "with-and-without"
locations that are identical in terms of all factors that influence
the occurrence of a traffic accident is practically impossible in
a non-controlled experimental environment (Hauer, 1985). This
problem is partially alleviated through a step-wise process of data
disaggregation into location groups of similar traffic volumes and
accident histories; for example, comparing arterial to arterial
jocations, collector to collector locations, and so on. Distinct
differencez may still exist in terms of street Jeometry, road
gradients, visibility barriers, weather conditions and other
geographic factors. These special conditions should be considered
when site specific comparisons are made. Nonetheless, the
disaggregation process permits the evaluation of standardized
accident rates for locations that are similar in nature. This
approach is particularly useful in cross sectional studies in order
to identify "without" 1locations that may have warranted
countermeasures more than locations that recently received such
safety devices.

3.33 Database Size

The size of the accident base also leads to an alternate
perspective on the practical difficulty of traditional
countermeasure evaluations. There are a host of small and
extensive research studies conducted to evaluate the effect of
safety countermeasures. However, in many instances the small size
of the data sanmples have led to insignificant results in terms of
levels of significance testing (Langlois & Olsthoorn, 1990). Even
when the results are statistically significant, a single study by
itself is often too small to offer any final authoritative
knowledge that settles a problem (Hauer, 1981). Consequently, the
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information resulting from the outcome of these studies lose value
as they are shelﬁed. In light of evaluative research as an on-
going process, it is logical that the decision making process
regarding countermeasure implementation is improved if studies are
designed to tabulate results in a cumulative manner over tinme,

3.34 Comparative Estimates

The final and probably most important difficulty concerning
the traditional approach to countermeasure evaluations refers to
the method of estimating the comparative number of accidents if
there were no countermeasure implementation. This topic was
briefly described in the overview of Chapter 1 but warrants more
detailed description at this point.

The traditional method of estimating the safety effect of a
countermeasure in the typical "before-and-after" study is based on

the following premise:

At some time a measure is implemented on a few entities. The
entities may be intersections, drivers, cities or vehicles.
The record of accidents for these entities "before" treatment
is compared to the record of accideint occurrence "after"
treatment. On the basis of such comparison, conclusions are
drawn about the effect of the treatment (Hauwer, 1985).

The premise on its own is not uncommon and seems straight forward.

However, the comparative evaluation inherent in the premise make

one major assumption:

What has happened during the period "before" treatment
implementation is a good indication of what "would have
happened" during the "after" period had the treatment not been
implemented. (Hauer, 1985)
More often than not, this approach confirms a positive evaluation
of countermeasure implementation in terms of a reduction in the
accident rate. However, it is not strikingly evident from this
analysis that the reduced rate is a direct reflection of the
countermeasure implementation. The drop in the rate may be a
result of inherent differences in the location such as volume,

street configuration, or other extraneous features.
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Moreover, the accident rate is expected to fluctuate even if
the countermeasure had not been implemented. As indicated in
Chapter 1, the fluctuation in accidents may be a result of
historical influences from other events such as economic swings or
fuel shortages or simply a result of a transportation maturation
effect during which accident rates fall naturally (Council et al,
1980). Fluctuvations caused by the aforementioned variables are
sometimes difficult to identify and it is even more difficult to
determine the degree of impact on the accident rate.

Once again, the "regression to the mean" problem identified
in Chapter 1 must be re-emphasized with respect to the fact that
very few traditional accident research studies consider the natural
movement of the accident statistics to the "mean". The regression
problem has been considered by several safety researchers in more
recent years. In fact, attempts have been made to create more
sophisticated evaluation models that consider the implications of
the regression to the mean tendency. These models are designed to
replace the historical accident bench marks used as the "before"
comparison figures with more realistic accident estimates. These
estimates represent what would have been expected to happen if no
countermeasure was implemented. One such approach, proposed by
Hauer, is comprised of a combination of 1. Least Squares Fit, and,
2. Linear Function fit and has been applied to metropolitan areas
such as San Francisco, Philadelphia and Toronto (Hauer, 1985).
This method is meant to provide a more realistic evaluation of the
effect of the countermeasure by using the regression to the mean,
or, averade mean approach for estimating accidents in a "what if"
scenario. This, in turn, is expected to offer a more effective
evaluation of the allocation of resources by traffic safety
administrators.

The average mean, or regression to the mean approach is very
similar to the traditional approach. The same sort of problens
are encountered by both approaches. They share the same problem
of accident rate standardization for exposure. They also require
large, or at least, growing databases from which to draw
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significant comparisons and calculations. Both approaches share
the common inability to identify whether the accident rate change
js a direct result of the countermeasure implementation, or a
result of factors independent of the traffic control devices. The
primary difference between the two approaches is in the manner of
estimating the expected number of accidents to occur if no
countermeasure is implemented. This estimate represents the
revised bench mark comparison to be juxtaposed with the more recent
accidents occurring after a countermeasure has been implenmented.
The traditional accident histories are deemed to re-occur from one
year to the next, whereas, the probabilistic approach provides more
accurate estimates on a year to date basis.

3.40 Probabilistic Approach: Regression to the Mean

The probabilistic approach is very similar to the traditional
approach of evaluating safety countermeasure implementation. As
stated earlier, the major difference between the two methods is
based on what type of components are used as comparative bench mark
measures. The traditional approach simply uses a one-to-one
comparison of historic accident frequencies to current performance.
Meanwhile, the probabilistic approach is based on regression to the
mean type estimates that consider the impact of the average
accident rate for a particular region.

The development of several equations that address the bias
resulting from the regression to the mean are the result of
extensive historical research. The problem was first identified
by Sir Francis Galton, a nmeteorologist and statistician in 1877,
that the offspring of tall parents are, on average, shorter than
their progenitors (Hauer, Accident Anals & Prev., 1986). Galton
attributed the term regression with the meaning tendency to "return
toward"” the mean. In his case, as in the case with accident
estimations, "what happened before, stature of parent, turned out
to be a biased inddication of what happened after, the height of
offspring" (Hauer, Accident Anals & Prev., 1986).

A more quantitative account of this phenomenon has been

32



provided by works by H. Robbins. This work pertaining to the
Bayseian approach to statistics and estimation problems encountered
with compound Poisson distributions is summarized by E. Hauer in
von the Estimation of Expected Accidents"™ (Acc. Anals & Prev.,
1986). In this publication, Hauer explains the development of the
Least Squares and Linear Function Estimates by Robbins.

The estimates were developed to resolve a problem encountered
with Poisson probability estimates. In particular, the problem
dealt with an inability for the Poisson model to be applied when
te expected number of accidents for entity was unknown. The new
estimate provided by Robbin’s calculation; the Least Sguares
Estimate, not only estimated the number of accidents for a
particular entity but it also included a correction factor for the
mean of the accident population. Subsequently, the concept was
built upon an a more sophisticated Linear Function Estimate was
developed to improve the precision, or smoothness, of the
estimation further (Hauer, Acc. Anals & Prev., 1987).

The regression to the mean problem is more evident by using
a specific example from past research on countermeasure
evaluations. The information in Table 4 is taken from a study by
Hauer on evaluation techniques and illustrates the accident
performance at approximately 1,100 stop sign locations in the San
Francisco Bay area between 1974 and 1975 (Hauer, 1985). The
accident locations, {n(x)], are highlighted in the first column
and are disaggregated according to the frequencies of accidents.
The accident frequency categories, (x), are ranked in ascending
order. For example, in 1974 there are 553 locations with zero
accidents, 296 locations with one accident, 144 locations with two
accidents, and so on.

In this approach, the number of locations remains fixed over
the period of the study such that changes in the accident rates
from year to year are more easily identified. As a result, the
accident frequencies in subsequent periocds, as indicated by M(x)
in column 3, are averages, or, non-integer values. That is to say
that the accident values in subsequent years are the average mean
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nurber of accidents that occurred at the same fixed number of
locations in the following year.

The comparison of the average number of accidents in 1975 to
the results of 1974 indicate a drop in the number of accidents for
virtually all locations except those with 2zero accidents. For
example, the 296 locations with 1 accident in the first year
dropped slightly to .97 average accidents in the second year. More
significantly, the 144 locations with 2 accidents in the first year
dropped to 1.5 average accidents in the second year and the 65
locations with 3 accidents in the first year dropped to 1.9 average
accidents in the second year.

The comparison of the variances between the two years of
accident data indicates that the mean number of accidents is
slightly below 1. The effect of the regression to the mean beconmes
evident as the number of locations with zero accidents in 1974 move
towards the mean in 1975 with an average of .54 average accidents.
Similarly, the cases of locations with accident frequencies greater
than 1 tend to move down towards the mean number of accidents in
1975.

The San Francisco study is but one example of natural
fluctuations in traffic accidents from one year to the next.
However, similar trends exist in the Regional Municipality of
Ottawa-Carleton as well. For example, the total number of police
accident reports processed in the Region in 1982 was approximately
18,000. This figure dropped to 17,000 by 1985 and during 1988, the
number of accidents reported in the Region fell to 15,500 (RMOC,
1989). Of course, the regional data is somewhat deceiving because
several locations have Dbeen improved by countermeasure
implementations but it is expected that a fixed set of locations
studied in isolation would illustrate the same results as the San

Francisco example,
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Table 4
Accident Frequencies - Stop Sign Intersections

San Fransico Bay Area
1974 1975 Least Least Linear
Accidents Accidents Squares Squares Function
Estimate Estimate Estimate
(Hauer)  (Calculated)
1 2 3 4 5 6
[n(x)] (= M(x) El(x) El(x) E2(x)
553 0 0.54 0.53 0.54 0.44
296 1 0.97 0.98 0.97 1.04
144 2 153 143 1.35 1.64
65 3 197 1.88 1.91 2.24
31 4 210 2.32 3.39 2.84
21 5 3.24 277 257 3.44
9 6 5.67 3.22 10.11 4,04
13 7 4,69 3.67 3.08 4.64
5 8 3.80 411 3.60 5.25
2 9 6.50 4.56 13.00 5.85
2 13 N/A N/A 8.00 8.25
1 16 N/A N/A 0.00 10.05

[n(x)] = Initial set of fixed locations 1974.

(x) = Accident frequencies per location.

M(x) = Average number of accidents 1975 for same locations.
E1(x) = Least squares estimate of 1975 accidents.

E2(x) = Linear function estimate of 1975 accidents.
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3.41 Least Squares Estimate

In an attempt to improve the comparison between what happens
after countermeasure implementation and what would have happened
without the safety device, a least sqguares and linear function
model are expected to provide an improved estimate of the number
of accidents that would occur if no countermeasure is implemented.
The first estimate is based on the least squares fit of function
epsilon (x), or El(x) to "points based" data which is illustrated
as follows (Hauer, 1985):

El(x) = (x+1) * n(x+1)/n(x)

Where: (x+1) = accident frequencies + 1
n(x) = current category of fixed intersections
n(x+l) = next category of fixed intersection
The calculated estimates are illustrated by column 4 in Table 4
indicating that the value of the estimated number of "after"
accidents (if countermeasure was not implemented) are more closely
in line with thcse accidents that actually occurred in the third
column, 1975. However, it should be noted that the values found
in column 4 of Table 4 are not a direct result of the application
of the E1 formula. Following the application of the E1 formula,
Hauer smooth’s the data further with the application of inversely
weighted standard deviations in the following format (Hauer, 1985):
E172(x) x [1l/n(x+1) + 1/n(x)])

In addition, Hauer contends that for reasons of mathematical
consistency, this function may only be applied when El1(x)/(x+l) is
less than unity when x approaches infinity. Finally, Hauer adds
one more stipulation; for reasons of logical consistency, it would
seem desirable to ensure that El(x) x n(x) is summed over all of
x and that it adds to the sum of all n(x) (Hauer, 1985).
Unfortunately, the application of these calculations are not
indicated in the published literature and the subsequent results
remain unverified. Nonetheless, the El results using the initial
formula have been calculated and added to Table 4 in column 5 in
effort to illustrate that, in the absence of calculating Hauer’s
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smoothed results, the raw estimated calculations are, at least,
better than simply using the previous periods figures for
evaluative comparisons.

A closer examination of columns 4 and 5 indicates that the
intersections with the frequency of 2 accidents was comprised of
144 locations in 1974 and was estimated to have 1.43 and 1.35
average accidents, respectively, in 1975 using the least squares
approach. The estimates are very close to the 1.5 average
accidents that occurred in 1975. The majority of the estimates
{both RHauer and the initial El1 calculation) are more conservative
than the previcus years’ performance. However, the initial E1
estimate is actually higher than the previous year in two cases;
for the accident frequency categories of 6 and 9 accidents per
location. The El estimate calculations were actually 10.1 and 13
accidents, respectively. The smoothed Hauer estimates for these
categories were 3.2 and 4.6, respectively. Meanwhile, the actual
1975 figures resulted in 5.7 and 6.5, respectively. It is
difficult to say which is more accurate; the more conservative
"smoothed” approach or the raw El estimate. However, either choice
is a more accurate representation of "what would have happened with
no countermeasure” than simply using the previous year activity as
the bench mark evaluative measure.

3.42 Linear Function Estimate

The second accident estimate is based on the linear function
fit to the "points based" data and is calculated using the sample
mean and the sample variance (Hauer, 1985). The purpose of using
the linear function approach is to consider the standard deviations
of the different data peoints (represented by the sample variance)
and to ensure that all categories are summed for accident location
categories and the accident frequencies. The linear function is
calculated using the following formulas:
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The sample mean: X = £x_* n(x)/ n(x)

The sample variance: g2 = €(X-x)*2 * n(x)/€n(x)
The estimate: E2(xX) = X + (%X/8°2)*(¥X~X)
Where: £€x the sun of accident freguencies

current category of fixed intersections

n(x)
the sum of the fixed intersection categories

£n(x)
The results are listed in column 6 of Table 4 and, once again,
represent a closer fit to the 1975 data than the 1974 occurrences.
That is to say that the E2 estimates are more conservative than the
previous years performance and are also a closer prediction of what
was to happen in the following year. The epsilon two (E2) approach
is simple to apply and is less ambiguous than the El1 approach. 1In
addition it involves fewer steps in obtaining the smoothed effect
of the estimates between the various categories.
Interestingly, both approaches have an exception where the
1974 data is a closer fit to the actual 1975 results than the
estimates themselves. This instance is found with the 9 locations
that experienced 6 accident frequencies in 1974. 1In 1975 these
locations experienced 5.7 average accidents. Meanwhile, the
estimate "smoothed E1" predicted 3.2; the raw El predicted 10.1 and
the E2 estimate predicted 4.0. The E2 approach seems to exhibit
the most accurate predictive qualities of the three, in the case
of the given data. In conclusion, the results of this study
indicate that the average mean approach represents a more accurate
presentation of accident estimates than using historical data.
The success of this approach in a "before-and-after" study
becomes more apparent through an evaluative study of locations that
have undergone the implementation of countermeasure techniques.
An example of such a study is provided in Table 5 which illustrates
a number of locations in the San Francisco that have undergone the
transition from Z2-way stop signs to 4-way stop sign controls
(Hauer, 1985). The first row indicates the accident frequencies
per intersection in the "before" period and are ranked 0 through
10 in ascending order. The second row illustrates the distribution

I |
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Table 5
San Fransico - Accident Frequencies "Before-and-After”
Estimate Application Table
Conversions from 2-way to 4-way Stop Sign Controls

# of "Before"

Accidents per 0] 1 2 3 4 5 6 7 8

10

Total

Intersection

# of Intersections 71 6 8 7 4 6 4 3 ¢

49

in the 1974 sample

Frequencyof "Before"] 0 | 6 | 16 | 21 | 16 | 30 | 24 | 21 0

18

172

Accidents 1974

(row 1%2)

Frequency of "After" | 2 [ 3 | 7 5 4 121 6 5 0

30

Accidents 1975

Estimate "E2" 0.441 1.04] 1.64 | 2.24 [ 2.84| 3.44 404 | 4.64| 0.00

3.85

6.45

From Table 4

# of Expected

Accidents without | 3.1 | 62} 13.1| 157 11.4| 206 | 162 | 13.9| 00

117

129

124.8

Countermeasures

(row 2*6)
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of the intersections, ranked by the number of actual accidents
incurred. The third row is the product of rows one and two,
thereby indicating the total number of accidents occurring
throughout the various accident frequency rankings. The data
illustrates that during the "before" period there were 172
accidents distributed among 49 intersections. The fourth row
represents the actual number of accidents that occurred at the
fixed set of intersections during the period "after" the
countermeasure was implemented. The results indicate that there
were 50 accidents distributed among the 49 locations during the
nafter" period of countermeasure implementation. Traditionally,
the evaluative analysis compares the 50 accidents to the 172
accidents.

Linear function fit estimates are calculated for the data
set ‘of two-way stop signs denoted by E2(x) and are illustrated in
row 5, Table 5. This calculation represents the estimate of the
average number of accidents that would be expected for particular
frequency categories if no countermeasures had been implemented.
Changes in exposure and secular trends are not considered, however,
exposure may be taken into account by increasing the estimated
accidents proportionately with the increase in traffic veolume
(Hauer, 1985). For example, if the traffic volume at intersections
with 4 accidents in the "before" period increased by 10% then it
is to be expected that there would be 2.84 x 1.10 accidents during
the "after" period.

The estimates from row 5 are multiplied against row 2 in order
to estimate the average number of accidents for the particular
intersections in the sample. The results are indicated in row 6
to Table 5. The 7 intersections indicating 3 accidents each during
the before period is estimated to have 2 x 2.24 = 15.7 average
accidents during the "after" period. The sum of the results
indicate that a total of 124.8 average accidents were expected for
the particular locations if no countermeasure had been implemented
using the regression to the mean approach. This is substantially
less than the 172 "before" accidents that would be used as bench
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mark comparisons in the traditional approach. This exanmple
indicates a reduction in the expected number of accidents by 60%
as a result of the conversion from two-way to four-way stop sign
controls.

The results of the probabilistic approach are somewhat more
conservative than the results given by the traditional approach.
The traditional approach would have indicated a drop of 70% in the
number of accidents. The probabilistic approach actually weakens
the performance of the countermeasure implementation, hence,
reducing the success level of the countermeasure according to the
evaluative process. However, the probabilistic approach provides
a smoother fit of estimated traffic estimates to the actual "after™
accidents than those occurring in the previous year. This would
indicate a more realistic level of comparison for evaluative
analysis. The probabilistic method attempts to incorporate the
nature of the overall traffic accident relationship over time, as
opposed to 2 individual years. However, the results still depend
on the year that the estimate was taken.
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Chapter 4
Bvaluation Design

4.10 Introduction

The primary purpose of this study is to review the geographic
distribution of traffic accidents occurring at stop sign and
traffic signal controlled intersections in the Regional
Municipality of Ottawa-Carleton. The current policy directives by
the Region have been reviewed and now stand to be scrutinized with
respect to effectiveness. The traditional and probabilistic
methods of traffic safety evaluation have been outlined and
appraised in theory. Therefore, the remaining chapters in this
study are concentrated on the application of these techniques in
order to evaluate the effectiveness of traffic management safety
techniques implemented within the Region.

4.20 Evaluation Design - Outline

The Evaluation Design chapter is comprised of several sections
dealing with the evaluation of traffic safety countermeasures.
The sequence of the sectional flow is designed to introduce the
data through a Composition and Quality section followed by Data
Preparation section. These sections basically outline the
structure of the data received from RMOC and outline some of the
initial problems encountered in preparing the data for further
analysis. The final section deals with the Evaluation Design and
descripes the 2 primary databases resulting from the data
composition and preparation stages. The 2 databases are the
vpefore-and-after" table and the "without countermeasures" table.

4.30 Composition and Quality of the RMOC Accident Data

The basic information for this study is provided by the
various accident reports produced by the accident analysis group
of RMOC. The specific databases are provided individually in
annual sets as follows: the Frequency Ranking Report of Traffic
Collision Locations, RMOC Accident Rates, and, RMOC Traffic Signal
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Installations. The data is available for four years: 1986 through
1989. Each annual data set contains approximately 15,000 annual
accident frequencies for all traffic control types and involve
approximately 2,300 locations throughout the Region.

The Frequency Ranking Report summarizes the reportable
collision locations according to following traffic control types:
traffic signals, stop signs, yield signs, no control, pedestrian
crossovers, police school guards, and school buses. The accident
frequencies are ranked in descending order by location within the
respective traffic control category. The data used for this
particular study consists of accident frequencies for intersections
with traffic signals and stop signs. This comprises approximately
60% of the total accident locations and 70% of the total reported
accident frequencies occurring within the Region.

An example of the Frequency Ranking Report of Traffic
Collision Locations was introduced in Chapter 2, Section 2.36, as
Table 3. The data is nominal in nature and is categorized by the
following 10 divisions:

1. Rank based on frequency.
2. Location based on alpha street names.
3. Total number of reportable accidents.
4. Frequency of non-reportable accidents.
5. Collisions occurring in darkness.
6. Frequency of collisions occurring at peak hours
(07:00-09:00 and 15:30-18:00).
7. Collisions occurring on wet/icy roads.
8. Vehicle direction: Right angle/Opposing/Same,
based on compass points.
¢, Frequency of single vehicle collisions.
10. Hazard index indicating pedestrian injury as the
numerator and total number of injuries as the
denominator.

The RMOC Accident Rates Report is comprised of a ranked set
of accident rates derived from accident frequencies and traffic
flows for specific locations throughout the Region. The traffic
volumes by the Region do not cover all the records in the stop sign
and traffic signal database, however, the majority of key stop sign
intersections in the Region have traffic volume records. This
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database contains the following 6 sections and is illustrated by
Table 6:

1. Location by alpha street names.

2. Total accident frequencies.

3. Traffic volume for the 12 hour period of 07:00 to 19:00.

4. Accident rate based on a million entering vehicles

per annum.

5. Number of injury occurrences.

6. Year of traffic count.

The third database, RMOC Traffic Signal Installations, is
comprised of an informal inventory of traffic signal installations
provided within the Region between 1986 and 1989. This database

contains the following 6 categories:

1. Location by alpha nanes.

2. Location by City name in Region.

2. Tdentifier of most recent traffic control installation.

4. Date of installation of most recent traffic control

device.

5. Identifier of previous traffic control device.

6. Date of installation of previous traffic control device.

This database identifies the locations that have been
converted to traffic signal controls during the study period and
may be cross referenced with accident locations found in the
previous two databases. A small sample of these locations are not
found in the previous databases because they are newly signalled
intersections that were implemented through development control
agreements. In addition, cross referencing may be unsuccessful if
no accidents have occurred at particular locations following the
inplementation of the countermeasure. Those locations experiencing
no accidents are not included in the current Frequency Report

regardless of the performance in previous years.

4.31 bata Preparation

Each of the afcrementioned databases were constructed by the
Region using very similar structural formats. This facilitated
various extractions and exchanges of information between files.
However, sevevil probiens were encountered concerning accident
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RMOC Countermeasure Locations - 1986

Table 7
Map 1, Legend

1 JACRES CARLING 28 |[FIRE-STN & | WOODROFF

2 | ALTAVISTA INDUSTRIAL | 29 (FISHER & |SHILLINGTON

3 |BANK THIRD 30 |FRANKTOWN & |EAGLESON

4 |BASELINE GUTHRIE 31 |FROBISHER & |RIVERSIDE

5 |BASELINEN RICHMOND 32 |HARTWELL & |PRINCE OF WALES

6 |BASELINES RICHMOND 33 |[HAZELDEAN & | EAGLESON

7 |BOTSFORD SMYTH 34 |[HAZELDEAN & | TERRY FOX

8 |BOWESVILLE HUNTCLUB 35 |HAZELDEAN & |CASTLEFRANK

9 |BRIDLEPATH HUNTCLUB 36 |HWY- 15 & |HWY- 17

10 | CANTIN MONTREAL 37 [HWY-417N & |VAN-PKW

11 |CARLING MOODIE 38 |HWY-4178 & |ST. LAURENT BLVD.
12 | CARLING D.R.E. 39 {INDUSTRIAL & |RIVERSIDE

13 |CARLING BAYSHCORE 40 [JEANNE D’ARC | &|VORLAGE

14 |CARLING MARCH 41 [KINGEDWARD & {SOMERSET

15 |CARLING HERZBERG 42 IMARCH & |HERZBERG

16 |CARP ROAD OLD HWY 7 43 IMOODIE & |BELL NORTHERN-N
17 |CHURCHILL DOVERCOURT | 44 IMOODIE & |BELL NORTHERN-S§
18 | CLARENCE DALHOUSIE 45 IMOODIE & |TYRELL

19 |CLEARY RICHMOND 46 |OTT.STATION RD. | &| TREMBLAY

20 [CLYDE MERIVALE 47 {RICHMOND & |BAYSHORE

21 |CLYDE LOBLAWS 48 |RICHMOND & |NANAIMO

22 |COVENTRY VAN-PKW 49 |RIDEAU & { WURTEMBURG

23 [CYRVILLE STARTOP 50 [ROBERTSON & | LYNHAR

24 |EAGLESON STONEHAVEN | 51 [ROBERTSON & |RICHMOND

25 [EAGLESON ROTHESAY 52 {(ROBERTSON & |STINSON

26 [FALLOWFIELD | |[HWY -16 53 [ROBERTSON & |[MOODIE

27 [FALLOWFIELD | |[RICHMOND 54 |ST.JOSEPH & | ELWOOD

sss NOTE: LOCATION NUMBERS 16, 30 AND 36 ARE NOT ON THE MAP.
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location name changes, duplicate information records, missing
information and various other factors that questioned the
reliability and readability of the data. There was a great deal
of background data preparation required in order to conduct the
various complex data analysis stages. A detailed outline of the
data preparation stages and the probler= encountered are found in

Appendix 2.

4.40 Evaluation Design
The approach taken in this study is based on a comparison of

the traditional and the probabilistic methods of evaluating
countermeasure effectiveness. The bulk of the analytic process is
based on two primary source data tables summarizing the "before-
and-after" accident locations and the "with-and-without" locations.

The first table constitutes the "before-and-after" information
source and is comprised of the 54 locations that were converted
from stop sign to traffic signal controls in 1986. The spatial
distribution of these locations are illustrated by Figure 2 (Map)
read in conjunction with the legend listed in Table 7. This
"pefore-and-after" table is disaggregated into 54 subsections which
delineate each of the unigue locations. The individual subsection
for each location summarizes the specific accident record
information for the periods between 1985 and 1989, inclusive. An
example of this information is shown in Table 8 and the complete
data set may be found in Appendix 4.

The second table constitutes the "without countermeasures"
information source and is comprised of approximately 1,100
locations that represent stop sign locations that were not
converted to traffic signal locations in 1986. Approximately 60
of the "without" locations were converted to traffic signal
locations in one of the subsequent years between 1987 and 1989.
These locations remain in the data table but are disaggregated from
the remainder of the group such that each year is found in a
distinguishable set. An example of this information is shown in
Table 9 and the complete data set may be found in Appendix 5.
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Chapter 5

Data Analysis

5.10 Data Analysis - Outline

The emphasis of this chapter is on the "before-and-after"
distribution of traffic accidents at intersections that have
undergone the transition from stop sign to traffic signal control
devices in 1986. However, a less detailed study of the
distribution of traffic accidents in the "with-and-without"
perspective will follow in the next chapter. The Data Analysis
chapter is comprised of several sections dealing with the
distribution of accident patterns following the implementation of
traffic safety countermeasures. The chapter is primarily composed
of an evaluation of traffic safety countermeasures in terms of the
rraditional and the Probabilistic methods in the "before-and-
after" perspective.

The analysis begins with the Traditional Apprecach which
jncludes a summary of accident frequencies for both Stop Sign and
Traffic Signal locations as a whole. The Traditional method is
comprised of a comparison of the annual accident statistics,
following countermeasure implementation, to the "benchmark"
accident performance that occurred in the previous vyear. The
difference between the two figures represents the effectiveness of
the safety countermeasure implementation.

The Traditional Approach summarizes the annual accident
frequencies as a whole as well as focusing on the exclusive Stop
Sign location perspective and the Traffic Control Signal
Countermeasure perspective, respectively. The summary of these
results is followed by a study of the pattern and distribution of
annu&l accidents after the data has been standardized for traffic
volume as an indication of "exposure of risk". It should be noted
that difficulties were encountered when comparing traffic counts
for individual locations to the counts outlined in the Traffic
control Signal Warrants outlined by the Province because of
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different reporting methods. The traffic counts by location are
annual averages prorated by day (average daily trips ADT’s), while
the Warrants are outlined as hourly and daily figures.

The chapter continues with the nbefore-and-after™" analysis
using the Probabilistic Approach for evaluating the performance of
safety countermeasures from one year to the next. The
Probabilistic Approach is comprised of a comparison of the annual
accident statistics, following countermeasure implementation, to
the "benchmark" accident performance that is estimated to occur if
no countermeasures were put in place. The estimates differ from
previous years’ statistics because they have been tempered by the
"regression to the mean" effect. The difference between the
current and estimated figures represents the effectiveness of the
safety countermeasure implementation.

The Probabilistic Approach section begins with a description
of the procedure used to calculate accident estimates that serve
as the "benchmark" measures in place of the previous years’, or,
1986 accident performance. Thé estimates include the Least Squares
and Linear Function estimates described in Chapter 3, sections 3.41
and 3.42. The estimates are calculated using a method proposed by
Hauer (1984) and the results are illustrated both in tabular and
graphical formats. In addition, an attempt is made to measure the
significance of the estimates using linear regression analysis.

5.20 Traditional Approach - "Before-and-After" Analysis

The first step in the Traditional Approcach to accident
countermeasure evaluation is the calculation of a series of
frequency distribution tables for the number of accidents occurring
at stop sign and countermeasure locations during 1986 and 1987.
The 1986 calculations are based on locations of the stop sign
nature as well as the 54 locations introduced to traffic signals
in 1986. It is very important to note that the 1987 accident
calculations are based on the very same locations as the 1986
sample but with the "crash" performance experienced in 1987.

In order to maintain comparability, the 1987 distribution does
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Table 10
Accident Frequency Distribution
Stop Sign and Countermeasure Locations

Accident |Totat Accidents Stop Sign Accidents Countermeasure Accidents
Frequencies | 1987 1986 Variance| 1987 1986  Variance| 1987 1986  Variance

1 464 668 -31% 460 664 -31% 4 4 0%

327 424 -23% 307 402 -24% 20 22 9%

3 312 375 -17% 219 357 -22% 33 18 8%

4 202 256 -21% 189 228 -17% 13 28 -34%

5 105 160 -34% 87 130 -33% 18 30 -40%

6 91 120 -24% 86 114 -25% 5 6 -17%

7 81 126 -36% 81 126 -36% 0 0 0%

8 51 88 -42% 37 56 -34% 14 32 -56%

9 25 36 -31% 22 27 -19% 3 9 67%

10 34 40 -15% 23 30 -23% 11 10 10%
>10 223 239 ~1% 58 66 -12% 165 173 5%

Total 1915 2532 -24% 1629 2200 -26% 286 332 -14%
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not include frequencies from locations that were exempt from the
1986 sample. In other words, there are no new locations added to
the original sample of 54 intersections. The results are listed
in Table 10 and is also presented in a graphical format in Figures
3 through 5. An explanation of the calculations and results are
highlighted by the three categories listed as sections 5.21, 5.22
and 5.23.

5.21 Accident Frequencies Total

This section includes both stop sign and countermeasure
locations. The information illustrated in Table 10 and Figure 3
indicate that there were 617 fewer accidents in 1987 than in 1986
which is approximately a 24% drop in accidents, overall. The
decrease is evident in each category of accident frequencies. For
example, the locations that experienced "1°" accident frequency
dropped 31% from 668 accidents in 1986 to 464 accidents in 1987.
Meanwhile, the locations that experienced "2" accidents dropped by
approximately 23% and the locations that experienced "3" accidents
dropped by approximately 17% from one year to the next.

The trend continues for the remainder of the categories with
an occasional increase or decrease at certain locations. For
example, in 1986 there were 4 locations that exhibited 10 accident
frequencies (or 40 accidents for the "10 accidents per location"
category). However, the number of accidents fell to 34 for the
same 4 locations in 1987. In other words, at least one of these
locations experienced less than the 10 accidents exhibited in the
previous year.

Under the Traditional Approach, the Total Accident Frequencies
for both Stop Sign and Countermeasure locations represent a
substantial drop in traffic accidents from one year to the next.
However, it is unclear as to which locations have experienced the
decline in traffic accidents. The locations in question must be
broken down into those that remained Stop Sign locations and those
that were converted to Signalized locations.
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5.22 Accident Frequencies: No Countermeasures

This section includes only those locations with stop signs in
1986 and remained as stop sign locations in 1987. This
information, listed in Table 10 and Figure 4, illustrates that
there were 571 fewer accidents in 1987 than in 1986 at locations
that remained stop sign controlled. This decrease translates into
approximately a 26% decrease in the number of accidents at non-
countermeasure locations and approximately 92% of the entire
decrease in accidents as a whole. That is to say that the majority
of the overall drop in accidents in the Region occurred at
locations that underwent no countermeasure treatment whatsoever!

The distribution of the accident reduction is similar to that
of the previous section. The locations that experienced "1
accident frequency dropped 31% from 664 accidents to 460 accidents
in 1987. The locations that experienced "2" accidents fell by
approximately 24% and the locations that experienced "3" accidents
dropped by approximately 22%. Meanwhile, the remaining categories
fell in a similar pattern to that of the combined Stop Sign and
Countermeasure locations.

The natural decline in traffic accidencs seems to be
substantial on the surface. A decrease of 26% from one year to
the next by doing nothing at all is phenomenal considering that
traffic volumes grew over the same period of time (RMOC, 1989).
Initially, the accident researcher must ask "what will happen to
the results if the data is standardized for traffic volume?"
Unfortunately, this becomes a very difficult task because very few
stop sign locations are accompanied by consistent annual traffic
counts. For example, the RMOC data contains traffic counts for
only 25% of the stop sign, or, non-countermeasure locations (RMOC,
1989) and careful analysis of Appendix 5 (the "Without"
Countermeasures Database) indicates that several of the traffic
volume counts are either missing, or, not current. The lack of
current and historical traffic counts for such a small sample from
one year to the next increases the difficulty of conducting
standardized frequency distribution analysis. The analysis may be
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more precise by working with the actual countermeasure locations.

5.23 Accident Frequencies: Countermeasures

This section includes only those locations that were
jintroduced to traffic signals in 1986. This information, exhibited
in Table 10 and Figure 5, illustrates that there were 46 fewer
accidents in 1987 than in 1986 (a drop of approximately 14%) at
locations that were converted from stop sign to traffic signal
control devices. This decrease amounts to 8% of the entire
decrease in the number of total accidents, whereas the number of
accidents at the remaining Stop Sign locations dropped by
approximately 92%. The decline in the raw number of accidents at
countermeasure locations is much less encouraging than expected
when viewed from this perspective.

The distribution of this decline is varied over the accident
frequency categories. According to Table 10, the number of
accidents at locations with "1" accident remained the same while
the number of accidents at locations with "2" accidents dropped by
2 accidents. The number of locations with "3" accidents actually
rose by 15 accidents, or 83% more than the previous year., However,
the remainder of the accident categories represent a substantial
redistribution of accidents moving downward on the number of
accidents per location" scale.

The accident reductions, as a function of countermeasure
implementation, is less encouraging than initially expected in the
Praditional Approach. The results indicate a small variance in the
accident frequencies, from one year to the next, following safety
countermeasure implementation when compared to the natural
reduction in traffic accidents as a whole. However, this
particular analysis and subsequent results do not consider the
standardization of the data, in terms of changes in traffic volume,
for comparative purposes. Instead of looking at the raw accident
frequencies for comparison, it is more prudent to add the traffic
volume factor, representing "risk exposure", cn a location specific
basis. Afterall, a location with 20 annual accidents with a
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traffic volume of 1 million is actually much safer, on average,
than the location with 5 annual accidents and a traffic volume of
1,000, assuming your not one of the victims, of course.

5.24 Standardized Countermeasure Analysis

The standardization of the countermeasure locations for
exposure to traffic volume is more manageable than the
standardization of the non-countermeasure locations. The majority
of the traffic counts exist for the "before-and-after" locations
and is current for each year. The accident rate is calculated
based on 1,000,000 entering vehicles per annum and the formula is
listed in section 3.50 of Chapter 3. The results are summarized
in Table 11 and graphically displayed in Figure 6.

According to Table 11, approximately 65% of the Countermeasure
locations, between 1986 and 1989, exhibited accident rates between
the range of O and 1 accidents per million entering vehicles.
Approximately 30% of the Countermeasure locations exhibited
accident rates between the range of 1 and 2 accidents per million
entering vehicles and the remaining 5% exhibited accident rates of
more than 2 accidents per million entering vehicles.

Interestingly, the results for 1985 are somewhat reversed from

the other years. only 44% of the Countermeasure locations
exhibited accident rates between the range of 0-and 1 accidents
per million entering vehicles. Approximately 31% of the

countermeasure locations exhibited accident rates between the range
of 1 and 2 accidents per million entering vehicles in 1985. The
final 25% of the Countermeasure locations exhibited accident rates
of more than 2 accidents per million entering vehicles in 1985.
The results of the introduction of the safety countermeasures
indicate an increase at the lower end of the accident rate scale
and a decrease at the higher end, over time. For example, the area
graph presented in Figure 6 indicates the various accident rates
in the Region between 1985 and 1989. The highest rate (more than
2 accidents per million entering vehicles) is represented by the
cross hatched section at the top of the graph. Note that this area
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Table 11
*Before-and-After” Accident Rates
per Million Entering Vehicles

(# of Locations per Accident Rate)
Rates for 0.0 0.5 1.0 1.5 20 >2.0
Locations:
1985 3 6 15 8 9 13
1986 2 12 19 9 ~ 7 5
1987 5 14 18 8 7 2
1988 4 15 18 10 5 2
1989 5 10 25 8 2 4
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includes 13 locations in 1985 and is found between the 40 and 50
marks on the vertical axis of the graph. In 1986, the year of
countermeasure implementation, the number of locations that are
qualified as greater than 2 accidents per million entering vehicles
has dropped significantly from 13 to 5 locations. The area graph
continues to narrow for this highest accident rate category through
to 1989.

similarly, those locations found at the lower end of the
accident rate scale show a slight widening or growth in accidents
as time goes on. According to Table 11, the accident rate category
of 1 accident per million entering vehicles is at a level of 15
locations in 1985 and grows to 25 locations by 1989. This
indicates that accident frequencies at the fixed countermeasure
locations are working themselves down towards the lower end of the
nannual accident frequency" scale each succeeding year.

The standardized results illustrate a dramatic drop in the
number of locations with accident rates greater than 2 per million
entering vehicles. Meanwhile, the remaining lower accident rate
categories have remained somewhat constant or slightly higher in
progressive years., Theses results seem to coincide with Regional
Policy outlined by the Traffic Warrants produced by the Province.
This policy is that traffic signal countermeasures are to be
implemented at locations that exhibit high traffic rates (at least
5 accidents per year for the last 3 years) which are a result of
high traffic volumes and accident frequencies over a prolonged
period of time (720 vehicles each hour during the heaviest 8 hour
period during the day). In other words, the safety countermeasures
have been located, presumedly at high volume locations, in
correspondence with the Warrants, and have exhibited the desired
outcome of a significant drop in both accidents, and the accident
rate.

The Standardized Accident Analysis  highlights the
effectiveness of the countermeasures more explicitly than the raw
frequency distribution analysis by considering fluctuations in
traffic flow in relationship to the number of accidents occurring
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from one year to the next. The use of the data in Chart (Table
11) and the Area Graph (Figure 6) provide an excellent visual
display of the trends but these tools may be even more useful if
the duration of the respective inclines and declines of accident
frequencies could be measured and controlled to enhance the desired
accident reduction results.

The standardization of the accident data into rates based on
nexposure to risk" presents a more realistic, and in this case, a
more optimistic perspective on the effect of traffic
countermeasures. However, the use of the 198¢ actual accident data
as the "benchmark" comparison to the 1987 performance may be
misleading. For example, the implementation of all traffic signals
in 1986 did not necessarily occur on January 1, 1986 for the
countermeasure locations. They were likely spread throughout the
entire year. 1In fact, the records for the implementation of the
traffic signal control devices indicate that they are scattered
randonly throughout the year. Therefore, it is suggested that a
more appropriate "benchmark" comparison measure be taken. Perhaps
a probability estimate of the number of accidents expected in 1987
if no countermeasure was implemented would serve as a more
appropriate "benchmark" figure than the actual 1986 accidents.

5.30 Traditional Approcach Summary

The Traditional Approach began with an analysis of the Total
Accidents that occurred in the RMOC region between 1985 and 1989,
Evidence of an overall drop in the number of accidents was
significant. However, it was difficult to determine if the decline
in the number of accidents was a result of countermeasure
implementation, or simply, representative of an inherent decline.
The analysis continued with an evaluation of those locations that
remained stop sign controlled. These non-countermeasure locations
exhibited a significant drop of close to 26% in annual accidents
between 1986 and 1987 without the intreduction of traffic signal

control devices.
The locations that received traffic control signals in 1986
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were evaluated in terms of annual accident reduction and the
figures indicated a drop of approximately 8% between 1986 and 1987.
Initially, this performance was less encouraging than anticipated.
However, the statistical evidence did indicate that some very high
annual accident frequency locations were either eliminated or
shifted down to a lower position on the "number of accidents per
location" scale.

In order to gain a more objective perspective, the
countermeasure locations were standardized using traffic volume as
a surrogate variable for "exposure to risk". The result was a
series of accident rates that statistically improved the overall
effectiveness of the countermeasure implementation at the 54 RMOC
locations. For example, The highest rate was "More than 2
accidents" per Million Entering Vehicles. This figure represented
25% of the entire sample in 1985 but dropped by 10% in 1986 during
the countermeasure implementation period. In 1987, the year
following the introduction of traffic control signals, the same
figure dropped an additional 50%. The standardized results lend
a more objective, and often more optimistic, perspective on the
outcome of safety countermeasure applications, however, there must
be sufficient "risk exposure"™ data available to conduct the
standardization process.

5.40 Probabilistic Approach - "Before-and-After" Analysis

The Probabilistic Approach in traffic accident research is
comprised of calculating a "benchmark" estimate of the number of
accidents that may be expected in succeeding years. The resulting
estimate is compared to what actually happened in those years. The
variance between the two is expected to give a more accurate
indication of the performance of a safety countermeasure than using
the previous years’ unadjusted accidents as the "benchmark".

The estimated "benchmark" is calculated based on historic data
that has been adjusted to reflect the average mean accidents for
the entire geographic region in question. The first estimate is
known as a Least Squares Estimate and the second estimate is known
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as a Linear Function Estimate. The detailed formulae have been
described in sections 3.41 and 3.42 of Chapter 3.

The Probabilistic Approach section begins with a brief
synopsis of the procedure for calculating the probability
estimates. The calculated estimates are juxtaposed with their 1986
and 1987 "actual" counterparts for comparative purposes. The
section continues with the application of the 2 estimates to the
Countermeasure locations as the revised "benchmark® level of
comparison. This application phase is followed by the final
section on "significance testing" using standard regression

analysis.

5.41 Estimated Probability Calculations

Table 12 outlines the calculation of both Least Squares and
Linear Function estimates and the formulae are represented by El
and E2, respectively, at the top of the table. The components of
the formulae refer to the cell addresses listed by columns "B"
through "K" and rows "19" through "43". The cell addressing
technique is similar to that which is used in Lotusl23.

The second coclumn (B) in Table 12 represents the number of
accidents that occur per location between the range of 1 and 22.
The third column (C) represents the number of "stop sign" and
ncountermeasure" locations that exhibit the respective number of
accidents in 1986. Please note that the number of intersections
with "o" accidents in 1986 is a rough estimate given by the
Transportation Department at the Region. Only an estimate may be
furnished because of the method by which RMOC records the accident
data (further details regarding the RMOC data base may be found in
Appendix 2). The presence of this figure is required to maintain
logical consistency with Hauer’s Probabilistic method.

There were 1,174 locations distributed among the various
accident frequency categories between 1 and 22, in 1986. For
example, there were 668 locations with only 1 accident occurrence
annually. Meanwhile, there were 125 locations with 3 accident
occurrences annually. In addition, there were an estimated 544
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locations of a Stop Sign nature that had no accidents in 1986,
bringing the total number of intersections to 1,718.

The fourth column (D), in Table 12, is the product of columns
(B) and (C) and represents the total number of accidents in 1986
for both "stop sign" and "countermeasure" locations. There were
2,532 accidents at "stop sign" and "countermeasure" locations in
1986. The accidents are distributed among the various levels of
accident frequencies. For example, the 125 locations with 3 annual
accidents have a total of 375 accident frequencies.

The 1987 accidents are analyzed in terms of the fixed set of
1,174 accident locations arising from the 1986 database in order
to provide a direct comparison of accident performance from one
year to the next. Note, this is exclusive of the 544 locations in
1986 that were estimated to have "Q" accidents (locations with zero
accidents are never included in the RMOC databases). The fifth
column (E), in Table 12, summarizes the total number of accidents
occurring in 1987 at the same set of locations found in the 1986
database indicated by column (C). There were a total of 1,915
accidents at the "stop sign" and "countermeasure" locations in
1987.

The annual accident frequency categories in 1987 exhibited
312 accidents that are comparable to the 125 locations that
exhibited 3 annual accidents (375 total frequencies) in 1986.
Similarly, the 64 locations that exhibited 4 annual accidents in
1986 (256 total accidents) experienced a drop to 202 total
accidents in 1987 for the same category. This indicates that
several of the 64 locations experienced less than 4 of the annual
accidents exhibited by the previous year.

The changes in the number of accidents for the fixed set of
locations becomes more apparent by dividing the 1987 accidents by
the number of fixed locations for each frequency category. The
result is an average number of accidents in 1987 for the locations
put forth in 1986. The results are calculated in the sixth column
(F) and are comparable to the 1986 version in column (B). For
example, there were 125 locations with 3 annual accidents in 1986
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for a total of 375 accidents. However, the same 125 locations
experienced 303 total accidents or an average of 2.5 annual
accidents per location, in 1987.

The final six columns of Table 12 are comprised of the
calculated Raw Least Squares Estimates (El), the Smoothed Least
Squares Estimates; the Linear Function Estimates (E2), and the Mean
and the Mean minus the Annual Accident Frequency category squared.
The last two columns are used in the calculation of the Linear
Function Estimates (E2).

5.42 Least Squares Estimate

The seventh column (G), in Table 12, represents the calculated
Least Squares Estimate (E1) of the number of accidents per
location. The calculated estimate is an attempt to predict the
average number of accidents per location in 1987 that may be
expected without safety countermeasure implementation. The results
are comparable to column "B"; the actual accidents per location in
1986, and "F"; the average accidents per location in 1987.
Smoothed versions of the El estimate follows in columns "H"™ and
llIil.

The Raw, or Unsmoothed Least Squares estimate predicts a total
of 114.5 accidents for the fixed set of 1986 locations. The
predicted level falls well below the 160 average accidents that
actually occurred in 1987. However, the predicted figures,
according to accident frequency category, vary slightly in
comparison to the 1987 averages on the lower end of the scale (ie.
1,2,3 annual accidents per location). According to Table 12, the
predicted average accidents for the frequency level of 1 annual
accident is 0.63 and the actual average in 1987 was 0.69.
Similarly, the predicted values for locations with 2,3, and 4
accidents were predicted to have 1.77, 2.05 and 2.50 accidents in
1987 if no countermeasures were implemented. However, the 1987
results indicate actual values of 1.54, 2.50 and 3.16, respectively
with countermeasures implemented at 54 locations.

In fact, the results indicate that exactly one half of the 22
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estimates result in predictions that are lower than what actually
happened in 1987 and the remaining 11 estimates result in figures
that are higher than what happened in 1987. These results may be
disconcerting; afterall, one expects that all accidents must drop
with the introduction of countermeasures from one year to the next.
However, it should be noted that, at this point, the complete Stop
Sign and Countermeasure database is being used as a whole. only
54 of the 1,174 locations received countermeasures during 1986.
Therefore, while some locaticns may experience a decrease in
accidents, others may experience an increase, or a higher level
than predicted.

For example, at the frequency level of 9 annual accidents and
higher, the predicted values begin to vary significantly from those
that actually occurred in 1987. The predicted average of 10
accidents per location for the annual frequency level of 9 is far
greater than the average of 6.25 incurred in 1987. But the next
category of 10 accidents per location, El1 predicts an estimate of
0 accidents for 1987, while an average of 6.25 accidents actually
occurred. Similarly, a prediction is made for 2.17 accidents for
the annual frequency level of 12 while the actual figure for 1987
was 9.5 annual accidents. But in the next category of 13 accidents
per location, there are 28 accidents predicted using El1 and only
9 annual accidents actually developed in 1987.

These wild fluctuations continue as the estimates are made
for the accident frequency categories that are on the higher end
of the scale (ie. 10 through 22 annual accidents per location).
It seems that the predictive power of the raw estimate begins to
fail when dealing with frequency levels that show zero accidents
in the base year of 1986.

Therefore, the smoothed version of the Least Squares estimate
El1 was introduced in attempt to improve the predictive power of the
measure. The estimated data was smoothed by using the slope and
constant calculated by the regression output where the independent
variable was the number of accident frequencies category and the
denendent variable was the raw calculation of El. The results are
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iliustrated im column "H" of Table 12. The resulting calculations
led to a slope of 0.08 and a constant of 4.13. These figures were
used with the given x-intercepts in the equation of a line to
calculate the ensuing coordinates. The result was a smooth line
in which 64% of the estimates where higher than that which occurred
in 1987. This result seemed desirable because the overall
predictions were less than the previous year but slightly higher
than the following year when the countermeasures had been applied.

while these results are adequate, the curve fitting process
may be replaced by a less complicated method of estimate
calculation which uses the sample mean and variance as the main
components. This method is also proposed by Hauer and is called
the Linear Function Estimate.

5.43 Linear Function Estinate

The column (I), in Table 12, represents the calculated Linear
Function Estimate {E2) of the average number of accidents per
location. This calculated estimate is also an attempt to predict
the average number of accidents in 1987 that may be expected
without safety countermeasure implementation. The sum of the
Linear Function estimate falls below the actual number of accidents
that occurred in 1986 but it remains higher than the 1levels
experienced in 1987. The Linear Function estimate predicts a total
of 178 accidents for the fixed set of 1986 locations. This is
approximately 13% higher than the 158 average annual accidents that
occurred in 1987 and approximately 30% below the 1986 level of
accident freguency categories.

The predicted estimates are lower than the 1986 accident
levelr., however, they are marginally higher than the 1987 results
for anproximately 70% of the annual frequency levels "1" through
na2an. The cases where the estimates are lower than the 1987
actuals exhibit small variances for many of the categories,
especially, at the lower end of the scale (ie. accident frequencies
1 through 13). For example, the categories of 2 and 3 accident
frequencies illustrated predicted estimates of 2.48 and 3.15
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respectively, while the actual averages for 1987 came in at 2.50
and 3.16, respectively.

The variances between the estimates and the 1987 actual
accident averages became more extreme between the accident
frequency categories of 14 and 22. For example, the categories of
14 and 15 accident frequencies jllustrated predicted estimates of
9.77 and 10.43, respectively. Meanwhile, the actual averages for
1987 came in at 15 and 23 respective. These variances may result
from a number of sources. As described in the previous section,
the data includes both stop sign and countermeasure locations.
Therefore, the 1987 levels may reflect increases attributed to non-
countermeasure locations, changes in traffic wvolume, changes in
street configuration as well as a host of other possibilities.

It is interesting to note, however, that the E2 estimates
begin to lose their predictive power, in a similar fashion as the
El estimates, as the categories move into the upper range of annual
average accidents per intersection. It is in these upper ranges
where the incidence of regular accident occurrences becomes less
consistent and one may observe changes from 0 to 40 accidents
between adjacent accident categories. This seems to be a leading
indication that both estimates have difficulty dealing with large
or, uneven fluctuations in the data between the various accident

categories.

5.44 Application of the Estimates to Countermeasure Locations
The Probabilistic Approach of evaluating the implementation
of safety countermeasures is more apparent when the previously
calculated estimates are applied to "before-and-after” locations.
This evaluative approach was introduced by Hauer (1984) as Table
5, San Fransico Accident Frequencies - "Before and After", in
section 3.42 of Chapter 3. The Least Squares and Linear Function
estimates are multiplied by the 1986 countermeasure locations to
determine the total number of accidents that would have occurred
at these locations in 1987 without any countermeasure
implementation. The results are compared both in whole and by the

72



various accident frequency levels (ie. 1,2,3...annual accidents per
location) to the actual traffic accident performance experienced
in 1987 with the safety countermeasures in place.

The application of the estimates is expected to provide
figures that fall slightly below their counterparts for 1986
because of the natural reduction of accidents as a result of the
n"regression to the mean" effect. 1In addition, the estimates are
expected to be somewhat higher than the 1987 accident performance
because the countermeasure locationc are expected to have fewer
accidents than the estimates because of the enhanced safety effect
of the newly signalized locations.

5.45 Application of Least Squares Estimates

The results are summarized in Table 13 and Figure 7: Base
Year Application Model - "Before-and-After" Accident Analysis.
Table 13 is divided into 12 columns that are labelled A, B, C
through L. Column A illustrates the accident frequency categories
0 through 22. Ccolumns B and C exhibit the total accident
frequencies experienced for each of the categories for the periods
1985 and 1986. It should be noted that the frequencies must be
divided by the accident frequency categories in order to determine
the number of accident locations at each interval. For example,
in 1986 there were 22 total accident frequencies for the accident
frequency category of two. Therefore, there were 11 locations that
incurred the 22 total accidents. The ensuing estimates are applied
against the actual number of locations and not against the total
nunmber of accident fregquencies.

The results of the application of the Least Squares estimates
are identified in column E: "El Estimate of Expected ‘87 Accidents"®
and in column G: "E1 Smoothed Expected ‘87 Accidents". The Raw
Least Squares estimate, E1, computes a total of 186 expected
accident frequencies in 1987 for the newly signalized locations if
no countermeasures had been implemented. Meanwhile, the Smoothed
Least Squares estimate computed a total of 240 accident freguencies
in 1987 for the newly signalized locations if no countermeasures
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Base Year Application Model

Estimated Accidents: No Countermeasures
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had been implemented. In 1986, there were 332 total accidents and
in 1987, with safety countermeasures in place, the figure actually
dropped to 282 total accidents.

5.451 Raw Least Squares Approach

The results of the Raw Least Squares Approach, on the whole,
are discouraging. The estimate predicts that there would have been
186 traffic accidents in 1987 if no countermeasures had been
implemented. However, the 1987 accident perfcrmance indicated 282
accidents. All things being egqual, the countermeasure locations
should have experienced less accidents than the estimated 186
accidents predicted to occur if no countermeasures had been put
into place.

According to the overall statistics, the Least Squares
Approach is suggesting a number of conclusions: first, the
allocation of the safety countermeasures failed miserably and may
have actually created more accidents than predicted if nothing had
been done whatsocever, or, second, the estimate is a failure and may
not be relied upon. On the other hand, the estimates may well be
correct, and the countermeasures may have also prevented several
accidents from occurring if one were to assume that other factors
such as an increase in traffic volume or a change in intersection
configuration were to have taken place to alter the expected mean
number of accidents at some of the particular locations.
Unfortunately, there is no conclusive evidence that may lead one
to accept any of these conclusions.

There are a number of instances where the Raw El predicted
values seem logical at various levels of annual accident
frequencies per location. For example, for the level of 2 annual
accidents per location, the 1986 value was 22 accidents, the
predicted value was 19.5 and the actual 1987 figure was 18.
similarly, for the level of 5 annual accidents per location, the
1986 value was 30 accidents; the predicted level was 22.5 and the
actual 1987 performance was only 5 total annual accidents. These
results are what one would logically expect: the predicted
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accident figures are expected to be lower than 1986 because of the
effect of the "regression to the mean”. Likewise, it is logical
that the 1987 accident performance with countermeasures will be
lower than the predicted estimates because the estimates are based
on what would have happened with no countermeasures. In essence,
the conservative nature of the estimates reduce the effective
impact of the safety countermeasures statistically (as opposed to
ueing the previous year as the benchmark) by reducing the gap
between the "before-and-after" accident frequency variance.

There are also several differences between the Raw E1
estimates and 1987 performance for the various levels of accident
frequencies that should not go unnoticed. For example, for the
level of 3 annual accidents per location, the 1986 performance
indicates 18 accidents; the predicted value indicates 12.3
accidents and the 1987 experience was 24 accidents. Another
example, for the level of 15 annual accidents per Llocation,
indicates that in 1986 there were 15 accidents; the predicted value
was 32.0 accidents and the actual 1987 value was 15 accidents. The
situation becomes more temperamental with the introduction of "zero
accidents" in the base 1986 accident frequencies. Invariably,
there will be zero accidents for particular annual accident levels
in 1986 and the resulting prediction is also zero. However, in all
instances several accidents occurred at these levels in the actual

1987 database.

5.452 Smoothed Least Sguares Approach

The results of the Smoothed Least Squares Approach, on the
other hand, are less discouraging than the raw estimates. As
stated earlier, the smoothed estimates predict 240 overall
accidents for 1987 if no counter measures had been implemented.
This is substantially less than the 332 accidents experienced in
1986. However, in 1987 there were approximately 282 accidents at
the various 54 countermeasure locations. Although the smoothed
estimate is a substantially better fit than the raw estimate on
the whole, it is still less than what actually happened in 1987.
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once again, it becomes strikingly evident that the countermeasure
allocation may have failed miserably; or, the estimates are simply
a failure and may not be relied upon; or, perhaps there are ractors
such as increased traffic volume, changes in street configurations
or something else that had taken place and resulted in a change of
the overall expected mean number of accidents.

A closer look at each of the particular smoothed estimates as
they are applied to the individual accident frequency levels
reveals a much more discouraging picture than just the overall
summary. There is only one case where the estinmate is close to
the number of accidents that occurred in 1987. 1In the case of the
accident frequency category of 3 accidents per location which
exhibited 18 accidents in 1986, the smoothed estimate predicted 26
accidents for 1987. In 1987, there were 24 accidents at the same
locations. The remaining categories, however, do not enjoy the
same Success. There are several cases where the estimates are
extremely higher than what actually occurred in 1987 and there are
equally as many cases were the estimates are extremely lower than
what actually occurred in 1987.

For example, for the locations falling under the accident
frequency categories of 1, 2, and 4, the 1986 figures were 4, 22
and 28, respectively. The smoothed predictions were 16.8, 47.1
and 31.1, respectively. The actual outcome in 1987 exhibited 7,
18 and 20, respectively. Similarly, for the accident frequency
categories of 9, 10 and 11, the 1986 figures were 9, 10, and 0,
respectively. The smoothed predictions were 4.8, 4.9 and O,
respectively. Meanwhile, the actual outcome ir 1987 was 36, 10
and 11, respectively.

As in the case with the raw El1 estimates, the smoothed El
estimates seem to become more volatile and less accurate with the
introduction of 0’s in the base cases as well as large fluctuations
in between the various base case accident frequency categories.
The individual cases are exceedingly inaccurate in both directions
while leaving the overall figure seemingly accurate.
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5.453 Least Sguares Approach Summary

The first observation resulting from the application of the
Raw and Smoothed Least Squares Estimate Model is that in a general,
or in the analysis of the sum of the estimates, the countermeasure
allocation seems to have failed miserably because the estimates are
lower than what actually occurred in the period which was being
predicted. This may indicate that the estimates are simply a
failure and may not be relied upon; or, perhaps there are factors
such as increased traffic volume, changes in street configurations
or some other socio-geographic variable that has resulted in a
change of the vverall expected mean number of accidents.

In addition, the predictive capabilities of the Least Squares
approaches are limited by the introduction of zero’s into the base
year figures of the application model. The estimated results
preceding and following the base year annual accident category
recorded as zero tends to be significantly higher or lower than the
actual results experienced in the following year. There is no
pattern to the variance in the estimates between the base year and
the following year in this respect. The weakness of the model
extends to situations where both previous year and the estimated
results are zero but the following, or, "after" year actually
produces accident figures.

These predictive problems with the model are related to
another common factor: large fluctuations in the number of
accidents between adjacent accident frequency categories in the
base year. There is no apparent pattern to the problem. In some
cases there will be a high base year figure followed by a
relatively high prediction, only to be completed by a low actual
figure in the following year and vice versa. The most apparent
solution is to increase the database size and, perhaps, structure,
in order to eliminate the occurrences of zero and, or large
deviations in the adjacent base year annual accident frequency
categories. The other solution is to apply another model, such as
the Linear Function method of estimation.
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5.46 Application of the Linear Function Estimates

The results of the application of the Linear Function
Estimates are also summarized in Table 13 and Figure 7: Base Year
Application Model - "Before-and-After" Accident Analysis. The
results are identified in column I: "E2 Estimate of Expected ’87
Accidents™. The Linear Function Estimate, E2, computes a total of
246 annual accident freqguencies in 1987 at the newly signalized
locations if no countermeasures had been implemented. As
previously described, there were 332 total annual accidents in 1986
and the figure dropped to 282 total annual accidents in 1987.
These results, on the whole are similar to the smoothed EI1
estimates such that the estimates are more conservative than the
previous year but they are also lower than the actual outcome in
the following year.

Ultimately the desired result would been estimates that were
lower than the previous year but slightly higher than the following
year, thereby illustrating the success of the countermeasures.
This not being the case may lead one to a similar conclusion found
in the Raw and Smoothed Least Squares Approach. This was the
observation that, in general, the countermeasure allocation seenms
to have failed miserably because the estimates are lower than what
actually occurred in the period which was being predicted. This
may indicate that the estimates are simply a failure and may not
be relied upon; or, perhaps the data requires standardization in
terms of increased traffic volume; changes in street
configurations; or, some other socio-geographic variable that has
resulted in a change of the overall expected mean number of
accidents. Perhaps, more simply, the answer may be that the
estimates were calculated, based on an atypical year: 1987.

while all the E2 estimates are lower than the 1986 base
figures, there are only nine cases where the Linear Function
estimates are higher than the 1987 actual outcome. For example,
according to the calculations in Table 13, the categories of 2, 4,
and 8 accident frequencies (with values of 22, 28 and 32 in 1986),
the predicted values were 20.0, 22.1 and 23.2, respectively. The
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actual results in 1987 were 18, 20 and 8, respectively. Similar
trends hold true for the categories of 12, 13, 14, 17 and 20 annual

accident frequencies per location, as well.
The remainder of the predictions at the various annual

accident levels were substantially lower than the 1987 actual
outcome. For example, accident frequency category 3 exhibited a
total of 18 accidents in 1986, only 14.8 were predicted and in 1987

24 actually occurred. Ssimilar discrepancies arose for the
categories of €, 7, 10, 11, 15, 16, 18, 19, 21, and 22 annual
accident frequencies. It is interesting to note that in the

majority of these cases, the base year (1986) accident frequencies
either contained a 0 or a large jump in the number of accidents,
either upwards or downwards, between adjacent accident frequencies.

5.461 Linear Function Approach Summary

The extreme variations between the Linear Function estimates
and the actual 1987 results are difficult to interpret. However,
the problems are very similar to those encountered in the Raw and
smoothed Least Squares Estimate approach.

The predictive capabilities of both models seem to be limited
by the introduction of zero’s into the base year figures of the
application model. The calculated estimates for adjacent accident
frequency categories to the "0" category tends to be significantly
higher or lower than the actual results experienced in the
following year. The model’s also share an additional weakness
regarding the large fluctuations in the number of accidents between
adjacent accident fregquency categories in the base year. Any such
fluctuations lead to wide discrepancies between the predicted
values and the subsequent actual occurrences.

In addition, both the El1 and E2 approaches encountered the
general problem that the allocation of the countermeasures seems
to have failed because the estimates are lower than what actually
occurred in the period which was being predicted. This may
indicate that the estimates are simply a failure and may not be
relied upon; or, perhaps there are factors such as increased
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traffic volume, changes in street configurations or some other
socio-geographic variable that has resulted in a change of the
overall expected mean number of accidents.

A brief overview regarding the individual history and
subsequent rationale for the countermeasure implementation helps
explain the latter variances to some extent. There were two
locations of the 54 that were signless before having traffic
signals introduced by the Region in 1986 (Frobisher/Riverside,
carling/DRE). There were an additional 4 locations in the
Riverside/altavista/Hwy 417 vicinity that received temporary and
re-located permanent traffic signals in 1986 for the major road
re-alignment project that was conducted during 1986-87. Similarly,
there was major OC Transitway work under way at a location in the
St. Laurent/Tremblay area leading to temporary traffic signal
implementations. similar road re-configuration 1led to the
jntroduction of traffic signals at 4 intersections in the Bayshore
area. An additional 9 locations throughout the Region received
replacement traffic signals following major road re-alignment
projects.

These types of projects, in conjunction with the introduction
of new land use systems, affect the traffic generated at various
locations throughout the Region. The subsequent changes in
traffic flow and volume irrevocably altered the mean number of
accidents in the Region from one year to the next. Therefore, it
was be no surprise that the predictive quality of the estimates may
be questioned. Perhaps a study alternative would be to remove such
extraordinary cases from the exercise before applying the models,
but, unfortunately, if all extraordinary cases were taken from the
data base, there would be very little data left to measure and from
which to draw conclusions.

The next section consists of an attempt to measure the
significance of the application of the estimates in comparison to
the 1987 outcome through regression analysis.

5.47 Regression Analysis - Least Squares and Linear Functions
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The Least Squares and Linear Function Estimates were evaluated
in terms of their ability to predict the actual 1987 accident
frequency performance by application of a standard regression
analysis model. Although, the two estimates were not intended to
predict the actual 1987 accident frequencies, they were expected
to estimate the number of accidents at the countermeasure locations
if the safety enhancements had not been implemented. The accident
estimates were expected to be more conservative than the 1986
figures (regression to the mean effect) and slightly higher than
the 1987 figures (safety countermeasure effect). Therefore, it
should be expected that the estimates are closely related to the
1987 actual outcome. This relationship may be measured, in terms
of significance, by the application of regression analysis to test
the strength of the predictions.

In the regression analysis, the dependent variable is
represented by the 1987 actual accident performance. The
independent variables are the 1986 actual figures and the two
estimates of the 1987 ‘“"before-and-after" locations if no
countermeasure had been implemented. The regression analysis was
conducted for two different data sets: the Countermeasure
Locations were tested exclusively (results illustrated by Table
14), and, both the Stop Sign and Countermeasure Locations were
tested as a whole (results illustrated by Table 15).

The two regression analysis exercises were conducted based on
two different data summary formats. The first format consisted of
the Accident Frequency Categories summarized in ascending order
starting 0,1,2,3, through to 22 (represented by left hand side of
the Table). The second format consisted of the Accident Frequency
Categories summarized in ascending order starting 0,1,2,3 through
10 and followed by a final category of Greater than 10 (represented
by the right hand side of the Table). This step was taken in order
to aggregate some of the data which contained a high degree of
zeros in various annual accident categories.
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5.48 Regression Analysis: Countermeasure Locations

The regression analysis results for the Countermeasure
Location "before-and-after" analysis are summarized in Table 14.
It represents the results of the regression analysis with the
application of 1986 actual accidents, Least Squares and Linear
Function Estimated accidents to the actual 1987 accident results.
The left side of the Table represents the annual accident
categories broken down 0 through 22 while the right side of Table
14 represents the annual accident frequencies categorized 0 through
10 and a final category >10.

The regression output for the "Frequencies 0 through 22"
section are highlighted by the R-iquared and the X-Coefficient.
The tests were conducted beginning with 1986 actual accidents
compared to 1987 actual accidents. This resulted in a R-Squared
of 0.102418 and an X-Coefficient of -0.24541. The results were
neither significant nor encouraging with regards to the existence
of a linear relationship between the two variables.

The Raw Least Squares, or 1987 estimate without
countermeasures (El) was compared to the 1987 actual accidents and
the R-Squared dropped to 0.000238 and the X-Coefficient dropped to
0.015. Once again, the results were very discouraging: very little
evidence of a linear relationship between the variables. The
relationship between the estimate and the 1987 results may be
sufficiently nonlinear to produce the zero correlation.

The Smoothed Least Squares estimate (El1A) was compared to the
1987 actual accidents and the R-Squared improved marginally to
0.001043 and the X-Coefficient rose to 0.025213. These results
were not exactly overwhelming but they were an improvement over the
simple Raw Least Squares estimates.

The Linear Function, or 1987 estimate without countermeasure
(E2) was compared to the 1987 actual accidents. The results were
an R-Squared of 0.077419 and an X-Coefficient of -0.29157. The
results were hardly significant, however, the Linear Function
estimate seemed to exhibit a stronger relationship, between the
1987 actual accidents, than both the Raw and Smoothed Least Squares

85



Table 14

Regression Analysis: Countermeasure Locations
Least Squares aud Linear Function Estimates

Dependent Variable = Y = 1987

Independent Variables = X = 1986 E1, E1A and E2

Annual Accident Frequency Categories:

Frequencies 1 through 22
'86-'87  Regression Output:
Constant 16.04201
Std Ber of Y Est 9.268241
R Squared 0.102418
No. of Observations 3
Degrees of Freedom 21
X Coefficient(s) -0.24541
Std Err of Coef. 0.158536
E1-'87  Regression Output
Constant 12.35802
Std Err of Y Est 9.781566
R Squared 0.000238
No. of Observations 23
Degrees of Freedom 21
X Coefficient(s) 0.015
Std Err of Coef. 0.211953
JE1A 87 Regression Output
Constant 12.21183
Std Err of Y Est 9.777631
R Squared 0.001043
No. of Observations 23
Degrees of Freedom 21
X Coefficient(s) 0.025213
Std Err of Coef. 0.170282
E2-'87 Regression Qutput:
Constant 15.60647
Std Err of Y Est 9.396422
R Squared 0.077419
No. of Observations 23
Degrees of Freedom 21
Coefficient(s) -0.29157
Std Err of Coef. 0.219644
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Annual Accident Frequeacy Categories:

_Frequencies 1 through > 10

'86-'87  Regression Output

Constant 6.245998

Std Err of Y Est 12.52956

R Squared 0.862277

No. of Observations 12

Degrees of Freedom 10

X Coefficient(s) 0.634874

Std Err of Coef, 0.080236

E1-’87  Regression Output

Constant 2651646

Std Err of Y Est 13.878

R Squared 0.831038

No. of Observations 12

Degrees of Freedom 10

X Cocfficient(s) 1.384141

Std Err of Coef. 0.197363

E1A-'87 Regression Output

Constant 2.005803

Std Err of Y Est 26.21264

R Squared 0.397221

No. of Observations 12

Degrees of Freedom 10

X Coefficient(s) 1.081795

Std Err of Coef. 0.421413

E2-'87 Regression Output

Constant 5.152207

Std Err of Y Est 13.04886

R Squared 0.850624

No. of Observations 12

Degrees of Freedom 10
Coefficient(s) 0.91252

Std Err of Coef. 0.120925




estimate.

The regression analysis was next applied to a collapsed set
of data: the "Frequencies 0 through 10 and the category >10".
The data was aggregated in this manner because there was not enough
representative data for all the categories, particularly between
11 to 20 accident frequencies. Once again, the test was conducted
beginning with the 1986 actual accidents compared to the 1987
actual accidents. This resulted in an R-Squared of 0.862277 and
an X-Coefficient of 0.634874. These results were much more
encouraging with a high significance factor and a movement of the
X-Coefficient towards unity.

The Raw Least Squares, or 1987 estimate without
countermeasures (El) was compared to the 1987 actual accidents and
the R-Squared was 0.831038 which was accompanied by the X-
Coefficient of 1.384141. The results indicate evidence of a strong
relationship between the Least Squares estimate and the 1987 actual
annual accidents.

The Smoothed Least Squares estimate (E1A) in the collapsed
format was also compared to the 1987 actual accidents. According
to Table 14 the R-Squared actually dropped to 0.397221 followed by
a corresponding X-Coefficient of 1.081795. It is suspected that
the drop in the strength of the relationship between the smoothed
estimates and the 1987 results may be a result of the large
variances found in the majority of the accident frequency
categories between 10 and 22. The smoothing effect results in
larger variances between the relatively low estimates and the much
higher accident rates found with locations that have 10 annual
accidents or more.

The Linear Function, or 1987 estimate without countermeasures
(E2) was compared to the 1987 actual accidents. The R-Squared was
0.850624 and the X-Coefficient was 0.91252., Once again, there is
evidence of a stronger relationship between the Linear Function
estimate and the 1987 actual figures. In fact, the relationship
is, once again, stronger than that of the Raw and Smoothed Least
Squares estimates, based on the results of the R-Squared and X
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~-Coefficient measures.

It should be noted, however, that the results of the
application of the regression analysis of the El, El1A and E2
estimates to the "Frequencies 0 through 10 and >10" are suspected
of autocorrelation. The residuals taken from the difference
between the "Y Variable"™ and the "Y Estimate" were plotted in a
scattergraph shown in Figqure 8. Normally, the residuals are
expected to be randomly distributed throughout the length of the
analysis. However, in the cases of the Raw Least Squares (El),
the Smoothed Least Squares (E1A), and the Linear Function (E2)
estimates, the distribution of the residuals indicate a definite
cyclical trend consisting of two cycles. This evidence tends to
point towards autocorrelation which means that the confidence level
in the strength of the linear relationship between the variables
is low. Further evidence contributing to the cyclical nature of
the residual analysis may be provided through the application of
the Durbin-Watson test for significance, however, it was felt the
exercise would be redundant considering the graphical results.

5.49 Regression Analysis: Stop Sign and Countermeasure Locations

The regression analysis results for the Stop Sign and
Countermeasure Location analysis are summarized in Table 15. The
accident frequencies for the two types of locations were combined
for the 1986 and 1987 databases. The Least Squares and Linear
Function models were applied to the new 1986 database in order to
calculate a new set of estimates for the stop sign and
countermeasure locations as a whole. The results were also put
through the regression analysis in attempt to identify an
improvement in the significance level of the estimates with the
use of a larger database.

Table 15 illustrates the results of the regression analysis
with the application of 1986 actual accidents, the Raw and Smoothed
Least Squares and Linear Function Estimated accidents to the actual
1987 accident results. The left side of the Table represents the
annual accident categories broken down 0 through 22 while the right
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Table 15

Regression Analysis: Stop Sign and Countermeasure Locations
Least Squares and Linear Function Bstimates

Dcpendent Variable = Y = 1987
Independent Variables = X = 1986, C1, C2

Annual Accident Frequency Categories:

Frequencies 1 through 22

'86-'87  Regression Output

Constant -16.5346
Std Err of Y Est 143,847
R Squared 0.697343
No. of Observations 23
Degrees of Freedom 21
X Cocfficicnt(s) 1123633

Std Err of Coef. 0.161535

E1-'87  Regression Output:

Constant 78.05458
Std Err of Y Est 2448469
R Squared 0.123124
No. of Observations 3
Degrees of Freedom 21
X Coefficient(s) 0.740375

Std Err of Cocf. 0.431161

E1A-'87 Regression Output

Constant 101.1401
Std Err of Y Est 244.7863
R Squared 0.123558
Ne. of Observations 3
Degrees of Freedom 21
X Coefficient(s) 0.14848

Std Brr of Coef. 0.086295

E2-'87  Regression Output ]
Constant 36.30527
Std Err of Y Est 203.4944
R Squared 0.394305
No. of Observations 3
Degrees of Freedom 21
X Coefficient(s) 0.884933
§Std Err of Coct. 0.239338

90

Annual Accident Frequeacy Categories:

Frequencies 1 through >10

'86-'87  Regression Output:
Constant -52.6403
Std Brr of Y Bst 206.5758
R Squared 0.611985
No. of Observations 12
Degrees of Freedom 10
X Coefficient(s) 1.205359
Std Err of Coef. 0.303508
E1-’87  Regression Output:
Constant 224.2037
Std Brr of Y Est 330.0411
R Squared 0.009565
No. of Observations 12
Degrees of Freedom 10
X Coefficient(s) 0.222883
Std Err of Coef. 0.717209
E1A-'87 Regression Output
Constant 220.9697
Std Err of Y Est 3240525
R Squared 0.045182
No. of Observations 12
Degrees of Freedom 10
X Cocfficient(s) 0.084038
Std Err of Coef, 0.122167
E2-'87  Regression Cutput:
Constant 101.2782
Std Err of Y Est 288.9891
R Squared 0.240631
No. of Observations 12
Degrees of Freedom 10
X Coefficient(s) 0.734751
Std Err of Coef. 0412754




side of the Table represents the annual accident frequencies
categorized 0 through 10 and a final category >10.

The regression output for the "Frequencies 0 through 22"
section are highlighted by the R-Squared and the X-Coefficient.
The tests were conducted beginning with 1986 actual accidents
compared to 1987 actual accidents. This resulted in a R-Squared
of 0.697343 and an X-Coefficient of 1.123633. The results were
much more significant and encouraging than the analysis with
disaggregated (ie. categories 11 through 22 were not collapsed into
one) countermeasure locations alone, with regards to the existence
of a linear relationship between the two variables.

The Raw Least Squares, or 1987 estimate without
countermeasures (El1) was compared to the 1987 actual accidents and
the R-Squared dropped to 0.123124 and the X-Coefficient jumped to
0.740375. Once again, the results were very encouraging: a
stronger linear relationship seems to exist between the variables
in the case of the combined stop sign and countermeasure locations
as opposed to the countermeasure locations exclusively.

The Smoothed Least Squares estimate (E1A) was also calculated
with a vast improvement over the exclusive countermeasure
application. The R-Squared resulted in 0.123558 and the X-
Coefficient was 0.14848. The results were much better than the
same analysis conducted on the countermeasure locations alone.
However, the results were weaker than the relationship between the
Raw Least Squares estimate and the 1987 accident frequencies for
the combined stop sign and countermeasure locations.

The Linear Function, or 1987 estimate without countermeasure
(E2) was compared to the 1987 actual accidents. The results were
an R-Squared of 0.394305 and an X-Coefficient of 0.884933. The
results of the relationship between the LInear Function Estimates
and the i987 figures were, once again, more significant than the
Raw and Smoothed Least Squares estimates. These results tend to
indicate that the Linear Function Estimates are the stronger of
the three measures, both in terms of exclusive application to the
countermeasures alone and in application to stop sign and
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It should be noted, once again, that the results of the
application of the regression analysis cf both the El1, El1A and E2
estimates are suspected to have some degree of autocorrelation.
The residuals taken from the difference between the "Y Variable"
and the "Y Estimate" were plotted in a scattergraph shown in
Figure 9. Normally, the residuals are expected to be randomly
distributed throughout the length of the analysis. However, in
the cases of the Raw Least Squares (El1), the Smoothed Least Squares
(E1a), and the Linear Function (E2) estimates, the distribution
of the residuals indicate a definite cyclical trend consisting of
one cycle. This evidence tends to point towards autocorrelation
which means that the confidence level in the strength of the linear
relationship between the variables is low.

The simple regression analysis applied to the countermeasure
locations seems to be inappropriate for the existing data. The
evidence of autocorrelation may be the result of a number of
situations: insufficient data; non-linear relationships; and the
absence of additional multiple variables that may explain the
relationship more succinctly. In order to test for these
conditions more information is required.

5.50 Probabilistic Approach Summary

In sunmary, the Raw and Smoothed Least Squares and Linear
Function Estimates proved difficult with respect to the amount of
data required in accident databases; with respect to the method in
which they are calculated; and with respect to the method in which
they are interpreted. 1In addition, there is some question as to
the application of a meaningful test of significance for the final
results.

The Raw Least Squares Estimate, in this study, provided a very
conservative prediction of the number of accidents that would be
expected to occur if no countermeasure had been implemented. The
Raw, Smoothed Least Squares, and Linear Function Estimates
predicted accidents that were significantly less or somewhat close
to the number of accidents that actually occurred in 1987. This
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led to some questions as to whether or not the allocation of the
countermeasures failed miserably, or if the estimates were simply
invalid, altogether. This conclusion also sparked the need for
some sort of standardization technique that should correct the bias
arising from a change in the general accident mean during the year
in which the countermeasures were implemented. That is to say that
most sites may require individual attention in order to determine
significant changes in traffic flow and volume as a result of any
number of socio-geographic features in the environment. The
measures, in their current existence, dc not presently account for
the impact from such variables.

In addition, there were significant variances between the
estimated and the actual figures, especially as one moved upward
along the scale of the annual accident frequency categories
(9,10,11 accidents per 1location). This seemed to coincide with
the fact that the predictive power of each of the estimates was
hampered when the calculations that involved 2eros in the base
year. This led to substantial variations in the estimate from one
level of accident frequency to the next. The conservative nature
of the estimates and the lack of predictive consistency failed to
extinguish all doubt towards the reliability of the estimates as
a whole.

The Linear Function Estimate was the stronger measure of the
three. The initial calculations were much easier to calculate then
the previous two measures and the overall estimate was below 1986
levels and was also lower than the 1987 levels. However, the gap
between the estimated number of accidents expected to happen if no
countermeasure was implemented and the number of accidents that
occurred following the countermeasure implementation, was very
small. Once again, this seemed to indicate that the
countermeasures failed to reduce the number of accidents
significantly, or the estimates simply were not measuring the
change in the mean number of accidents during the immediate period.

An attempt was made to measure the significance or power of
each of the estimates. Unfortunately, the regression analysis was
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not as helpful as anticipated. The initial application of the
regression test to the Countermeasure Locations with the full
number of frequency categories between 0 and 22 resulted in very
low significance levels. 1In this application, both of the Least
Squares estimates were weaker than the Linear Function Estimate in
terms of the R-Squared and the X-Coefficient. 1In addition, the
residuals were plotted for each case as a preliminary indication
for autocorrelation and, unfortunately, what should have been a
random patterns were identified as a clearly defined cyclical
trends.

The regression analysis was also applied in a similar fashion
on the fregquency categories 1 through 10 and greater than 10 in
hopes of improving the results. The measures of significance were
actually worse. However, this may be a result of the fact that the
number of "O" category accident locations were estimated roughly
in 1986 by RMOC. This estimate is feared to be underestimated and
this may be the cause of peculiar results when the stop sign and
countermeasure locations were combined. There was also a
suggestion of autocorrelation at this end of the analysis and, once
again, and the suspicions were verified by the plotting of
residuals on scattergraphs.

Finally, the regression analysis also illustrates that the
1986 and 1987 data exhibits a stronger relationship than either of
the estimates and 1987. This may be just by chance of atypical
years, however, the results are significant.
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Chapter 6
Supplementary Data Analysis

6.10 Supplementary Data Analysis - Outline

The core data analysis, in this research paper, has been
focused on the evaluation of traffic signal implementation
throughout the Regional Municipality of Ottawa-Carleton in 1986.
The evaluation has strictly concentrated on the distribution of
accident frequencies and estimates from one year to the next. The
Traditional analysis dealt with the "Before-and-After" annual
accident frequencies as well as a "Standardized" countermeasure
analysis based on changes in traffic volume. The Probabilistic
analysis dealt with the calculation and application of estimated
annual traffic accident estimates that were to act as a more
appropriate "evaluation benchmark™ than simply using the previous
years’ accident performance.

The results of the aforementioned analysis were enlightening
in terms of highlighting the pattern and distribution of traffic
accidents "Before-and-After" safety countermeasure implementatioen,
however, the two different methods exhibited certain weaknesses and
did not consider the multiple components that may be involved in
the circumstances preceding and following the road traffic
accident. As mentioned in the opening chapter, these components
are comprised of a variety of variables, geographic in nature,
derived by the movement of vehicles as determined by land use
systems, residential patterns, street geometries, population
densities, 1location of workplace, shopping centres and other
generators of traffic.

In effort to complement the preceding analysis, this
Supplementary Analysis chapter is designed to study the
relationships of the multiple components with traffic accidents.
The emphasis taken in this chapter is twofold. The first section
is comprised of an Alternative Variable Frequency Analysis of
components chosen by RMOC that are associated with the
circumstances prior to and following the traffic accident. The
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second section 1is comprised of an analysis of the accident
performance at locations that are "With-and-Without" traffic
control signals, in effort to appraise the allocation of traffic
signals in 1986. The appraisal stage is comprised of a discussion
concerning the justification of the "Before-and-After" traffic
signal allocations. This is accomplished through the study of the
spatial factors influencing traffic volume and patterns in close
proximity to the "Before-and-After" locations in question.

6.20 Alternative Variable Frequency Analysis

The Alternative Variable Frequency Analysis section is
comprised of a traditional description of various components of the
accident frequencies from on year to the next. The data is taken
from aforementioned 54 locations that were appointed traffic signal
control devices in 1986. The Alternative Variable components, not
all geographic in nature, include: Impact in Daylight/Darkness;
Impact on Dry/Wet and Icy Roads; Impact during Peak/Non-Peak
Travelling Hours; the number of Pedest:rian Injuries resulting from
the Impact; the number of Total Injuries resulting from the Impact;
and, finally, the various Directional Movements of the Vehicles
Prior to Impact.

Each of these components are discussed separately in the
following subsections and the data is summarized in Table 16 and
Figure 10. The Table contains annual accident frequency categories
ranging between 0 and 5 as well as a category of annual accident
frequencies greater than 5. The locations included in the study
are the previously mentioned 54 countermeasure locations that
received traffic signals in 1986. The annual accident frequencies
are illustrated for each of the locations between 1985 and 1989.

The accident frequencies for each of the categories have not
been standardized by traffic volume to create accident rates. It
is understood that a degree of accuracy is subsequently lost,
however, it was felt that the interpretation of accident rates
would be far more difficult than dealing with the raw frequencies,
exclusively. The reason why the m"accident rates"™ would be
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difficult to interpret is related to the small amount of
representative data available for the various categories. This is
directly related to the small size of the 54 case data set. The
resulting "accident rates"™ fall between a range of 0 and 2,
accidents per million entering vehicles, on average, when using the
RMOC standardization equation listed in Section 3.31 of Chapter 3.
For example, the range for accident rates in the Darkness/Daylight
Hours category fall between 0 and 1.25 while the range for the

Pedestrian Injury category falls between 0 and .50.
This is a very small range over which the rates are

distributed and, hence, it becomes difficult to visualize what a
rate of change of 0.50 to 0.25 accidents per million entering
vehicles, represents over the span of a year. In addition, a large
number of accident records fall into the category of "zero"
occurrences per million entering vehicles for many of the Alternate
Variable categories. That is to say that a substantial number of
accidents in RMOC occur, for example, during daylight hours, under
dry pavement conditions and at off-peak hours. Therefore, many of
the "accident rates" are found clustered at the lower end of the
scale and are often difficult to identify using simple data
frequency analysis.

The analysis of the raw accident fregquencies, on the other
hand, offers a more immediate indication of the change in the
distribution of accidents for a particular category. Naturally,
significant swings in the traffic volume experienced from one year
to the next must be considered in the analysis. However, in the
case of the Regional Municipality of Ottawa-Carleton, the overall
traffic volume change between 1986 and 1987 for the 54 locaticns
in question was an increase of 3%; between 1987 and 1988 it was
less than 1%; and between 1988 and 1989 there was a decrease of
the volume by 3%. In terms of absolute figures, the 3% represents
approximately 25,000 additional miles over the 900,000 annual
average miles for the 54 intersections in 1986.

According to the intersection matrix in Appendix 4, the
locations experiencing the greatest swings in traffic wvolume
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between 1986 and 1989 (>5,000 annual average volume variance)
include Alta Vista Drive/Industrial Road; Vanier Parkway/Hwy 417
Interchange; St. Laurent Blvd./Hwy 417 Interchange; Hunt Club Road
Locations; Bells Corners Strip Locations; Bayshore Shopping Centre
and the Kanata Eagleson Road strip locations. These figures should
be considered throughout the following Alternate Variable Frequency

Analysis.

6.21 Accident Frequencies: bDaylight/Darkness

Less than half of the total number of countermeasure locations
exhibited accidents during daylight hours. Approximately 63% of
the countermeasure locations experienced accidents during hours of
darkness in 1985. This figure dropped to 57% in 1986 and to 54%
in 1987. However, in 1988 and 1989, the distribution of accidents
occurring in darkness, rose to 57% and 69% of the total accidents,
respectively.

The distribution of the number of accidents that occurred
during darkness varied significantly over the given study period.
According to Table 16, the total number of accidents for the
countermeasure locations was 85 in 1985. This figure was 84 in
1986 as the countermeasures were implemented randomly throughout
the year. The number of accidents fell to 79 in 1987, thereby
identifying the positive impact of the countermeasure
implementation. The annual accident frequencies continued to fall
in 1988 to 68 accidents, but in 1989 the figure rose to 71.

It is suspected, however, that the countermeasures alone are
not the cause of the accident reduction during darkness. There
were likely additional site improvements made at the various
countermeasure locations contributing to the increased safety for
traffic flow. For example, it is suspected that the lighting
arrangements at the highway interchange locations were up-graded
at the same time of the traffic signal allocations. Likewise,
similar up-grades may have been implemented along the Eagleson Road
area in Kanata and residential development began to flourish and
similarly along March Road/Carling as the Kanata Business Park
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Table 16 - Alternative Variable Analysis

"Before-and-After” Analysis
Accident Frequenciess Daylight/Darkness
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.q Locations |Freq.q Locations |Freq.s| Locations | Freq.q Locations |Freq.al
0 20 0 23 0 25 0 23 0 17 0
1 16| 16 8 8 4] 14 151 15 B B
2 7] 14 10 20 6| 12 6{ 12 7| 14
3 5] 15 3 9 0 41 12 4] 12
4 2 8 7 28 2 8 3| 12 0
5 0 1 5 2] 10 1 5 1 5
>5 4] 32 2| 14 5[ 35 2] 12 2] 17
Total M| 8 M| 4 M1 79 M| 68 M T
ﬁeforc—and-Aftcr" Analysis
[Accident Frequencies: Dry/Wet and Iey Conditions
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.g Locations |Freq.d Locations {Freq.s| Locations | Freq.s Locations [Freq.s|
0 6 0 11 0 19 0 15 0 15 0
1 150 15 171 17 11 1 10| 10 4] 14
2 9] 18 9] 18 7] 14 10{ 20 6| 12
3 8| 24 4| 12 5| 15 9 27 7] 2
4 1 4 4] 16 4 16 41 16 4 16
5 2] 10 1 5 0 0 1 5 2] 10
>3 13[ 95 8| 68 8| 66 S| 42 6] 55
Total 54| 166 54| 136 M| 12 34| 120 M4 128
"Before-and-After” Analysis
Accident Frequencies: Peak/Non-Peak Travelling Times
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.d Locations | Freq.g Locations Freg.s| Locations | Freg.d Locations |Freg.s
0 9 0 11 0 12 0 13 0 14 0
1 12 12 20 2 15] 15 16| 16 16} 16
2 7] 14 7] 14 10| 20 9| 18 71 14
3 8 24 6] 18 7] 2 7] 2 §| ‘24
4 7] 28 2 8 4| 16 35| 2 4| 16
3 4] 20 1 3 3] 15 1 3 2] 10
>3 7] 57 7] S 3| 24 3] A 3] 2
Total 34| 155 541 116 M| 111 34| 104 M| 101
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Table 16 - Alternative Variable Analysis (Continued)

[*Before-and-After” Analysis
Accident Frequencies: Pedestrian Injuries
Accidents 1985 1986 1987 1988 1989
per Location | Locations{Freq.8 Locations | Freg.g Locations |Freq.8 Locations |[Freq.d Locations |Freq.s
0 30 0 48 0 47 0 49 0 48 0
1 3 3 5 5 7 7 5 3 5 3
2 1 2 1 2 0 0 0 0 1 2
3 0 0 0 0 0 0 0 0 6| o
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
>3 0 0 90 0 0 0 0 0 0 0
Total 4 5 54 7 54 7 4 3 34 7
["Before-and-After” Analysis
Accident Frequencies: Total Injurics
Accidents 1985 1986 1987 1988 1989
per Location | Locations| Freq.s| Locations | Freq.si Locations |Freq.s{ Locations |Freq.q Locations [Freq.s
0 19 0 14 0 16 0 19 0 13 0
1 3 8 12| 12 10] 10 10( 10 13 13
2 71 14 9| 18 9| 18 121 24 12| 24
3 71 2 6| 18 8] 71 2 81 24
4 3| 20 7] 28 0 0 2 8 4 16
5 2| 10 1 5 3 15 1 5 1 5
>3 6| 47 S| 35 8§ 355 3] A 3| 2
Total 341 120 34| 116 M| 12 Ml 92 41 104
"Before-and-After” Analysis
Accident Frequencies: Right Angle "NE" Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.g Locations | Freq.o Locations [Freq.s| Locations | Freq.q Locations |Freg.s
0 32 0 41 0 44 0 44 0 41 0
1 15] 15 7 7 10} 10 6 6 12] 12
2 4 8 5| 10 0 ¢ 3 6 0 0
3 0 0 1 3 0 0 1 3 0 0
4 1 4 0 0 0 0 0 0 0 0
3 2] 1o 0 0 0 0 0 0 1 5
>3 0 0 0 0 0 0 0 0 0 0
Total M) ¥ M| 20 4| 16 M4 15 M| 17




Table 16 - Alternative Variable Analysis (Continued)

"Before-and-After” Analysis
Accident Frequencies: Right Angled "SE™ Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.q Locations |Freg.q Locations |Freq.s| Locations | Freq.q Locations [Freqg.s)
0 36 0 40 0 45 0 47 0 45 0
1 12 12 12| 12 8 8 4 4 8 8
2 5] 10 1 2 1 2 1 Y4 1 2
3 1 3 1 3 0 0 2 6 0 0
4 0 0 0 0 0 0 0 0 ¢ 0
5 0 0 0 0 0 0 0 0 0 0
>5 0 0 0 0 0 0 0 0 0 0
Total M| B 4| 17 41 10 M| 12 41 10
"Before-and-After” Analysis
Accident Frequencies: Right Angled "SW*" Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations| Freq.§ Locations | Freq.s Locations |Freq.s| Locations | Freq.s) Locations |Freq.s
0 33 0 33 0 42 0 45 0 42 0
1 10] 10] 16| 16 10] 10 6 6 9 9
2 51 10 3 6 2 4 3 6 3 6
3 5] 15 1 3 0 0 0 ¢ 0 0
4 1 4 0 0 0 0 0 0 0 0
5 0 0 1 5 0 0 0 0 0 0
>3 0 0 0 0 0 0 0 0 0 0
Total M1 39 M| 30 M| 14 M| 12 M| 15
"Before-and-After” Analysis
Accident Frequencies: Right Angled "WW" Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.s Locations | Freq.g Locations|Freq.s| Locations | Freg.s; Locations |Freq.s
0 40 0 42 0 44 0 46 0 42 0
1 10| 10 10] 10 8 8 5 5 1] 1
2 3 6 2 4 2 4 2 4 1 2
3 0 0 0 0 0 0 1 3 0 0
4 0 0 0 0 0 0 0 0 0 0
3 1 5 0 0 0 0 0 0 0 0
>5 0 0 0 0 0 0 0 0 0 0
Total 4| 21 M| 14 M| 12 M1 12 M| 13

103



Table 16 - Alternative Variable Analysis (Continued)

"Before-and-After” Anelysis
Accident Frequencies: Opposing Directions "NS” Impact
Accidents 19835 1986 1987 1988 1989
per Location | Locations|Freq.d Locations |Freq.d Locations [Freq.s| Locations | Freg.d Locations [Freg
0 39 0 42 0 38 0 37 0 3 0
1 7 7 6 6 5 5 8 8 8 8
2 2 4 1 2 4 8 4 8 3 6
3 4] 12 1 3 3 9 2 6 2 6
4 0 0 1 4 0 0 0 0 0 0
5 0 0 0 0 0 0 1 S 0 5
>5 2] 16 3] 3 4] 33 2] 19 2| 13
Total M| 39 341 38 4] 55 M| 46 M| 33
"Before-and-After” Analysis
Accident Frequencies: Opposing Directions "EW™ Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations | Freq.s| Locations | Freq.sl Locations |Freq.s| Locations | Freq.§ Locations |Freq.s
0 34 0 31 0 37 0 35 0 33 0
1 12 12 11] 11 7 7 9 9 1] 1
2 1 2 4 8 2 4 3 6 51 10
3 2 6 2 6 3 9 4| 12 1 3
4 0 0 2 8 2 8 0 0 1 4
5 3| 15 1 S5 1 5 2] 10 0 0
>$ 2| 7 3/ 26 2| 14 1 7 3] 28
Total 34| 62 341 64 M| 47 M| 4 M|l 56
["Before-and-After” Analysis
Accident Frequencies: Same Directions "NN" Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.s Locations |Freg.sf Locations [Freg.s| Locations | Freg.d Locations [Freq.
0 34 0 38 0 40 0 36 0 37 0
1 13] 13 9 9 6 6 1] 11 9 9
2 3 6 3 6 1 2 6| 12 2 4
3 3 9 2 6 4] 12 0 0 2 6
4 0 0 1 4 1 4 1 4 2 8
5 0 0 0 0 1 5 0 0 1 5
>5 1 9 1 6 1 6 0 0 1 6
Total M| 37 M| 3 M1 35 M| 27 M| 38
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Table 16 - Alternative Variable Analysis (Continued)

"Before-and-After” Analysie
A ccident Frequencies: Same Directions "EE" Impact
Accidents 1985 1986 1987 1988 1989
r Location | Locations|Freq.g Locations jFreq.s Locations [Freq.s| Locations |Freq.q Locations |Freq.s|
¢ 34 0 37 0 37 0 30 0 38 0
1 10| 10 1] 11 14 14 161 16 8 8
2 6| 12 4 8 1 2 4 8 4 8
3 2 6 2 6 1 3 3 9 3 9
4 0 0 0 0 0 0 1 4 0 0
5 0 0 0 0 1 5 0 0 1 3
>S5 2] 12 0 0 0 0 0 0 0 0
Total 3| 40 34i 25 M 24 541 37 M| 30
"Before-and-After” Analysis
Accident Frequencies: Same Directions "SS” Impact
Accidents 1985 1986 1987 1988 1989
per Location | Locations|Freq.q Locations | Freq.s Locations |Freq.s| Locations | Freg.sl Locations |Freq.s
0 35 0 35 0 40 0 34 0 40 0
1 8 8 10] 10 10] 10 13| 13 9 9
2 3 6 3 6 1 2 3 6 2 4
3 4| 12 2 6 1 3 1 3 1 3
4 1 4 3| 12 0 0 1 4 0 0
5 2| 10 0 0 0 0 1 5 0 0
>3 1 6 1 6 2{ 17 1] 1 2 13
Total M| 4 M| 40 41 32 M 42 M| 2
"Before-and-After” Analysis
Accident Frequencies: Same Directions "WI1W1" Impact
Accidents 1985 1986 1987 1988 1989
fper Location | Locations|Freq.q Locations |Freg.sl Locations [Freg.s| Locations {Freg.5 Locations [Freq.s
0 41 0 38 0 34 0 35 0 37 0
1 8 8 1] 11 12| 12 1] 11 12 12
2 0 0 3 6 4 8 4 8 4 8
3 41 12 2 6 3 9 2 6 0 0
4 o] o 0 0 0 0 2 8 1 4
5 1 b 0 0 1 5 0 0 0 0
>$ 9] 0 o] o 0| o 0] 0 o] o
Total e A M| 23 M| M4 M| 33 M| 2%
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continued to grow.
The total number of accidents in darkness, following the

countermeasure implementation, dropped between 1985 and 1989. The
significant impact of the countermeasures was not felt until 1987
which indicated the greatest drop in the number of accident
frequencies for the 54 locations. This stands to reason as the
1986 countermeasures were implemented randomly throughout that
year, thus, explaining the time lag in accident reduction.

The distribution of the accidents, following the 1986
implementation, indicated a slight increase at the lower end of
the annual accident frequency scale (those locations experiencing
1 or 2 annual accidents) and a marginal decrease at the higher end
of the scale (those 1locations experiencing 7, 8 and 9 annual
accidents). But for the most part the pattern of accidents in
darkness has remained unchanged.

6.22 Accident Frequencies: Dry/Wet and Icy Conditions

Less than cne quarter of the total number of countermeasure
locations experienced accident frequencies during dry roadway
conditions. Approximately 89% of the countermeasure locations
experienced accidents during wet and icy conditions in 1985. This
figure dropped to 80% in 1986 and to 65% in 1987. However, in 1988
and 1989, the number of accidents occurring in Wet and Icy
Conditions rose to 72% of the total accidents, during both years.

The distribution of the number of accidents that occurred
during wet and icy conditions varied significantly over the given
study period. According to Table 16, the total number of accidents
at the study locations was 166 in 1985, The effects of the
countermeasures seems to have taken effect in a short perioda of
time as the accident figure dropped by 30 accidents to a total of
136 accidents in 1986. The number of accidents fell, once again,
to 122 in 1987, thereby reinforcing the positive impact of the
countermeasure implementation on the number of accidents during wet
and icy conditions. The annual accident fregquencies continued to
fall in 1988 to 120 accidents, but in 1989 the figure rose to 128.
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The number of accidents in wet and icy conditions, following
the countermeasure implementation, dropped significantly between
1985 and 1989. The greatest impact of the countermeasure
implementatior, during wet and icy conditions, was experienced very
quickly between 1985 and 1986, and was highlighted by a drop of 30
accidents from the 1985 levels. It should be noted that the
implementation of the 1986 countermeasures were distributed
throughout the entire 1986 year; they were not all implemented on
January 1st. Therefore, it is merely conjecture to conclude that
the drop in accidents was solely attributable to the countermeasure
implementation. There may be other external factors at work.

It is difficult to determine if the distribution of the
accidents has shown any sort of redistribution along the annual
accident frequency scale following the implementation of the safety
devices. The pattern remains randomly distributed as positive and
negative variances between the annual accident frequency levels of
1 and 14 over the study period.

6.23 Accident Frequencies: Peak/Non-peak Travelling Times

It should be noted that Peak Hours refers to the time periods
between 7:00 and 9:30 a.m. as well as 3:30 and 6:00 p.m. on any
given day. Once again, less than one quarter of the total nunber
of countermeasure locations experienced accident frequencies during
non-peak hours. Approximately 83% of the countermeasure locations
experienced accidents during peak travelling times in 1985. This
figure dropped to 80% in 1986 and to 78% in 1987. However, in 1988
and 1989, the number of accidents occurring during Peak Hours were
76% and 78% of the tutal number of accidents, respectively.

The distribution of the number of accidents that occurred
during peak travelling times varied significantly over the given
study period. According to Table 16, the total number of accidents
for the countermeasure locations was 155 in 1985. The effects of
the countermeasures seems to have occurred in a relatively short
period of time as the number of accidents dropped to 116 in 1986.
The number of accidents fell, once again, to 111 in 1987 (to a
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lesser degree), reinforcing the positive impact of the
countermeasure implementation. The annual accident frequencies
continued to fall in 1988 to 104 accidents and to 101 accidents in
1989.

The number of accidents during peak travelling times,
following the countermeasure implementation, dropped significantly
between 1985 and 1989. The greatest impact of the countermeasure
implementation was experienced very quickly between 1985 and 1986,
and was highlighted by a drop of 39 accidents from the 1985 levels.

It should be noted, once again, that the implementation of the
1986 countermeasures were distributed throughout the entire 1986
year. Therefore, it is merely speculation that the reduction in
accidents is- solely attributable to the countermeasure
implementation. There may be other variables that may be
attributed to the change in accident volume. Although evidence is
currently inconclusive, there may be a relationship between the
changes exhibited in Peak Hour Accident distribution and the
changing "journey to and from work" changes that were briefly
discussed under the Socio-Economic factors section at the beginning
of Chapter 2.

The distribution of the accidents at Peak Hours remains
relatively unchanged from one year to the next following the
implementation of the safety devices. The pattern remains randomly
distributed, both positively and negatively, between the annual
accident frequency levels of 1 and 12 over the study period.

6.24 Accident Frequencies: Pedestrian Injuries

More than three quarters of the total number of countermeasure
locations experienced accident frequencies without any pedestrian
injuries. Approximately 7% of the countermeasure locations
experienced accidents with pedestrian injuries in 1985. This
figure rose to 11% in 1986 and to 13% in 1987. However, in 1988
and 1989, the number of accidents involving pedestrian injury
dropped marginally to 9% and 11% of the total accidents,
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respectively.

The distribution of the number of accidents that involved
pedestrian injury varied significantly over the given study period.
According to Table 16, the total number of pedestrian injuries for
the countermeasure locations was 5 in 1985. This figure rose to
7 in 1986 as the countermeasures were implemented randomly
throughout the year. The number of pedestrian injuries remained
at 7 in 1987, reinforcing the negative impact of countermeasure
implementation. The annual pedestrian injury occurrences dropped
to 5 in 1988 but in 1989 the fiqures rose to 7, once again.

The number of annual pedestrian injuries at the 54 study
locations, following the countermeasure implementation, increased
between 1985 and 1989. The number of injuries rose by 2 between
1985 and 1986 and remained at the 1986 level in 1987, The
statistics clearly indicate that the introduction of traffic signal
devices increases the number of pedestrian injuries, at least in
this study scenario. This outcome is not surprising when certain
behaviourial traits are considered such as impatient pedestrians
crossing against a red light, or, a motorist making a right hand
turn while failing to give right of way to a pedestrian.
Naturally, these causal implications are merely conjecture and
currently offer no statistical merit to the analysis but they are
considerations that may be studied at a later date.

6.25 Accident Frequencies: Total Injuries

It should be noted that Total Injuries refers to both
pedestrian injuries and those injured as occupants of the
vehicle(s) involved in a crash. Approximately, one quarter of the
total number of countermeasure locations experienced accident
frequencies without any injuries, whatsoever. Approximately 65%
of the countermeasure locations experienced accidents with injuries
in 1985. This figure rose to 74% in 1986 and dropped slightly to
70% in 1987. In 1988, the number of accidents involving Total
Injuries dropped 65% but by 1989 approximately 76% of the total
accidents resulted in human injuries.
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The distribution of the number of accidents that involved
injuries varied over the given study period. According to Table
16, the total number of injuries for the countermeasure locations
was 120 in 1985. This figure dropped to 116 in 1986 as the
countermeasures were implemented randomly throughout the year.
The number of injuries jumped to 122 in 1987 thereby reinforcing
the negative impact of the countermeasure implementation on the
occurrence of total injuries. The annual total injury frequencies
dropped to 92 in 1988 but in 1989 the figure rose to 104, once
again.

The number of annual total injuries at the 54 study locations,
following the countermeasure implementation, dropped on average,
between 1985 and 1989. However, the injury levels were not
consistent from one year to the next. For example, the injuries
dropped by 4 between 1985 and 1986 but rose above the 1985 levels
in 1987. There was a drastic decline in the number of injuries in
1988 which remains unexplainable.

The distribution of the total accident injuries, following
the 1986 countermeasure implementation, indicated a marginal
increase at the lower end of the annual accident frequency scale
(those locations experiencing 1, 2, and 3 annual injuries) and a
subsequent decrease at the higher end of the scale (those locations
experiencing 8 and 12 annual accidents). But for the most part the
pattern of total injuries remained unchanged.

6.26 Accident Frequencies: Directional Movement prior to Impact
The Directional Movement of the vehicles prior to crash impact
was recorded by RMOC based on the compass directions for three
categories. The first category consists of "Right-Angle" accidents
which is similar to a "broad-sided" impact. The compass directions
include NE, SE, SW, and WW for this category. The second category
is comprised of crashes from "Opposing Directions® which are
representative of "head-on" collisions and include the directions
of NS and EW. The final category is based on accidents occurring
while the vehicles are travelling in the "“Same Direction® which are
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commonly referred to as "rear-ended" accidents and include the
compass directions of NN, EE, SS, W1Wl. This sequence is
maintained both in the Tabular and Graphic presentations of the
data.

The directionality of the vehicles prior to crash impact is
an important consideration for the "before-and-after"™ analysis
following traffic safety countermeasure implementation. The
traffic safety countermeasure may lead to a reduction, or even an
increase, of accident frequencies and severity of the crash for
vehicles travelling in particular directions. This information is
important to the traffic accident researcher in order to appraise
the impact of countermeasure installations and may also lead to
improved decision-making for future safety countermeasure
applications. :

There were significant changes in the volume and distribution
of accident frequencies for the various categories of vehicle
direction prior to crash impact. Those accidents occurring at
Right Angles fell by over 50% following the implementation of the
traffic control signals. The accidents occurring between vehicles
travelling in Opposing Directions rose slightly in the first years
and actually dropped by 10% two years after the implementation of
the countermeasure. The accidents occurring between vehicles
travelling in the Same Direction dropped approximately 10% in the
first year but slowly began to rise to the "before" levels after
a few years.

The annual accident frequency statistics for the vehicles
travelling and crashing at Right Angles stood at 122 accidents in
1985. The number of accidents fell to 81 by the end of 1986 while
the traffic signal control devices were implemented throughout the
year. The accident frequency figure dropped to 46 accidents in
1987 to reinforce the positive impact of the safety
countermeasures. The figures rose slightly in 1988 and 1989 to 51
and 55 accidents, respectively.

These results were very encouraging in 1light of the
considerable drop in the number of accident frequencies. According
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to the statistical details in Table 16, the reductions in Right
Angled accidents were experienced by each of the compass categories
of NE, SE, SW, and WW. However, the categories of NE, and SW
experienced the majority of the benefits of the safety
countermeasures between 1985 and 1987 with approximately 75% and
65% reductions in the total number annual accidents. The SE and
WW directions followed with 60% and 40% reductions, respectively.

The annual accident frequency statistics, according to Table
16, for the vehicles travelling and crashing in Opposing Directions
stood at 101 accidents in 1985. The number of accidents increased,
marginally to 102 by the end of 1986 while the traffic signal
control devices were implemented throughout the year. The accident
frequency level remained at 102 Aduring 1987 which added sonme
question as to the positive impact of the safety countermeasures.
The figures finally dropped, unexplainably, in 1988 and 1989 to 90
and 89 annual accidents, respectively.

The pattern of accidents, according to Table 16, for the
opposing Direction category was somewhat confusing. It seems that
the category of vehicles travelling in a NS direction exhibited a
decrease of 1 accident between 1985 and 1986. However, the number
of accidents jumped by 17 to 55 accidents in 1987 and dropped to
46 and 33 accidents in the subsequent years 1988, and 1989
respectively. On the other hand, vehicles travelling in an EW
direction peaked at 64 accidents in 1986 but fell to 47 in 1987.
This represented a 17 accident reduction from the 1985 level. The
annual accident figure continued to drop to 44 in 1988 but rose
again in 1989 to 56 annual accidents.

The annual accident frequency statistics for the vehicles
travelling and crashing in the Same Direction stood at 148
accidents in 1985. The number of accidents fell to 119 by the end
of 1986 while the traffic signal control devices were implemented
throughout the year. The accident frequency figure began to rise
to 125 accidents in 1987, thereby guestioning the positive impact
of the safety countermeasures. The figures rose again in 1988 to
139 annual accidents and the figure dropped back to 121 in 1989.
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These results were somewhat encouraging in terms of a steady
drop in annual accidents, excepting the unexplainable increase
experienced, temporarily, in 1988. According to Table 16, the
reductions in Same Direction accidents were initially experienced
by each of the compass categories of NN, EE, SS, and W1Wl.
However, the categories of EE and SS were the only two categories
that exhibited a continuous decline in annual accidents over the
study period, excepting the 1988 performance, once again. The NN
and W1Wl categories initially began to fall in 1986 but rose again
by 1987 and may be best described as remaining "status quo" over
the study period.

6.30 Alternative Variable Frequency Analysis Summary

In sumeary, the Alternative Variable Frequency Analysis has
led to various, inconclusive, findings for this sample of accident
data. The introduction of Traffic Signal Control devices as a
safety countermeasure, and any subsequent site improvements, have
resulted in the following, generalized, impacts at Llocations
throughout the RMOC region. The pattern of accidents occurring in
Darkness decreased by a marginal amount following the
implementation of the countermeasure. The volume of Wet and Icy
accidents dropped significantly over the study period, however,
there is no conclusive evidence that this was a direct result of
the introduction of the safety countermeasures. The number of
accidents occurring during Peak Hours of travel dropped
significantly and was exhibited almost immediately following the
implementation of the safety countermeasures.

The number of Pedestrian Injuries actually rose following the
introduction of the traffic signalization at the 54 locations,
however, it is inconclusive as to whether this was a result of
higher traffic volume or a function of behaviourial traits. There
was no definite change exhibited in the pattern of the Total Injury
frequencies and there was very little eviden:: of a consistent
pattern over the years. In addition, there was no indication as
to the severity of the injuries encountered in both the Pedestrian
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and Total categories during the "before-and-after" periods.

Finally, the introduction of the safety countermeasures seems
to have contributed to a significant change in the number and
pattern of accidents based on the directional movement of vehicles
prior to crash impact. The number of Right Angled accidents
dropped substantially in volume and did not rise significantly
during the 3 year post-implementation periocd. On the other hand,
the accidents resulting from vehicles travelling in Opposing
Directions rose, marginally, in the immediate years following
countermeasure implementation but began to drop, slowly, as tinme
passed. The number of accidents that occurred between vehicles
travelling in the Same Direction dropped substantially in the first
year following the traffic signal implementation, however, unlike
the Right Angled collisions, the accident frequencies slowly began
to rise thereafter. There was some indication of a change in the
pattern of the traffic accidents. Evidence from Table 16
illustrated marginal increases at the lower end of the annual
accident frequency scale accompanied by an offsetting decline in
accidents at the higher end of the scale.

These conclusions are based upon the changes of the
categorical, non-standardized, frequency distributions and have in
no way been tested for significance or multivariate analysis.
There was no test as to the strength of each component in terms of
its role in the overall circumstances preceding the accident. It
is felt that there is currently insufficient representative data
for each of the categories to qualify such analysis. However, the
statistics do offer valuable insight as to the types of outcomes
that may be expected with the introduction of traffic signal
control devices in the RMOC region.

6.40 "With-and-Without" Countermeasure Analysis - Outline

The purpose of the "With-and-Without" analysis is to identify
the 1986 Stop Sign locations with high accident frequencies and,
or, accident rates that were not allocated traffic signal control
devices. The Stop Sign location accident frequencies and rates are
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compared to those exhibited by Countermeasure installations in
1986. The comparison 1is conducted to identify the Stop Sign
locations that exceeded the number of accident frequencies and, or,
rates exhibited by the Countermeasure locations in 198s6.

The results of the "With-and-Without" comparison, naturally
gives rise to the question: Why did "high risk" 1986 Stop Sign
Locations fail to receive traffic control signals when it was clear
that several of the 1986 Countermeasure locations did not exceed
the accident levels of the Stop Sign locations. This question is
very difficult to answer without looking at the specific details
involved in ‘each traffic signal control application that was
accepted, or, disapproved. The purpose of this section is to
appraise the performance of the "With-and-Without" locations as a
whole and not to appraise the countermeasure applications on an
individual basis. However, some speculative comments may give an
indication of what factors are involved in the decision-making
process of traffic signal allocation.

The "With-and-Without" section begins with a discussion of
spatial factors that may play a role in the allocation of traffic
signal devices. These factors include items that are not formally
presented in the Municipal Traffic Safety Policies or in the
Provincial Warrant Guidelines. The spatial factors to be discussed
are summarized in Table 17 based on the categories of Residential,
Rural, Commercial and Institutional spatial influences.

This introductory "spatial influence" section will be followed
by tabular and graphical presentation that outline the inventory
of "high risk" Stop Sign locations in light of the accident levels
exhibited by the 1986 Countermeasure locations. The differences
in accident 1levels between the Stop Sign and Countermeasure
locations are summarized in Table 18 based on a summary of accident
frequencies for the "Without"™ and the "With" locations. The
analysis is conducted a second time based on the distribution of
the accident rates (standardized by traffic volume) exhibited by
the same locations.

The results of the comparative analysis illustrate the
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suspected inconsistent application of the formalized Countermeasure
requirements by RMOC from a generalized perspective. However, the
results are discussed in terms of opportunity for improvement of
both data collection and the subsequent analysis. This is expected
to provide some direction that may be taken for future research
concerning the formal introduction of geographic variables in the
decision making process for traffic safety countermeasure
allocations.

6.50 sSpatially Influencing Factors - Introduction

As indicated by Sections 2.30, Transportation Systen
Management, Regional Policy, in Chapter 2, there are very strict
and formal requirements that must be satisfied in order to procure
funding for traffic control signal installations from the Province.
However, this does not address the role played spatial factors in
the occurrence of traffic accidents. Likewise, it does not address
the role that these factors may play in the future allocation of
traffic signals in RMOC. Unfortunately, there is very little
evidence currently available to support this premise.

If in fact spatial factors do play a major role in the
decision making process then, perhaps, they should be included in
the formalized documentation surrounding the requirements for the
successful implementation of traffic control signals. However,
caution must prevail such that spatial factors do not unduly
restrict or permit the countermeasure allocations in a

discriminating manner. Afterall, a citizen’s group, or,
neighbourhood, wmay be denied a warranted traffic signal
installation by mere formality. On the other hand, the

nmunicipality may suffer from a proliferation of redundant traffic
signal installations a result of several variables initiating the
application process.

The factors chosen as "spatial influences" to the traffic
accident and subsequent countermeasure allocation are drawn from
the traditional traffic generators found throughout the geographic
fabric in North America. They include Residential Factors, Rural
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Factors, Commercial Factors and Institutional Factors and Traffic
Volume for the particular intersections. Each of these categories
are disaggregated into more specific categorlies so as to include
any unique spatial influences in close proximity to the 54
countermeasure sites in question.

An informal scoring system, based on relative proximity, was
arranged to rank the intensity and influence of the multiple
spatial influences on traffic flow at each of the sites. Referring
to Table 17, for example, the intersection at Acres Road and
Carling Avenue is believed to be influenced by Low Density
Residential, a small Strip Mall, and to a lesser extent, Andrew
Haydon Waterfront Park. Therefore, the scores were allocated 3,
2, 1, respectively, (based on proximity to the intersection) for
a total of 6 "influence points"™ overall. These scores serve as a
primitive measure of land use intensity in close proximity to the
sitre in question. It should be noted, however, that cumulations
of the scores may be misleading as opposed to studying them by
themselves.

In another example, at Altavista Drive and Industrial Road,
the score was allocated 3 for Commercial Industrial Park and 2 for
High Density Residential, resulting in a total of only 5
"influencing points" overall. 1If a particular spatial influence
was not in close proximity, than that location did not receive a
score for the category. The scoring system may be construed as
subjective and, hence, "contrived" in terms of ranking within the
various categories, However, each of the locations were observed
by the researcher on a site specific basis to ensure that the facts
were legitimate. Naturally, there were more recent developments
that have been added to the site following the 1986 traffic signal
implementation, however, it is believed that these were excluded
from the analysis. In any event, there may be a chance of
incorrect allocation of land uses for a particular location (ie.
residential v.s. commercial in terms of importance), however, if
this were suspected, any adverse effect would be alleviated by
simply concentrating on the aggregated Grand Total figures.
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SPATIAL INFLUENCE SCORES DETAIL TABLE

TABLE 17

LOCATIONS: RCADWAYS: | RESIDENTIAL RURAL:
TRAXTIC RESID. [FARMLAND
VOLUME oW HIGH TOTAL | TOTAL
1 |[ACRES &|CARLING 12756 s 3
2 IALTAVISTA &|INDUSTRIAL 32986 2
3 [BANK &|THIRD 14085 2 2
4 |BASELINE &|GUTHRIE 15153 3 )
S |BASELINE N &|RICHMOND 17935 2 2
¢ |[BASELINE S AIRICHMOND 27325 2 7
7 |POTSFORD &{SMYTH 13121 2 2
§ [DOWESVILLE &|HUNTCLUD 1681
% |BRIDLEPATH &|HUNTCLUB 12780 3 3
10 |CANTIN A|MORTREAL 15010 3
11 |CARLING 4]MOCDIE 11400 2 2
12 [CARLING &ID.RE. 7883 2
13 |CARLING &|BAYSHORE 15064 3
14 |CARLING &IMARCH 12005 2
15 |[CARLING &[HERZBERQ 7061 2
16 |CARP ROAD &|OLDHWY 7 4560 2 2
17 [CHURCHILL & [DOVERCOURT 2531 3 3
18 [CLARENCE &|DALHOUSIE 10238 2 2
19 [CLEARY ®|RICEMOND 10935 3 3
20 |CLYDE &|MERIVALE 36245 2 2
71 |CLYDE &|LOBLAWS 197538
22 |COVENTRY &[VAN.PEW 34385 2 2
23 [CYRVILLE &|STARTOP 63T
24 |EAGLESON &[STONEHAVEN 6545 3 3
25 |EAGLESON &[ROTHESAY £576 3 3
26 |FALLOWTIELD & |[HWY - 16 10446 3
77 |[FALLGWFIELD & |RICHMOND 7564 )
28 [FIRE-STN &|WOODROPF 13010 2 2
20 |FISHER &|SHILLINGTON 15650 3 3
THWWN &|EAGLESON 618 3
31 [FROBISHER X|RIVERSIDE 20554 3
32 |[HARTWELL &|FPRINCE OF WALES 17656
33 |[HAZELDEAN &|EAGLESON 25390 2 2
34 [BAZELDEAN &|TERRY FOX 2580 3 3
35 |HAZELDEAN &{CASTLEFRANK 141438 3 3
36 JHWY. 15 &[HWY-17 4600 2 ]
37 |[HWYM1TN &|VAN.PKW ©216 2 2
38 [HWY-4173 &[ST. LAURENT BLVD, 25170
3% |INDUSTRIAL &|RIVERSIDE 32086 2
) RE DARC &|VORLAGE 11027 3 3
41 |KINGEDWARD &|SOMERSET 13370 1 1
42 |[MARCH & | HERZDERG 12845 2
43 IMOODIE &|BELL NORTHERN-N 2310 2 2
44 [MOODIE &|BELL NORTHERN-S D847 2 2
45 IMOODIE &|TYRELL 11630 3 3
46 [OTT STATIONRD. |&|TREMBLAY 1268
47 |RICHMOND &|BAYSHORE 2478 2
4% |[RICHMOND A[NANAIMO 18658 3 3
45 |RIDEAU &| WURTEMBURG 23780 3
50 IROBERTION &|LYNHAR 27654 1 1
S1 [ROBERTION &|RICHMOND 26124 1 1
52 |[ROBERTSON &]JTINION 24008 1 1
~3% [ROBERTION & MOODIE 37062 1 1
54 |ITJOSEFH &I ELWOOD 11362 3 3
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TABLE 17
SPATIAL INFLUENCE SCORES. DETAIL TABLE

(CONTINUED)
COMMERCIAL
CBD | STRIP | SHOPPING| TOURIST | BUSINESS | TRANSP. | INDUSTRIAL | COMM.
TYPE [ MALL | CENTER | AREA | PARK [IERMINAL | PARK | TOTAL
z 2
3 3
3 3
1 1
1 1
1 1
2 2
2 F)
3 3
2 1 3
3 3
3 3
3 3
3 1 3
2 2
3 3
2 3 3
3 3
2 2
3 3
3 7]
2 2
3 3
2 3 5
3 3
2 )
3 3
3 2
3 3
3 3
3 3
i 1
3 3
3 3
3 2 -
3 3
2 2
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TABLE 17
SPATIAL INFLUENCE SCORES: DETAIL TABLE

(CONTINUED)
[INSTITIUTIONAL
FIRE SPORTS | PARK | ARMY/POLICE | INST. ORAND
HGSPITAL | SCHOOL [CHURCHSTATION |  FACIL LAND BASES TOTAL| TOTAL
1 1 6
;
1 1 ]
3
3 3 6
3 3 s
1 3 2 6 3
2 3 s 3
3
S
s
3 3 5
5
5
5
5
3
3
1 1 ]
5
5
1 3 4 é
3
s
2 1 3 I3
3
3
3 1 4 ]
2 2 5
3
2 2 ;
3 2 - h]
1 1 6
5
1 1 3
[
3 3 s
5
1 1 6
1 1 I
3 2 s ¢
]
3
5
1 1 4
3
5
3
2 F] s
4
2 2 [
6
&
1 1 3
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6.51 Residential Land Use Influences

The majority of the traffic control signal installations at
the 54 study locations are influenced by residential development
in some way or form. The results in Table 17 indicate that the
majority of the residential influences are of a Low Density nature.
This category is typified residential development that include
single family homes, low rise condominiums, town houses and 2-3
story "walk-up" apartments. Several of the Low Density residential
influenced locations are found throughout the City of Kanata.
Other Low Density residential influences are found throughout the
Region; from the beginning of east end development in Orleans, to
established neighbourhoods such as Huntclub, Fisher Heights and
Westboro.

The traffic signal allocations to the City of Kanata are of
particular interest because it experienced a residential boom
during the mid-1980’s. The residential growth at that time was
concentrated in neighbourhoods such as Bridlewood, GlenCairn and
Katimavik. Typical locations that received traffic control signals
were Eagleson/Stonehaven, Eagleson/Rothsay, Hazeldean/Castlefrank,
and Hazeldean/Terry Fox. The traffic volume at these particular
locations was less than 10,000 annual average daily vehicle trips.
However, the traffic signal allocations were likely influenced by
projections found within Development Control Agreements.

As discussed in Chapter 2, section 2.39, Development Control
Agreements play a major role in traffic signal allocations in
residential developments throughout the Region. These agreements
are also used for commercial and industrial development proposals,
however, the main emphasis remains with residentiail development.
In most cases, the Development Control Agreement uses calculated
population projections for the particular project to calculated
traffic flow estimates for peak and non-peak hours of travel. The
resulting traffic flow estimates often govern the subsequent street
configuration and, particularly, the traffic signal installations.

The High Density residential category is typified by "high
rise"” apartment complexes found at locations such as
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Rideau/Wurtenburg, Bayshore/Richmond, Industrial/altavista, and
Frobisher/Riverside. These locations are accompanied by fairly
high levels of traffic volume, greater than 15,000 annual average
daily trips. Many of these locations are located on Collector and
Arterial roadways that contain trips that do not necessarily
originate or end at these locations. The traffic is often by-
passing these locations with other origin-destinations in mind.

The scores for the residential categories were summed to give
a total of residential influence scores. These results were cross
referenced with the actual traffic volume levels for 1986 and are
presented in Figure 11. This figure represents the residential
scores for each of the 54 traffic control signal locations in terms
of 3 for "primary influence", 2 for "secondary influence" (the next
greatest influence after the Commercial or 1Institutional
categories), 1 for "marginal influence®, and 0 for no influence.
The scores are ranked in ascending order along the x-axis and the
traffic volume is presented in ascending order along the y-axis.
Figure 11 serves to illustrate the intensity of traffic volume as
it is related to the primary, secondary and marginal residential
influenced intersections.

The intersections with residential land use as the "primary"
influence in close spatial proximity exhibit a steady traffic
volume between the range of 10,000 and 15,000 annual average daily
trips. On the other hand, the intersections with "secondary"
residential land use influence exhibit much higher traffic volumes
that fall more between the 20,000 to 35,000 annual average daily
trip range. This strengthens the fact that there is additional
traffic that is being produced by a more "primary" source of land
use influence. The same result seems to hold for the "marginal®
influence category which also exhibits very high traffic volume in
the range of 25,000 annual average daily trips.

Low and High Density residential developments exert influence
on the flow of traffic and, hence, the allocation of traffic
signals. However, the influence is not exclusive. In the majority
of the cases there are other spatial features in close proximity
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SPATIAL INFLUENCE SCORES
"BEFORE & AFTER' LOCATIONS
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that offer additional influence on the traffic flow an pattern of
the particular area. It is the cumulation of these influences that
ultimately govern the volume and flow of traffic for a particular
location. It is the cumulative results that are considered during
the allocation of the traffic control signals.

6.52 Rural Land Use Influences

As indicated in Chapter 2, approximately 2,500 square
kilometres of the total area covered by the Regional Municipality
of Ottawa-Carleton is of a rural nature. In 1986 there were a
number of rural traffic control signal allocations. The 3 primary
locations included Fallowfield/Hwy 16 and Fallowfield/Richmond.
These locations, surrounded primarily by farmland, represented 2
main thoroughfare points for inhabitants of the burgeoning
community of Barrhaven, in the City of Nepean. Therefore, it is
more likely that the residential development and not the rural
landscape that warranted the allocation of these traffic control
signals.

Similarly, another set of traffic control signals was
installed outside of the town of Richmond, Ontario, at
Franktown/Eagleson Roads. It is believed that this was also a
function of growing commuter traffic into the City of Ottawa from
outlying areas. The same argument may be made for the locations
in the Kanata North Business Park Area which are surrounded by vast
amounts of farmland. The traffic at these locations is influenced
by commuter traffic resulting from land use other than the

immediate rural landscape.

6.53 Commercial Land Use Influences

The features that fall under the category of Commercial land
use influences are also summarized in Table 17 by 7 different
categories. The CBD Type category includes retail strip
developments of a traditional downtown type nature and is typified
by the retail development found along Rideau Street between the
Market and the Rideau River, and the Bank Street section found in
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the Glebe. The Strip Mall category comprises the typical drive-
in strip mall that contains a Mac’s Milk Store, Donut Shop, and
other convenience type outlets. The Shopping Centre Category
consists large retail developments that are typified by the
presence of 1 or more national "anchor" type stores and several
"franchise" or "chain® retail operations (ie. Bayshore, St. Laurent
Shopping Centres). The Tourist Area category in this land use
matrix is comprised of tlL.o historic Market Area in downtown Ottawa
and the Flea Market located in Stittsville, Ontario. The Business
Park category is comprised of Office Building complexes, and light
warehousing districts. Business Parks a typified by locations such
as the Kanata North Business Park which houses Canada’s High
Technology Centre, and the Antares Business Park near Hunt Club
Bridge and Highway 16. The Transportation Terminal category
consists of the Airport and the Train Station. Finally, Industrial
Parks are comprised of warehousing districts and heavy industrial
manufacturing areas.

The Commercial land use category that exhibited the highest
frequency of presence in close proximity to the 54 study locations
was the Strip Mall category. These locations were typified by
locations with intense shopping areas such as Bells Corners and the
Merivale Road stretch but also included neighbourhood locations in
Orleans, Kanata and Westhoro. Many of the Strip Mall locations
were accompanied by Shopping Centre land use, particularly, along
Merivale Road, Bayshore and the St. Laurent Shopping Centre. The
Strip Malls often exhibit this land use clustering behaviour in
order to capture shoppers on their way to and from the shopping
centre.

Shopping Centre expansion played a major role in traffic flow
production and subsequently the allocation of traffic control
signals throughout the Region. During the mid 1980’s the expansion
of the Bayshore Shopping Centre, in the west end of Ottawa, was
nearing completion of the planning stages and construction was
beginning on the multi-million dollar addition of a third floor to
the existing structure. The 2 major access points to and from the
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Shopping Centre were located at the Richmond/Bayshore and the
carling/Bayshore intersections.

The expansion of the Shopping Centre was accompanied by a
large expansion of the existing auto parkade and was expected to
generate more than 2,400 vehicle trips per hour during peak hour
periods in the afternoon (RMOC Trip Generation Manual, 1990). The
Richmond/Bayshore intersection was particularly unique with the
merging on-off ramps of Highway 417, the Queensway. This
intersection was already signalized but underwent major roadway
geometry restructuring and traffic signal realignment as a result
of the expansion of the parkade for the shopping centre. The
Carling/Bayshore intersection became signalized because of a
combination of high accident frequencies (12 annual accidents in
1985), high annual accident rates (2.2 accidents per MEV in 1985)
and increased traffic flow anticipated by the increased shopping
trip generators.

The CBD Type category exhibited strong influence at 2
locations: Bank/Third in the Glebe, and Clarence/Dalhousie on the
fringe of the Market. The traffic control signals are necessary
at these locations because of the vehicular and pedestrian
congestion that is present, particularly on weekends. Similarly,
the Stittsville Flea Market coupled with the beginnings of
residential development prompted the allocation of traffic control
signals to 0ld Hwy 7/Carp Road.

There were 3 primary Business Park locations that contributed
to the need for traffic control signals in the Region. These
included the Bell Northern Research Centre on Moodie Drive, the
Kanata North Business Park and to a lesser extent a complex located
at Bridlepath/Hunt Club. The need for signals based on this land
use is derivad from traffic flow calculations for the journey to
and from work. The calculations are similar to those used in
Development Control Agreements and are derived from the Regional
Trip Generation Manual. Using the Kanata North Business Park as
the example, the RMOC manual predicted 7,200 daily vehicle trips
in and out of the area during 1988 with approximately 1,370
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occurring during the morning peak hours while the remaining 1,245
receded with the evening tidal flow (RMOC Trip Generation Manual).

The primary Industrial Park land use influences found in the
1986 allocation of traffic signals were limited to 3 locations:
Eastway Gardens (St. Laurent, south of Hwy. 417), Industrial Road
Area and Cyrville Road Area. These industrial areas produce
significant volumes of traffic flow of a heavy nature. The types
of vehicles travelling to and from these areas are heavy trucks,
tractor trailers, motor coaches and a multitude of service vehicles
and delivery trucks. In addition, many of these locations are in
close proximity and link up with Collector and Arterial streets in
order to gain quick access to major highways for the transport of
goods and services.

The "influence scores" for the aforementioned categories were
summarized into a total commercial land use category and were
cross-referenced with traffic flows in Figure 12. The methodology
used was exactly as that used in the Residential section. The
intersections with Commercial land use as the "primary" influence
in close spatial proximity exhibit a steady traffic volume between
the range of 10,000 and 35,000 annual average daily trips. On the
other hand, the intersections with "secondary” commercial land use
influence exhibit much lower traffic volumes that fall more between
the 5,000 to 10,000 annual average daily trip range. This may
indicate that there is a distance decay relationship associated
with the volume of traffic at an intersection and the proximity of
commercial land use. The intersections that receive "marginal®™ and
"zero" influence from the commercial land use exhibit traffic
volumes between the range of 10,000 and 25,000 annual average daily
trips. This may indicate that there are other land uses in close
proximity that influence the flow of traffic.

6.54 Institutional Influences

There are several cases where traffic control signals have
been implemented as a result of vehicular and pedestrian traffic
generated by various institutional facilities throughout the
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Region. Institutional facilities that influence the installation
of traffic control signals include hospitals, schools, churches,
fire stations, sports facilities, parkland and military/police
bases and acadenmies. These institutional land uses are also
summarized in Table 17 under the aforementioned categories.

The influence of an institutional land use in the allocation
of a traffic control signal is typified by an installation, in
1986, at the Fire Station location on Woodroff near Baseline Road
and similarly, but at later date that year, at Laurier, near King
Edward. These installations were not at intersection locations and
did not meet the formal requirements of the Provincial Warrants in
terns of historic accident and traffic trends. However, the
signals were placed for the convenience of the Fire Trucks to
egress the street in a quick and unimpeded fashion during emergency
situations.

An example of a Military/Institutional land use that
influences the allocation of traffic control signals is illustrated
by the 1986 installation at Carling/D.R.E.. This location is found
on Carling Avenue near the Kanata North Business Park and is the
entrance to the Department of National Defence "Shirley’s Bay"
Shooting Range. There were no accidents at this locations in
either 1985 nor 1986. However, the signals were likely installed
for the convenience of commuter tratffic of those employed at the
location. A second set of traffic control signals was installed
at Coventry/Vanier Pkwy which is the entrance to RCMP Headquarters.
This installation, however, had experienced significant numbers of
accidents in the past and also met traffic volume warrants as the
Vanier Parkway is an Arterial commuting route for many people. An
additional set of traffic control signals was installed at
Bowlesville/Huntclub which the main entrance to the Uplands Army
Base in Ottawa. The army base actually contains a mix of
residential, commercial and institutional land uses located within
the premises which generate more than 10,000 annual average daily
vehicle trips.

The next most prominent institutional categories include
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schools and hospitals. The primary hospital traffic signal
location was at Baseline/Richmond Roads which is close proximity
to the Queensway-Carleton Hospital in the west-end. However, it
should be noted that the intersection is also influenced
substantially by commuter and shopping trip traffic as it located
between the Bayshore Shopping Centre and Bells Corners. The
installations in close proximity to schools include Botsford/Smyth
which is adjacant to both a church and secondary school. There was
an installation at Somerset/KingEdward which served both Ottawa
University students and heavy commuter traffic between downtown and
the Queensway.

Finally, there was an installation at Hartwell/Prince of Wales
which is found along the fringes of the experimental farm. This
installation is somewhat confusing as to the land use influences
affecting traffic volume. Vehicular traffic along Prince of Wales
may be categorized as commuter, tourist (experimental farm}, and
residential. The vehicular traffic along Hartwell is primarily of
a tourist nature (experimental farm & Rideau River Locks) and the
pedestrian traffic is generated by students at Carleton University,
tourists and bicyclists using the parkland bike paths.

Figure 13 is a cumulation of the institutional land use scores
cross referenced with traffic volume in 1986. These scores are
somewhat more difficult to interpret because the traffic volumes
vary widely within the "primary", "secondary", and "marginal" score
segments.

The "primary" scores (ranging 3 through 6) for locations with
institutional land use in close proximity indicate varying traffic
volumes between 10,000 and 40,000 annual average daily trips. The
variance may be attributed to the fact that some institutional uses
influence traffic on an irregular basis or only on particular days
of the week. For example, churches normally influence traffic
patterns on Sunday mornings, and sports facilities may offer
attractions on varying week nights or primarily on weekends when
people are not working. sSimilarly, traffic resulting from hospital
and fire station use varies randomly on an as-need basis.
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The intersections influenced by institutional land use based
on the "secondary", "marginal"™ and "zero" score levels contain a
more regular pattern of traffic volunme. The volume levels
exhibited are between the 10,000 and 20,000 range and may indicate
the regqular traffic patterns produced by the influence of
residential and commercial land uses. Nonetheless, these
conclusions are speculative and their validity may be improved
through some type of multivariate statistical analysis to measure
the strengths of the particular influences.

6.55 Grand Total of Land Use Influences

In attempt to study the land use component influences as a
whole, the sub-categories within residential, commercial and
institutional were summarized and added together to illustrate the
grand total of the possible land use influences on traffic volume
and subsequent traffic signal installations. The results were
cross reference with the traffic flows and are depicted in Figure
14.

The aggregation of the data tends to "smooth" out the effect
of the spatial influences as a whole. For example, the
intersections that receive "primary" (scores of 6-8), "secondary"
(scores of 5), and "marginal" (scores of 3-4) influence from the
land uses as a whole, tend to exhibit similar traffic volume
trends. The average traffic volume zeems to fall between the range
of 10,000 to 25,000 in all cases. However, there are at least 21
counterneasure locations that are influenced by more than two of
the residential, commercial, and institutional land uses in close
proximity. There are at least 22 countermeasure locations that are
influenced by more than one of the residential, commercial and
institutional land uses in close proximity. Finally, there are at
least 11 countermeasure locations that are influenced by at least
one of the residential, commercial and institutional land uses in
close proximity.

Unfortunately, this analysis does not measure the magnitude
of the influence by the particular land uses on the subsequent
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traffic flows. It only identifies that the influence is present.
The magnitude and the order in which the particular categories
influence the traffic flows and traffic signal allocation may be
achieved through the application of various multivariate
statistical analysis. However, as stated earlier, it is felt that
there is currently insufficient representative data within the
current database to conduct such analysis in the detail required.

6.60 "With-and-Without" Countermeasure Comparisons

As described in previocus chapters, there were approximately
2,532 accident frequencies that occurred in 1986. Approximately,
2,200 of these frequencies occurred at 1,122 locations that
remained Stop Sign locations with no improvement in terms of safety
countermeasure devices. There were approximately 54 locations
(exhibiting 332 accidents) in 1986 that received safety
countermeasure devices in the form of traffic control signals.
However, there is some doubt as to the appropriate allocation of
the safety devices. That is to say that it is suspected that there
were certain locations that remained Stop Sign in nature when, in
fact, they may have required safety countermeasure installations
more than those that received traffic signals in 1986.

6.61 Accident Fregquency Analysis

The complete breakdown of the accident frequencies for the
"With-and-Without" 1locations is summarized in Table 18 and
categorized along the annual accident frequency scale (ie. 1,2,3
annual accident frequencies per location). It should be noted that
the analysis of the "Without" locations relies on 1986 accident
data, exclusively. Unfortunately, the previous 3 years to 1986
were not included in the database because of clarity of data and
time constraints. The results are expected to be somewhat
misleading with respect to the past history of the "Without"
locations. For example, a "Without" location may have exhibited
more than 5 annual accident frequencies (the Provincial Warrant
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Table 18
"With-and-Without" Countermeasure Analysis

Accident  Total Total Total Accident Total Total
Frequency "Without" "Without” "With" Rateper "Without” "With"
per  Locations Frequencies Frequencies Location  Rates Rates
Location r MEV)
0 0 0 0 0 834 2
1 664 664 4 0.5 35 12
2 201 402 22 1 95 19
3 119 | 357 18 15 47 9
4 57 228 28 2 19 7
5 26 130 30 25 17 4
6 19 114 6 3 — 7 1
7 18 126 0 3.5 1
8 7 56 32 4 0
9 3 27 9 4.5 5
10 3 30 10 —S5 2
11 0 0 0 3.5 4
12 3 36 36 6 2
13 0 0 13 6.5 2
14 1 14 14 7 0
15 0 0 15 7.5 1
16 1 16 16 3 1
17 17
18 0
19 0
20 40
21 0
/] S . 2] | I
Total | 1122 2200 332 1122 >4
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Minimum) in 1986 rendering it eligible for a safety countermeasure
upgrade. However, the location may have exhibited less than 5
annual accident frequencies for the 3 years prior. Therefore, the
interpretation of the results is based loosely on the 1986 accident
occurrences and is subject to scrutiny of the analysis of data
taken from prior years.

The results indicate that there were 1,122 Stop Sign locations
in 1986 that exhibited a total of 2,200 accidents for the various
levels of annual accidents per location. Approximately 1,041 of
these locations (1,651 accident frequencies) represented accidents
for the categories of 1 through 4 annual accidents per location.
Meanwhile, the remaining 81 Stop Sign locations (549 accident
freguencies) represented accidents for the categories 5 through 16
annual accidents per location. The results also indicate that the
54 Countermeasure locations in 1986 exhibited a total of 332
accidents for the various levels of annual accidents per location.
Approximately, 28 of these locations (72 accident frequencies)
represented accidents for the categories of 1 through 4 annual
accidents per location. Meanwhile, the remaining 26 Countermeasure
locations (260 accident frequencies) represented accidents for the
categories 5 tiarough 22 annual accidents per location.

The 81 "Without" locations are juxtaposed with the respective
"with" countermeasure locations on Figure 15. The results indicate
that there were more "without" locations with accident frequencies
between the levels of 5 and 10 annual accidents per location than
the "with" frequencies for 1986 locations. Perhaps the "Without"
locations should have been addressed before the 28 Countermeasure
locations, with annual accidents frequencies of less than 5, were
awarded traffic signals in 1986.

The statistics suggest that there were several Stop Sign
locations that required safety countermeasure applications. The
results give rise to the guestion: "Why were 28 locations given
Traffic Control Signals in 1986 with annual accidents frequencies
of less than 5 when there were 81 Stop Sign locations with
accidents more than 5 annual accidents?"™ The answers to the
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question are multi-faceted. Several of the 81 Stop Sign locations
may not have exhibited the minimum 5 annual accidents for the last
3 years. The Stop Sign locations may not have met the traffic
volume requirements. The accident frequencies at Stop Sign
locations should be standardized by traffic volume to illustrate
the "real"™ risk factor. Perhaps a number of the Stop Sign
locations were within 300 feet of an existing traffic signal
location thereby cancelling the application by reason of
proliferation avoidance. Finally, RMOC Council may have waived the
Provincial Warrants in favour of the Countermeasure 1location
application for traffic control signals based on physical,
geographic and political factors.

On a lighter note, the results also indicate that the 1986
Countermeasure allocation addressed the 3 worst locations in the
Region with respect to accident frequencies. There were 2
locations that exhibited 20 annual accident frequeﬁcies each and
1 location that exhibited 22 annual accident frequencies. In
addition, the intersections ¢that exhibited annual accident
frequencies between 11 and 17 per location were split evenly such
that half of the locations remained Stop Sign locations while the
other half were awarded traffic control signals.

6.62 Accident Rates Analysis

The accident frequencies for the "Without" locations have been
standardized by traffic volume, where possible, in attempt to
deternine which "Without" locations exhibited higher accident rates
than the 1986 Countermeasure locations. As outlined in Appendix
2, there were less than 25% "Without" locations that contained
traffic volume counts. This relates to only 238 locations of the
total 1,122 "Without" intersections that exhibited traffic counts
in the database. It should also be noted that the dates for the
traffic counts vary from 1978 through 1986 on a very inconsistent
and random basis. Therefore, it is very difficult to draw current
conclusions from the data analysis.

The initial results of the accident rates analysis, tenuous
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at best, are illustrated in Table 18, "With-and-Without" Accident
Rates Analysis - Categories 0.0 through 8.0. The summary is very
difficult to read as a result cf the large number of locations that
exhibited zero accidents per MEV. There were 884 locations with
a zero accident rate or no traffic counts which represented more
than 75% of the total location database. The information for this
category was virtually meaningless because of the large number of
missing traffic count cases in the database.

The accident rate database was disaggregated to highlight the
25% sample of tk2 locations for which traffic counts were recorded.
The result was 238 locations between the accident rates levels of
0.5 through 8.0 accidents per MEV., The results are summarized in
Figure 16, "With-and-Without" Accident Rates Analysis - Categories
0.5 through 8.0. According to these results, there were
approximately 196 Stop Sign locations (82%) that exhibited accident
rates between the levels of 0.5 and 2.0 accidents per MEV. The
equivalent for the Countermeasure locations was 49 or 91% of the
total number of locations. There was no doubt that several of the
Stop Sign locations required the installation of additional safety
countermeasures. In fact, approximately 42 Stop Sign locations
exhibited accident rates greater than 2 accidents per MEV. There
were only 5 Countermeasure locations that exhibited accident rates
greater than 2 accidents per MEV.

The evaluation of the application of the Countermeasure
locations indicates that there may well have been more appropriate
locations that should have received traffic control signals. This
does not necessarily mean that the "With"™ locations that were
allocated traffic control signals have exhibited ineffective
results to the safety devices. The countermeasure locations, while
not having experienced the countermeasure for the full year, have
enjoyed the measure for some part of 1986. The comparison of the
"With-and-Without" locations should be viewed such that the 1986
Countermeasure locations have already exhibited a drop in accident
levels as a result of the countermeasure effectiveness for the

partial year.
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The results of the "With-and-Without® analysis are
inconclusive but there are several flaws within the analysis that
must be recognized as uncontrollable by the researcher at present.
First, the evaluation of the allocation of traffic safety
countermeasures should be exercised on the valid "before" period.
In the case of the RMOC countermeasures, the analysis should have
included the accident data for the "before" periods 1983, 1984 and
1985 in correspondence with the requirements of the Provincial
Warrants. The details of each of the prior years’ performance
should be analyzed for adherence to the RMOC policies and the
Provincial Warrants.

Second, the database should be complete with respect to the
traffic volume count information for the "Without® locations. The
"Without" traffic counts supplied in the RMOC database were sparse
and failed to illustrate current trends. The presence of missing
data in the analysis adds a question of doubt as to the integrity
of the data and subseguent outcome of the results.

Third, the "With-and-Without" analysis should be carried out
on a site specific basis (that is on each possible countermeasure
application) in order to identify any specialized external factors
that are peculiar to the particular situation.

Finally, the measurement of effective or inappropriate
allocations of safety countermeasures should be measured by the
variance between the Mafter" results of the Countermeasure
locations and the estimate of the accident frequency results of
the "without" 1locations if a countermeasure was in fact
implemented. The estimate may be calculated in a similar fashion
as the aforementioned Probabilistic Approach, however, the method
requires further investi jation and improvement.

At the present time, it would be extremely difficult to meet
all of the above requirements and it would be particularly

difficult to apply the "Without" estimate requirement. In
addition, the results may be too generalized to provide any new
insight as to the impact of the countermeasures. The

intersections, in most municipalities grow into situations that
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are very unique unto themselves both in terms of political
decision-making and the site specific 1layout of physical

components.

6.70 "With-and-Without" Countermeasure Analysis Summary

There are several factors that influence the allocation of
traffic control signals within the RMOC Region. Many of these
factors have been formalized through Warrants developed by the
Province and guidelines outlined by RMOC policies and standing
committees dealing with safety improvement. These are summarized
in Chapter 2. 1In addition, there are several other influencing
factors, some geographic in nature and some that are not, that
either remain unwritten or are formalized through site specific
applications for traffic signals in the Region.

A number of examples of these factors were given in section
6.20 of this chapter. These examples were taken from the database
developed by RMOC and included items such as weather conditions,
diurnal periods, direction of traffic and patterns of injury. The
resulting data frequency analysis proved interesting, however, the
results were inconciusive because of a number of reasons. The data
was unable to be interpreted after being "standardized" for traffic
volume. There was insufficient representative data to conduct more
sophisticated multivariate analysis.

An additional database was created by the researcher outlining
various geographic land use categories that are thought to
influence the flow and pattern of traffic at a particular location
when in close or immediate proximity to one another. These spatial
factors included residential, commercial and institutional land
uses throughout the Region. Each of the categories were designed
top include various site specific land uses that affected the 54
countermeasure locations in question. The land uses were ranked
in order of importance based on proximity to the site and
summarized with reference to the respective traffic volume counts.
The results indicated a suspected belief that land use plays a
significant role in the traffic generated at a particular location.
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However, the evidence was inconclusive as to the magnitude and
distribution of the amount of influence that may be exerted by the
various categories for a particular site.

The aforementioned, comprehensive list of factors, is by no
means complete. There are new factors that become apparent with
every new application for countermeasure installation. In fact,
what may be deemed an influencing factor in one situation may have
very little relevance in a subsequent application. This
corresponds to the fact that each intersection, although its
components may be standardized to some extent, remains unigque fron
all others as the surrounding neighbourhood undergoes change during
its maturation process.

The factors that influence traffic signal allocations must be
considered when evaluating the "With-and-Without" countermeasure
inventory of a particular area. In the case of RMOC, there is an
indication that several 1986 Stcp Sign locations merit traffic
control signal installations. However, the evidence is
inconclusive because of missing data for the 3 years prior to 1986.
In addition, there always seems to be that "exception to the rule"
where external or extenuating circumstances made the actual 1986
countermeasure installation more appealing than addressing the
other 1986 Stop Sign locations.

These extenuating circumstances refer to the land uses that
have an extraordinary effect on the number of vehicular trips
generated for the area in question. These components are not
listed specifically in an RMOC policy manual or in the Provincial
Warrants. However, there is an indirect relationship between the
variables and the policy statements. The relationship exists and
is measured by the current and estimated traffic volume resulting
from the changes in the land use trip generators.

The "With-and-Without" analysis was applied using the
Traditional Approach in terms of Accident Frequencies and an
attempt was made to reapply the analysis after standardizing the
data for traffic volume. There were a number of flaws identified
in the process that were highlighted as opportunities for
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improvement.

The opportunities for improvement included the addition of
more historical data with higher integrity levels. They also
included the application of the analysis to a more appropriate
"before" period to encourage a more succinct comparison of the
countermeasure application to policy requirements., It was also
suggested that a site specific analysis may be more appropriate in
order to identify the physical, geographic and political components
influencing the application. Pinally, it was proposed that the
evaluation would be more complete it included a variance analysis
of the difference between the accident frequency performance of the
Countermeasure locations, following the installation, and the
estimated performance of the Stop Sign 1locations if a
countermeasure had been implemented.
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Chapter 7

Conclusions

7.10 Traffic Control Signal Allocation - Overview

There were 3 key socio-geographic questions that were asked
at the outset of this study. The first question dealt with the
motivation behind the concepts of traffic management techniques.
The second guestion asked to what extent did major land uses
determine the application of safety countermeasures. The third
question ' addressed the relationship between countermeasure
applications and traffic volume and flow. These questions were
designed to identify the processes and policies involved in the
application and allocation of traffic control signals in the RMOC
area.

The aforementioned questions were answered at various stages
throughout the study. The motivation directing traffic management
issues was discovered to be a municipal mandate for the provision
of an effective, economical, and safe environment for the operation
of vehicles and pedestrian mobility within the RMOC area. In the
case of the RMOC, the individual Municipalities are responsible for
the provision of the physical system on the Lower Tier. The RMOC
is responsible for the Upper Tier physical system described in
Chapter 2, section 2.20, the Regional Road System. Meanwhile, the
various area police departments are responsible for the on-going
use and users of the RMOC transportation system.

Additions and adjustments to the physical system are carried
out by various departments within the area municipalities and the
Transportation Management Department of RMOC. The various Upper
and Lower Tier dgroups are responsible for specific types of
transportation system development but approval for major projects
remains in the realm of RMOC. The RMOC Transportation Management
Department, and sections therein, attempt to accomplish this task
through use of a variety of policy guidelines and operational
tools, provided both internally and by the Province. Exaamples of
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these programs, policies and tools were outlined in cChapter 2,
section 2.30, Transportation System Management. They include
programs such as the Intersection Improvement Program, the Safety
Improvement Program and the Traffic Accident Analysis System. The
key information sources used in this decision making process
include Traffic Surveys and Land Use Studies for the surrounding
area; the Traffic Accident Reports provided by the various police
departments; and the Traffic Control Warrants provided by the
Province.

These tools, geographic by nature, present valuable insight
to the second and third questions: "To what extent do major land
uses determine the application of safety countermeasures?" and
"what is the relationship between countermeasure applications and
traffic volume and flow?" Major land uses and any subsequent
changes made to them are directly responsible for the number of
vehicular and person trips generated at any one time. In addition,
there is a direct relationship between traffic flow volume and the
allocation of traffic control signals to an intersection.
Therefore, it stands to reason that various land uses, and the
subsequent traffic generated, are directly related to the
allocation of traffic control signals. There are several examples
of the impact of changes to major land uses on traffic control
signals listed in Chapter 6, section 6.50, Spatially Influencing
Factors. In addition, the Region has attempted to measure the
actual impact of key land use factors on the distribution of volume
of traffic flow within the bounds of the Region. The results of
these measures are summarized in the RMOC Trans Trip Generation
Manual, published in 1989.

The RMOC Transportation Management Department deals with the
allocation of traffic control signals based on the traffic volume
specifications outlined by the Provincial Warrants. The hazardous
sites in question are scrutinized as to the existing traffic volume
and trip generating land uses in close proximity to the site. As
outlined in the Trip Generation Manual by RMOC, different land use
types produce various different types and volumes of traffic. The
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Warrants require that certain traffic volume specifications are
satisfied in addition to particular levels of historic traffic
accident activity before a traffic control signal will be granted.
Therefore, by definition, the types of land use activity determine
the character of the traffic flows for a particular area and,
hence, the type of countermeasure devices used to manage the
situation.

One of the main requirements, under the Provincial Warrants,
include that a historic trend of no less than 5 accidents per year
for the last 3 years must have occurred at the location in
question. The second most important requirement indicates that at
least 750 vehicles must pass through the intersection each hour for
the heaviest 8 hours during the day for the location in question.
That relates to a minimum of 6,000 vehicular movements in one day.
The average daily volume for the 1986 Countermeasure locations was
approximately 16,700 vehicular movements in 1986.

The evidence for the applications is normally derived from
the annual Accident Frequency Reports and the Traffic Survey
results described in Section 2.30 of Chapter 2. However, if the
traffic count figures are unavailable, estimates are derived from
the, aforementioned, Trans Trip Generation Manual produced by RMOC.
This manual outlines peak and non-peak hour vehicle and person
trips for virtually every land use that exists within the limits
of RMOC. Without going into further detail, it is obvious that the
administration of the traffic control signal allocations by RMOC
is both a rigorous and complex exercise.

7.20 Traffic Control Signal Evaluation - Overview

Shortly after this study began, it was discovered that the
RMOC administrators did not have a formal evaluation procedure in
place to determine the effectiveness of the counterneasure
installation. The evaluation practices, or, "post mortem" studies,
were foregone in place of the rigorous policy requirements that
were successfully met prior to the awarding of the countermeasure.
However, on occasion, a traditional evaluation study was completed,
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upon request of Senior Managers or Council members.

Following an extensive literary search, a number of documents
were identified by authors such as Council, Hauer et al., Kates,
Roberge, and Treat that dealt with the application and evaluation
processes related to safety countermeasure implementations. The
overriding theme in the readings dealt with various approaches to
safety effectiveness, however, there was no clear identification
of a standardized theoretical approach to risk reduction.

The main components of risk reduction were identified as risk
determination and risk evaluation. The risk determination phase
was comprised of risk identification and risk estimation. The risk
identification stage consisted of the statistical screening of
hazardous areas to highlight the problem. The risk estimation
stage consisted of measuring the magnitude of the risk through some
form of hazard index.

In the case of traffic control signal allocation in RMOC, the
risk determination phase has been used extensively. The haza:-dous
locations were identified through the compilation of the accident
reports and thecoretically choosing the locations with 5 annual
accidents for the last 3 years. The magnitude of the risk was
measured based on the current traffic volume present at the
location, or, by predicted volume levels based on trips generated
by the ensuing land use. The results of the analysis were compared
to the standards outlined in the Provincial Warrants document and
the decision is made as to the allocation of the traffic control
signals.

The risk evaluation phase was generally defined by the use of
"before-and-after"” safety countermeasure studies and "with-and-
without" safety countermeasure studies. These studies were largely
comparative in nature and application was done on a site specific
basis. The two popular approaches to determining the effectiveness
of countermeasures were described as the Traditional Approach and
the Probabilistic Approach.

The Traditional Approach was comprised of the measurement of
the variance between the accident frequency levels for the periods
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directly before and immediately following the installation of the
safety countermeasures. In each case the Traditional Approach made
use of the previous years results as the "“benchmark™ comparison
figure for the accident performance following the countermeasure
implementation.

The mechanics of the Probabilistic Approach were similar to
that of the Traditional Approach. However, the Probabilistic
Approach attempted to estimate the "benchmark" comparison figure
to reflect the TMregression to the mean™ effect for the
countermeasure locations in question. This new approach was
expected to give a more realistic measure of the effectiveness of
the countermeasure performance.

In the absence of a formal evaluation process by RMOC, this
study attempted to create an evaluation process to review the
effectiveness of countermeasure locations in the RMOC. The method
of evaluation was comprised of three basic steps. First, a review
was made of the spatial distribution of traffic accidents at Stop
Sign and Traffic Signal locations. Second, a review was made of
the accident and traffic volume statistics "before-and-after" the
countermeasure implementation. Third, an appraisal of the
effectiveness of the countermeasures was made using both the
Traditional and Probabilistic Approaches.

7.30 Countermeasure Evaluation Process - Comments

The formal evaluation process put forth in this study has
given some indication as to the effectiveness of the geographic
allocation of traffic control signals in RMOC. The results of the
Traditional Approach, as summarized in Table 10, section 5.20 of
Chapter 5, indicate that the installation of traffic signals at the
54 locations throughout the RMOC region resulted in a drop of
approximately 8% in overall accidents between 1986 and 1987 which
relates to a 14% decrease for the countermeasure locations alone.
However, it 1is not clear that the reduction was directly
attributable to the countermeasure implementation. The Traditional
Approach also indicated that the number of accidents, at
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intersections that remained of the Stop Sign nature between 1986
and 1987, dropped by approximately 25% of the overall accidents.

In both cases, it is very difficult to determine if the
accident reduction was a result of a natural decline in the number
of accidents, a result of the existing or newly implemented
countermeasures, a result of major structural changes made at each
particular location, or, because of the presence of specific
geographical components peculiar to the location in question. The
data was standardized by traffic volume in attempt to review the
pattern of the data in terms of a common risk factor. The results
indicated a more significant drop in the accident rate following
the introduction of the traffic control signals.

Further investigation into traffic accident analysis methods
led to the introduction of the Probabilistic Approach. This method
seemed to be more sophisticated than the Traditional Approach and
was expected to offer additional insight to the analysis. The
Probabilistic Approach was applied to the data so that the
comparative "benchmark" would be an estimate of the number of
accidents that would have happened if the countermeasures had not
been implemented. This would reduce the bias in the countermeasure
comparative analysis by incorporating the "regression to the mean®
effect. Once again, this bias is illustrated by the 26% natural
reduction in traffic accidents for the Stop Sign locations between
1986 and 1987 that was exhibited in Table 10 of Chapter 5; section
5.22; the Traditional Approach for Non-Countermeasure locations..

As indicated by the summary in Table 13, section 5.40 of
Chapter 5, the results of the Probabilistic Approach were difficult
to interpret. The first application, the Least Squares Estimate,
provided a very conservative estimate of the number of accidents
that would have occurred at the 54 locations if no counterneasures
had been implemented. 1In fact, the raw estimate was approximately
35% less than the number of actual accidents that occurred in 1987
with the countermeasures in place. Meanwhile, the smoothed
estimate was approximately 15% less than the number of actual
accidents that occurred in 1987 with the countermeasures in place.
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The desired result would have been for the estimates to fall
somewhere in between the 1986 figures and the actual 1987 figures.
However, such was not the case. The overall predictions for both
the raw and smoothed Least Squares Estimates were simply too far
off the mark to provide any meaningful results.

Unfortunately, the Linear Function Estimate was equally as
difficult to interpret. This estimate predicted that the number
of accidents, if no countermeasures were implemented, would drop
to 246 estimated accidents in 1987 from the 342 actual accidents
in 1986. This overall change indicates that the Linear Function
estimate of accidents occurring in 1987 if no countermeasures had
been put into place, was approximately 13% lower than the what
happened in 1987 with the countermeasures in place.

As illustrated in the closing statements in Chapter 5, the
results of the Probabilistic method indicate that the failure of
the 1987 actual accidents to fall below the estimate values (if no
countermeasure had been put into place) indicates that the
allocation of the traffic countermeasures throughout 1986 failed
miserably. If the countermeasures had been allocated nore
efficiently, the number of accidents in 1987 would have fallen well
below the estimated figures. On the other hand, the procedure used
to calculate the estimates may have been too conservative, or, the
measures must be adjusted to account for new developments that may
affect traffic volume and flow during the year of countermeasure
implementation. That is to say that more attention must be given
to each of the countermeasure sites, individually, such that the
estimating measures will incorporate any number of socio-geographic
features (ie. additions of new shopping malls, office complexes,
institutional facilities, etc.) that may affect the volume and
flow, and hence, the overall accident mean.

The Probabilistic Approach encountered a number of other
opportunities for improvement with regards to the results
illustrated on an individual accident category basis. The
predictive power of the estimates, as they moved from one accident
frequency category (ie. 1,2,3..22) to the next, was hampered by

154



pase cases with zero’s or large changes in the number of accidents
in adjacent frequency categories. The presence of these
fluctuations led to substantial variations in the resulting
estimates. These variations invariably led to large gaps between
the estimates and the resulting accidents that actually occurred
in the following year.

Nonetheless, the Traditional and Probabilistic Approaches have
provided a good indication of the changes in the pattern of
accidents following the implementation of safety countermeasures.
The Traditional Approach indicated a favourable reduction in the
number of accidents following the introduction of accident
countermeasures. The Probabilistic Approach provided a more
detailed appraisal by considering the "regression to the mean"
effect. This more sophisticated approach indicated that the drop
in the number of accidents was unsatisfactory when measured against
the number of accidents that should have occurred if no
countermeasures had been put into place. However, the significance
levels of the Probabilistic measures were very low when tested with
a simple form of regression analysis of significance. In addition,
it remains difficult to determine if the accident reduction was a
result of the existing or newly implemented countermeasures; a
result of major structural changes made at each particular
location; or, because of the presence of specific geographical
components peculiar to the location in question.

In attempt to identify the other components that played a role
in accident reduction from one year to the next, an analysis was
made of the Alternative Variables associated with the accident
locations. The Alternative Variables were comprised of components
of both a physical and behaviourial nature that were associated
with the particular location. They included crashes during
Daylight/Darkness, Dry/Wet Road Ceonditions, Peak/Non-Peak
Travelling Time, Pedestrian/Total Injury and the various
Directional Movements of Vehicles Prior to Impact. The analysis
was conducted using the Traditional Approach as opposed to a type
of multivariate analysis because of the small size of the database.
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The results were very interesting but it should be stressed
that the conclusions drawn are of a speculative nature. It seems
that the introduction of the countermeasures has reduced the number
of accidents that occur during wet and icy road conditions as well
as during the peak hours of travel between 07:00 - 09:30 and 15:30
- 18:00. 0ddly enough, the number of pedestrian injuries rose
following the introduction of the safety countermeasures. There
were also significant impacts on the directionality of the vehicles
prior to impact. For example, the number of "broad-sided" right
angled accidents dropped significantly and the number of "head-
on" accidents rose, marginally. Finally, the number of "rear-end"
accidents dropped immediately but began to rise shortly thereafter.

In order to identify more specific geographic components that
may play a factor in the allocation of traffic control signals, a
new database was created using the traditional traffic generators
that are distributed throughout the geographic fabric of the
Regional Municipality of Ottawa-Carleton. Specific land use found
in the areas of Residential, Rural, Commercial and Institutional
influences were identified and placed in a land use inventory
matrix. The particular land uses were weighted according proximity
to the countermeasure locations and speculative conclusions were
drawn as to the influence that may have been applied to the
particular locations. The results, while interesting, failed to
offer any solid statistical evidence of the distribution and
magnitude of any sort of influence from these land use factors.
This may, perhaps, be achieved using multivariate statistical
techniques on a database holding a larger representative sample of
the various land use categories outlined.

The aforementioned variables are all, in some way,
contributing factors to the circumstances surrounding an accident
occurrence. Particular factors have been identified as geographic
in nature. Others are not. It is suspected that some of the
factors are related and it is also suspected that others are not.
Therefore, it seems imperative that the impact these factors must
be measured in terms of individual influence and multiple factor
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influence on traffic flows and subsequent traffic control signal
allocations. This may be accomplished through various multi-
variate and log linear technigues, however, an representative
database must be created or found. This would permit the
identification of the role played by each factor may be identified
both individual and in combination with other influencing factors.
The results may even lead to the identification of a "hybrid" sort
of factor that may be classified under the heading of socio-
geographic¢ factors.

In attempt to further' evaluate the allocation of the
countermeasures by RMOC in 1986, a "With-and-Without" analysis was
conducted to identify the Stop Sign locations that exhibited higher
accident rates than the locations that received countermeasures in
1986. The results indicated that there were several Stop Sign
locations that exhibited higher rates than the countermeasure
locations. However, arguments were made, in favour of the
countermeasure locations, concerning the lack of historic Accident
and Traffic Count data for the Stop Sign locations. 1In addition,
it was mentioned that the analysis should have dealt with 1985 as
the "before" year so that the impact of the counterneasure
implementations throughout 1986 were omitted to permit a "clean"
comparative analysis. It was also suggested that the "With-and-~
Without" anslysis consider the variance between the "after" results
of the countermeasure locations and the estimate of the accident
frequency results of the "Without" locations if a countermeasure
was in fact implemented, in a manner similar to the Probabilistic

Approach.

7.40 Accident Database Comments

The accident database furnished by the Transportation
Management branch of RMOC seemed very useful, at the outset, for
both the Traditional and Probabilistic Approaches to safety
countermeasure allocation evaluation. However, there are a few
immediate drawbacks that are addressed in Appendix 2. Many of the
problems encountered in the estimate measurements are likely a
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result of the poor integrity of the RMOC database. There are
several inconsistencies with respect to the reporting of accident
activity at locations from one year to the next. For example,
there are discrepancies from one year to the next with regards to
the names and locations of particular intersections. This problem
may be avoided by geocoding the locations in all databases. This
would simplify future data extractions and subsequent analysis in
terms of both Relational Database Analysis and Geographic
Information System applications. Other inconsistencies include the
omnmission of locations from the database if no accidents occur in
a particular year. These leads to erroneous estimates of the
number accident free locations in any given year. Accurate and
substantiated data is required if any sort of sophisticated
analysis or estimates are expected to be developed with some level
of integrity.

In addition, a number of the aforementioned socio-geographic
components must be added to the database to permit further analysis
to identify the "true"™ impact made by a countermeasures.
Naturally, these developments are subject to a cost-benefit
priortization with other projects within the Transportation
Management Department, especially under the current times of
economic recession in Canada and war in the Middle East. However,
unfil that point is reached, it remains very difficult to clearly
understand the impact of traffic signals on accident frequencies.
Hence, it is difficult to comment on, or, draw cecnclusions as to
the strengths and weakness’s in the RMOC and Provincial Warrant
policies regarding traffic signal allocations.

7.50 Regional Policy Comments

As mentioned previously, it is very difficult to draw
conclusions, or, comment on current RMOC policy and the Provincial
warrants, in terms of traffic control signal allocation and
evaluation without knowing the "true" impact of the safety
countermeasure on accident frequencies. The policy regarding
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traffic control signal allocation is rigorous but appropriate in
terms of the cost involved in traffic signal installations
(approximately $80,000 per intersection without site improvements).
The guidelines outlined in section 2.38 of Chapter 2 highlight the
various requirements by both RMOC and the Provincial Warrants. The
gquidelines are appropriate in that they are designed to address
intersections and situations with high accident rates and
substantial traffic volume. In addition, the built-in components
restricting the proliferation of traffic signals are also
comnendable.

The only other comment that may be made, at this point, is
with regard to the waiving of the requirements by Council for
"special cases"™. There were examples of "special cases™ given in
section 5.50 of Chapter 5, Informal Factors - Countermeasure
Implementation. These influences varied from "mega~project"
proposals both in commercial and municipal scenario’s, to
institutional and convenience factors. The problem is not so much
with the applications, or, influences themselves,-but, rather, with
the lack of formalized documentation outlining when "special cases"
should prevail. An inventory of this nature may serve as a useful
guideline for RMOC staff and help streamline discussions at Council
in reaction to "special case" influences. In addition, it may help
limit the further proliferation of resources.

7.60 Future Research

As previously mentioned, the ideal conditions for safety
countermeasure allocation evaluation would have to include the
introduction of a model to address the scocio-geographic components
and their impact on traffic accidents. This goal may be
accomplished using a strategy that combines Relational Database
Analysis and Geographic Information System applications.

The GIS applications could involve a variety of data modules
that provide many of the socio-geographic components required to
measure the impact of countermeasures on accident frequencies.
Primarily, this would include population, economic, land use and
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traffic volume information as well as many other subordinate
variables. The resulting information, extracted from the GIS,
could be manipulated using the Relational Database Model in order
to measure the composition and strength of the various components.
The analysis of the subsequent results is limitless when left up
to the imagination.

Better yet, if all vehicle operators and pedestrians were to
"slow down", "obey the rules of the road", "don’t drink and drive",
and "watch out for that other guy" then there would be a whole lot
less accidents to evaluate!
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Appendix 2
Data Preparation
A2.1 Introduction

The analysis of the policy requirements concerning traffic
signal implementation by the Region was a complex exercise that
involved the manipulation of several database structure. The
individual databases were structured in a similar format which
facilitated various extractions and data exchanges between files.
However, several problems were encountered concerning accident
location name changes, duplicate and missing information and other
factors that questioned the reliability of the data. Therefore,
it is appropriate to discuss the problems encountered during the
data preparation and manipulation stages and the steps taken to
ensure the integrity of how the information was maintained.

A2.2 Backaround Problems

The accident frequency report, traffic volume and installation
inventory databases provided by the Region were configured in a
minicomputer database format but were imported as Ascii text to
facilitate analysis within a Lotus 123 environment. The Frequency
Ranking Report of Traffic Collision Locations text files were
imported into Lotus 123 on an individual basis for the periods of
1985 through 1989. These files were presented in a formal report
format and required conversion into a database structure to permit
any sort of statistical analysis. Each of the 5 files were
imported into Lotus 123 in an Ascii text format but it was
impossible to manipulate the individual fields of the records.
Therefore, each of the files were parsed such that the multiple
fields of each record were assigned to particular cells in the
lotus spreadsheet for further manipulation. This exercise was
particularly time consuming because the report contained numerous
page headers defining the various traffic management devices;
traffic signals, stop signs, yield signs, cross walks, etc. It was
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necessary to filter cut the page headers and repetitive titles as
part of the conversion of the report into a database. 1In addition,
the data was disaggregated within the file into the various
categories that indicated the type of traffic management device.
The exercise resulted in 5 very large Lotus 123 files that
contained approximately 2,200 records with 22 fields of
information.

The importing and parsing exercise was also carried out on
the RMOC Accident Rates Database. This process was less time
consuming because the information was already in a database
structure with no dissimilar fields. 1In addition, there was no
need to identify various categories of information because the
fields for each record were simply comprised of alphabetic location
identifiers followed by accident frequencies, 12 hour traffic
volumes, the calculated accident rate and the year the traffic
count was taken. The result was a very large file that contained
approximately 7,000 records representing the annual traffic volume
counts compiled at the Region between 1978 and 19289.

The importing and parsing exercise was carried out a third
time for the RMOC Traffic Signal Installation Inventory database.
The procedure was not nearly as rigourous as the database merely
contained 131 records. The fields for each record were similar in
size and format and posed no significant problem during the
preparation stage.

In order to get a feel for the data, each of the databases
were sorted and resorted based on various fields presented by the
records. The review of the information resulted in the following
report presentations. The Ranking database was primarily sorted
by total accident frequency and secondarily by ascending alphabetic
order of location. The Frequency database did not require sorting
by year as each of the 5 files represented an individual year of
accident data. The RMOC Accident Rates database was primarily
sorted in ascending alphabetic order of location and secondarily
by the descending year of volume taken. For example, the data
displayed for Albert and Bank streets begin with the record
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indicating the 1989 traffic volume and concluded several records
later with the 1978 traffic volume, if such a count was taken. The
RMOC <Traffic Signal 1Installation Inventory database was
disaggregated into 5 sections, each representing the annual signal
installations between 1985 and 1989. These records were sorted
primarily in ascending alphabetic location and secondarily by date
of installation.

A2.3 constructing the "Before-and-after" File

The next step in the data preparation stage involved the
creation of a "before-and-after" traffic signal location file and
a "with-and-without" traffic signal file for the ensuing analysis.
The tase year 1986 was chosen for the analysis because it contained
54 signal installations out of the total of 131 installations
between 1985 and 1989. The creation of the "before-and-after" file
required the extraction of a subfile containing the 1986 signal
installations from the "inventory" database. The subfile was
combined with each of the successive annual Accident Frequency
Ranking databases in order to identify the records indicating
accident performance over time at the particular locations.
However, it was necessary to rearrange the data fields in the
traffic signal inventory subfile to represent the same field
composition as the frequency files. In addition, a unique
identifier was given to each "inventory™ record to facilitate quick
identification after being combined into the frequency files. The
combined files were resorted by ascending alphabetic location such
that the traffic signal installation record was piggybacked with
the traffic accident record for the particular year. The file was
then scanned from top to bottom for the uniquely identified signal
installation records. When such a record was found, a unique
identifier was assigned to the "piggybacked" accident record and
the search continued. The file was resorted to group the 54
accident records together after the total number of locations were
found and uniquely identified. These accident records were
extracted into an individual subfile and the entire exercise was
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repeated for each of the subsequent accident frequency files.

The result was five subfiles (1985 through 1989) that
contained the accident records for the locations that received
traffic signal installations in 1986. The five files were combined
together and resorted in ascending alphabetic order by location and
ascending order of year. The result was a "before-and-after® type
accident location file that highlights progressive accident
performance of a location between 1985 and 1989. The information
displayed in Appendix 3 is an example of the resulting database.

The data preparation process for the "before-and-after® file
up to this point was fairly routine and was automated with macro
comnands to some extent. However, there were some difficulties
encountered with respect to matching the alpha location identifiers
between the signal installation locations and the accident
frequency locations. For example, the intersection at Coventry
Road and the Vanier Parkway was identified as Alta Vista Drive and
RCMP Headquarters prior to 1986. The locations are clearly the
same, however, the names changed over time as a result of a change
in the intersection configuration or Queensway (Highway 417)
construction. An example of major intersection reconfiguration is
illustrated by the Alta Vista and Riverside Drive intersection that
was completely changed in 1986 and resulted in 2 new intersections:
Alta Vista Drive/Industrial Road and Riverside Drive/Industrial
Road.

The frequency of the name change problem became particularly
predominant with the Regional Road locations where, for example,
RR 248 became RR 36 and RR 220 became RR 38 in 1986. There were
24 locations out of the 54 that presented this "name change"
problen. These locations first arose as problem areas because
locational matches were not found between the 1986 signal
installation records and the 1985 accident records. The problem
was presented to RMOC and after some research the name changes were
discovered and subsequently, the complete accident records were
added to the "before-and-after" database. This type of probles may
have been avoided if the location identifiers in the database were
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geocoded coordinates as opposed to alphabetic identifers.

The next step in the preparation process was the addition of
the traffic volume information to the "before-and-after" data base
in order to standardize the accident frequencies for exposure.
This process was initiated by combining the 1986 traffic signal
installation subfile with the RMOC accident Rates database.
However, the subfile required revision to include the name change
locations discovered previously. The revised subfile was combined
with the Accident Rates database in order to identify the volume
figures for the successive years of the installation inventory
locations. The combined files were resorted to "piggyback" the
matching alphabetic locations and the scanning process began in
order to allocate the unique identifiers to the traffic volume
records. The file was resorted and the traffic volume record were
extracted into a new subfile. The newly created volume subfile was
printed in hard copy and the appropriate volume figures were
distributed to a new field in the "before-and-after" accident
record file.

The resulting file proved interesting, however, there was
evidence of missing data as well as cases where there were
unusually large changes in traffic volume from one year to the
next. These cases were highlighted and cross referenced with the
original traffic volume file to ensure the extraction process was
successful. The cases that remained questionable were presented
to the staff at RMOC for clarification. The RMOC staff found a
small fraction of incorrect traffic counts which explained some of
the variances from one year to the next. This phenomena was also
explained by czuses such as intersection reconstruction, street
paving projects and Queensway construction. The remaining missing
data represented less than 10% of the total number of traffic
counts. The missing data cases were sporadically distributed
throughout the file. In most instances, the traffic count was
missing for only 1 year out of the 5 years surveyed for each
locations. The RMOC staff explained that traffic counts were not
necessarily taken annually for each location because some locations
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maintain relativelv constant volumes of traffic from one year to
the next. Therefore, the traffic count was not taken in order to
reduce costs or to initiate a traffic count in a location that
warranted study. Consequently, the missing counts were estimated
based on the average of the previous performance and the volumes
experienced in following years.

There were only two additional locations that had no counts
whatsoever. These locations were at Highway 16 and Fallowfield
Road as well as the intersection at Highway’s 15 and 17 at Carleton
Place, The RMOC staff indicated that the two locations fell under
the jurisdiction of the Province. The Provincial traffic division
was contacted in Kingston and the information was provided
promptly.

The next step in the data preparation process for the "before-~
and-after" file was comprised of recalculating the accident rate
formula based on the revised traffic counts. The intersection
accident rate was calculated using the formula provided by the
Region based on the number of accidents standardized by "one
million entering vehicles" for an annualized period. The formula

is as follows:
Rate=((# of accidents)*(10)%6)/(365 days)*24hr.AADT)).

The formula was added to the "before~and-after" database because
the accident rates imported from the RMOC Accidents Rates database
were the value results. The actual formula was reguired to
recalculate the rates for the locations with the revisions made for
errors and missing data.

The final step taken to complete the "before-and-~after" file
was comprised of adding more common names to the Regional Road
locations to enliance the identification of the geographic
locations. The commcn names for thr. Regionzl Roads are identified
in Appendix 4. For example, RR-38 was actually Carling Avenue and
RR-63 was Merivale Road. There were 3 locations in particular were
the Regional Road represented more than 1 alphabetic name. For
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instance, RR-49 could represent Eagleson Road or March Road
depending on the location of the cross street. This feature was
shared by RR-59 which was Moodie Drive and Richmond Rcad. The most
interesting example is RR-36 which underwent a name change for each
city in the Region. For example, in Ottawa it starts off as
Wellington but changes to Richmond Road and to Rchertson Side Road
in Nepean. In Kanata it becomes Hazeldean Road and in Stittsville
it is called 0ld Highway #7. Once again, the lack of consistency
tends to add confusing elements to the analysis and may be
rectified by a geocode coordinate system.

2.4 constructing the "With-and-Without" File

The preparation of the "with-and-without® file was actually
a compilation of all the "without" stop sign and pedestrian cross
walk accident locations taken from the 1986 accident file. The
data was extracted based on the stop sign and cross walk
identifiers and resulted in a very large file with approximately
1,100 records. The records were sorted in descending order of
accident frequency to enhance readability.

The next step in the preparation process was the addition of
the traffic volume information in order to standardize the
"without" file with the Accident Rates database in a similar
fashion as the "before-and-after" file building process. However,
major memory problems were encountered. The Accident Rates
database contained more than 7,000 records and the computing
equipment used in this project would not allow the addition of the
1,100 "without" records.

The first inclination was to convert the data into a genuine
database format in order to'permit the cumbersome sorting and
extraction process. However, this exercise in itself was believed
to be time consuming and implied the loss of the computing ability
of Lotus 123. Therefore, the traffic volume counts were taken from
the "hard copy" and added to the existing file of "without"
records. As it turned out, approximately 250 of the 1,100
locations actually contained traffic volume counts in the Accident
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Rates database and the manual process was not very time consuming.

The next step in the preparation process was comprised of the
addition of the accident rate formula in order to ensure
consistency with T"before-and-after" file. The identical
standardization formula was used and no problems were encountered.
The addition of the accident rates permitted the file to be sorted
on several levels. First, the file was disaggregated by filtering
out the "without" locations that were converted to traffic signal
locations in the subsequent years: 1987, 1988 and 1989.
Nonetheless, the composition of the entire data set remained 1986
accident frequency records. Each of these categories (including
the 1986 "withouts") were sorted primarily by descending accident
rate and secondarily by alphabetic location identlifier. This
format was expected to enable more specialized =znalysis. The
"without" table may be found in Appendix 5.

The number of traffic counts applied to actual locations in
the "without" file was comprised of less than 25% of the entire
file. The counts were not taken by RMOC or any other source for
the remaining locations. However, a brief overview of the file
seemed to indicate that the majority of high accident frequency
locations were allocated traffic counts. Furthermore, the missing
traffic counts for "high frequency" accident locations would simply
beg the question "why not" in the ensuing analysis.
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Appendix 3
Common Names for Regional Roads

"RR- 05 Carp Road
RR-10 Franktown Road
RR-12 Fallowfield Road
RR-16 Acres = Baseline Road

RR- 16N Baseline Road North
RR- 165 Baseline Road South
RR-17 Merivale == Clyde Avenue
RR- 34 St. Joeseph Blvd.

"RR: 36 | Wellington = Richmond = Roberstson = Hazeldean = Old Hwy 7.
RR- 38 CarliniAvcnuc
RR- 49 Eagleson = March Road
RR- 59 Richmond = Mocodie Drive

"RR- 61 Terry Fox Drive
RR- 63 Merivale Road
RR- 128 Cyrville Read
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