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Predicting Intersection Accidents
Errata Sheet

Page 24 - The upper diagram and two accompanying

photographs belong under the previous
heading of "Cross-Traffic Conflicts”.

Only the lower diagram and pictures define
a left-turn conflict.

Page 81 - Table 12: Under each infraction heading

the 2 X 2 matrix should read C, C

and Vv, V from left to right and top to
bottom respectively. Aalsc the second
equation in each case should read

as fellows:

P(C/V)__CV
CV+CY

and the third equation:

P(C)_ VCHCV
VC+CU+VC+CV




FOREWORD

The intent of this report is to summarize the state of
the art concerning the analysis and prediction of accidents
at intexsections and to describe a study recently ccnducted
by the Road and Motor Vehicle Traffic Safety Branch of the
Ministry of Transport to assess the efficiency of various
accident predictor models, especially the concept of traffic
conflicts,

The Universities of Toronto, Mew Brunswick and British
Columbia, under contract to the Ministry of Transport,
collected much of +the data for the study, with subseqguent
analysis performed by the Road and Motor Vehicle Traffic
Safety Branch.

This report represents only a preliminary analysis of
the problems of accident prediction at intersections and, as
such, the conclusions reached must of necessity be tentative
in nature and relate more to directions for future research
than to specific implementation policies. It is hoped,
however, that the results of this study and the contents of
this report will provide useful information to those
agencies involved in traffic and accident analysis.




ABSTRACT

This report describes a study undertaken by the
Ministry of Transport in order to evaluate various models
for the prediction of accident occurrence at intersections.
Variables considered were: traffic volumes, vehicular
manceuver times, traffic conflicts and violations.

Significant correlations were found between
accidents and conflicts, accidents and intersection approach
volumes and accidents as a function of a time~volume
exposure index.

While the data tended to support the hypothesis
that accidents and conflicts are related, the correlations
achieved were not of a high order and it was found that the
concept of vehicular conflicts, in its present form, is not
likely to result in a viable tool for the analysis of
individual intersections. A possible exception to this
general conclusion may be in the area of identifying hazard
spots within an intersection.

It was found that the best accident predictor
models were those based on vehicular volumes. The inclusion
of a time exposure factor, while not improving the overall
correlation, nevertheless gave indications of explaining
somé accident variance in situations where consideration of
volume alone was insufficient.




i« INTRODUCTION

About half of all accidents occurring in urban areas
take place at intersections, and in rural axeas, akcut one
guarter.

In terms of zroad mileage this is a disprogortionate
figure but it is readily understandable when +the relative
level of complexity of driver action is considered.

At no other point in the roadway or highway system,
whether urban or rural, is +the 1level of driver decision
requirement so0 high or the penalty for mistaken judgment so
great.

Because grade separation is simply economically and
geographically impractical for urban intersections and also
many rural ones, the at-grade 9Tee®, 4-leg or multi-lieg
intersection are familiar and permanent fixtures.

Signal control should intuvitively provide some measure
of protection against accidents but often it apgears that
stop-and-go type signalization actually increases accidents
since it is primarily designed as a tcol to increase
capacity and reduce delay rather than to improve safety. The
long-held assumption that signals improve traffic flow
patterns and must thereby reduce accidents has recently been
seriously questioned.

While a number of studies are recorded in the literature
dealing with specific intersecticn characteristics oxr
attempting to correlate accident occurrence with certain
measures of fiow, very little seems to have been attempted
by way of a comprehensive analysis o¢f motor wvehicle
pehaviour at intersections combined with the characteristics
of the junctions themselves.

The following study was initiated in an attempt to
define and record vehicular behaviour at intersections and
in doing s¢ to investigate many of the empirical and
theoretical approaches to accident prediction which have
been propounded in the past or are currently in use.
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2. ACCIDENTS AT INTERSECTICNS - A FEVIEW OF THE LITERATURE.

2.1 Prediction cf Accident QOccurrence at Intersections.

2.1.1 ghe Theoretical Approach

In developing a theory o¢f accident occurrence at
intersections there are two Lkasic steps which must be
considered independently.

The first is vehicular exposure. A& vehicle, ky its vexry
presence on the road, is exposed to the possibility of being
involved in an accident, but when it negotiates an
intersection the notiocn of exposure becomes much more
specific and more easily defined in concept. It is not
difficult to see for instance that a car on a seccndary road
in the act of crossing a more major route where no protected
~movements are cprovided, is exrosed to a right-angle
collision for +the length c¢f time required t¢ c¢cross. This
exposure is a function only of the wvehicle in guestion and
the nature of the road or intersection gecmetrics and does
not involve cther traffic.

Once a vehicle becomes expcsed in the intersecticn area,
however, a second step in the analysis must be taken. This
involves the probkabkility that, cnce exposed, the vehicle
will be hit by ancther. Now the cther traffic streams must
be considered since the probability of collision is simply
the probability of two or mecre vehicles occupying the same
place at the same time.

But here the analysis keccomes clouded. Exposure can be
represented in a number of wvalid ways, among them tratffic
volumes and movement times, since all that is reguired is an
expression for the —rresence of wvehicles at a certain
location in sgace. On the c¢ther hand, the probability of
collision is a far more complicated concept which involves
several unpredictable factors such as driver reaction and
vehicular response. The best that can be done is tc compute
the statistical 1likelihood of two wvehicles simultaneously
occupying the same space assuming that speed and direction
remain unchanged, that is, no evasive manoeuvers are taken.
Tnis is the approach chosen by Roer (33} although his
concept of exposure includes the prcbability of collision.

Such a definition houwever would result in grossly
overestimating the numker of accidents since in most cases
an actual collision is avoided ky means of evasive action on
tne part of one or both drivers. What +this approach does
define however is the concept of vehicular conflict which is
independent of the subsequent driver acticn or vehicular




response. This fact has been recognized by Chapman {7} who
has employed the exposure-grokability product to predict
contlicts at intersections which are then comgared +to
Observed situations, Unfortunately, like many similar
theoretical studies, +the analysis is not supported by much
observational data.

In order to reconcile the discrepancy between accidents
and conflicts it is necessary to compute a factor
representing “collision rate"® (33} or collisicns per
exposure. This has been done by pcDonald {23}y and Webb
{46} . A number of authors have approached the Exrcoblem by
assuming a "critical time pericd®. Surti (42) has chosen
three-quarters of a second for collision occcurrence and a
time of one-quarter second has been assumed by Breuning and
Bone (5) in a similar analysis.

One aspect of intersection accident prokability which is
often not considered is that different classes of accidents
may have varying probabilities of ccecurrence depending upon
the nature of the intersection itself and the extent of
vehicular movement permitted. Surti (42} enumerates the
pessible points of conflict at an intersection but assigns
them all the same probability of accident cccurrence. Even
$0 his method does distinguish between different geometric
and traffic movement situations which are not covered in a
gross consideration of traffic volumes. As with the study
by Chapman, however, the thesis is weakened by a lack of
actual corroborative data.

2.1.2 The Observational Aprroach

i i iz

2.%.2.1 Traffic Volume Relaticnshigs

Wnile the theoretical method pcstulates a theory and
then seeks to justify its selection by comparing rprediction
to actual occurrence, the observational technique compares
and correlates guantities of data, usually obtained from
actual Observaticn or measurements, in an attempt to
eStablish trends oxr empirical relationships.

In actual fact the distinction is not so clear-cut when
dealing with intersection accidents since, as we have seen,
even the so-called theoretical developments rely upon
assumptions based largely on empirically derived
expressions,

In terms of concept, hovever, the observaticnal approach
is completely orposite to the thecretical method. McDonald
(23} investigated 171 at-grade intersecticns along 180 miles
0L an expressway route, obtaining 24 hour traffic volume




counts for both main and seccndary roadways. Frcm this and
prior accident histories he attempted to relate accident
cccurrence to ADT entering the intersecticn from both main
and secondary routes. The results published indicated that
the number of accidents varied with the product rather than
the sum of approach volumes and was far moxre sensitive to
changes in crossroad than rain road volume.

Alsc wusing volume as a measure of vebicular exposure,
Heany (18}, by comparing accident and traffic wvolume data,
arrived at an empirical expression relating yearly accidents
to the sum of intersection approach volumes. Data from 252
intersections were emrloyed and Heany reported a ®high
positive correlation", Based on the standard deviaticn of
the data, Heany developed a decisicn model for identifying
dangerous intersections which be tested prior +to and
following intersection improvements and achieved significant
results. '

Thus there seems tc ke ccnsiderable disagreement as to
the nature of +the accident-vcilume relationship and, +to
further complicate the picture, one study {unpublished &data
from the city of Hamilton, Cntaric) did not indicate any
significant correlaticn using either wvolume summation or
product.

2.1.2.2 The_cConcept of Conflicts

While accidents +themselves are the ckvious measure of
the safety of an intersection it has long been recognized
that their relative scarcity, in the sense of experimental
data, mitigates against obtaining statistically significant
relationships without considering many years of collision
history. This becomes unacceptable when attempting to
evaluate the effects of imrrovements and cocuntermeasures or
when studying a relatively new intersection. What is
required is a substitute for accidents which can be cbserved
in sufficient quantity in a short pericd of time.

The concept of accidents as the apex of a triangular
data base progressing from €xposure or vulnerability to
actual collision is commonly employed, and in this system
the category underlying accidents is that of vehicle
conflicts.

The idea o©of wusing cenflicts to predict accidents was
tirst promoted by the General Motors Ccrporation in a
research paper by Perkins and BHarris {32) . 1The authors
defined a series of conflict situations and developed a
metnod for recording these conflicts at intersections.




one of +the major problems in employing the conflict
technigue occurs in the definition of a conflict. Conflicts
can range from precautionary to near-miss situations with
categorization being at best somewhat subjective. Thus
replication and comgarison between separate studies can be
very difficult.

Perkins and Harris emploved a very broad definition of
conflicts including all incidents from precautionary action
to near-miss. In fact, they propcsed the recording of all
pbrake light applications as conflicts.

Using this conflict definition +the authors drew
comparisons with accident statistics concluded that "a high
level of association exists® (32). A subsequent analysis of
their published data by Heany, however, indicates that the
correlation coefficients are of a relatively low oxrder (0.48
overallj .

In fact, a similar c¢onclusion was reached in England by
the Road Research Laboratory who initially performed
conflict studies using a broad definition similar to that of
Perkins and Harris. The British investigators dJdiscovered
that significant correlations could only be obtained when
precautionary conflicts were cmitted and those cf the near-
miss variety alcne recorded. Spicer (39) concluded that the
results of his detailed investigation of a rural
intersection in England "allows acceptance cf the hypothesis
that serious conflicts and accidents are related, but not of
the hypothesis that accidents and all conflicts are
related, The use of near-miss conflicts was rejected by
the G.M. team as being "highly subjective and non-
repeatable® (32}.

campbell and King (6) used the G.M. method to record
conflicts and volume exposure at two rural intersections in
Virginia. Their findings indicated "no significant
association between conflicts per vehicle and accidents pex
venicle at the 0.05 level® (6). Because the authors noted
that many of the rear-end conflicts previously ccunted had
been precautionary in nature, they compared the data again,
omitting both rear-end conflicts and accidents. Although
the correlation was again not significant at the 5% level,
there was nevertheless a much higher degree of association
than before. This tends to confirm the British experience.

2.1.2.3 Qther Indicators

Work is currently under way at the British Road Research
Laboratory by Faulkner (11) towards the identification of
accidents by means of debris remaining at the scene. In
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England, such debris (glass, etc.) apparently often remains
at the accident site for some time, usually on medians or
traffic islands, and they have had zreasoconable success in
correlating weight of collected debris with the accident
history at a particular Jlocation. The advantage to this
method is that it could allow investigators to arxive at a
figure close to the actual number of accidents occurring
rather than rely on reported accidents which may only
represent a fraction of the total.

2.2 Methods for Developing and Evaluating Countermeasures

2.2.1 Before and Aftexr Studies

Considerable use of so~called %before and after® studies
has been made in crder +to evaluate the effectiveness of
specific improvements, or what were thought at the time of
installation to be improvements. Such studies have often
showed that a device generally thought tc have a beneficial
effect on intersection safety in actual fact may have little
or no effect and sometimes even an adverse effect.

Such a finding was reported by McMonagle (24) and
Soloman (38} concerning a study of traffic signal
effectiveness in Michigan. McMonagle conducted detailed
before and after studies on five intersections, +three of
which had received stor and gc signal systems, the remaining
two having been given a flasher warning system. An analysis
of the accident histories showed that accidents increased at
the stop and go signal controlled intersecticns by 12%, 700%
and 50% respectively. While injuries alsc increased
somewhat, the main increase was in Froperty damage
accidents.

Six years later, based on a much larger data sample,
Scloman compared accident statistics for 89 intersections
before and after installation of traffic signals. He found
that after stop and go signal installation rear-end, head-on
and sideswipe accidernits rose 200%, 157% and 75% respectively
with only angle and miscellaneous c¢ollisions decreasing.
The installation of flashers, hcwever, was found to have
resulted in a nearly uniform accident reduction of abkout 25%
for ail collisicn types.

The study did not take intoc account or investigate flow
improvements.

Newby (28) evaluated twelve four-way Junctions in
Engliand and concluded +that the installation of traffic
signals with an all red period had significantly reduced
cross~road accidents in a two-year "after?® period.

11




A similar "before and after® method was adcpted by
Schoene and Michael {35) in evaluating <the effects on
accident occurrence of signal installation at a number of
intersections in Indiana. They fourd that while right-angle
accidents normally decreased, the rear-end variety increased
and remaining accident types more often increased than
decreased. Fatal and injury accidents were alsc found to
have increased by 26%.

Before and after studies conducted by the Ohio
Department of Highways (30) concerning flashers, showed that
overall accident rates were reduced but +hat apparently the
conspicuity of the devices (warious designs were evaluated)
seemed to have little effect on accident record. They
achieved most success in accident reductions with a
"bouncing ball® type flashing device,

The effects of several types of minor improvement were
evaluated by Hammer (15}. He found that left-turn
Channelization was effective in reducing accidents from 32%
(paint) to 64% (protected) and +hat four-way stop signs
produced reductions in right-angle accidents at unsignalized
intersections,

This last finding is confirmed by Heany (17} who
recorded an 87% reduction in +tctal accidents at 57
intersections during one year following four-way stop sign
installation. At these intersections, fatalities were also
eliminated and injuries reduced by 91%.

2.2.2 Identifving High Risk Components

When sufficient ¥before® data is lacking or when it is
uncertain which intersection factors should be evaluated in
detail, studies have often been initiated t0 investigate a
range of functions or traffic coentrolling factors at
intersections to determine the relative effect of each on
the overall safety at the junction.

Two papers from +he British Road Research Laboratory
summarize the effect on accidents of various gecmetric
design components and related driver behaviocur.

Charlesworth and Tanner {8) summarized the results of
investigations into accidents and driver behaviour at rural
junctions and based on these, presented some recommended
design principles. Tanner's analysis of accidents at three-
way rural junctions resulted in the deduction that accidents
between major rocad vehicles and turning, minor road wvehicles
Wwas approximately proportional o +the square rcct of the
product of the flows. This is similar to the findings of

12




McDhonald (23} . Not unexpectedly they found that by far the
nighest risk manoceuver was that of turning across opposing
traffic lanes on dual highways.

The authors also concluded that staggered crossroads are
safer than the normal straight-over wvariety and that the
provision of roundabouts at intersections can result in a
significant reduction of injury accidents.

A similar type of paper has been prepared by Colgate and
Tanner {9} dealing with the effect of layout and traffic
flow on the freguency o©f injury accidents at 139 rural
three-way junctions in Britain. Their results confirm those
of the earlier study above, but the investigation of further
factors such as wvisibility did not prove conclusive.

Preliminary results from a Minnesota Highway Department
investigation into right-tum-on-red vehicle movements (26}
indicate that accidents occur during this procedure largely
in instances of increased expcosure or high main road
traffic. This relationship of accidents to exposure can once
again be used as a justification for the enumeration of
vehicular conflicts at intersections to identify dangerous
areas Or manoeuvers,

Such studies are currently keing conducted at the Road
Research Laboratory (39 in an attempt to 1locate high-risk
sections o©f certain rural junctions and to suggest the most
efficient countermeasures.
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3. INTERSECTICN TRAFFIC ANL ACCIDENT STUDY
3.1 Background

3.1.1 Ppilot Investigation - 1971

The Road and Motor Vehicle Traffic Safety Branch of the
Ministry of Transport first became involved with traffic
flow at intersections and specifically with the traffic
conflicts technique in the spring of 1971.

At that time, based on the published work of Perkins and
Harris (32) and talks with researchers at the British Road
Research Laboratory, it was decided to institute a small
pilot project utilizing students during the summer of 1971,

The principle objective of this grodject was primarily to
investigate the definitions and c¢bservational technigques
involved, since it was realized that only a majoxr prcject of
considerably greater scope could result in a proper
evaluation of the significance of conflicts and other
traffic parameters as accident predictors.

Accoxdingly a few intersections in the Ottawa area were
investigated in detail, first using technigues similar to
those recommended in the General Motors study (32) and then
continually modifying rrocedures and definitions where it
was considered advisable (see section 3.2, ¥Definition of
Terms") .

14




TABLE 1

TABLE OF SPEARMAN FANK CORREIATICN COEFFICIERTS FOR
COMPARISON CF THE PERCENTAGES CY¥ ACCIDENTS ANL CORFLICTS BY
TYPE AT THREE OTTAWA LCCATIONS SURVEYEL IN THE PILCTI STUDY.

NOTES:~ Coefficients corrected for ties where they occur.

- Conflicts and accidents are listed according tc

type: weave, rear end, right turn, left tuzxn,

cross-traffic.

Location | Conflict Accidents | Rank | Conflicts | Rank | Spearman
Definition (%} { %} Coefficient
w 18 3 6 3
b G.M. 21 4 73 5 -0.10
2 2 1 3 2
o 15 2 16 4
3 oY 5 2 1
=
© 18 3 0 1.5
5 RRL (2-4) 21 o 12 3
2 2 1 0 1.5 0.33
2 15 2 58 5
Bg 5 30 4
21 3 21 4
" 26 u 54 5
ht G.M. 0 1 11 3 0.20
L 2 2 5 1
0 51 5 8 2
el
o
© 21 3 29 g
= RRL (2-4) 26 4 20 3
g 0 1 0 1 0.90
=] 2 2 17 2
51 5 34 5
i 6 3 3 1
9 21 4 ! 5
5 G.M. 3 2 11 3 0.60
s 0 1 7 2
w 71 5 35 4
e
=
o
o 6 3 8 3
g RRL (2=-4) 21 g 0 1.5
o 3 2 25 4 0.50
5 0 L 0 1.5
71 5 67 5
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The Pilot Study had two major results, the first being
the production of an Intersection Studies Manual to e used I
for training future teams of cobservers and the seccond being
tne selection of a conceptual definition of the term

woonflict®. l

As has been reviewed in the literature secticn of this _
report, there have been basically two concepts of conflicts
propounded. The General Motors researchers emplcyed a broad ’
definition which included precautionary driver actions while
other investigators have suggested a more restrictive form
which excludes these precauticnary incidents. Table 1, in i
conjunction with Figures 1-3, illustrates the difference
found in employing the two definitions and the basis upon
which the decision was reached (in conjunction with the
literature) to avoid the inclusion of precautionary actions
in the counting of conflicts (see section 3.3, "Study
Design®) . ‘ |

3.1.1 Development of_ the Situdy

With +the results of the Filot Study indicating a
justification for continuaticn, the entire prciject was
expanded to include a broad and detailed analysis cf traffic
behaviour at intersections in relation to the past accident
experience,

In order +to broaden the scope of the investigation and
account for regional differences in traffic patterns and
driver behaviour, it was determined to undertake a study
simultanecusly in four major Canadian cities whose
geographic location would provide reasonable coverage of the
country as a whole.

it was also decided at this time that, since Canadian
weather conditions tend to 1limit traffic studies +to the
summer months, the project could best be performed by
university students and directly supervised by the
Universities involved.

The above considerations led +to the selection of the
University of Toronto, the University of New Brunswick and
the University of British Columbia for the formation of
project teams. The fourth team was formed in Ottawa under
the direct supervision of the Road Safety Branch of the
Ministry.

The data collected by these four project teams during
the summer of 1972 had led to the analysis and conclusions
contained in this regort.
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3.2 Definition of Terms

3.2.17 Conflict

A conflict 1is considered +o have occurred when the
actions of one wvehicle cause & second vehicle to take
evasive action or krake to avecid ccllision.

This definition was not extended tc include
precautionary or anticipatory acticns on the rpart of the
second vehicle or wehicles.

Cross Traffic Conflict - occurs when a vehicle conflicts
with traffic on one of the aprrcach 1legs crossing the
direction from which it entered the intersection. This
type of conflict may involve either a through c¢r left-
turn vehicle.




Left Turn cConflict - occurs only when a vehicle making a
left turn conflicts with through wehicles travelling in
the opposite direction.




Right Turn Conflict - occurs when a vehicle making a right

turn conflicts with through vehicles crossing the
approach ieg from which the vehicle is turning.

\
[

- ———
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| Weaving Conflict - occurs when a vehicle leaves its chosen
| lane, whether for purposes of passing or +turning, and
conflicts with an adjacent vehicle travelling in the

‘ same direction.

/
e~
~
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Rear Pnd Conflict - occurs when a following vehicle is
forced to brake or change lanes to avoid

(a) a vehicle slowing to make a turn,

- {b) a through vehicle storping for a ccntrol device,
or backed-up traffic,

” ‘ {c) a vehicle slowing cr stopping to avoid a previous
conflict.

27




Secondary Conflict - any conflict which occurs as the result
of a previous conflict.

.
|

J 1 Q
\
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3.2.2 Exposure Time

The exposure +time for a particular manoeuver is the
average time taken for vehicles to complete the manoeuver
where for purposes of standardization the exposed area of
the intersection is defined by the rectangle formed by
Joining the tangent points of the main leg curvatures at the
corners of the intersection. Time is only counted for
pericds when a vehicle is actually exposed +to other
conflicting traffic.

L
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3.2.3 Violation

A violation is regarded as any vehicular action which
contravenes the dictates of the Highway Code or Municipal
traffic bylaws in the study area.

3.3 Study Design

Based on the review c¢f the literature described
previously a number of factors emerged as pcssible accident
indicators:

i) conflicts (Ref. 32, 6, 39}
ii} volumes (Ref. 33, 7, 23, 18)
iii) exposure times (Ref. 42, 5}

iv) violations (Ref., 32 - srecifically red light
vioglations)

Indications had also been obtained (Ref. 6 and
unpublished U.K. data) that at least two classifications of
conflicts are desirable in corder to separate out those of
only a precautionary nature which may not relate well <o
accidents.

This division of the conflict definition was rejected by
General Motors researchers but, since other investigators
nave found it helpful, it was determined %O attempt to
follow some such procedure.

Following are asgpects of the study design associated
with the specific factors to be investigated.

3.3.17 cConflicts
The Road Research laboratory in the United Kingdom has

employed a progressive scale of 5 definitions in describing
and recording motor vehicle conflicts at intersections.
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These are:

Y Precautionary conflict.
(L.e. braking for vehicle PRECAUTIONARY
waiting to emerge, precautionary CONFLICT

lane change, or anticipatcry
braking.)

2) Controlled braking or lane change
to aveid collision but with ample
+ime for the manOEuver.

3) Rapid deceleration, lane change
or stopping to avoid ccllision, CONFLICT
resulting in a near miss situation.
No time for steady contrclled
manoeuver.

iy Emergency braking or violent swerve
to avoid collision resulting in
very near miss situaticn, OF
occurrence of a minor ccllision.

5} Emergency action, followed by ACCIDENT
collision.

To simplify the recording process, since much other data
was to be collected at the same time, and since it was not
deemed practicable to attempt to make a formal distinction
between 2, 3 and 4 due to the inherent variability of
observational procedures, a conflict was defined for the
purpose of this study as comprising categories 2=8 alone.
Item 5, accidents, and item 1, precautionary conflicts, were
cmitted.

The omission of precautionary conflicts was a direct
result of the information contained in the litezature (6,
39) supplemented by the experience gained in the preliminary
pilot study conducted by the Ministry in the summer of 1971
during which both definitions were kriefly investigated with

results similar to those reported by campbell and King (6).

The selection of the length of conflict counting at each
intersection was based on the General Motors reccmmended
procedure and U.K. practice. A study period of two, T4-hour
days (counted in four-7 hour days}) was selected as a
reasonable compromise for the recoxrding of conflict data
since it would allow for +the completion of the greatest
number of intersections while still providing a check on the
single day count. A 1&-hour day (7:00 a.m. - 9300 p.m.} was
decided upon in order to ensure that all traffic conditions
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were fully covered. The number of cbservers employed in a
study team was 4, with a field supervisor to coordinate
their efforts and check +their glacement and counting
accuracy.

The study was conducted on weekdays only. While Mondays
and Fridays are normally considered atypical traffic days,
they could not be comitted dve to scheduling proklems and
+hus were included. Since the accident records did not
indicate, however, any significant difference between these
days and the remainder of the week, this was not considered
0 be an important factor.

3.3.2 Vehicularx Volumes

e R e LT AT SRS s e e

Volume counting fprocedures were made similar to those
for conflict counting except +that it was felt that the
greater amount of data involved would make a one-day (14~
hour} count sufficient.

Since wvehicular exposure times were to be investigated
it was necessary to obtain the volumes involved in all
through and turning movements.

3.3.3 Exposure Times

since any <theoretical aprroach to accident prediction
requires a ®critical time period" (42, 5) and since the
related factor of vehicular speed has been mentioned (32) as
affecting accident occurrence and severity at intersections,
it was decided to measure both trrough vehicle speeds and
average times required for all manoeuvres.

Since exposure times were expected to vary with traffic
conditions the recording of data at each intersection was
tkaen at three separate times: morning peak, off-peak and
afterncon peak.

For purposes of recording times, a standard definition
of the intersecticn area was selected to ensure that all
times were recorded in the same manner and would reflect
differences in intersection size and geometrics as well as
specific sight restrictions and other factors {Section 3.2).

3.3.4 ¥Violaticns

This factor was considered the least likely of the four
to provide useful results with regard to accident
correlation, but since it has been investigated by others
(32) and represents an extremely high volume data source,
this study was designed +to include it. It was also felt
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that data on viclaticns and resulting conflicts could help
in developing an u?&cx@tam@img of the eiffects of traffic
laws on driver bhehaviour.

As with <=he zecording of traffic volumes, one 18-houx
day was considered sufficient for the counting of viclations
except in locations of low volume and c@mglex1ty where the
resulting lower wiclation rate might reguire & longer (two-
day) recording period to amass sufficient data.

nlike conflicts, wviclaticons Can be defined
specifically, and those identified ranged in severity from
failure to signal turns to running red lights or stop signs.

3.4 Methocglooy

3.4.1 Selection of Intersecticns

Intersections were initially selected, with the aid of
the Cityv Traffic Deparitment inwvelved, to obtain a gocod range
of accident experience over roughly similar volume ranges.
The final selection was made following wisual inspection in
order to eliminate chviously atyrical gecmetric
configurations cr complexity.

Reasonably complete accident histories were obtained for
each intersection which gave sufficient details for each
accident during at least the three years prior to the study
to establish cause, type of accident, time of day and day
and month of the vear.

Finally, it was decided %o restrict the study ¢f non-
signalized intersections s¢ as to oktain a better sample of
manoceuver conflicts and also it was hoped that, with the
non-signalized locations, more problems would have remained
uncorrected and thus present for analysis.

A total of 5% non-signalized intersections (57 urban and
8 rural) in four cities were selected for detalled study.

3.4.2 Composition of Field Study Teams

Bach team generxally consisted of four chservers who
stationed themselves at the wvarious intersections s¢ as to
observe and record all conflicts and violations occurring on
each approach leg, and a superviscr to check and cocrdinate
their efforts and to approve the finzl tabulation of data.
In some instances, where low-volume intersections were being
studied, the numpber of observers was reduced.
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3.4.3 Training cf Teams

Based on the G.M. technique and experience gained in
preliminary work, a Traffic Studies Manual was prepared and
forwarded to each of the teams for study. All conflicts,
violations and exposure terms were defined and the
procedures for taking and recording data set cut. In
addition, copies of specially prepared standard recording
and summary sheets were provided.

After each team had studied the Manual and spent a few
days in general +traffic observation and intersection
selection, a <representative of the Ministry was sent to
provide additional instruction and advice both in classroom
and field situations, in order to ensure that procedures
would be uniform among the different teams. One tc twc days
were spent with each team.

3.4.4 conflict Recording Procedures

For zecording traffic conflicts, the okservers were not
placed in any specifically defined location but rather it
was left to the supervisor o©r team member in charge to
ensure that each man was assigned an approach 1leg or
intersection arxea and that he stationed himself in such a
manner that he could see and record all incidents occurring
in his area of responsibility.

In traffic terminolcgy generally, all traffic is
referred to by the direction in which it is groceeding. The
observers were therefore referred to in a similar manner,
tn~t is, the cbserver assigned to watch westbound traffic
lanes was +the westbound observer (W} etc. The sketches
pelow illustrate scme examples of observer responsikilities.
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Example 1: Southbcund car krakes toc avoid northbound car
which is making a left turn.

Qbserver Action: N comnts one %“left turn® conflict.
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Example 2: Southbound car brakes to avoid rear end
contact with eastbound car which has made a right turn
after failing to stop at a stop sign.

Observer Action: E counts one “right turn® ceonflict and
one "red light or stop sign® viclation.
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Example 3: Southbound car makes left turnm from right hand
lane and interferes with a second southbound car in the
left hand lane as well as with rorthbound traffic.

Observer Action: S counts one ®weaving® conflict, one "left
turn® conflict and one "left turn from wyrong lane®
violation.
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The general rule applied to recerding conflicts was that
a conflict was recorded against the offending or causing
vehicle, that is, the direction in which this wvehicle was
proceeding prior to making the manoeuver.

Each co¢bserver transferred the totals tc a summary sheet
once every hour.

3.4.5 Volume Recording

At each intersection a preliminary study was made prior
to any conflict or volume counting. During +this period a
detailed, scale drawing was prepared of the intersection and
the various movement or channelization characteristics were
noted.

From this information the allowable vehicular manceuvers
were enumerated and immediately following the conflict count
the traffic volumes executing these variocus movements were
counted and recorded for one 14-houx period.

Figures were transferred €0 summary sheets at hourly
intervails.

3.4.6 Recording of Viclaticms

This was accomplished in an identical manner with that
employed for conflicts although it often proved a much more
formidable task owing to the large number of viclations
encountered.

Because of this, the counting period was in most cases
restricted to one 1&4-hour day.

All wviclations were recorded and categorized regardless
of whether or not they resulted in potentially dangerous
situations, but where a wviclation was the direct cause of a
conflict, this was noted on the conflict summary sheet.

The viclations were recorded on the same summary sheets
as conflicts, and at the same time intervals.

3.4.7 Timing of Vehicular Movements

Recording o©f vehicle exposure times was carried out
either during the preliminary study at each intersection ox
during the period of volume counting.

Three sets = of readings were obtained £for each
intersection coinciding with the two peak wvolume periods and
one representative off-peak pericd.
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For each possible manoeuver at each daily reriod, a
minimum total of 12 timings were taken for traffic of normal
composition, that is, excepticnal wvehicles such as buses or
tractor-trailers were not timed unless +they represented a
significant prcportion of <the local traffic. O0f these 12
readings, the highest and lowest were rejected and the
remaining 10 averaged to oktain the exposure time.

These exposure times were recorded along with average
speeds of through vehicles (timed over a measured distance)
on the same sheet as the scale drawing of the intersection.
Thus they could easily be related wvisually to geometric
characteristics and prevailing sight restriction.

3.5 Analvysis of the Data

A review of the geometric characteristics of the various
intersections revealed that the total sample of unsignalized
locations should, £for purposes of analysis, be divided in
three groups: four-leg intersections of two-way streets,
Lour~leg intersections having one, one~way street and three-
leg or "tee" intersections. In addition +to these groups,
the data was alsc combined for all four-leg intersections
and finally for the total sample of all intersections. cf
the 59 intersections 13 were "tee", 37 four-leg, two-way and
9 four-leg, cne-way.

3.5.1 Accidents and Ccnflicts

For each intersection the accidents and conflicts were
divided into the five kasic categories defined in section
3.2.1, that is, cross-traffic, left turn, right turn, weave
and rear end. The first four categories ccmbined are
normally referred +to as manoceuver accidents or conflicts
since they generally involve a planned movement on the part
of one or both vehicles.

The <first consideration was to compare all conflicts
with all accidents for the different +4ypes of Jjunctions.
Since some previous investigaticns (see section 2.%1.2.2) had
cbtained improved results through omitting rear end
conflicts, the next step was +tc compare all manoeuver
accidents with manoeuver conflicts.

Foliowing this, each category of conflict was ccmpared
with the corresponding accident +type including redestrian
contlicts and accidents for which there was a small sample.

The statistic employed for purposes of comparison was
the coefficient of linear correlation.
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3.5.2 Accidents and Time-Vciume EXpOSUIE Index

As a combined measure of overall exposure and manoeuver
hazard at an intersection, the time-volume exposure index
was developed (Appendix). This was based on relationships
discovered by previous investigators (see section 2.2.2) and
a simple dimensional analysis. while the index regresented
a combined theoretical and intuitive model it was hored that
the exposure times would provide additional information with
regard to the dissimilar level of hazard to be expected from
different vehiculaxr manoeuvers at an intersection and that
this, together with the volume-oriented exposure term would
result in an imgroved accident predictor.

As with conflicts and accidents, linear correlation
coefficients were calculated between all accidents and time-
volume exposure index and between manoeuver accidents and
the index. Since the index does nct theoretically account
for rear end accidents it was thought that a better
correlation might te oktained in the second instance.

Since, as was mentioned previcusly, the index consists
of two parameters (time and volume} it was considered
instructive +to investigate the effect of removing the time
factor. Should the correlation between accidents and a
volume-only index be as good as one containing the
additional time factor, +this would indicate that no
additional information was being provided by the measurement
of exposure times. These cculd then be disregarded as a
viable parameter for predicting accidents. Accordingly, as
before, a linear correlaticn coefficient was computed for
accidents and vclume-exposure index.

3.5.3 Accidents_and Tctal Volumes

A rationalization similar to the above can be made with
regaxd to simple volumes as orposed to a calculated volume
index. If the correlation between accidents and volume
index is no better than that between accidents and the sum
ot the approach volumes (from Heany - sSee section 2.1.2.1}
then it is obvious that the more complicated index fcrm adds
nothing to the model.

Thus accidents were compared with the sums of the
intersection approach volumes and a 1linear correlation
coefficient was develoged.
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3.5.7 Accidents_and Conflicts by Time of Day

As with the information with regard to location the
comparison between accidents and conflicts by time of day is
pest illustrated graphically. Because of expected regional
and traffic pattern differences a separate plot was rrepared
for each of the four cities.

3.5.8 Accidents and_all Variakles

In order to assess the relative contribution of all the
variables investigated and recorded in this study, namely,
conflicts, volumes, time-volume exposure index and
violations, to the prediction of accidents, a multiple
regression analysis can be gerformed. The calculated values
of accidents can now be compared with the actual values and
a correlation cocefficient derived. By removing variables
from the analysis and repeating the process, those factors
which contribute little by way of explanation of the overall
accident sample variance can be eliminated thus leaving a
simpler expression whose coefficient of correlation with
accidents does not differ markedly from the original. Thus
the final expression represents the best and simplest model
which can be derived from the available data.

3.5.9 conflicts and Viclations

In addition to conflicts and viclations, the study teams
were instructed to record those conflicts which occurred as
a direct result of some form of traffic violationm. These
were listed according to class of wviolation.

it was then possible to calculate the relative
importance of each class of violation in terms of 1its
probability of resulting in a conflict or hazard situation.

3.6 Study Resuits

3.6.1 Accidents _and Conflicts

Accident-conflict data for all 59 intersections is
summarized in Table 2. For each type of manoeuver the total
accidents, conflicts and vehicular yolumes (exposure} are
given.

since accidents and conflicts ¢f the left-turn and rear
end variety occur for beth major and minor road traffic,
these categories have been divided accordingly.

Table 3 condenses the data from Table 2 into accidents
and conflicts per exposure, in this case pex million
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oppeortunities. The difference between majcr and minor leg
accident experience can easily be seen for 1left turn and
rear end classes. While mest rear end accidents occurred on
the minor approaches, almost all left turn accidents
involved vehicles on the main road turning acrcss opposing
traffic. This is in agreement with the results of
Charlesworth and Tanner (see section 2.2.2.} and, as
explained in the Appendix, had an effect on the subksequent
calculation of the exposure index.

In terms of freguency c¢f occurrence, cross-traffic
accidents were by far the highest and rear end accidents the
lowest. This order was fcound to be reflected in the total
conflicts by class and in fact the rank ordexr of accidents
and conflicts is identical (rank ccrrelaticn coefficient of

1.90) -
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TABLE 2

SUMMARY OF ACCILENT - CCNFLICT LATA

accidents/year | conflicts* EXposure

WEAVE 3.3 9,847,560
31y 35,940

RIGHT~-TURN 11.3 26,371,404
{(minor legs) 323 96,246
CROSS TRAFFIC 249,.0 2244 39,122,816
142,784

LEFT-TURN 34,5 23,500,000
{main legs) 8290 85,750
LEFT~TURN ¢.80 19,900,000
{minor legsj 60 F2,742
LEFT-TURN 35«;3 153,426,808
{all legs) 880 158,492
REAR END 80.0 398,001,050
{(main legs}) 1760 1,455,600
REAR END 23.0 17,753,450
{(minor legs) 260 62,350
REAR END 103.0 415,754,448
{all legsj} 2020 1,517,352

¥ Two 14-hr. counting days
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TABLE 3

FREQUENCY CF_OCCURRENCE_OF ACCILENTS

AND_CONEFLICIS
conflict or
accident accidents/million conflicts/million
situation opportunities opportunities
weave 3.50 8,737
right-turn 0.43 3,68G0
cross-traffic 6.32 15,700
ileft-turn
main legs 1.47 9,560
minor legs 0.04 825
all legs 0.82 5,450
rear end
main legs 0.20 1,210
minor legs 1.30 4,160
all legs 0.25 1,340
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Table 4 contains basically the same data but arranged in
a slightly different format. Here the additional
information given 1is in terms of the relative incidence of
accidents to that of conflicts. It can be seen that, once
again, cross-traffic manoeuvers have the highest incidence
of accidents to conflicts but in this regard we find weaving
gsituations are nearly as critical. There seems to be a
sharp division between weave and cross-traffic manceuvers at
about 40 accidents per 100,000 conflicts and all the rest at
13 to 18. The fact that the ratio cf rear end accidents +to
conflicts is similar to those for left and right turns is a
indication of the omission ¢f +the precautiocnary class of
conflicts which <tend to appear mainly in the rear end data
counts (see Baker, Reference 3).

Up to now we have assumed from the nature of the data,
that the accident-conflict relationshir is a linear c¢ne but
in actual fact this may not be the case.

Considering an equation of the form

A =D, + byC + bpC2Z + b3C3 +44+ glcn
we can predict, from the aprearance of the accident-conflict
plot, that there is little point in going beyond the third
order term. Accordingly the constants can be calculated by
a polynomial regression fitting to arrive at the following:

A*¥ = 13,720 + 0.15825C - 0.003842C2 + 0.0000001587C3

Comparing A¥ with A (the actuwal accident values) we
obtain a correlaticn of 0.560 which explains about 31% of
the variance.

Another possible form for the relatlon=h1§ to take would
be that of a logarithmic plot:

a¥ = k log C

This model, however, is no improvement on the linear
relationship since the net result is a correlation of 0.455
which 1is wvirtually identical to the value cf 0.453 obtained
in the first instance.
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Figures & and 5 illustrate the spread of the accident-
conflict data. In figure 5, the 1linear and polynomial
relationships have been fitted +to the data using least
squares analysis. The coefficient of correlation gbtained
with the linear fit is 0.453 (Table 5) while the polynomial
fit results in an improvement toc 0.560 which accounts for an
additional 10% of wvariance.

Linear correlation coefficients for all combinations of
variables are summarized in Table 5 for each <class of
intersection. i+ can be seen that, in general, the
coefficients for the "Tee" group are higher than foxr the i-
leg intersections but the small sample size negates this in
terms of significance. Very few of the correlations between
individual classes of accidents and conflicts are
significant and most are very low, however when all
intersections are grouped together these individual
correlations tend to become significant at about the 5%
level.

As was menticned above, the gross linear correlation
between all accidents and all conflicts for the 59 study
locations was 0.453 which is significant at the 1% level.
Similarly, the correlation between manceuver accidents and
conflicts (0.402) was also significant at the 1% level.
This small difference between the two grougpings 1is another
indication +that the ckservation prccedures employed managed
to eliminate the counting of most precautionary conflicts.

Data on accident severity were collected for a limited
sample of intersections {fourteen lccations in +the Ottawa
area) and for these intersections +the more serious
conflicts, that is, the manceuver conflicts, were compared
with the numbers of injury accidents. No significant
correlation was evident but it should be emphasized that the
size of the injury accident sample was very small.

Table 5 alsoc shews the correlation obtained between
conflicts and accidents on a volume exposure basis,
Accidents per volume exposure is a more valid statistic than
accidents alone since it eliminates the effects of wvolume
differences between Iintersections. It can be seen that
conflicts correlate extremely poorly with accidents when the
data is corrected for volume exposure.

To account for variation in traffic patterns and ambient
conditions by day, time anéd season, conflicts were also
correlated with only those accidents occurring on weekdays
(7a.m.-9p.m.) during the months of April tc OCctober. The
correlation was not improved by this procedure, being
somewhat reduced tc 0.436.
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CONFLICT/CFPORTUNITY

TABLE 4

SR i e S

conflict - accident
situation

Non Signalized 3 and 4 Legged
Right-angle Intersecticns

Conflicts per Accidents per

1,000 100,000

Opportunities Conflicts
Weave 8.8 39.5
main legs 8.7 14.6
Left-turn minor legs 1.1 3.4
all legs 5.6 1.6
Right-turn 3.6 12.8
Cross—traffic 15.7 40.5
main legs 1.2 16.6
Rear-end minor legs §,.2 32.4
all legs 1.3 18.7
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Since average through sgeeds at the intersecticns varied
from about 15 to 50mph., the data were separated intc two
groups by speed: above +he median (25mph) and below.
Conflict-accident correlaticns within these two groups Wwere
0.417 and 0.465 respectively which did not indicate any
effect of travel speed on the statistic.

3.6.2 Accidents and Time-Vclume EXpOSure Index

fable 5 shows the linear correlation coefficients which
were calculated for accidents vs the ¢time-volume exposure
index for the wvarious classes of intersection. Figures 6
and 7 illustrate the results graghically. It can be seen
that, at a coefficient cf 0.620, +the time-vclume index
represents a significant imgrovement over conflicts when all
the locations are considered together, and also for each
type of juncticn design. 2 similar situation is also
apparent when the data are considered by city. Table 6
presents a comparison of data from the four study areas and
here again, correlation coefficients for the time-volume
index are consistently highly than those for conflicts.

In order to assess the ccntribution of the time factor
in the index, a separate index was calculated which was
identical to the time-volume calculaticn but omitted the
exposure times, This volume-only exposure index was
correlated with accidents and linear ccefficients were
calculated. From Table 5 the relative efficiency of the two
indices can be compared with the result that the time-vclume
index appears to be consistently a better accident predictoxr
model. This can also be seen in the reduced scatter of data
in Figure 9 as compared to Figure 8. It would therefore
seem that +the consideration of exposure time can provide
significant additicnal infcrmation.

Average through vehicle speeds were calculated from
exposure times for each intersection but nc correlation was
found between these speeds and the accident rates per unit
volume exposure.
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TARLE 6

COMPARISCN_OF DATA FRCM 4 CITIES

Linear correlation coefficients
City accidents vs accidents vs accidents vs
conflicts volumes time wvolume
index.
vancouver 0.334 0.538 0.617
Toronto 0.250 0.392 0.533
Fredericton 0.264 0.378 0.489
Qttawa 0.401 0.548 0.817
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3.6.3 Accidents and Total Volumes

The simple sum of approach volumes is perhags the most
commonly employed form of accident-predictor model and 1is
certainly the easiest to wuse. It was expected, however,
(23,8), that an index employing a detailed wvclume cross-
product analysis for each conflicting manoeuver would
improve the model. Table 5, especially where results are
shown for all intersecticns grouped together, indicates a
surprising result. For the total sample of intersections in
this study the best accident prediction was obtained using
the simple sum of apprcach volumes.

while this was indeed the case it should be noted that
the correlation between accidents and time~-volume index was
only marginally inferiox for all locations and was
considerably better when only "Iee® intersections were
considered, and alsc for indiwvidual cities (Table 6j}.

Also, a survey of +the data indicates that the use of
total volume summations cannot account for individual cases
whexre +the accident record is inexplicably high or low and
also cannot distinguish between intersections of similar
volume usage but widely differing accident histories. In
Table 7, a number of intersections have been grouped
according to geographical area, geometric similarity and
volume usage so that ncne of these factors can acccunt for
the resulting differences in accidents experienced at the
jocations. It can be seen that while conflicts are
relatively inefficient at explaining the existence of these
differences, the time-wolume index fails in only one case
out 0f eight to prcvide a correct distinction.

3.6.4 Confliicts and Time-Volume Fxposure Index

Since the calculated exposure index was based on an
analysis of conflicting wvehicle manoeuvers there should
intuitively be a good relationship with conflicts
themselves, however, as Table 5 indicates, this was not the
case, In fact, the correlations obtained were inferior to
those relating accidents and the index. No exglanation,
except for the inherent uncertainty of the definition and
counting of the conflicts, can ke advanced.

3.6.5. Accidents and Violaticns

The data on accidents and viclations is summarized in
Table 8. In general it can be said that there was no
correlation {0.098 for all c¢ities} although fcr twelve
locations in Vancouver the relaticnshir was very good.
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TABLE 7

COMPAREISON OF SIMILAR INTERSECTIONS IN THE VARIQUE CITIES
WHICH HAVE DIFFERENT ACCIDENT HISTORIES ANEL THE ABILITY QF
CONFLICTS ANC TIME-VOLUME INDEX TC EXPIAIN THESE

" DIFFERENCES,
Location Volume | Accidents | Conflicts | Explain Index |Explain |
difference : differenc
OTTAWA 10,398 6 7 261
YES
4-leg 10,674 18 22 . 287 YES
42,012 21 204 .582
3-lieg 43,396 24 42 NO - 740 YES
44,426 37 279 .780
FREDERICTON | 10,958 7 21 NO .21%13 YES
4-leg 10,342 12 2 .296
4-leg 17,098 6 6 YES 468 YES
17,756 14 79 .502
TORONTO 25,742 6 5 YES « 157 YES
4-leg 25,178 25 15 .916
VANCQUVER 29,906 24 268 NO . 850 NO
4-leg 30,476 32 188 - 83
b-leg 32,790 24 554 NO 1.11 YES
32,032 36 248 1.5
4-leg 42,130 56 314 NO 1.21 YES
43,658 62 285 1.90
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TABLE 8

RELATIONSHIPS BETWEEN ACCILENIS AND VIOLATIONS FCR
59 NON~-SIGNALIZELD INTERSECTICNS

Variable Groupings Linear Correlation Significant at
Coefficient 5% Level

All accidents wvs
All violations

- Vancouver +0.854 Yes
- Toronto -0.170 No
- Fredericton +0.2654 No
- Qttawa =-0.012 No
- All cities +0.098 No

% weave accidents vs
% weave vioclaticns +0.090 No

# manoeuver accidents
vs % crossing viola-
tions¥* +0.043 No

*A11 violations minus
failure to signal turns
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Vigclations will be discussed in more detail in a later
section but it would appear from the above results that, in
a gross sense at any rate, high incidence of wviclations is
not necessarily related +to high accident recocrd. The
explanation may be forthcoming from a detailed analysis of
individual viclations and resulting conflicts which is
attempted in secticn 3.6.9

3.6.6. Accidents_and Conflicts_by Intersection

Contlicts and accidents have been analysed by location
within the intersecticon for a sample of six junctions in the
Ottawa area. The results are presented in diagrammatic form
in Figures 10 through 12. In general it can be seen that
the intersection areas where the majority cf conflicts occur
are also those to which the greatest proportion of accidents
are attributed {although only one rank correlation
coefficient is significant at the 5% level}. This is in
agreement with the work of Spicer (39} in Great Britain and
seems to indicate cne useful application of the conflicts
technique.

Table 9 represents an attempt to assess the efficiency
of conflicts in predicting accidents by type and vehicle
manceuver while Table 10 illustrates a similar applicaticn
of the time-volume exposure index.

To  constxuct  Table 9, the 59 intersections were
separated into groups which were defined by the major
contributing conflict type. Rear end and cross-traffic
categories were singled out since they represented, in most
cases, the most numerous data. The intersections were then
checked for their corresponding accident distributions in
order to evaluate the ability cf the conflict greugings to
predict or account for the actual distribution of accidents.

The table indicates the heavy concentration cf cross-
traffic accident intersections which was found +to be
characteristic of the study dealing, as it did, with non-
signalized locations (an intersection was arbitrarily
defined as being in the crcss-traffic group if conflicts or
accidents of the other types each amounted tc less than one-
third of those classified as cross-traffic). By locking at
the numbers on the diagonal which indicate the rpercentage
correspondence between similar groupings of accidents and
conflicts, it can ke seen that, with the exception of the
cross-traffic group, all the percentages are low thereby
indicating poor correlation.
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Since the time-volume index is based on a volume cross-
product, such incidents as rear-end and weave cannot easily
be modelled. In developing a similar matrix to the one
described above for conflicts and accidents, therefcre, one
is restricted to four grourings, only three of which
contained sufficient data for analysis. Such a matrix has
been reproduced at the bottom of Table 10 in crder to
facilitate comparison with Table 9, The primary rart of
Tablie 10 ccmpares three major groupings of accidents and
indices for high accident locaticns where sufficient data
are available. :

Due to the relatively srall amount of data ir many of
the categories of both indices and conflicts, the
performance of a statistical test (such as a chi-square
test} would be meaningless. It can only be said, with
reterence to Tables 9 and 10, +that, on an individual
intersection basis, conflicts did not constitute a good or
reliable predictor of accidents and, while the time-volume
index appeared tc perform somewhat better, it is obviously
insufficient in its present form or concept.

One more possible use for the conflicts technigue, that
of simply identifying whether cr not a particular
intersection 1is hagzardous in comparison with cthers of
similar volume usage, is illustrated in Figure 13. While
conflicts and volume together can, in a general sense,
indicate high or low numbers of +total accidents +to be
anticipated (3:6.8 and 1Iable 5) +this is not a true
indication of hazard since it takes no account of €xposure.
Figure 13 shows no discernable predictive trend associated
with conflicts within varicus ranges of volume. In other
words, given a group of intersections within a certain
volume range, it was impossible to determine, through the
use of conflicts alone, which locations had an accident
history above the median rate per vehicle and which had one
below.

It is interesting tc note frcm the graph that the majoxr
concentration of high accident rate intersections is in the
low volume ranges and vice versa. The high accident rate
group in the low volume ranges consists of all the rural
intersections studied (seven) with the remainder being minorx
urban or sub-urban four-leg Jjunctions. While funds for
remedial action are often first allocated to high volume,
high accident lccations, it may well be that an overall
greater benefit would be achieved by concentrating on the
lower volume hazardous intersections where remedial measures
will generally be 1less costly and the cost-effectiveness
higher. '
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PERCENT OCCLRRENCE.
OF ACCIDEAITS AND
CONFLICTS By LOCATION
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FIGURE 11

PERCENT OCCURRENCE.
OF ACCIDERNTS ANID
COMFLICTS 8% LOCATION
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FIGURE 12

PERCENT OCCURRENCE.
OF ACCIDENTS AND
CONFLICTS By LOCATION




TABLE 9

DISTRIBUOTION OF INTERSECTIOND BY TiPE
OF CONFLICT OR ACCIDENT

- BY PERCENT M EACH CATAGORSY OF

CORFLICT
COMNFLICTS
ALY CROTE- | MARSLY CRoss, | MAIROLY REAR | AL TYPES MAIRLY WEANE,
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TABLE 10

EFFICIENCY OF TIME-VCLUME INDEX IN FIPLAINING
THE DISTRIBUTION OF RCCIDENTS BY

INCIVIDUAL HIGH-ACCIDERT LOCATIONS

TYPE AT

Manoeuver Time=-Volume Index (%}

Accidents (%)
Cross- left turn right cross- left turn right
traffic turn traffic turn
84.5 15.5 0 65.2 21.1 13.7
88.0 9.5 2.5 51.1 38.4 11.5
58.3 37.5 4,2 48.7 45.9 5.4
6.9 7.7 15.4 59.7 9.2 31.1
81.4 11.1 7.5 68.4 17 .4 4.2
70.0 10.0 20.0 2.9 26.5 30.6
62.5 25.0 12.5 40.5 34.6 24,9
88.0 12.0 0 §3.0 35.5 27.5
91.3 0 8.7 68,0 16.6 15.4
88.2 5.9 5.9 58.2 29.6 12.2
76 . 9 7.7 15.4 35.1 34.4 30.5
50.0 0.0 10.0 18.8 48.0 33.2
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CEROES- TRET IS
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3.6.7. Accidents and Conflicts ky Time of Lay

. At ST} P o . - il

Figures 14 to 18 represent hourly rlots of accidents and
conflicts by time day (7 a.r. t0 8 p.m.). Data from each
city have been treated separately in reccgniticn of the
variation in traffic patterns and resulting volume geaks
(accidents have often been shown +to follow zcughly the
fluctuations in the time-volume gplot and such was also found
to be the case in this study).

In general, +the correspondence between accidents andg
conflicts by time of day is fairly close, especially in the
larger cities such as Toronto which Eprcbably have more
pronounced peak flow pericds. The combined data from all
four cities indicates ccincidence of major fgeaks for
accidents and conflicts at 8 a.m. and 4-5 p.m., +the latter
being by far the most prominent. The early peak cccurring
for the afterncon rush is due to the fact that the study was
carried out in the summer months when special summer hours
were normally in effect,

In the collection of data at intersecticns, four
diiferent variables were reccrded or later calculated.
These were:

1. Conflicts (C)

2. Vioclations (V)

3. Total approach volumes (v)

4. Time-volume exposure index (E)

To test the inderendence ¢f the variables we can calculate

the applicable partial ccrrelaticns acccrding to the
formulae:

_ —_— 2
r r T r + r 2r r T
12.3 = 12 - 13, 23 12 13 - 12 13 23
2 2 2
b r 1 -
- 13 1 - 23 23
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Employing the subscripts: & - Accidents
b - Conflicts
v - Volumes
i - Indices
we obtain the following takle:
cecefficient value Explanation
Lac.v 0.111 Correlation between 2 &
1. having eliminated the
Tai.v 0.289
effects of 3 on 1.
Tav.i 0.426
Ra.cv 0.650
Ra.ci 0.642 Comkbined correlation cf
28 3 on 1.
Ra.vi 0,705

Squaring the above ‘fr® wvalues indicates the fraction of
teotal variance which the wvariable in questicn explains with
respect to the accident relaticnshirg.

From this table it is cbvicus that conflicts alone are a
rather poor predictor of accidents since they can explain
independently cnly 1.2% of the variance. The time-volume
exposure index is consideralkly better at 6.3% but this is
still wvery low, the highest single correlating factor being
simple volume totals at 18.1%.

When the wvariables axe combined however, they are
capable of explaining a wmuch higher proporticn of the
variance with wvolumes and indices together accounting for
about 50%. This suggests the usefulness of performing a
multiple regression analysis inveolving all the significant
variables employed in the study.

Twec variables, conflicts and violations, as can ke seen
from Table 5 and the above analysis, are not likely to
contribute significantly tc the model and in fact, when one
compares the multiple regression equations  calculated both
with and without these factors, they can be shown to account
together for less than 1% of the accident sample variance.
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The best model is then rerresented by the equation:
A* = 3,069 ¢+ 9.898F + 0.0004992v
which explains 53% of the sawmple variance

Figure 19 illustrates the separate effects cf volume,
time-volume exposure  index and conflicts on accidents.
While volumes and exposure index (dashed lines) appear
reasonably consistent with accidents (bar graphs), at least
tor 1low and medium volume intersections, it is evident that
conflicts (solid lines) are erratic. Taking Figure 19 in
conjunction with Table 7 discussed previously, it would seem
that a volume based predictor model is certainly surerior to
one developed from the concert cf conflicts as apgplied. in
this study. The discussion of section 3.6.8 also confirms
this conclusion. '

The only areas where conflicts presented themselves as a
useful statistical tool was in the analysis of possible
hazard situations by time cf day and by area rlacement
within an intersection. This is not +to suggest +that the
analysis of conflict situations by monitoring an
intersection cannot perform a useful functicn. The simple
procedure of detailed cbservation itself can grovide
additional insight into +traffic problems and may well
suggest valid solutions.

Nor 1is it intended +to suggest that the concerpt of
traffic conflicts has no potential as a statistical tool for
predicting accidents. What the results of this study would
seem t0 imply is that the current state of the cecncept and
definition of +traffic conflicts may be inadequate for
providing a useful statistical model in the prediction of
accidents.

It is evident that considerably more work is needed in
modelling traffic accident cccurrence. Using four variables
which included all of the kasic okservaticnal measurements
taken at intersections, the best result which +this study
could provide was one which acccunted for only slightly more
than half of the accident sample variance, that is, almost
half of the variance remained unacccunted for.




Some form of exposure index based on conflicting
manoeuver volumes and times might provide the answex, as the
ability of the index introduced in this study to account for
some of the accident variaticns among similar volume
locations has indicated, but its cverall low efficiency in
predicting the correct order among the accident Jlocations
themselves suggests that considerable reassessment 18
required.

3.6.9 conflicts and Violations

Violations, and the resulting conflicts, are summarized
in Table 11. The most hazardous vioclations, in terms of
resulting conflicts, occurred when vehicles crossed over the
roadway centerline when turning and when they made a turn
from an improper lane thereby cutting-off through traffic,
In these two cases conflicts resulted from 3.4 and 1.7% of
the wviolations resgectively.

aAll other violaticns recorded (turn into wrong lane, no
turn or lane change signal and failing to make a legal stop
at a stop sigrn) involved conflicts in less than 1% of the
cases.

In order to determine the 1likelihcod of a violaticn
resulting in a hazardous (ccnflict) situation, conditional
probabilities were calculated for conflicts arising from
each violation tyre. In order to make the necessary
comparisons some of the violation c¢lasses had to be
redefined somewhat: for instance the category of weaving
infractions contained all vioclations related to changing
lanes and turning to and from the wrong 1lane, and this
category was compared with weaving conflicts which were
similarly defined.

Table 12 summarizes the steprs and results involved.

The factor P(C/V) regresents the probability of a
conflict occurring as a direct result of a wviolation while
P(C/V) is the probability of a conflict when no violation
nas taken place. If, therefore, F(C/V) is greater +than
pP(CsU} it is possible to say that a certain violaticn has a
tendency to result in conflicts in +that this +type of
conflict is more 1likely +o cccur following the wvioclation
than as part of the ordinary course of events,
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TABLE 11

TABLE OF VIOLATIONS ANL CONFLICTS
RESULTING FROM VICIATICNS

Tuzn from Turn to No lane
wrong lane wrong lane change
signal
2 0 g o & 0
C +H o + 0 +4
~ o] ~ 0 = &
) ~ + - Xt ~
] ! © e ] v~
— “ ~ ey — Yt
S 5 ] 5 g 5
e O > & & o
4,472 74 11,824 28 9,873 71
* 1.7 % 0.2 % 0.7
No turn Through Stog Cross over
signal Sign center
iine.
[} 7} w0
5 8 5 2 : 8
~ 3] - v 9 3]
43 i + - + i
il ~ o ~1 © —
— YA — Lo — L
o] =t o} =) o] o
~ 0 - 0 o~ 0
> o e & = O
60,083 59 11,225 41 887 30
3 0.1 % 0.u % 3.4
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_ Accordingly the data indicates that weaving and cross-

centerline infractions are relatively hazardous even though
the chance of being involved in a conflict is only about 1.7
and 3.4% respectively. This is because weaving and cross-
traffic conflicts are 2 tc 9 times more likely to occur
following a related viclaticn than on the average.

On the other hand, in the case of failure to signal
turns and failure to execute a proper stop when required,
P (C/V) is significantly 1less than P(C/V). This is
especially true for the signal infraction. wWhat this
indicates is +that drivers, for the most part, ccmmit such
violations only when it is safe to do so, that is, when no
conflicting traffic is present. If there is no traffic on a
major route then a driver who proceeds directly through a
stop sign does not incur any risk. Such violaticns could
possibly come under +the heading of "folk crimes" the
commission of which is largely sanctioned by the driving
public. It may be, in such instances, that strict adherence
to the letter of the law is detrimental to the credibility
of the legislative and enforcement systems.
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TABLE 12

CONDITIONAL PROBABILITY MATRICES FOR VARIOUS CLASSES OF INFRACTIONS.

1. Heaving Infractions
~ Changing lanes with-
out signalling, turning
from or to the wrong
lane {(weaving ccnflicts)

c C
v 173 | 25,996
v 141 | 248,073
P(C/V)= __VC = 173 = .00661
VC + VC 173 + 25,996
P(C/V)= __CV = 14 1 = ,000568
CV + CV 141 + 268,073
P(C) = VC_+ VC = 173 + 141
VC ¢ VC ¢ Vc + CV 173 ¢ 141 + 25,996 + 248,073
= .00114

Z. Fajlure to Sigpal turns.
{slow-for-turn rear
end and left-turn
conflicts) .

c C

v 59 60,024

' 2,173 178,874

pP(csv) = 59 = ,000982
59 + 60,024
P(C/V) = 2,173 = .06120

2173 + 178,874

i

59 + 2173

P(C)
59 ¢ 2173 + 60,020 ¢ 178,874

= .003926
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Table 12 continued

3. Through_ sStop Sign_Infracticns

C Cc

v 41 11,188

v 2,203 131,600

P(CsV) = 41 = ,00365
41 + 11,184
P(C/V) = 2203 = 0165

2203 + 131,600

B{(C}) 2203 + U1

2203 ¢ 41 ¢ 11,186 + 131,600

= .0155

4. cCross Centre line Infractions
- Mainly during turning
manoeuvers (cross-

traffic conflicts)

C C

v 30 | 857

v 2214 141,927

P (C/V) = 30 = .0338
30 + 857

P(CrV) = 2214 = ,0154
2214 ¢ 161,927

P(C} = 30 _+ 2214

30 + 2214 + 857 + 141,927

= .0155
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Conclusions and Recommendations

The concept of +traffic conflicts has much promise in
theory but in general, the results of this study 4id not
indicate a very efficient cor practical application. A
large part cf the problem undoubtedly stems from the use
of human observers in whom no amount of training can
eliminate completely all traces of bias and variakility.
Strangely enough, however, it is the use of experienced
human observers which tprobably lends the rresent
conflicts technique what usefulness it may have. That
is to say, by wutilizing the detailed observational
techniqgues employed in conflict counting, a remedial
solution to hazardous location may become obvious
through trained observance alone, regardless of the
statistical results of the conflict count.

Conflicts were found tc be extremely volume dependent
and could not account for difference in accidents when
corrected for vclume exposure.

There is a conceptual rproblem in the definition of a
conflict in terms of its severity. For . instance,
certain types of conflicts are likely to be more severe,
on the average, than others (cress-traffic as orpposed to
rear end for example) and thus it may be invalid to give
all conflict categcries the same weight in developing a
working model. The more literal the definition of a
conflict the easier it is to reproduce +the ccunt and
record statistically significant amounts of data, but at
the same time the efficiency o©f +the statistic in
predicting accidents is reduced. MNeaxr accidents have
been shown, not unexpectedly, in the past to correlate
well with accidents and this study has indicated that
vioclations, on the other end cf the spectrum, dc not. A
re-evaluation is needed of the definitions invelved in
order to arrive at a statistic which is both efficient
and repeatable, and in this regard it may be necessary
to consider some alternative to +the current total
reliance on human cbservation and judgement.

It appears that, wusing accident predictor models
developed froam the current state of the art, scme form
of volume exposure statistic is as efficient or better
than conflicts in their present form when attempting to
rank locations by gross numbers of accidents. There
does seem tc be an application £for conflicts in
identifying high accident areas within an intersection
where simple volumes are insensitive tc the locaticnal
distinctions regquired. Conflict counts also ccnfirm the
typical daily fluctuaticns in accidents at intersections
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but since these also ccrrespond tc volume changes there
is no evidence of independent correlaticn.

5. The use of time exposure in conjunction with cross-
volume products produced a statistic generally superioxr
to conflicts and which was, in some instances, able to
explain differences in accident histcry among similar
volume intersections. None of the statistics employed,
including conflicts, however, were sufficiently reliable
for the identification of specific, problem
intersections or the accident producing mechanisms
involved at individual locations.

6. The data collected concerning violations give rise to
questions with respect tc the enforcement of some
traffic laws. While the data presented in this study is
not sufficient for any definite conclusions in ‘this
regard, there was evidence to suggest that some
regulations are deliberately violated only when the
driver judges it safe to do so, and thus disregard of
these laws may not prove statistically unsafe. This
could have ramifications in terms of the credibility of
enforcement procedures.

In summary, while both conflicts and volume exposure
factors correlated significantly with accidents over the
total sample of intersections, this correlation, especially
for conflicts, was not of a high ozrder, and even when
combined in a multiple regression analysis, only managed to
explain some 50% of the accident sample variance. This
performance is simply not good encugh for application as a
useful engineering tool and it is evident that more research
is needed with conflicts and other gredictors in crder to
develop a suitable model relating driver behaviour to
accident occurence., The fact that significant ccrrelations
were achieved, and have alsc been reported Ly cthex
observers, however, would seem to indicate that the concegt
of traffic conflicts is at least a wvalid one and that
further work in this area is justified.
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AFPENDIX
DEVELOPMENT AND CALCULATICN OF THE TIME-VOLUME

EXPOSURE INDEX
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(23) a possible r

McDonald (23) ssible 1
on apgroach volum
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2w _m  e |
where Q; and Q, are the”intéréébfihé”épﬁféééhjVOIumes;
' uUsing the approach volumes, however, provides a gross.

index which is insensitive to the traffic demand weights:
assigned various different rovements. CeL e

1f wvolume counts for each separate vehicular movement

are obtained then the roct of the intersecting volumes for
each can be calculated as akove, and the total index for the
intersection will be . the summaticn over all allowable

movements.

This provides a measure of vehicle placement O
frequency of a particular manoeuver which exposes a vehicle
to possible collision. It says nothing, however, about the
probability that, once exposed, the vehicle will be struck
by an opposing one.

The actual probability, since it depends or human and
environmental factcrs to such a large extent, is imgpossible
to calculate, however it can at least partially be
represented by the time which the wvehicle is exposed toO
opposing traffic.

Thus +the 1likelihood of accident cccurrence should vary
as the product of the time and volume €XpOSUre. This
product results in a dimensionless variable which can be
termed an "exposure index".

once again, summing these indices over the entire range
of vehicular movements oxr gpossible conflicting traffic
streams results in an overall exposure index for the
intersection. A factor of 2.78 =x 10-% is required to
balance the time factcrs if exposure time, t, is in seconds
and volume Q is in vehicles per hour.
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Then the exposure index can be expressed by:

E = 2.78 x 10~ t [Q, 02
i

where Q4 and Q, are the intersecting or conflicting
volumes invelved in each wvehicular movement, 1i, for
which an average time of ti seconds is required.

Exposure times were taken by stopwatch at all
intersections under study and the average for each manoeuver
was computed from a minimum of 12 cbservations with the
highest and lowest reijected. At the same time, traffic
volumes were recorded for a tctal of 14 hours.

Oon the following pages arxre the detailed methods for
calculating exposure indices for the two tyres of
intersections studied:
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(a) 4-leg Intersection

For +this configuration there are 10 basic conflict
points between traffic streams. In calculating the time-
volume exposure index, however, only 8 are emgloyed. This
is because, at the intersection of a major road with one
controlled by a stop sign, a left turn conflicting movement
involving twc minor road vehicles is associated with a lower
risk factor due to the fact that both vehicles start the
manoeuver from a staticnary pcsition and the resulting low
speeds greatly enhance the probability of accident
aveidgance. This intuitive hypothesis is confirmed Dby an
analysis of the data on left turn accidents which shcws that
over 90% involve vehicles +turning from the majcr route
across moving +traffic lanes. Support for this ccenclusion
has already been mentioned with regard to the work of
Charlesworth and Tanner (8} .

I+ was recognized +that cmission of the two minor road
left~turn conflict manceuvers would result in a few cases
whnere left-turn accidents would not be predicted by the
index, but it was felt that +the general overemphasis on
left-turn accidents resulting frcm the inclusion of these
movements would overshadow the marginal benefits which could
be obtained in a few of the cases.

Accordingly the analysis of a four-leg intersection
proceeded as follows:
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172 1
E=2.78 x 10—+ |:t1 (Q], X qg_) ‘9'tz (Cz X Qz)

#++ tg{Qs X g 931/2]

where q; & g, = volume/hr of left turn vehicles on major
route in each direction.

72 172
* t3(Q3 X g3)

Qs & Qz = volumeshr of through vehicles on majcr
route in each direction.

dz & g, = volumeshr of through vehicles on minor
route in each direction.

Rz & Qe = volumeshr of all through vehicles on
major route (Qz = Q)

ds &

Te]
)
]

volumeshr of left turn vehicles on minor
route in each direction. :

Qs & Qg = volumeshr of through vehicles on major
route in each direction but only for
lanes crossed necrmally or merged with.

gz & gg = volume/hr of right turn vehicles on
mincr route in each directicn.
Wz & Qg = volumeshr of through wehicles on major

route in right-hand lane in each
direction.

The above eguation will require fewer terms in cases
where one or both of the roads is designated as cne-way.

{b} "Tee® Intersection




In the case of a three-leg or %“tee® intersection only 3
conflicting manoeuvers are possible. The eguation will
therefore contain only three terms, that is:

172 172
E=2.78 x 10-¢ [%1 (O ¥ g3} + ts (Qs X gs)

1 /2]
+ ty Q7 % g7}

where +the symbols g3, 9ss 97s Qis Qs and Q, have been
defined in (a} akowve.

While the index, in its above form, cannct thecretically
account for rear end and weave accidents due to the lack of
a measureable exposure +time for these situations, a rough
model can be postulated. Fcr instance, regardless of the
distance required for a car to stop, it could ke assumed
that all cars in a moving traffic stream have roughly the
same braking capability and thus a rear end accident will
only occur if the reaction time of the follcwing driver is
too long. The factor, t, in this instance then becomes the
critical driver reaction time which depends on vehicle speed
and physiological factors and which, if exceeded, with lead
to an accident.

since any vehicle in a continuous flow of traffic is
exposed to a rear end or weave-tyge conflict from any cther
vehicle moving in the same direction we have the term:

172
t (Qx Q) =tQ

Using t = 1 second, £for examgle, the time-volume
exposure indices can be re-calculated to include a specific
term for rear end and weave accidents. In the case the
overall accident correlation is slightly improved to 0.673.
This would explain an additional 6% of variance over the cld
model, but still is no better than volume summaticn alone.
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