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The research is an investigative analysis of the characteristics of motor vehicle collisions

at urban intersections using insurance claims data.

Previous investigations between injury

intersections, the use of insurance claims in

claims in the development of relationships

of intersections are summarized.

ABSTRACT

The comparison of collisions based on insurance claims data and police-reported

collision data revealed that insurance claims provide a robust dataset with the potential

for urban intersection collision investigation.

type and the roadway characteristics of

road safety research, and the use ofinsurance

with the roadway engineering characteristics

The temporal and geographic characteristics of intersection collisions based on insurance

claims are investigated in terms of collision frequency, collision rate, incurred cost, and

injury type. Intersections of greatest safety concern based on these characteristics are

identified, as are injury types ofgreatest safety concern at intersections.

Intersections between four-leg two-way arterial roadways are selected as candidates for

the investigation of relationships between injury type and incurred cost as a function of

the roadway engineering features of intersections. Geometric and operational



characteristics of these intersections are summarized, from which specific characteristics

are identified as being suitable candidates as variables in relationship investigation.

The investigation examines relationship forms where one roadway engineering feature is

considered. Whiplash injury collisions and the total incurred cost are each related in

three ways: (1) as a function of the total number of collisions by approach roadway

median presence; (2) as a function of the entering vehicular traffic by approach roadway

median presence; and (3) as a function of the average approach roadway entry speed for

intersections with divided roadways for all approaches. The relationships which are a

function of the total number of collisions perform best at predicting actual conditions of

individual intersections, while the relationships which are a function of entering vehicle

traffic and average approach roadway entry speed reflect the general trend amongst all of

the investigated intersections.
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1.1 THE RESEARCI{

The research is an investigative analysis of the characteristics of motor vehicle collisions

at urban intersections using insurance claims data. The characteristics of these collisions

are investigated in terms of temporal and geographic attributes, incurred cost, and injury

type. As possible, relationships between incurred collision cost and injury type as a

function of the roadway engineering features of intersections are also investigated.

CTIAPTER 1

INTR.ODUCTION

T.2 BACKGR.OUND AND RESEARCH NEED

Motor vehicle collisions are the ninth leading cause of death worldwide, with 1.2 million

people killed annually and many more million injured (WHO, 2004). In Canada, about

3,000 people die annually and in the United States this figure exceeded 44,000 fatalities

in2003 (NTSB, 2004). These collisions have a significant economic cost to society. In

the United States, motor vehicle collisions are estimated to cost US$ 234 billion annually.

In Canada, the economic cost of motor vehicle collisions is estirnated to be between

CAD$ 10 billion and CAD$ 25 billion annually (Transport Canad42004).

In Manitoba, based on public insurance information, there were 139 fatal and 15,554

injury claims as a result of motor vehicle collisions in 2003, which resulted in $234

million in incurred injury and fatality insurance claims costs. There was also $326

million in property damage claims costs in 2003, resulting in total incurred claims costs



of $560 million (Manitoba Public Insurance, 2004). These costs exceed by three times

the combined annual infrastructure budgets of Manitoba Transportation and Govemment

Services ($128.9 million in 200312004 (Province of Manitoba, 2003)) and the City of

Winnipeg Public Works Department ($60.7 million in 2003 (City of 'Winnipeg, 2003)).

These incurred costs do not include additional costs such as lost productivity, lost wages,

and decreased quality of life.

Intersections in urban areas have been identified as particularly dangerous by Transport

Canada. For intersection collisions, urban intersections account for 4l percent of

fatalities and 5l percent of persons seriously injured. Overall, 25 percent of road

collision fatalities occurred at intersections (Transport Canada, 2004). Intersections

account for over 50 percent of collisions in urban areas and 30 percent in rural areas in

the United States (NCHRP, 2004). Approximately 8,500 fatalities and almost 1 million

injury collisions occur at or within an intersection environment in the United States every

year, where the cost of intersection-related collisions is estimated at US$ 40 billion/year

(FHWA, 2003). In Manitoba (urban and rural), righfangle intersection and rear-end

collisions accounted for 37 percent of all fatal collisions, 46 percent of all injury

collisions, and27 percent of all property damage collisions in 2001 (MTGS,2003).

Collision data is used to facilitate the identification of collision-prone locations as well as

to identify other collision characteristics which may be mitigated through improved

engineering. The most commonly used and available form of collision data is police-

reported clata, which provides many useful attributes in engineering applications. There



are, however, some shortcomings from police reported collision data. Not all reportable

collisions are necessarily reported, as the onus is on collision victims to report the

collision when police do not attend the incident scene. There is also a minimum

reporting threshold of combined damage exceeding $ 1,000 or incidence of bodily injury

in Manitoba. When considering injuries from police-reported collision data, Persaud

notes that "Injury data based on police reports have known limitations, especially in

regard to injury severity." (Persaud etat,200l: pg 3)

Insurance claims data includes unique attributes which provide opportunities for roadway

safety analysis. There is information about any collision for which there is a claim,

which therefore includes collisions which have not met police-reporting minimum

thresholds. Also, a claim must be reported for any person involved who wishes coverage,

while no similar essentiality exists for reporting a collision to the police. Claims data

provides the incurred costs for each claim, which in turn provides the incurred cost per

collision. Insurance claims data provides specific injury information for every injury

claim. With this data, it is possible to investigate the characteristics of where and when

specific injuries are occurring and the associated incurred costs of these injuries. By

examining specific intersections, it may be possible to relate this information to specihc

roadway engineering characteristics of intersections.

1.3 OBJECTIVES AND SCOPE

Specific objectives ofthe research are:

1) To understand current and previous research
intersections with injury type and costs.

relating engineering characteristics of



2) To compare and contrast insurance claims data and police-reported collision data
order to establish the nature of, and differences in, the datasets as they can be used
intersection collision analysis.

3) To obtain comprehensive knowledge of the nature of collisions at intersections in
Winnipeg through the investigation of temporal characteristics, geographic
characteristics, collision frequencies, collision rates, collision severity, and incurred
collision cost.

4) To identiff intersections with high collision frequencies, collision rates, and/or
incurred collision costs

5) To investigate the possible relationships between injury type and incurred collision
costs as a function of intersection characteristics from the civil engineering perspective
for the intersections identified in objective 4.

The scope of this research is constrained as follows:

. It relies on Manitoba Public Insurance claims data, City of Winnipeg collision
and traffic volume data, and DDVL collision information from the period
between 2000 and 2003.

It does not consider the following issues which may impact the safety of
intersections: roadway operating policies, enforcement levels, engineering
characteristics of vehicles, and explicit environmental considerations.

1.4

1n

in

The following research approach is underlaken in order to accomplish the objectives:

RESEARCH APPROACH

A literature review investigating the methods used in relating injury type and
incurred collision cost to the engineering characteristics of intersections and
results obtained from the application of these methods.

Gaining an understanding of the databases involved. To do this, discussions with
Manitoba Public Insurance officials on the nature and characteristics of the
insurance claims database, as well as discussions with traffic engineers at the City
of Winnipeg Public Works Depafiment are conducted.

The analysis of collision characteristics at intersections in Winnipeg using
Manitoba Public Insurance claims records for 2003.



The use of a geographic platform with Winnipeg's streets and intersections spatial
databases to show the geographical characteristics ofintersection collisions. This
also facilitates the geographic manipulation of data, which is done using several
geographic and database software programs (Maptitude, Paradox). This involves
the examination of collision frequencies, collision rates, incurred collision costs,
and injury types at intersections.

The identification of intersections of high safety concern as identified from a
combination of high collision frequencies, collision rates, incurred collision costs,
and injury type.

n The following is done for the identified intersections:

o intersection roadway engineering features are identified from intersection
site visits, orthophotos of the intersections and approach roadways, the
City of Winnipeg spatial footprint, and discussions with traffic engineers
at the City of Winnipeg.

o A comparison of injury type and incurred collision cost to the roadway
engineering features for the identified intersections to establish any apparent
relationships.

1.5 TI{ESIS ORGANIZATION

The thesis is organized as follows:

Chapter 2 comprises the results of a literature review investigating efforts to relate injury

type to the roadway engineering characteristics of urban intersections, as well as the use

of insurance claims data in roadway safety analysis and efforts to relate insurance claims

to the roadway engineering characteristics of urban intersections.

Chapter 3 describes the databases and analysis tools used in the research. The collision

databases, geographic information system, and collision rate methodology ate

summarized.



Chapter 4 comparcs and contrasts collision data from insurance claims and police-

reported collisions. Collisions based on insurance claims are compared with police-

reported collisions for the Province of Manitoba, for intersection collisions in the City of

Winnipeg, and for high-collision frequency intersections in Winnipeg.

Chapter 5 examines the temporal and geographic characteristics of collisions at

intersections in terms of collision frequency, collision rate, and collision cost, as well as

the characteristics of injuries at intersections using insurance claims data. From these

investigations, the type of intersections where safety is of greatest concern are identified.

Chapter 6 identifies the specific intersections for consideration in relationship

development. The geometric and operational roadway engineering characteristics of

these intersections are identified, and the characteristics which are most suitable for

relationship development for these intersections are identified.

Chapter 7 investigates relationships between injury type and incurred collision costs as a

function of the engineering characteristics of the identified intersections.

Chapter 8 presents conclusions and discussion of the research and identifies further

research opportunities.

1.6 TERMINOLOGY

The following terms are used in this research:



Bodíly injury collision: This is a motor vehicle collision resulting in an injury of any

type, including non-fatal and fatal injuries.

Fotal collision: This is a motor vehicle collision resulting in one or more fatally injured

persons. For police-reported collisions in Manitoba, a dealh caused by injuries from a

collision must occur within 30 days for the collision to be considered fatal (MTGS,

2003). There is no similar reporting deadline for Manitoba Public Insurance; a collision

is considered fatal if a death occurs as a result of injuries from a collision regardless of

the time elapsed from the collision event occurrence. In addition to fatalities, injuries

andlor physical damage to vehicles may occur as a result of fatal collisions.

Incurred cost: This is the sum of all direct compensation paid on a claim to date by

Manitoba Public Insurance. The incurred cost from injury claims are not in many cases

final costs, as claims which are still open may continue to accrue cost. Incurred injury

costs were unmodified, as provided by Manitoba Public Insurance, in this research and

thus do not represent final incurred injury costs.

Injury collision: This is a motor vehicle collision resulting in a non-fatal injury to one or

more persons. Physical damage to vehicles may result from injury collisions, but fatal

injuries may not.

Property damage only collision: This is a motor vehicle

injuries occur-only physical damage to the vehicle (s).

collision where no bodily



Reportable collision: This is any motor vehicle collision where there is a bodily injury

andlor the combined property damage cost exceeds $1000. This is the reporting

threshold for police-reported collisions in Manitoba (MTGS, 2003).



CT{ARACTERISITICS OF INTERSECTIONS USING IF{SURANCE

CL,A.IMS DATA

RELATING IN"TURY TYPE TO TIIE ENGINEERING

This chapter investigates and summarizes previous efforts relating injury type to the

engineering characteristics of intersections using insurance claims data. The use of

insurance claims as a data source for road safety analysis, efforts to relate insurance

clairns to the roadway engineering characteristics of intersections, and efforts to relate

injury type to the roadway engineering characteristics of intersections based on insurance

claims were investigated.

CT{APTER.2

2.I INSURANCE CLAIMS AS COLLISION

ROADWAY SAFETY ANALYSIS

The most widely used and available source of collision data in roadway safety analysis is

police-reported collision data. Insurance claims have had limited use in roadway safety

analysis by engineers. There has been, however, an increase in the number of cases using

insurance claims as a means of estimating collision occuffence and severity in recent

years. Insurance claims are also perceived by some as being somewhat rnore reliable

than police reports for collision analysis.

de Leur and Sayed (2001) indicate that police collision data is often suspect, and thus

looked at insurance claims data from the insurance Corporation of British Columbia

DATA SOURCE FOR



(ICBC) as a possible source for safety evaluation. Ogden (1996) notes that police

collision reports are "the best and only form of basic data generation on accidents in most

jurisdictions". However, he also points out that police accident repofts are invariably

imperfect due to report quality inconsistencies. Collisions reported to or by the police are

also limited in their representation of total collisions, as an incident cost threshold must

be met before inclusion and that not all reportable collisions are necessarily reported.

Hauer (1997) notes that police miss some 20 percent of injuries requiring hospitalization,

up to 50 percent of injuries which do not require hospitalization, and some 60 percent of

reportable property damage only collisions.

According to Murphy and Johnson (1999), insurance claims data have the potential to

increase the quantity and quality of collision data in road safety evaluation. They noted

55,000 vehicle insurance claims were made whilst only 5,000 collisions were reported to

police annually for collisions taking place in British Columbian parking lots. In this case,

insurance claims provided 11 times the quantity of vehicle collisions, and thus a more

robust dataset.

The potential for using insurance claims in road safety analysis was identified by Malfetti

(1993), who conducted a study for AAA Foundation for Traffic Safety to evaluate and

address the issue of the large traff,rc safetyproblern relating to drivers aged 16 to24. He

made use of insurance data from eight RAR insurance companies, and concluded that

there "probably is no better data base on young drivers than the records of insurance

companies".
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Insurance claims have been used in intersection safety analysis, as a means of identifying

high-collision intersections. Zein and Navin (2000) found that insurance claims have

been used to identify high-collision intersections by the Transport Accident Commission

in Victoria, Australia,by a coalition of private auto insurers in Alberta, and by AAA

Michigan and State Farm auto insurance agencies in the United States. Manitoba Public

Insurance began recording location information for collisions for located within

V/innipeg in 2002. This has been done in order to more accurately understand and

quantify collision claim trends and to assist in the development of more targeted

countermeasures. Preliminary results for the period between J:ulire 2002 and November

2003 showed that the top 50 high-collision intersections accounted for 19 percent of all

intersection claims and 15 percent of all intersection collision costs (Mwanza,2004).

2.2 RELATING INSURANCE CLAIMS AND THE ROAD\üAY

ENGINEERING CTIARACTERISTICS OF INTERSECTIONS

Insurance claims have been used in relating collisions with the roadway engineering

characteristics of intersections.

The Insurance Corporation of British Columbia (ICBC) used claims data for evaluating

the cost of collisions at intersections as a part of their Road Improvement Program.

Insurance claims were used in the analysis of selected intersections, which involved

estimating the expected cost savings due to reduced collision frequency and severity from

the implementation of safety features. ICBC would then invest in road safety

improvements if the ratio between the expected reduction in insurance claims and the
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cost of improvements was shown to be at leas|2:7, where an investment return period of

two years was typically applied. For any intersections where investments were made,

follow-up evaluation was conducted comparing the actual post-treatment insurance

claims to expected insurance claims without treatment. According to Zein and Navin,

cost savings have attained an average ratio of 8:1. As such, collision frequency and cost

were related to selected roadway engineering safety treatments at intersections (Zein and

Navin,2000).

Feber, Feldmeier, and Crocker (2000) indicate that AAA Michigan modelled their road

improvement program after ICBC's model, in the following manner. AAA Michigan and

Southeast Michigan Council of Govemments identified high-collision signalized

intersections. Test project intersections were then implemented with a safety treatment

application, for which AAA Michigan provided pafüal funding. Insurance claims from

post-treatment implementation were compared to the expected number of claims had

there been no treatment. Results indicate a reduction in collision severity and frequency

at intersections from the modernization of traffic signals, upgrading signal lens sizes from

8 inches to 12 inches in diameter, and installing left-tum lanes.

2.3 RELATING INJURY TYPE AND THE ROADWAY ENGINEERING

CHARACTERISTICS OF INTERSECTIONS

The literature is silent on relationships between specific injury types from motor vehicle

collisions and the roadway engineering characteristics of intersections. The lack of

literature with specific injury type is likely due to the diffìculty in obtaining injury
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information from collision data sources, whether it be difficulty in obtaining access to the

actual data (as may be the case for insurance claims), or absence of injury information

from the most commonly available collision data sources (such as police-reported

collision data). Specific injury type is not usually available from police-repofted

collision data, but injuries are often catalogued in the dataset based on severity. For this

reason, research into relationships between injuries and the roadway engineering

characteristics of intersections has generally been limited to investigations of injury

severity, where injury severity levels are defined by the level of incapacitation resultant

from an injury. These injuries, however, are not distinctly specified by type except for

fatal injuries. There are a number of instances where injury severity has been used in

investigations of relationships with the roadway engineering characteristics of

intersections.
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DATABASES AND ANAI-,YSTS TECIINIQUES USED IN TF{E

RESEAR.CII

This chapter describes the data and the analysis methodologies used for the research. The

collision datasets, the geographic platform, and the collision rate methodology are

described. Seven different data sources were used for this research: (1) insurance claims

data from Manitoba Public Insurance; (2) collision statistics from the Division of Driver

and Vehicle Licensing (DDVL) of Manitoba Transportation and Govemment Services;

(3) collision data from the City of Winnipeg Public Works Department Transportation

Division; (4) the geographical platform from the City of Winnipeg Public Works

Transportation Division; (5) traffic flow estimates from the City of Winnipeg Public

Works Transportation Division; (6) orthophotos from the University of Manitoba

Transport Information Group; and (7) the City of Winnipeg spatial footprint.

CHAPTER 3

3.I COLLISION DATASETS USED IN TI{E RESEARCT{

3.1.1 Manitoba Public Insurance Claims Data

Two types of data were provided by Manitoba Public Insurance. The first type consisted

of collision information for each individual claim, for all claims from the Province of

Manitoba for the years 2000 ,2007,2002, and 2003. These datasets include the following

information: incident nutnber, date, time, collision severity, injury type, victim type (road

user), collision with wildlife, restraint/protection device use, vehicle type, vehicle

model/year, vehicle liability (the amount of fault assigned to a claim for a given incident,
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in percent), driver age, driver sex, victim age,

per claim. There are 487,238 total collision

dataset.

The second type of data is comprised of collision location information for each individual

claim, for intersections in Winnipeg from July 2002 to December 2003. This dataset

includes incidents, claims, date, time, location, incurred cost of claim, and claim type

(property damage or bodily injury). There are 47,545 intersection collision claims

records in this dataset.

victim sex, claims centre, and incurred cost

claims records from the four years in this

3.1.2 Manitoba Transportation Collision Statistics

DDVL collision information is provided in the form of annual collision statistics. The

most current year of available information at the time of this research is 2001 (MTGS,

2003). This information shows all reported collisions within Manitoba for that year, as

well as historical statistics for the previous 10 years. DDVL traffic collision statistics are

comprised of reportable collision totals from all law enforcement agencies within

Manitoba, including the City of Wimipeg. These statistics present information totals for

various collision attributes, including annual total collisions by severity type, total

victims and vehicles involved, summaries by month, day of week, and time of day, urban

vs. t-ural, road surface condition, weather, impact configuration type, vehicle type, driver

age, driver gender.
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3.1.3 CÍty of Winnipeg Collision Data

The Transportation Division of the City of Winnipeg Public Works Department provided

a collision dataset which is comprised of information for collisions in Winnipeg for 2003.

Information in this dataset includes date, time, impact configuration type,

environment/weather conditions, lighting, traffic control at location, collision severity

type (property damage only, injury, fatal injury), number of vehicles involved, number of

persons injured, number of pedestrians injured, street name(s), and geographic identifier.

There are 16,365 total collision records in this dataset, of which II,254 are intersection

collision records.

3.2 GEOGRAP}IIC PLATFORM

The geographical platform used in this research was provided by the University of

Manitoba Transport Information Group (UMTIG) and the City of Winnipeg Public

Works Department Transportation Division. This platform incorporates the geo-locations

of all intersections and streets in the City of Winnipeg.

3.2.1 City of Winnipeg Streets Network

Two layers of the City of V/iruripeg streets network were used in the research, narnely the

streets layer and the intersections layer. The intersections layer was directly used for

collision information linking and presentation, while the streets layer provided a

background spatial context. Figure 3.1 shows the network used in the research, with

Winnipeg's regional street network highlighted.
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Figure 3.1: \ilinnipeg Streets Platform Used in the Research

3.2.2 Spatial Linking of Collision Datasets

The two collision data sets with intersection location information (City of V/innipeg

collision data and MPI claims data) were linked to the intersections layer for 2003 daLa.

Collision records in the City of Winnipeg collision database have a rnap identifier, which

is assigned based on the intersection or road segment where the incident took place. This

map identifier can be directly linked to the intersections layer, allowing for the

geo graphical presentation of collision information.
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The MPI intersection location claims data did not originally include a map identifier, but

did include the intersection name in text. In order to link the data to the map, a map

identifier was assigned to each claim by matching intersection names from the Winnipeg

intersections GIS layer to the intersection name on the claim and attaching the associated

map identifier. Manipulation of intersection text names of claims was required for

linking compatibility, and for certain intersections manual assignment of map identifiers

was required. There were two circumstances where it was not possible to assign a map

identifier to a claim, because of intersection location ambiguity. This occurred for offset

T-intersections (where the offset streets have the same name) or where a circuitous road

intersects twice with one street (such as a bay or crescent). This resulted in 470 collisions

with an incurred cost of $2.3 million from 166 ambiguously located collisions in 2003

(based on insurance claims) being omitted from GIS analyses. This represents 3 percent

of both the total number of collisions (15,655) and the total incurred collision cost ($85.4

million) of all intersections in 2003. While these intersections were not represented in

geographical analyses, they were included in tabular analyses. The addition of the map

identifier to the claims database allowed for geographic analysis of features unique to the

insurance claims dataset, namely incurred cost and collisions by injury type (in addition

to collision frequencies and collision rates).

3.2.3 Orthophotos and Cify of Winnipeg Footprint

Digital orthophotos of the City of Winnipeg were used in the identification of intersection

characteristics and the visual portrayal of intersection characteristics. These images are

geo-corrected and have a resolution of 20 cm. The City of Winnipeg footprint provides
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an outline of infrastructure features in Winnipeg, with layers for streets, driveways, back

lanes, and sidewalks. For this research, the streets layer was used, and was overlaid onto

the orthophotos using AutoCAD.

3.3 COLLISION RATE ANALYSIS APPROACH

3.3.1 Traffïc Flow Data

Traffic flow estimates were obtained from the Transportation Division of the City of

Winnipeg Public Works Department. The information provided average weekday daily

traffic (AWDT) estimates on major Winnipeg streets in2003, which was the most current

available information at the time of this research. Figure 3.2 shows the 2003 traffic

volume flows in Winnipeg.

Figure 3.2:2003 Traffic Flows in Winnipeg
Som'ce: Transportation Division, City of I{innipeg Public lVorks DepartmenÍ
Note: AWDT is Average Weekday Daily Traffic
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3.3.2 Collision Rate Calculation

Collision rates were calculated based on the number of collisions for a given exposure to

traffic of an intersection, where exposure was defined in terms of the daily total vehicular

activity entering an intersection. For two-way roads, the entering traffic volume was

assumed to be half of the two-way volume of the approach leg. Daily vehicular traffic

volumes used were based on AWDT values.

Collision rates were calculated using equation 3.1 shown below. For this research, the

calculated collision rates were multiplied by 1,000,000 thus giving collision rate units of

collisions per million entering vehicles (MEV).

where: C - Number of collisions at the intersection in one year
AWDT - Average Weekday Daily Traffic

CollisionRate =

Traffic volumes are generally only estimated on major routes in Winnipeg, thus

calculating collision rates for every intersection was not feasible. Collision rates were

therefore estimated at the highest-ranking intersections in tenns of collision frequency in

2003. Collision rates from these intersections represent cases of greater road safety

concern than intersections with a small number of collisions and low traffic volumes

which may nonetheless have high collision rates.

EnteringAWDT x (days I year)
C x 1,000,000

(eq.3.1)

20



Of the highest-ranking collision frequency intersections, a number had one or two

approach legs without a trafftc volume estimate. Entering traffic volumes were used as

available; as such, intersections without estimates on all approach legs were assigned

lower total entering vehicle traffic volumes than are actually experienced. This resulted

in collision rates at these intersections which were overestimated. While this is of some

concem in terms of the consistency of intersection collision rates, the road segments

without traffic volume estimates are generally collector or local in nature with lower

traffic volumes than the approaches with traffic volume estimates. Despite the

overestimation, the collision rates at these intersections were comparable to collision

rates at other intersections with similar collision totals where all approach legs had traffic

estimates.

An example of collision rate sensitivity is shown as follows. The intersection of

Lagimodiere Blvd and Dugald Rd has atrafftc volume estimate for three of four approach

legs. In 2003, the two-way AWDT volumes were 48,000 vehicles per day (vpd) on the

north approach, 40,000 vpd on the south approach, and 23,000 vpd on the east approach.

Also, there were 54 collisions based on insurance claims data, which gives a collision rate

of 2.61 collisions per rnillion entering vehicles. The approach leg without an estimated

trafftc flow volume is intemally classified as a collector on the City of Winnipeg streets

network, suggesting that this leg is in fact the lowest volume traffic leg of the four at the

intersection. It is also not unrealistic to assume that, in general, the un-estimated traffic

leg has a daily traffic volume less than or equal to the lowest-volume estimated leg. If

the 23,000 vehicles from the lowest-volume estimated roadway are applied as a 'worst-
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case' scenario to the non-estimated leg, the resulting collision rate is 2.2I, which is 17

percent lower than the computed rcte of 2.67. If the non-estimated leg is assumed to have

a traffic volume of half the lowest volume (i.e. i1,500 vpd), then the collision rate

becomes 2.42 collisions/mev, which is nine percent lower than the identified collision

rate. Intersections where collision rates were not based upon AWDT values from all

approach legs were noted.
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COLLISION ANAX,YSIS B.A.SED ON INSURANCE CLAIMS

VERSUS POLTCE-REPOR.TED INFORMATION

This chapter presents the results of a comparative analysis of collisions using insurance

claims data and police-reported data. The purpose of this chapter is to obtain an

understanding about the nature and magnitude of the differences in collision totals by

severity from these data sources, to assess the potential utility of insurance claims data in

intersection collision analysis as compared to the typically used police-reported collision

data. Data sources are compared for collisions in Manitoba, for collisions at all

intersections in Winnipeg, and for high-coilision frequency intersections in Winnipeg.

CTIAFTER. 4

4.I COMPARXSON OF DATASETS FOR COLLISIONS IN MANITOBA

Manitoba Public Insurance (MPI) claims data and Manitoba Transportation Division of

Driver and Vehicle Licensing (DDVL) statistics were compared for the Province of

Manitoba. Table 4.1 shows the total number of collisions based on MPI information and

DDVL statistics. These collisions were compared for the years 2000 and 2001, the most

recent years for which collision information was available for both sources.

There were more than twice as many total collisions represented in the insurance claims

dataset than were reported by DDVL. This is not unexpected, as the insurance claims

database includes all collisions, not just those with a minimum $ 1000 combined damage

total cost. When considering reportable collisions, as de{ined by police reporting criteria,
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(i.e., PDO collisions with a minimum $1000 total claim cost or occuffence of bodily

injury) there were still more collisions in the insurance claims dataset. For these

collisions there were 52 percent more total collisions, with 57 percent more PDO, 35

percent more injury, and 34 percent more fatal collisions documented in the insurance

claims dataset than in the DDVL summary report. The number of vehicles, injuries, and

fatalities represented by these collision totals are presented by source inTable 4.2.

Table 4.1,: Total Number of Collisions in Manitoba, 2000 - 2001

Based on Manitoba Public Insurance

Based on all
insurance data

Source: Analysis conducted using raw data provided by Manitoba Public Insurance and DDVL
summary statistics
* This is the reporting th¡eshold for police-reported collisions

There were more than twice as many vehicles reported to have been involved in

collisions in the insurance claims dataset than were reported by DDVL. When

considering collisions as defined by police reporting criteria, there were 39 percent more

vehicles, 32percent more persons injured, and 3l percent more fatalities represented in

the insurance claims dataset than were reported by DDVL. The difference in the number

of fatalities and fatal collisions rnay be due to different definition of fatality used for the

data sources. For a collision to be considered fatal for DDVL, a death caused by injuries

from a collision must occur within 30 days; for Manitoba Public Insurance, however, a

Based on PDO
collisions with

combined insurance
claims > S1000 OR
where bodily injury

occurred.

18,410 18,410

Based on
DDVL

13,587

6r,972
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collision is considered fatal for any death caused by injuries from a collision, regardless

of the time elapsed.

Table 4.2: Total Vehicles, Persons Injured, and Fatalities Involved in
Collisions in Manitoba,2000 - 2001

Based on Manitoba Public fnsurance

Based on all
insurance data

Fatalities
Source: Analysis conducted using raw data provided by Manitoba Public Insurance and DDVL
summary statistics
* This is the reporting threshold for police-reported collisions

As shown in Tables 4.1 and 4.2, insurance claims data provide a more robust collision

dataset than police-reported collisions as presented by DDVL traff,rc statistics. Insurance

claims yield a higher number of collisions of all types, in particular PDO collisions.

When considering collisions based on an equivalent definition of a collision, there was

still a greater number of collisions of all types represented by insurance claims data.

Insurance claims also represent a greater number of vehicles, injured persons, and

fatalities.

Based on PDO
collisions with

combined insurance
claims > $1000 OR
where bodily injury

occurred.

Based on
DDVL

4.2 COMPARISON OF DATASETS FOR COLLISIONS IN WINNIPEG

Similar to the investigation of provincial data, collision information from both MPI and

City of Winnipeg Public Works Department were compared for the year 2003 for

collisions taking place at intersections in Winnipeg.

103,933
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The collision total by severity type for this period is presented in Table 4.3. This table

shows MPI collisions based on insurance claims for which location information is

available.

Table 4.3: Tota Number of Collisions at Intersections in Winn

PDO
lniurv
îatal

Based on Manitoba Public Insurance

All insurance
claims

Total
Sotu'ce: Analysis conducted using raw data provided by Manitoba Pztblic Insurance and the City
of Iilinnipeg Public llorks Department
* This is the reporting threshold for police-reported collisions

There were more total collisions based on insurance claims than from City of Winnipeg

collision data (this is when comparing all claims with reported collisions). There were 46

percent more PDO and 17 percent more injury collisions reported based on insurance

data. There were, however, 75 percent more fatal collisions reported in the City of

Winnipeg database (14 versus 9). 'When considering the number of collisions based on

MPI data which meet the police-reporting threshold, there are 9 percent more PDO

collisions. The percent difference in these collision totals, however, is less than the

difference between insurance claims and DDVL for the entire province of Manitoba. Part

of the reason for this may be that this table only shows collisions from MPI claims for

which location information is available. The difference in fatal collisions is unexpected,

as the number of injuries reported by insurance claims data is higher than police-reported

data, and the number of fatal injury collisions is greater for province-wide insurance

12,413

Based on PDO collisions
with combined insurance
clairns > $1000 OR where

bodilv iniur-v occurred.

3.233

15.655

9

9,28r
3,233

Based on City
of Winnipeg

data

1,2.523

2003

9

8"480
) 755

17,249

t4
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claims than for province-wide DDVL collision statistics. One possible reason for this

may be that a claim may be reported at any time within four years of the incident

occurring, hence the number of fatal injuries from intersection collisions may increase in

the future for MPI collision data.

In discussions with Manitoba Public Insurance officials, they stated that the location data

collection process is in its infancy, and that the collection of location information by MPI

staff is not mandatory. Therefore, the quantity of incidents with location information

attached was expected to increase in the future. There have also been some system

difficulties in adequately cataloguing segment collisions, and possibly intersection

collisions (Mw anza, 200 4).

Figures 4.7 and 4.2 show the geographical distribution of intersection collisions based on

insurance claims and City of Winnipeg data for 2003. The map illustrating the

distribution of collisions based on insurance claims shows the collisions that fall under

police-reporting criteria (i.e., $1,000 or more in property damage or personal injury).

This makes the comparison feasible with the City of Winnipegdata, which only includes

police-reported collisions. Many intersections have different collision totals for these two

maps. Also, the highest collision-frequency intersections based on insurance claims data

which meet police-reporting criteria have more collisions than the highest collision-

frequency intersections based on City of Winnipeg collision data.
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Figure 4.1: Intersection Collision Frequency based on Insurance Claims Meeting Police
Reporting Criteria (Injury or Incurred PDO > $1,000),2003
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Figure 4.2: trntersection Collision Frequency based on City of Winnipeg Collision Data,
2003
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The number of vehicles and injuries for each dataset are presented in Table 4.4. From

this table, it can be seen that when all claims are considered there are more vehicles (58

percent) and injuries (15 percent) represented from insurance claims collisions than from

data maintained by the City of Winnipeg. 'When considering collisions from insurance

claims which meet police-reporting cntena, there were 31 percent more vehicles

represented by Manitoba Public Insurance collisions.

Table 4.42 Total l.{umber of Vehicles and Injuries at Intersection Collisions in
Winnipeg,2003

Source: Analysis conducted using røw daîa provided by Manitoba Public Insurance and the City
of Ilinnipeg Public Ilorla Departrnent
*This is the reporting th¡eshold for police-reported collisions

The comparison of common collisions in both databases was done by comparing

collisions for each date and time, at each location. The greatest difficulty in matching up

which collisions are included in both datasets is due to the time of incident occurrence.

In inspecting the two datasets, there are a number of collisions which match by date and

street names, but differ in time of occurrence by a range of a few minutes to many hours.

It would seem, therefore, that many of these collisions are indeed the same incident in

both datasets and that some of these collisions are genuinely separate incidents. This

research attempted to identify matching collisions under the following scenarios; (1)

collisions for which the hour of incidence matched; (2) collisions for which the hour of

Based on Manitoba Public Insurance

All insurance
claims

Based on PDO collisions
with combined insurance
claims > $1000 0R where

bodilv iniurv occurred*

Based on City
of Winnipeg

data

r6.912
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incidence was within +1 hour; (3) collisions for which the hour of incidence was within

+3 hours; and (4) collisions for which the hour of incidence was within +12 hours.

Additionally, in all scenarios the month, day(s), and map intersection node identification

code were required to match in order to deem a particular collision as being the same

event.

The analysis found that there were 4,767 collisions in common with the same incident

time listed; 5,135 collisions in common within +1 hour; 5,342 collisions in common

within +3 hours; and 6,052 collisions in common within +12 hours. Percentage-wise, this

represents between 32 and 41 percent of the 14,806 collisions with unique location

descriptions with a known map identification value from all insurance claims and

between 43 and 52 percent of collisions from the City of Winnipeg dataset. V/ith no

more than 52 percent of collisions found to be in both datasets, the total number of actual

collisions was therefore underreported, in both datasets, by at least one third.

In cataloguing intersection collisions based on MPI data, multiple intersections which

have the same name were not given a map node identifier. Such intersections occur

either from a bay intersecting the same street twice, or from two T intersections where

two of the approach legs are offset (generally with the major through route). There were

470 collisions at 166 multi-named intersections where map node identifiers could not

conclusively be applied. As such, it is not possible to know if these collisions are also

reported in City of Winnipeg collision data; conversely, there are collisions in the City of

Winnipeg collision dataset which may or may not be represented by MPI collision claims
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data at these intersections. The 470 collisions represent 3 percent of the total number of

collisions from MPI collision claims, and thus do not greatly affect the MPI data versus

City of Winnipeg data collision comparison results.

4.3 IIIGH COLLISION FREQUENCY INTERSECTIONS

Further comparison was conducted for high collision frequency intersections. This was

done by examining the 20 highest collision frequency intersections based on insurance

claims meeting police-reporting criteria and City of Winnipeg collision data for 2003.

This number of collisions was selected for comparison as they represent a relatively large

percentage of the total number of collisions for a small percentage of the total number of

intersections, while retaining a manageable number of intersections for comparison.

Tables 4.5 and 4.6 show the intersection rankings based on: (1) insurance claims that fall

under the police-reporting threshold; and (2) City of Winnipeg data. The 1,153 collisions

based on insurance claims represent nine percent of the 12,182 total collisions with

unique location descriptions with a known map identification value which meet the

police-reporting threshold while the 910 collisions based on City of Winnipeg data

represent eight percent of the total 1I,249 collisions at less than 0.25 percent of the

8000+ intersections in Winnipeg. Figure 4.3 displays the geographical distribution of the

20 highest collision frequency intersections based on police-reporting criteria using both

Manitoba Public Insurance records and City of Winnipegdata.
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Table 4.5: 20 l{ighest Collision Frequency
Intersections Based on Insurance Claims
Meetins Police-Renortins Criteria. ZUU 3

Rank

I
2

t eila Ave & McPhillios St

J

VlcGillivrav Blvd & Kenaston Blvd

4

irant Ave & Pembina Hwv

Intersection

4

l4orav St & Portase Ave

6

l4cGillivrav Blvd & Pemhina Hwv

6

r,opan Ave & McPhillips St

8

r-apimodiere Blvd & Repent Ave I4

9

9ishop Grandin Blvd & St Anne's Rd

0

9ishop Grandin Blvd & St Man¡'s Rd

0

jrant Ave & Kenaston Blvd

Num. ol
Collisior

2

Table 4.6: 20
Intersections

Çermor Ave & St Anne's Rd

Pembina Hwv & Bison Dr
)
J

Collision Da

Bishop Grandin Blvd & lilaverlev St

5

85

Main St & Redwood Ave

Rank

ISION

65

6

Ellice Ave & St James St

64

7

4cademv Rd & Stafford St

Highest Collision Frequency
Based on City of \ilinnipeg

I

63

7

McPhillips St & Jefferson Ave

2

63

9ishop Grandin Blvd & St Mary's Rc

9

 rchibald St & Marion St

2003

3

20

6t

7ishop Grandin Blvd & Dakota St

líain St & Portase Ave

4

61

\{orav St & Portase Ave

J Intersections*

lntersection

Source: Manitoba Public Insurance Data
*These intersections are:

. Inlcter Blvd & McPhillips St

. Dakota S/ & SL Mary's Rd

. Lagimodiere Blvd & Springfield Rd

4

60

I'lcGillivrav Blvd & Kenaston Blvd

Total

4

59

r.osan Ave & McPhillios St

4

56

9ishop Grandin Blvd & St Anne's Rd

8

56

Lasimodiere Blvd & Resent Ave 14/

9

55

Dakota S¡ & S¿ Maru's Rd

0

Dupald Rd & Lasimodiere Blvd

54

From these tables it can be seen that, at the 20 highest collision frequency intersections,

there were more collisions based on insurance claims datathan on City of \Minnipegdala

per intersection for a given rank. As such insurance claims presented a more acute

intersection safety assessment of the highest collision frequency intersections as

compared to police-repoded collision data. It is also observed that many of the

intersections with the 20 highest frequencies of collisions differ between these datasets;

this is shown in Figure 4.3. Nine intersections are in the top 20 collision frequency

intersections for MPI data only, and seven intersections are in the top 20 collision

32

Archibald St & Marion St

I

54

Num. of
Collision

53

I

Pembina Hwv & Bison Dr

I

Bishoo Grandin Blvd & River Rd

52

4

49

I,aeimodiere Blvd & Grassie Blvd

58

4

Leila Ave & McPhillips St

49

s6

6

Fermor Aye & St Anne's Rd

48

53

6

Kenaston Blvd & Ililkes Ave

46

49

1 .153

6

eilice Ave & St Janes St

49

6

Ðembina Hwv & Universitv Cres

49

20

Fermor Ave & Laøimodiere Blvd

49

lúain St & Redwood Ave

46

Source: City of lltinnipeg Data
Total

45

44

43

43

43

42

42

40

40

40

40

39
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frequency intersections for City of Winnipeg data only (note that there are actually 22

intersections shown in this figure, as three intersections share the 20th highest collision

frequency ranking based on MPI data with 46 collisions). The intersections with the

highest collision frequencies based on insurance data were located throughout the city.

There were no high collision frequency intersections through the centre of the city based

on City of Winnipeg collision data (i.e., on Pembina Highway north of Bishop Grandin

Blvd or downtown). All of the top 20 intersections save one were on at least one regional

street, indicating that certain intersections on major roads are of greatest safety concern.

Figure 4.3: Intersections with 20 Highest Collision Frequencies, MPI and Cify of
Winnipeg,2003
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CTIARACTER.ISTICS OF INTERSECTION COI,LISIONS IN

WTNNTPE,G

This chapter investigates the characteristics of collisions at intersections in Winnipeg in

2003. Temporal and spatial characteristics of collisions are investigated in terms of

collision frequency, collision rate, incurred collision cost, and injury type. Collision

frequency, incurred cost, and injury type are also investigated as occurring based on

intersection traffic control. Manitoba Public Insurance claims data were used for all

analysis in this chapter.

CI{APTER 5

5.1 INTER.SECTION COLLISIONS IN \ryINNIPEG

The frequency and incurred costs from all intersection collisions in V/innipeg in 2003 are

presented in Table 5.1. Collisions are presented by collision type (PDO, iryury, or fatal),

with the incurred costs broken down into property damage (PD) and injury incurred

claims costs. The total and average collision costs are also shown.

Table 5.1: Collisi

DDO

ons ano lncurred uosts a

tniurv

Number of
Collisions

Fatal

Total
Source; Manitoba Pttblic Insurance data

t2.371

rred Costs at Winni

PD Cost
(millions)

3.27 5

15,655

9

s42.5

Injury Cost
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s20.2

$0.1
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Total Cost
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$20.9

tersection

$1.7

s22.6

s42.5

Average Total
Collision Cost

s41. r

s,

$ r.8

2003

$85.4

34

$3.400

$ 12,500
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The majority of collisions were PDO (79%), with injury collisions accounting for most

other collisions (21%); fatal collisions represented less than 0.1%o of all intersection

collisions in 2003. Despite having nearly four times as many total collisions, PDO

collisions accounted for almost the same total incurred collision cost as injury collisions

(942.5 million vs. $41.1 million). The average incurred cost for an injury collision was

nearly four times that of a PDO collision, with $12,50O/collision vs. $3,400/collision.

Fatal collisions had the highest average incurred collision cost at $203,9OO/collision (60

times the average PDO collision cost and 16 times the average injury collision cost). For

injury collisions, half of the incurred cost was attributed to injury cost ($20.9 million) and

the other half to property damage cost ($20.2 million). The average PD cost was greater

for injury collisions than for PDO collisions ($6,200/collision vs. $3,400/collision); the

average PD cost was higher yet for fatal collisions ($10,700/collision). Therefore, bodily

injury collisions were associated with higher property damage costs in addition to having

incidence of injury.

5.2 TEMPORAL CTIARACTERISTICS

The temporal characteristics of collisions at intersections in Winnipeg were examined in

regards to collision frequency and incurred collision cost. Incurred cost was

characteized by month, day of week, and time of day.

Figure 5.1 shows the incurred cost of intersection collisions by season in 2003, where

seasons were defined as follows: winter - December to February; spring - March to May;

summer - June to August; and fall - September to December. The number of collisions
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at intersections was greatest in winter, with over 34 percent of collisions. Spring,

summer, and fall had 23, 79, and 24 percent of collisions respectively. The average cost

per collision, however, was lowest in winter ($4,600/collision), with the aveÍage collision

cost being slightly higher spring and fall ($4,800/collision each) and greatest in the

summer ($6,100/collision). Therefore the winter had the highest collision frequency

while the summer had the highest average collision cost severity.

Figure 5.1: Frequency and Average Incurred Cost of Intersection Collisions by
Season,2003
Note: Collisions with an incurred cost in excess of $1,000,000 were excluded from this figure (three
collisions with an incurred cost of $7,400,000)

Table 5.2 shows the incurred cost of intersections collisions by day of week. The

frequency of collisions at intersections was highest on Thursdays and Fridays, and lowest

on Sundays. The average incurred collision cost was highest on Friday and Saturday and
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lowest from Tuesday through Thursday. The average cost per collision for any day of the

week does not vary by more than $500 from the overall average of $5,000; as such the

average incurred cost by day of week is generally consistent. In contrast, the total

incurred cost on Friday is 2.5 times that of Sunday; the other weekdays have total costs

around $10 million.

Table 5.2: Frequency and Incurred Cost of Intersection Collisions by Day of
Week,2003

Day of Week

Sunday

Mondav
Iuesdav
Wednesdav

Note: Collisions with an incurred cost in excess of $1,000,000 were excluded from this table
(three collisions with an incurred cost of $7,400,000)

Figure 5.2 shows the number of collisions at intersections by time of day. The average

number of collisions is lowest in the ovemight hours from midnight to 6AM. The

number of collisions per hour increases from 7AM to 4PM (with an A.M. peak at 8AM),

then decreases until midnight. The majority of collisions (88%) occurred between 7AM

and 8PM. The average cost of collisions did not vary considerably for different hours of

the day and, for most hours, the average is below the average collision cost of $5,000 but

within $1,000 of this value. Collisions with high incurred cost values greatly irnpact the

average cost values of certain hours (especially some of the overnight hours when

collision frequency is low); as such average collision cost values by hour are not shown.

Number of
Collisions
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Fridav
Saturdav

1.238

Iotal

2.355
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) )a<

2,654
2.90s
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Figure 5.2: Collision Frequency at Intersections by Time of Ðay, 2003
Note: Collisions with an incurred cost in excess of $1,000,000 were excluded from this figure
(three collisions with an incurred cost of $7,400,000)
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5.3 GEOGRAPHIC DISTRIBUTION

H
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The geographic characteristics of intersection collisions in Winnipeg were investigated in

terms of collision frequency, incurred collision cost, and collision rate. Collision

frequency was further investigated based upon the type of intersection traffic control.

ffiffi
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Time of Day

5.3.1 Geographic Distribution at All Intersections

6*

Figure 5.3 shows intersection collisions by frequency and Figure 5.4 shows the total

incurred cost by intersection, for all intersections in Winnipeg. The intersections with the

highest collision frequencies and incurred costs were generally located on regional streets

or in the downtown area (centre aÍea of the figures). While many intersections with

noticeable collision frequencies and incuned costs were located in the downtown, most

of the highest frequency and incurred cost intersections were on radial or suburban

ffiffiw
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regional routes outside the downtown area. There are 14,806 collisions with a total

incurred cost of $73.6 million at 2,67 5 intersections represented in these figures.

Figure 5.3: Intersection Collisions by Frequency,2003
Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of
$7,400,000) and with uncertain intersection locations (846 collisions with an incurred cost of $4,400,000)
were excluded from this figure
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lncurred Cost:
$73.6 Million

Figure 5.4: Intersection Collisions by Incurred Cost,2003
Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of
$7,400,000) and with uncertain intersection locations (846 collisions with an incurred cost of $4,400,000)
were excluded from this figure

Figure 5.5 shows the collision rate for the 50 highest collision frequency intersections in

2003, which had 42 or more collisions. These intersections were selected as the

estimation of collision rate is only possible for intersections which have traffic estimates,

and they represent alarge portion of all collisions and incurred cost (2,962 collisions with

an incurred cost of 512.9 million, or 19 percent of all collisions and 16 percent all

incurred cost, at 0.6 percent of the total nurnber of intersections).
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Figure 5.5: Collision Rate (in Collisions per MEV) at Intersections with the Top 50
Highest-Ranking Collision Frequencies, 2003
Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of
$7,400,000) and with uncertain intersection locations (846 collisions with an incurred cost of $4,400,000)
were excluded from this figure

The comparison of Figures 5.3,5.4, and 5.5 reveals that many of the intersections feature

prominently in terms of high collision frequency, large incurred costs, and high collision

rate ( 10 intersections rank in the top 20 for all three figures). There are also intersections

which feature prominently in one figure only, however. The difference in total incurred

cost between the largest incurred cost intersections and other high-ranking cost

intersections is relatively greater than the difference in total collisions between the
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highest collision frequency intersections and other high-ranking collision frequency

intersections and than the difference in collision rate values between the highest collision

rate intersections and other high-ranking collision rate intersections.

5.3.2 Geographic Ðistribution by Intersection Traffic Control

This section investigates the nature of collisions at signalized and unsignalized

intersections in Winnipeg. Figure 5.6 shows intersection collision frequency at

signalized and unsignalized intersections in 2003. It is observed that the number of

collisions at signalized intersections nearly always exceeds the number of collisions at

unsignalized intersections. The signalized intersections shown in Figure 5.6 account for

9,470 collisions and $46 million in incurred cost from 568 intersections, while

unsignalized intersections account for 5,336 collisions and $28 million in incurred cost

from2,707 intersections. Therefore signalized intersections are ofgteater safety concern

for the total number of collisions, the total incurred cost, and the avetage number of

collisions and incur¡ed cost per intersection than unsignalized intersections.

For signalized intersections, the intersections between arterial streets, as defined in the

GIS intersections layer,had 5,092 collisions with an incurred cost of S23 million at 244

intersections in 2003. This accounts for 53 percent of collisions and 50 percent of

incurred collision cost at 43 percent of signalized intersections. As approximately half of

the collisions and half of the incurred cost occur at less than half of signalized

intersections, intersections between arterial roads are, on average, of greater safety

concem than signalized intersections which involve at least one non-arterial approach.
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Figure 5.6: Intersection Collisions by Frequency at Signalized (Left) and Unsignalized (Right) Intensections,2003
Note: Collisions with an incurred cost in excess of $ 1,000,000 (three collisions with an incurred cost of $7,400,000) and with uncertain intersection
locations (846 collisions with an incurred cost of $4,400,000) were excluded from this hgure



5.4 AN,A.LYSIS OF II\JURIES AT INTER.SECTIONS

This section investigates injuries occurring from intersection collisions in Winnipeg in

2003. Figures 5.7 and 5.8 show the number of claims by injury type and total incurred

claims cost by injury type from intersection collisions, respectively. Whiplash injuries

dominated the injury claims dataset for intersections, with 88 percent of all claims being

of this type. Whiplash claims also had the highest total incurred cost of any injury type

with 37 percent of the total incurred claims cost, followed by brain and fatal injuries (32

percent) and broken bone injuries (24 percent). Brain and fatal injuries, however,

accounted for less than half a percent of the total number of injury claims while broken

bone injuries accounted for three percent. As such brain and fatal injuries are the most

severe injury types in the dataset, followed by broken bone injuries. Claims for all other

injury types combined represented 9 percent of injury claims and 7 percent of total

incurred injury claims cost. 'With the highest number of claims and highest total incurred

cost of any injury type, whiplash injuries are a road safety concern, especially in terms of

frequency of occurrence. Brain and fatal injuries are of concern in terms of severity and

cost, but occur infrequently. Broken bone injuries occur more frequently than brain or

fatal injuries, but similar to those ir¡ury types, are more of a concern in terms of severity

and cost than frequency.
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Figure 5.7: Number of Claims by Injury Type from Intersection Collisions in
Winnipeg,2003
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Claims: 4,178

Sprain/Strain
3o/o

Bruising/Lacerations

Broken Bones
24%

Figure 5.8: Cost of Claims by Injury Type from Intersection Collisions in Winnipeg,
2003
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5.4.1 Injury Collisions by Geographic Distribution

Geographic characteristics of injury collisions by type were investigated. Figures 5.9,

5.10,5.11, and 5.12 show the number of injury collisions and incurred injury costs at

Winnipeg intersections for whiplash injuries, broken bone injuries, brain and fatal

injuries, and all other injury types combined in 2003.

Whiplash injury collisions were the most numerous in frequency of occurrence at

individual intersections, with up fo 22 whiplash injury collisions at a given intersection.

Whiplash injury collisions also occurred at the greatest number of different intersections

(1,125). Broken bone injuries occurred at 104 different intersections, brain and fatal

injuries occurred at 14 intersections, and all other injury types occurred at290 different

intersections. Whiplash injuries had the highest total incurred injury cost of the plotted

intersections, at $7.3 million. Broken bone injuries had $3.8 million in incurred cost

plotted (plus $1.2 million from one unplotted collision), brain and fatal injuries had $1.8

million in incurred cost (plus $4.7 million from one unplotted brain and one unplotted

fatal injury collision), and all other injuries had $1.4 rnillion in incurred cost. The

majority of collisions where broken bone injuries resulted occuned at intersections

involving one or more regional streets, while almost half of brain and fatal injury

collisions (6 of 1a) occurred at intersections between non-regional streets. The incurred

cost by injury type was found to be consistently small on a per intersection basis for

whiplash injuries, variable between low and high cost for broken bone, brain, and fatal

injuries, and generally low cost for all other injuries.
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Figure 5.9: Number of Whiplash Injury Collisions (Left) and Incurred Whiptash Injury Cost (Right) by Intersection,2003
Note: Collisions with an incurred cost in excess of $ 1,000,000 (three collisions with an incurred cost of $7,400,000) and with uncertain intersection locations
(846 collisions with an incurred cost of $4,400,000) were excluded from this figure
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Figure 5.10: Number of Broken Bone Injury Collisions (Left) and Incurred Broken Bone trnjury Cost (Right) by
Intersection, 2003
Note: Collisions with an incurred cost in excess of $ 1,000,000 (three collisions with an incurred cost of $7,400,000) and with uncertain intersection locations
(846 collisions with an incurred cost of $4,400,000) were excluded from this figure



s\o

Figure 5.11: Number of Brain and Fatal Injury Collisions (Left) and Incurred Brain and Fatal Injury Cost (Right) by
Intersection, 2003
Note: Collisions with an incurred cost in excess of S 1,000,000 (three collisions with an incurred cost of $7,400,000) and with uncertain intersection locations
(846 collisions with an incurred cost of $4,400,000) were excluded from this fìgure
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Figure 5.12: Number of Collisions (Left) and Incurred Injury Cost (Right) by Intersection, All
Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of $7,400,000) and
(846 collisions with an incurred cost of $4,400,000) were excluded from this figure

Other Injury Types,2003
with uncertain intersection locations



5.4.2 Injury Collisions and trntersection Traffic Contnol

Collisions by injury type were investigated based on intersection traffic control. Table

5.3 shows the number of injury collisions and incurred claims cost of those injury claims

for signalized and unsignalized intersections in 2003.

Table 5.3: Collisions and Incurred Cost
Control.2003on

Sistt0lized

Unsisn0lized

Whiplash
Collisions

Totttl
Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of
$7,400,000) and with uncertain intersection locations (846 collisions with an incurred cost of $4,400,000)
were excluded from this table

There were nearly twice as many whiplash collisions with nearly double the incurred

whiplash injury cost at signalized intersections as at unsignalized intersections. As there

are only 605 signalized intersections compared to over 8,000 unsignalized intersections,

the average number of whiplash collisions and average incurred whiplash injury cost per

intersection by traffic control is greater for signalized intersections. There were more

than twice as many broken bone collisions at signalized intersections as at unsignalized

intersections, with more than 10 times the incurred broken bone cost ($3.a million vs.

$0.35 million). Brain and fatal injury collisions occurred with almost equal frequency at

signalized and unsignalized intersections in 2003. The incurred cost of brain and fatal

injuries was greater at unsignalized intersections. It should be noted, however, that the

incurred cost of brokenbone, brain, and fatal injuries varies greatly (as shown in Figures

5.10 and 5.11), and therefore inferences about the average and total incurred costs by
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intersection traffic control should be interpreted with caution for these injury types.

Considering that whiplash and broken bone injury collisions occurred most frequently

with the majority of their incurred injury cost at signalized intersections and that less than

10 percent of intersections in Winnipeg are signalized, signalized intersections are of

greater concern in addressing the occuffence of these injury types than unsignalized

intersections.
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TDENTIFICATION AND CHARACTERISATIOI{ OF'

INTERSECTIONS FOR ANALYSIS

This chapter identifies intersections used for the development of relationships between

injury type and incurred collision cost as a function of roadway engineering

characteristics of intersections. Geometric and operational roadway engineering features

of the intersections are considered for suitability for further investigations, and specif,rc

features for further investigation in this thesis are identified.

CH^A.PTER 6

6.1 IDENTIFICATION OF INTERSECTIONS FOR ANALYSIS

It was identified in Chapter 5 that collision frequencies, collision rates, and incurred costs

were highest at signalized intersections on regional routes and at intersections between

artenaI roadways. Whiplash and broken bone injury collisions were also found to be

more common at signalized intersections than at unsignalized intersections. As such

signalized intersections between artenal roadways are of particular interest in the

potential development of collision relationships, as they represent intersections with

greater overall safety concerns. An intersection set comprised of signalized intersections

between arterial roadways which have a base of common geometric and operational

characteristics was therefore considered, so that relevant comparative analysis between

different roadway engineering features could be conducted. The intersection selection

criteria used is outlined as follows:
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The intersection must be signalized. This is because the majority of collisions,
incurred collision costs, and whiplash and broken bone injury collisions are
associated with the relatively small number of intersections which are signalized.

The approach roadways must exhibit arterial roadway characteristics.
Intersections on regional routes and intersections between arterial roadways were
identified as having large collision frequencies, rates, and incurred costs. By
examining only the intersection of arterial roadways, intersections with similar
operational characteristics in terms of approach roadway functionality are
compared, which reduces the potential for comparison of intersections having
differing safety performance due to inherent operational differences.

The approach roadways must have bi-directional traffic. This is to ensure vehicle
entry and exit opportunities at the intersection for all approach legs.

The intersection must have four approach legs. This is to ensure the intersections
have equivalent through movements.

The identification of intersections using the preceding criteria does not strictly identify all

worst case intersections in terms of collision frequency, rate, and incurred cost.

Nonetheless, intersections identified from this criteria provide a sample of intersections

with a base of similar geometric and operational characteristics which have been

highlighted as intersections ofoverall greater safety concern.

According to the Transportation Association of Canada (TAC) Geometric Design Guide,

arterial roadways exhibit the following key characteristics: (1) traffic movement is the

major consideration; (2) access to the road is limited to some degree; (3) typical trafftc

volumes between 5,000 and 30,000 vehicles per day; (4) vehicle running speeds between

40 lanlh and 90 km/tn; and (5) accommodates all vehicle types (TAC, 1999). Local

streets are typically not given access to arterials; in Winnipeg, however, there are

frequent instances of local streets intersecting arterial routes. There are also many
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intersections where three of four approach legs are designated as truck routes, but

fourth approach leg still exhibits all other arterial traffic characteristics. Therefore,

this thesis, roads which meet the following definition are considered as arterials:

o primarily serves non-local traffic, while additionally serving local traffic
o posted speed limit from 50 to 80 km/h

" traffic volume is estimated on at least 3 of 4 approach legs

" truck route designation of at least 3 of 4 approach legs
. non-truck-route andlor non-traffic-volume estimated leg must otherwise exhibit

arterial characteristics (lane balance with oncoming roadway, does not act as a
local/collector street)

The City of Winnipeg Department of Public Works Transportation Division does not

have an official designation of arterial roads. However, many roads are classified

internally, as part of the streets network, based on their functionality as arterial, minor

artenal, collector, or local. These classifications were used to identify the majority of

intersections between artenal roads. There are other routes which are not internally

classified as arterials which nonetheless exhibit arterial characteristics, as well as routes

which are classified as arterials which operate in a manner more accurately described by

a collector description. Based on the consultation of Winnipeg road maps, the 2001

Truck Route Map of the City of Winnipeg, and local knowledge of the characteristics of

Winnipeg streets potential arterial - arterial intersections, which were not initially listed

as arterial-afterial intersections, were identified. Further, intersections initially identified

as arterial - artenal which in fact are not accurately described by this definition were

removed from the artertal - arterial dataset.

the

for

There were 64 intersections which met the selection criteria and where all approach

roadways met the arterial definition used for this research. These intersections accounted
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for 2,707 collisions and 512.4 million in incurred cost in 2003, or 17 percent of all

intersection collisions and 15 percent ofthe total incurred cost at less than 1 percent of

the total number of intersections in the City of Winnipeg. Figure 6.1 shows the location

of the 64 identified intersections; a complete list of the intersections can be found in the

Appendix A.

Figure 6.1: The 64Intersections ldentified as Four-Leg Two-Way ArteriaþArterial
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6.2 CIIARACTERIZATIONOFIDENTIFIEDINTERSECTIONS

Geometric and operational characteristics of the identified intersections were summarized

for subsequent investigations between these characteristics and injuries by type and

incurred collision cost. The intersection characteristics were identified through site visits

and consultation of orthophotos of Winnipeg.

6.2.1 Geometric Characteristics of trdentified Intersections

Major geometric characteristics of the 64 intersections were identified, and were assessed

for suitability in the subsequent development of relationships. The following geometric

characteristics were identified for the intersections:

e approach roadway median presence
n number of through lanes by approach
. number of left turn lanes by approach
o proserìce of right turn treatment by approach (cutoff andlor right turn lane)
. intersection skew

6.2.1.I Approach Roadway Median Presence

Physical medians serve to separate opposing traffic streams, and by doing so can affect

the safety of an intersection. The presence or absence of roadway medians on the

approach roadways at the identified intersections was recorded, from which the

intersections were assigned one of the following three designations:

" divided versus divided roads (DD)
. divided versus undivided roads (DU)
n undivided versus undivided roads (UU)

The DD intersections have divided roadways for all four approach legs at the intersection,

DU intersections have at least one undivided approach leg at the intersection, and UU
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intersections have no divided approaches at the intersection. For an approach leg to be

considered as divided for this research, the roadway may be divided through the entire

length or a raised median separation may be introduced in advance of an intersection on

an otherwise undivided roadway. Examples of DD, DU, and UU intersections are shown

in Figures 6.2, 6.3, and 6.4 respectively. Orthophotos were combined with the City of

Winnipeg Streets footprint for the example intersections shown. The DD intersection

shown is from Leila Avenue and McPhillips Street, the DU intersection shown is from

Logan Avenue (undivided from left to right in Figure 6.3) and McPhillips Street (divided

from top to bottom in Figure 6.3), and the UU intersection shown is from Archibald

Street and Marion Street. Table 6.1 summarizes collision frequency, incurred cost, and

the number of intersections by approach roadway median presence for the identified

intersections.

Table 6.1: Collision Frequency, Total Incurred Cost, and Average Collision Rate of
Four-Les Two-Wav Arterial Intersections in Winninee bv Median Tvpe.2003Trvo-Wav Arterial I

Divided - Divided

Median Type

Divided - Undivided

Note: Collisions with an incurred cost in excess of $1,000,000 (three collisions with an incurred cost of
$7,400,000) and with uncertain intersection locations (846 collisions with an incurred cost of $4,400,000)
were excluded from this table

Undivided - Undivided

Total

tersections in Winnipes by Median Type,
Number of

Intersections

32

13

Number of
Collisions

t9

64

1,614

Total Incurred
Cost (millions)

523

570

2.707

7.35

2.45

2.85

t2.64
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Figure 6.2: DD Intersection Between Leila Ave and McPhillips St
Source: UMTIG

Figure 6.3: DU Intersection Between Logan Ave & McPhillips St
Source: UMTIG
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Figure 6.4: UU trntersection Between Archibald Rd and Marion St
Source: UMTIG

Half of the identified intersections are divided for all approach roadways at the

intersection; these DD intersections accounted for over half of all collisions and incurred

collision cost (60 and 58 percent respectively) from all identified intersections. Twenty

percent of the identified intersections were designated DU, which accounted for 19

percent of both the total number of collisions and the total incurred cost. Thirty percent

of the intersections were designated as UU, but accounted for a smaller percentage of the

total number of collisions (21 percent) and incurred cost (23 percent).

Figure 6.5 shows the intersections by approach median presence type. From this figure it

can be seen that intersections with the same median presence type are generally located in

60



similar areas of the city. UU intersections are generally found in the central part of the

city where streets follow a grld pattern, and are often not located on regional routes. DU

intersections are generally located in the central sections of the city on regional routes,

while DD intersections are generally found in suburban areas.

Figure 6.5: The Identified Intersections by Median Presence (DD, DU, or UU)

6.2.1.2 Number of Through Lanes

The number of through lanes by approach roadway was recorded for the identified

intersections. The number of lanes affects the capacity of a given roadway, and therefore
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roadways with different lane totals may affect the safety of an intersection due

different operating characteristics. Table 6.2 summarizes approaches by number

through lanes for intersections by median presence.

Table 6.2: Number of Intersections by Number of Through Lanes of trntersecting

DD

All of the identified intersections had at least one four-lane through roadway, two lanes in

each direction, and most had two lanes in each direction for all four approaches. There

were seven DD intersections which had one or two approaches with three or four through

lanes in each direction and two DD intersections with one or two approaches with one

through lane. There were five DU intersections which had one or two approaches with

three or four through lanes in each direction and two DU intersections which had one or

two approaches with one through lane. There were no UU intersection approaches with

more than two through lanes, and there were three UU intersections with one or two

approaches with one through lane in each direction. As the majority of intersections had

two through lanes per approach in each direction, the number of through lanes was not

investigated as a variable in relationship development.
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6.2.1.3 Left Turn Lanes

Left tum lanes provide channelization, removing left-turning traffic from the leftmost

through lane of a roadway at an intersection, enhancing safety and traffic mobility. The
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presence of exclusive left tum lanes at the identified intersections was recorded for each

approach, and is summarized in Table 6.3 by intersection median presence. It should be

noted that some intersections have unique left turn lane attributes (such as an approach

with an exclusive left turn lane plus a combined left tum / through lane); these attributes

are not differentiated in the table below.

Table 6.3: Left Turn Lane Presence by Intersection Type for the
Identifïed Intersections

DD intersections generally have at least one left tum lane per approach, DU intersections

generally have at least one left turn lane per divided roadway approach (i.e. left turn lane

on two approaches), and UU intersections do not in any case have exclusive left turn

lanes. As left turn lane presence is generally associated with median presence for the

identified intersections, it would be difficult to discern the difference in effect from left

turn lanes and median presence in investigations of possible relationships with injury

type/incurred collision cost. Therefore further investigations will focus on median

presence at intersections, but left-tum lanes may accentuate the safety effect of medians

at intersections. Left turn lanes will not be explicitly considered in relationship analysis.

Left Turn Lane Presence

6.2.1.4 Right Turn Treatment

Right turn treatments can impact the safety of an intersection. Right turn cutoffs improve

the mobility of turning and through traffic by lowering the turning impedance. Through
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traffic mobility may be further improved if there is a right turn lane associated with the

cutoff. Right turn lanes can eliminate potential vehicular conflict by removing right-

turning vehicles from the rightmost through lane at an intersection. For this research, the

presence of right turn cutoffs and right tum lanes was noted for each approach leg of the

identified intersections. Table 6.4 summarizes the number of intersections by approaches

with right turn cutoffs or lanes by median presence.

Table 6.4: Number of Intersections by Approaches with R.ight Turn Treatment by
Median Presence

There were 19 DD intersections with cutoffs on all four approaches, 11 intersections with

one to three approaches with cutoffs, and two intersections with no cutoffs (only one of

which had no right turn lanes). There were six DU intersections with one or two

approaches with right turn cutoffs and two intersections with one or two right tum lanes

but no cutoffs. There were always, howeveÍ, at least two approaches at every DU

intersection with no right turn cutoffs or lanes. The other six DU intersections had no

right turn treatments. There were only two UU intersections with any right tum cutoffs,

and no other intersections with right turn lanes.

Risht Turn Lane or Cutoff

For the eleven DD and six DU intersections with one to three right-turn cutoffs, the

placement of the cutoffs was varied. In some cases a cutoff would be found for each

approach of one road only, and in other cases two cutoffs were found on the same side of
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the intersection (for example, two cutoffs vrere on the south side of the intersection and

hence served eastbound and northbound approaches). The result is that there are not

many of the intersections with similar combinations of right turn cutoff locations, and

thus the consideration of these intersections based on cutoff location would be difficult.

As nearly all DD intersections have some right turn treatment, nearly all UU intersections

have no right tum treatment, and DU intersections have a range of right tum treatment

scenarios, the presence of right turn treatment is varied between intersections by

approach roadway median presence but is not as varied within each median presence

category. Therefore right turn treatments are not investigated as a variable in relationship

development.

6. 2. 1. 5 Intersection Skew

Intersection skew angle can impact the safety of an intersection by impairing sight

distances for certain intersection approaches and movements. The TAC Geometric

Design Guide for Canadian Roads indicates that intersections where the angles between

approach roadways are less than 70o or greater than 1 10o are not desirable and may pose

safety concerns (TAC, 1999). Investigation of the identified intersections revealed that

there were 5 skewed and 2 pafüally skewed intersections at more than 20o degrees from

perpendicular. However, as only 7 of the 64 intersections are skewed, this geometric

roadway feature is not pursued in relationship investigations.
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6.2.2 Openational Characteristics of Identified Intersections

Just as geometric characteristics of an intersection impact the safety performance of that

intersection, the operational features (from a civil engineering perspective) of an

intersection affect traffic operations and possibly safety. Strategies to improve

intersection signalization operations have been identified as a means of reducing

frequency and severity of intersection conflicts by the National Cooperative Highway

Research Program, and operating speeds were identified as impacting signalization

timing which in tum can impact intersection safety (NCHRP, 2004). Therefore the

following two operational characteristics of intersections were considered for this

research:

. speed limits of the approach roadways

. signalizationschemes

6.2.2.1 Approach Roadway Posted Speed Limits

Vehicle speeds may affect the nature of collisions, particularly the severity. The posted

speed limit for each approach leg at the intersection was recorded for the identified

intersections. Table 6.3 shows the number of approaches for each possible posted speed

limit (50 km/hr, 60 km/hr, 70 km/hr, or 80 km/hr) for the identified intersections by

roadway median presence.
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Table 6.3: Number of ,A,pproaches for Posted Speed Limit Values at the
Identifïed Intersections

DD

Number of Approaches Per Roadway Speed Limit

DU

UA

50 kn/hr

UU intersections had a posted speed limit of 50 km/hr for the majority of approaches (79

percent of the 76 approaches), and some at 60 km/hr (21 percent) but none at higher

speeds. DU intersections also had a majority of approaches with a posted speed limit of

50 km/lrr (59 percent of 52 approaches), with some at 60 km/hr (29 percent) and a few

with 70 kmlhr or 80 km/hr (6 percent each). DD intersections had more approaches at 60

km/hr than at other speeds (41 percent of the 128 approaches), with a similar number of

approaches having posted speed limits of 50 km/tn,70 kmlh , and 80 km/hr (23 percent,

15 percent, and 27 percent respectively). As DD intersections are the only median

presence configuration with a number of approaches at different speed limits, DD

intersections are of greatest interest in the consideration of posted speed limits in

rel ationship investi gation.

Total

29 Q3%\
3t (s9%)

60 (79%)

r20 Ø7%\

60 kn/hr
s3 (4r%)

rs (29%\

t6 (21%)

70 kn/hr

84 (33%\

19 (rs%\

3 (6%\

80 km/hr

0

22 (9%)

27 (2r%\

3 (6%)

0

30 02%\

Total

118

52

76

256

6. 2. 2. 2 Intersection Signalization

Signalization schemes affect the operation and coordination of vehicle movements

through intersections, which may potentially affect safety. For a given intersection, each

approach leg often has unique signalization schernes, setups, and signal timing patterns;

further, signal timing patterns often vary throughout the day. The signalization

characteristics between intersections are therefore often different, where differences are
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further compounded by the fact that many intersections have unique signalization setups

to accommodate site-specific needs (such as signalization to accommodate lanes which

double to serve both through and left-turning traffic). The cataloguing and

summarization of signalization attributes for all of the identified intersections would

therefore be very difficult, and therefore signalization characteristics are not considered

in the development of intersection relationships.
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TNJUR.Y TYPE ANÐ INCURRED COST AS A FUNCTTON OF

ROAD\ruAY ENIGINEER.ING CTIAR,ACTERISTICS OF

INTERSECTIONS

This chapter investigates possible relationships between injury type and incurred collision

cost as a function of the roadway intersection features. Whiplash and broken bone injury

collisions were investigated, as they were the injury types identified in Chapter 5 as

candidates for further investigation. The roadway characteristics identified for

investigation in Chapter 6 were approach roadway median presence and approach

roadway posted speed limits. Investigations looked at relationships where injury

collisions and incurred cost were dependent upon the total number of collisions, the daily

trafftc exposure, and the approach roadway speed limit.

CHAPTER 7

7.I WHIPLASH INJURY RELATIONSHIPS

Whiplash injury collisions were investigated as they may relate to selected roadway

engineering characteristics of the identified intersections. The total number of whiplash

injury collisions versus the total number of collisions by roadway median type, versus the

entering vehicle traffic by median type, and versus the average approach roadway posted

speed limit for four lane DD intersections was explored.
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7.1.1 Whiplash Injury Collisions and Total Collision Frequency

The number of whiplash injury collisions occurring for a given total number of collisions

at the identified intersections was investigated by approach roadway median presence.

This investigation was performed to see how median presence might affect the number of

whiplash injury collisions as a function of the total number of collisions. The analysis

examined several model forms; linear, logarithmic, exponential, and power. The power

equation gave the highest R2 value, and was therefore considered to be the best

representative form. Figure 7.1 shows the relationship between the number of whiplash

injury collisions and the total number of collisions at all of the identified intersections by

approach roadway median presence.
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Figure 7.1: Whiplash Injury Collisions vs. All Collisions for DÐ, DU, and UU
Intersections, 2003
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The equations of these relationships by intersection median presence are:

Where: I* : number of whiplash injury collisions
C: number of total collisions

DD: I*:0.20 * Cl'oo
DU: I*:0.1J * çt'tt
UU: I*:0.03 x çl'4e

The R2 values for the DD, DU, and UU equations respectively are 0.8 1 , O .77 , and 0 .68.

The DD equation is in fact a linear relation, and is closely matched in form by the DU

equation; the UU equation has a higher power of I.49. Despite different coefficients,

from Figure 7.1, it can be seen that all three equations predict a similar number of

whiplash collisions from a given total number of collisions (with about one whiplash

injury collision in every five total collisions).

R2: o.Bi
Ft2:0.77
R2:0.68

(eq.7.1)
(eq.7.2)
(eq. 7.3)

These equations were tested against collision claims data from July 2002 to December

2002 using collisions at the identified intersections. The collection of location

information by MPI began in July 2002, and therefore only six months of data not used in

the creation of the equations was available for comparison. The equations were tested by

comparing the difference between the predicted number of whiplash collisions and the

actual number experienced for a given intersection. Table 7.1 summarizes the number of

intersections where the difference between predicted and actual whiplash collisions was

one or zero, was two or three, or was greater than three.
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Table 7.1: Difference in Predicted Vs. Actual Whiplash Collisions atthe
Ident ified trntersect

DD (eøn 7.1)

All three equations predict within one the number of whiplash collisions for more than

half of the intersections. Equations 7.1 and 7 .2 have several predicted whiplash collision

totals which varied by four or more, however. Nonetheless, the equations closely predict

the actual number of whiplash collisions for many intersections.

DU kqn 7.2)

ons from Equations 7.1,7.2, an'

UU kqn 7.3)

Difference in Predicted from Actual
0 or lll

20

I
11

7.1.2 Whiplash Injury Collisions and TraffTc Exposure

l2lor l3l

The relationship between the.number of whiplash iry'ury collisions and the daily traffic

exposure of an intersection was investigated by approach roadway median presence.

This investigation was performed to see how presence or absence of roadway medians

might affect the number of whiplash collisions for a given total daily traffic volume of an

intersection. Hauer, Ng, and Lovell (1988) note that sorne have suggested that the

number of collisions at intersections may be related to the sum of roadway traffic flows,

while others have suggested that relating collisions to the product of traffic flows is more

appropriate. For this investigation the sum of daily trafftc volumes was used because

information about which traffic flow stream a collision belongs to is not available, the

investigation is simplified over the investigation of traffic flows by product, and the

investigation of collision rate in previous sections of this thesis employed the surr of

traffic volumes. Furthermore, this investigation is exploratory in purpose, and does not

purport to identify the definitive relation or relational form. Figure 7.2 shows a
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relationship between the number of whiplash injury collisions and the average daily

traffic exposure (defined in terms of entering average weekday daily traffic (AWDT)) at

the identified intersections based on approach roadway median presence.
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Figure 7.2: \ilhiplash Injury Collisions vs. Entering AWDT for DD, DU, and UU
Intersections, 2003

The equations of these relationships are:

/

f

I

20,000

DD: I*: 8.9x10-7 * enteringAg/DTl'at Rt: 0.35
DU: I*: 1.1*10-6 * enteringAwDTr'44 R2 :0.32
UU: I*: 1.3*10-13 * enteringAwDT3'oo R2:0.53

Where: I* : nurnber of whiplash injury collisions I year
AWDT: Average Weekday Daily Traffic

40,000 60,000

Entering AWDT

_/

DD -DU -UU

The DD and DU equation trend lines are similar in shape, with an increase in the number

of whiplash injury collisions with an increase in the entering AWDT. The UU equation

trend line increases at a gteater rate than do the DD and DU equations, and predicts a

IJ

80,000 100,000

(eq. t .a)
(eq. 7.s)
(eq. 7.6)



greater number of whiplash collisions for entering AWDT values grealer than about

30,000 vpd than do the other equations. None of these equations are as strong in R2 value

as equations 7.I, 7 .2, and 7 .3.

As with equations 7.1,7.2, andl.3 these equations were tested against collision claims

data from July 2002 to December 2002 using collisions at the identified intersections.

Equations J.4, 7.5, and 1.6 predict the number of whiplash collisions in a year, and

therefore the predicted values were divided by half the year in order to compare the

predicted to the actual values. There may therefore be temporal and random effects

which may impact the difference between the predicted and actual values. Table 7.2

summarizes the number of intersections where the difference between predicted and

actual whiplash collisions was one oÍ zero, was two or three, or was greater than three.

Table 7.22 Difference in Predicted Vs. Actual Whiplash Collisions at the
Identifiied lntersectir

DD (eon 7.4)

The DD equation predicts a similar number of intersections with a difference of one or

less, two or three, or greater than three whiplash collisions. The DU equation predicts a

difference of two or three whiplash collisions for about two-thirds of the intersections,

but only one intersection with alarger difference. The UU equation predicts within one

whiplash collision for about half of the intersections and a difference of greater than three

for one intersection. As with the equations based on the total number of collisions,
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equations 7.4, 7.5, and 7.6 predict within one the number of whiplash collisions for

certain intersections. The DD and DU equations based on entering AWDT, however, do

not predict as many intersections within one whiplash collision as the equations based on

the total number of collisions.

7.1.3 Whiplash Injury Collisions and Approach Roadway Speed Limit

Relationships between whiplash injury collisions and approach roadway posted speed

limit were investigated. For the identified intersections, 4 X 4 DD intersections (where 4

X 4 stands for the intersection of two four-lane roads) were considered. This is because

DD intersections have similar median presence for all approaches (as do UU

intersections), but unlike UU intersections many DD intersections have different

approach roadway posted speed limits as shown in Table 6.4 (most UU approach

roadways have posted speed limits of 50 km/hr and a few at 60 km/hr, while DD

approach roadways have posted speed limits from 50 to 80 kmlhr). The average of the

approach roadway speeds was used in the analysis. Figure 7.3 shows the relationship

between the number of whiplash injury collisions and the average posted speed limit of

an intersection in 2003. The equation of this relationship is:

I*:0.0011x(AvgPostedSpeedlimit¡2r8 R2:0.30

Where: I* : number of whiplash injury collisions I year

The equation predicts an increase in the number of whiplash injury collisions as the

average approach roadway posted speed limit increases, with five whiplash collisions at

50 km/hr and fifteen whiplash collisions at 80 km/hr.

(eq. t .7)
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Figure 7.3: Whiplash Injury Collisions at DD Intersections of Four Lane Roadways,
2003
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This equation was tested against collision claims data from luly 2002 to Decemb er 2002

using collisions at the identified DD intersections between four-lane roads. This equation

predicts the number of whiplash collisions in a year, and therefore the predicted values

were divided by half the year in order to compare the predicted to the actual values.

There may therefore be temporal and random effects which may impact the difference

between the predicted and actual values. The number of intersections by difference in

predicted and actual whiplash collisions is as follows: (1) difference of zero or one -

seven intersections; (2) difference of two or three - eight intersections; and (3) difference

greater than three - five intersections. There are roughly the same number of

intersections in each category listed above. There are therefore a number of intersections

90
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where the predicted number of collisions

where the number of whiplash collisions is

7.2 BROKEN BONE INJURY COLLISIONS

Broken bone injury collisions were investigated as they occurred at the identified

intersections. Table 7.3 shows the summary total of intersections by number of broken

bone injury collisions at the identified intersections by approach roadway median

presence in 2003.

matches closely, but also many intersections

not well predicted.

Table 7.3: Number of DD, DU, and UU Intersections with 0, 7, or 2 Broken Bone
Injury Collisions,2003

0 Broken Bone
Collision

Of the 64 intersections, 12 had one broken bone injury collision and 4 had two broken

bone injury collisions. There were no more than two broken bone collisions, and no

more than one broken bone injury per collision, at any of the intersections. The

proportion of intersections without any broken bone collisions was similar for

intersections based on approach roadway median presence, with UU intersections having

more intersections (84 percent) without a broken bone collision than DD (72 percent) and

DU (69 percent). DU intersections also had three of the four intersections with two

broken bone collisions in one year.

Number of Intersections with:
I Broken Bone

Collision

48 (1s%

2 (11%)

2 Broken Bone
Collisions
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As broken bone collisions occurred at less than half of the intersections, and where they

did occur there were only one or two incidents, broken bone injuries would be described

as being isolated incidents, which would require a more comprehensive dataset to attempt

to establish any trends with the roadway engineering characteristics of intersections. As

there are few broken bone collisions available for comparison, and the majority of

intersections experienced no broken bone injuries at all in 2003, relationships relating

broken bone injury collisions and the roadway engineering characteristics of intersections

are not investigated further.

7.3 INCUR.REDCOSTREL,A.TTONST{IPS

Incurred cost from collisions at the identified intersections was investigated as it may

relate to selected roadway intersection engineering characteristics. As with whiplash

injury collision investigation, the total incurred cost versus the total number of collisions

by roadway median type, versus the entering vehicle traf{tc by median type, and versus

the average approach roadway posted speed limit for four-lane DD intersections was

explored.

7.3.1 Incurred Cost and Collision Frequency

The incurred collision cost resulting from a given total number of collisions at the

identified intersections was investigated by approach roadway median presence. This

investigation was performed to see how median presence might affect the incuned cost as

a function of the total number of collisions. The analysis examined several model forms;

linear, logarithmic, exponenti al, and power. The power equation gave the highest R2
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value, and was therefore considered to be the best representative form. Figure 7.4 shows

power relationships between the incurred collision cost and the total number of collisions

at all of the identified intersections by approach roadway median presence. In the

examination of the incurred cost by the total number of collisions, there was one

intersection that had a total incurred cost of nearly double the next most costly

intersection ($810,000 vs. $450,000), where more than half the cost of the highest-cost

intersection was attributable to one collision. This resulted in a data point which

noticeably deviated from all others. Therefore this intersection was omitted from the

analysis. As this outlier was omitted due to a high-cost collision incident, the

investigated relationships only represent lower cost collisions.
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Figure 7.4: Incurred Cost vs. Collision Frequency for DD, DU, and UU
Intersections, 2003
Note: One DD intersection with a total incurred cost of $810,000 was excluded from this figure
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The equations of these relationships by intersection median presence are:

DD: I5 : 8,120 x ç0 83

DU: I5: 3'810 * çr'0s
UU: Is:4,560 * çr'02

Where: Is : total incurred collision cost
C: number of total collisions

The DU and UU equations predict similar incurred cost values. At lower collision totals

(about 40 or less), the DD equation also predicts a similar incurred cost as the DU and

UU equations, but for higher collision totals, the DD equation predicts a lower incurred

cost than the other equations. Therefore, the intersection of artenal roads may have a

lower incurred cost when all approach roadways are divided, although the reduction in

cost may be in part due to features associated with medians, such as left tum lanes.

These equations were tested against collision claims data from July 2002 to December

2002 using collisions at the identified intersections. Table 7.4 summarizes the number of

intersections where the difference between predicted and actual whiplash collisions was

within $20,000, was between $20,000 and $40,000, or was gteater than $40,000.

R2:0.73
R2:0.80
R2:0.76

(eq. 7.8)
(eq.7.9)
(eq.7.10)

Table 7.4: Dìfference in Predicted Vs. Actual Incurred Cost at the Identifïed
ntersections

DD kttn 7.8)

DU kqn 7.9)

tîom ltquations 7.ü,

UU køtt 7.10)

All three equations predict the

of intersections. Equations 7.8

+ ls2Okl

Difference in Predicted from Actual

17

.9, and 7.10, JulZtJlJ'¿ -

7

l3

>+l$20kl, <+l$40k|

0, Jul2002 - Dec 2002

incuired cost of collisions within $20,000 for the majority

and 7 .9 have several predicted incurred cost values which
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were greater than $40,000 from the actual incurred cost, however. Nonetheless, the

equations predict reasonably well the incurred cost for many intersections.

7.3.2 Incurred Cost and Traffic Exposure

The incurred collision cost as a function of the daily entering traff,rc volume at the

identified intersections was investigated by approach roadway median presence. This

investigation was performed to see how presence or absence of roadway medians might

affect the incurred cost for a given intersection daily traffrc volume. The analysis

examined several model forms; linear, logarithmic, exponential, and power. The power

equation gave the highest R2 value, and was therefore considered to be the best

representative form. Figure 7.5 shows a relationship between the incurred collision cost

and the average daily traffic exposure (defined in terms of average weekday daily traffic

(AWDT)) at all identified intersections based on approach roadway median presence. As

with the investigation of incurred cost versus collision frequency, one intersection with a

high incurred cost resulting from a particularly costly collision was omitted from the

analysis. As this outlier was omitted due to a high-cost collision incident, the

investigated relationships only represent lower cost collisions. The equations of these

relationships by intersection median presence are:

DD: Is:2'35 x enteringAwDTr'o3
DU: Is:0'0030 * enteringAryDTr'os
UU: Is:0.0002 x enteringAwDTr'e7

Where: Is : total incurred collision cost
AWDT - Average Weekday Daily Traffic

R2:0.23
R2 : o.4l
R2:0.55

(eq. 7.1 1)

(eq.7.r2)
(eq.7.13)
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Figure 7.5: Incurred Cost vs. Intersection AWDT for DD, DU, and UU
Intersections, 2003
Note: One DD intersection with a total incurred cost of $810,000 was excluded from this figure
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The DD and DU equations predict similar incurred cost values, with the DU equation

predicting lower incurred cost for entering AWDT's lower than about 50,000 and the DD

equation predicting higher values for entering AWDT's greater than about 50,000. The

UU equation trend line increases at a gteater rate than do the DD and DU equations, and

predicts a greater number of whiplash collisions for entering AWDT values greater than

about 25,000 vpd than do the other equations. None of these equations are as strong in

R2 value as equation s 7 .8, 7 .9 , and 7. 1 0.

20,000 40,000 60,000

Entering AWDT

DD @DU @UU

80,000

These equations were tested against collision claims data from July 2002 to December

2002 using collisions at the identified intersections. These equations predict the total

incurred cost in ayear, and therefore the predicted values were divided by half the year in

100,000
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order to compare the predicted to the actual values. There may therefore be temporal and

random effects which may impact the difference between the predicted and actual values.

Table 7.5 summarizes the number of intersections where the difference between predicted

and actual incurred cost was less than $20,000, between $20,000 and $40,0000, or was

greater than $40,000.

Table 7.5: Difference in Predicted Vs. Actual Incurred Cost at the IdentifTed
ntersections

DD kan 7.11)

DU (eon 7-12)

UU kun 7.13)

liom Equations

The DD equation predicts a difference of $20,000 for only 20 percent of intersections,

compared to 40 percent of intersections from the DU equation and 50 percent of

intersections from the UU equation. There are for all equations, however, many

intersections which have a difference between predicted and actual incurred cost in

excess of $40,000. Therefore, certain intersections are closely predicted, but the

equations based on entering AWDT (in particular the DD and DU equations) do not

predict the incurred cost as well as the equations based on the total number of collisions.

+ l$20k1

Difference in Predicted from Actual

6

5

9

>+l$20k1, <+l$40k1

and 7.13, Jul 2002 - llec 21J02

t2
3
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7.3.3 Incurred Cost and Approach Roadway Posted Speed Limit

Similar to whiplash injury collisions, the incurred cost as a function of approach roadway

posted speed limits was investigated. As with the whiplash collision investigation, 4 X 4

DD intersections were considered. The average of the approach roadway speeds was

>: +l$40k1

14

5

5
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used in the analysis. Figure 7.6 shows the power relationship between the number of

whiplash injury collisions and the average posted speed limit of an intersection in 2003.

500,000

400,000

^ 300,000
9
ø
oo 

zoo,ooo

100,000

0

Figure 7.6: Incurred
Intersections, 2003
Note: One DD intersection

40

The equation of this relationship is:

A

50

Cost vs. Average Posted Speed Limit for 4 X 4 DD

with a total incurred cost of $810,000 was excluded from this figure

Is : 33.0*(AvgPostedspeedlimit)2 07

Where: Is: total incurred collision cost

Posted

60

Limit of

The equation predicts an increase in incurred cost as the average approach roadway

posted speed limit increases, from about $100,000 for an average posted speed of 50

km/hr to about $300,000 for an average posted speed of 80 km/hr.

70

roach

80

km/hr)

90

R2:0.25 (eq.7.Ia)
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This equation was tested against collision claims data from July 2002 to December 2002

using collisions at the identified DD intersections between four-lane roads. This equation

predicts the incurred cost in a year, and therefore the predicted values were divided by

half the year in order to compare the predicted to the actual values. There may therefore

be temporal and random effects which may impact the difference between the predicted

and actual values. The number of intersections by difference in predicted and actual

incurred cost is as follows: (1) less than $20,000 - six intersections; (2) between $20,000

and $40,000 - six intersections; and (3) greater than $40,000 - nine intersections. There

are therefore a number of intersections where the predicted incurred cost matches closely,

but also many intersections where the incurred cost is not well predicted.
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The purpose of this research is to investigate the characteristics of motor vehicle

collisions at urban intersections using insurance claims data. The results may be useful to

roadway engineers and road safety researchers in further understanding the road safety

problem in the urban environment.

CT{APTER 8

CONCLUSIONS

This chapter presents findings of the comparison of collisions from insurance claims and

police-reported collision data, the characteristics of intersection collisions in Winnipeg,

and relationships between injury type and incurred collision cost as a function of the

roadway engineering characteristics of intersections.

8.1 INSURANCE

COLLßIONS

Insurance claims data was compared to police-reported collision data in order to

understand the nature and rnagnitude of differences in collision totals from these data

sources. For all of Manitoba, insurance claims represented more collisions than police-

reported collisions (146,079 vs. 67,972), even when considering collisions from

insurance claims which meet police-reporting criteria (94,345 vs. 6I,972). Insurance

claims represented more collisions at all intersections in Winnipeg, and at high-collision

frequency intersections in Winnipeg, for all collisions and those meeting police-reporting

criteria, as well. Not only are more total collisions represented, mote injury collisions are

CLAIMS DATA VERSUS POLICB REPORTED
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represented as well. Therefore collisions at intersections based on insurance claims data

provide a more robust collision dataset than police-reported collision data, and have the

potential for road safety research. The types of information found in these datasets differ,

however; insurance claims data includes more driver characteristic information, while

police-reported collision data includes more site description information. It is therefore

imperative to have a clear understanding about the characteristics of the database being

used.

8.2 CHARACTERISTICS OF INTER.SECTION COLLISIONS IN WINNIPEG

Based on Manitoba Public Insurance collision claims data, there were 15,665 collisions

with an incurred cost of $85.4 million at intersections in the City of Winnipeg in 2003.

While representing only 21 percent of collisions, injury and fatal collisions accounted for

over 50 percent of incurred cost. Temporal analysis revealed that there was the highest

number of collisions but the lowest average collision cost in the winter (Dec-Feb).

Conversely, the summer (Jun-Aug) had the lowest number of collisions but the highest

average incurred collision cost. Weekends (Saturday and Sunday) had fewer collisions

than did weekdays, and average collision costs were highest on Fridays and Saturdays.

The majority (88%) of collisions took place between 7AM and 8PM, with 3PM and 4PM

having the greatest number of collisions.

Collision characteristics were linked to the Winnipeg streets network for graphical

analysis and presentation. Collision frequency and incured collision cost were presented

for all intersections where linking was possible, and collision rate was investigated for the
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50 intersections with the highest collision frequency totals. Many intersections had high

collision frequencies, rates, and incurred cost, but intersection rankings of these

measurements yielded different worst-case intersections. Nonetheless, there were 10

intersections which ranked amongst the highest 20 in terms of collision frequency, rate,

and incurred cost. Investigation of intersection collisions by type of traffic control

showed that the majority of collisions and incurred collision cost occurred at signalized

intersections.

From a total of 4,718 injury claims, 88 percent were for whiplash injuries. Whiplash

injury collisions were also found at the gteatest number of different intersections, and

often occurred multiple times at a given intersection. All other injury types occurred at

fewer intersections and with lower frequency at a given intersection. The majority of

incurred injury claims cost was attributed to whiplash, brain and fatal, and broken bone

injury claims (37, 32, and 24 percent respectively). Whiplash injuries generally had a

consistently low incurred injury cost for all intersections. Broken bone injury collisions

had variable cost, with a typical broken bone injury having an incurred cost similar to that

of all whiplash injuries at a given intersection, with the exception of very high-cost

broken bone injuries. The examination of injury collisions by traffic control showed that

the rnajority of whiplash and broken bone collisions and their incurred injury cost

occurred at signalized intersections; brain and fatal injury collisions and their injury cost

occurred at approximately the same number of signalized and unsignalized intersections.

The majority of intersections with broken bone ir¡ury collision(s) and a high frequency of

whiplash injury collisions occurred on afierial roadways.
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Signalized intersections between artenal roads were identified as locations of safety

concern which are of interest in the investigation of relationships between injury type and

cost as a function of intersection roadway characteristics. V/hiplash and broken bone

injury collisions were identified as most suitable for relationship investigation.

8.3 INJURY AND INCURRED COST RELATIONSHIPS WITH ROADWAY

ENGINEERING CHARACTERISTICS OF TTIE IDENTIFIED INTERSECTIONS

An investigation of potential relationships between whiplash injury collisions, broken

bone injury collisions, and incurred collision cost as a function of the roadway

engineering characteristics of the identified intersections was conducted.

Both whiplash injury collisions and incurred collision cost were investigated as they

relate to the total number of collisions at the identified intersections by approach roadway

median presence, to the daily traffic exposure by approach roadway median presence, and

to the average approach roadway posted speed limit for intersections between divided

four-lane roadways. In all cases, the power form of the relation was found to provide the

strongest statistical fit, and this form was used in all derived equations.

For all of these relationships, there is an increase in either the predicted number of

whiplash collisions or the incurred cost with an increase in either the total number of

collisions, the daily traffic exposure, or the average approach roadway posted speed limit.

Relationships which are a function of the total number of collisions give better
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predictions of whiplash and incurred cost totals than those which are a function of the

daily traffic exposure or of the average approach roadway posted speed limit. The

relationships do not, in many cases, accurately predict individual intersections, but rather

reflect a general trend amongst all intersections (in particular for the relationships based

on daily traffic exposure or average approach roadway speed limit). Relationships which

are a function of the total number of collisions do not vary greatly based on approach

roadway median presence. The relationships for undivided-undivided roadway

intersections which are a function of the daily traffic exposure, however, predict more

whiplash injury collisions or a higher incurred cost than the divided-divided and divided-

undivided relationships for similar daily traffic exposure values. The developed incurred

cost relationships are only applicable for low cost collisions.

The investigation of broken bone injury collisions at the identified intersections revealed

that the majority did not experience a broken bone injury collision in 2003, with just 25

percent of the intersections having either one or two broken bone collisions. As there are

few broken bone collisions which may be considered, relationships between broken bone

collisions and the roadway engineering characteristics of intersections were not pursued.

8.4 FURTHER RESEARCH

The research has identified the following opportunities for fuither study:

" Investigation of the characteristics of high-cost and severe injury collisions at
intersections.

Consideration of multiple intersection characteristics as variables in relationship
development, and consideration of additional characteristics not mentioned in this
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thesis, such as pavement markings, obstructions within the vicinity of the
intersection, etc.

Consideration of intersections of concem which were not considered in this
research, namely signalized intersections between artenal and non-arterial roads,
3-1eg arterial intersections, and arterial intersections involving one-way roads, in
relationship investi gation.
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A.PPENDIX A: IDENTNFIED INTERSECTIONS
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d St & Marion St

lington St & Mountain Ave
St & Ellice Ave

lington St & William Ave

St & Sargent Ave
St & Selkirk Ave

hop Grandin Blvd & Dakota St
hop Grandin Blvd & St Anne's Rd

ishop Grandin Blvd & St Mary's Rd
hop Grandin Blvd & Waverley St

ide Blvd & lnkster Blvd
St & Ness Ave
Ave & Kenaston Blvd
Ave & Stafford St

St & St Mary's Rd
n Ave & St James St
in Ave & Salter St

ld Rd & Lagimodiere Blvd
ld Rd & Plessis Rd

Ave & Empress St

illips St & Mountain Ave

llice Ave & St James St
mpress St & Sargent Ave
ermor Ave & Lagimodiere BIvd
ermor Ave & St Anne's Rd

y St & Portage Ave
y St & Roblin Blvd
Ave & Watt St

s Ave & Sturgeon Rd

Dame Ave & Arlington St

Ave & St Mary's Rd
Ave & Kenaston Blvd
Ave & Shaftesbury Blvd
Ave & Stafford St

is Rd & Regent Ave W
ter St & Mountain Ave

nkster Blvd & Keewatin St
nkster Blvd & McPhillips St

alter St & Selkirk Ave
argent Ave & St James St
herbrook St & William Ave
James St & Wellington Ave

St & Logan Ave
St & William Ave

tafford St & Taylor Ave
averlev St & Tavlor Ave

ing Edward St & Notre Dame Ave
imodiere Blvd & Regent Ave W

Blvd & Wilkes Ave

odiere Blvd & Springfield Rd

ogan Ave & Arlington St
Ave & McPhillips St

n Ave & Keewatin St
n Ave & Main St

ogan Ave & McPhillips St
in St & Higgins Ave
ín St & Portage Ave

St & Redwood Ave
livray Blvd & Kenaston Blvd
livray Blvd & Waverley St

St & Mountain Ave
St & Selkirk Ave
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)D lntersections

3ishop Grand
Sishop Grand
lishop Grand
lishop Grand
lrookside Blvd & lnkster Blvd

n Blvd & Dakota St

lentury St & Ness Ave

n Blvd & St Anne's Rd

lorydon Ave & Kenaston Blvd

n Blvd & Si Marv's Rd

)akota St & St Marv's Rd

n Blvd & Waverlev St

)ufferin Ave & Salter St
)uoald Rd & Laoimodiere Blvd
)uqald Rd & Plessis Rd
ermor Ave & Laqimodiere Blvd

# ofThrouqh Lanes

:ermor Ave & St Anne's Rd
:ermor Ave & St Marv's Rd

WB

Srant Ave & Kenaston Blvd
3rant Ave & Shaftesburv Blvd

2

EB

lnksier Blvd & Keewatin St

2

lnkster Blvd & McPhillips St

2

2

SB

lsabel St & Looan Ave

2

2

(

2

2

2

tn

NB

-aqimodiere Blvd & Reqent Ave W

2

q

2

Approaches
w/L.T. Lanes

2

Edward St & Notre Dame Ave

-eila Ave & McPhillios St

2

2

2

2

Vlain St & Portaqe Ave

2

2

2

2

VlcGillivray Blvd & Kenaston Blvd

2

2

2

2

vlcGillivray Blvd & Waverlev St

2

3

2

2

Vlorav St & Portaqe Ave

2

4

2

2

2

Vlorav St & Roblin Blvd

# R.T.
]utoffs

2

4

2

2

J

\airn Ave & Watt St

2

4

2

2

2

rless Ave & Sturoeon Rd

4

2

2

2

2

)embina Hw & Bison Dr

Approaches
w/R.T. Lanes

2

4

2

2

1

4

)lessis Rd & Reqent Ave W

.t

2

2

2

2

4

lVaverlev St & Tavlor Ave

2

4

2

2

1

4

2

4

2

2

2

4

2

4

2

2

2

4

4

2

4

2

2

1

4

4

Posted Speed bv Aoproach (km/hrl

t
J

2

4

2

2

0

4

2

4

J

2

1

4

4

2

4

2

3

2

WB

2

2

2

4

2

2

3

4

80

0

2

4

2

2

2

J

80

0

4

4

3

2

2

4

80

0

2

4

3

2

2

EB

4

80

0

2

2

2

4

4

2

80

4

70

2

4

2

2

3

4

80

60

2

2

4

2

2

2

2

80

SB

50

4

2

2

4

2

2

4

80

60

.1

2

4

2

2

60

2

0

80

50

1

2

2

60

1

2

4

60

70

4

4

60

2

2

J

NB

I

50

70

1

80

2

4

2

4

70

60

80

1

4

80

3

2

4

50

60

0

70

3

2

70

0

60

60

70

4

3

2

50

4

80

70

60

0

a

60

4

80

80

60

4

50

4

4

70

70

60

2

80

4

.1

50

70

60

4

80

2

60

60

50

4

80

J

60

50

60

4

60

4

70

80

60

2

60

2

50

60

60

ó

60

2

50

80

50

1

50

60

70

60

0

60

60

60

96

80

0

60

60

60

60

2

50

50

50

60

0

70

60

70

60

80

60

80

60

60

60

50

60

50

70

70

50

80

50

80

60

70

50

60

50

60

50

70

60

80

50

60

70

60

60

60

80

50

60

50

50
60
50
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DU lntersections

3rant Ave & Stafford St
(enaston Blvd & Wilkes Ave

-aqimodiere Blvd & Sprinqfield Rd

-oqan Ave & Keewatin St

-ooan Ave & Main Si

-ooan Ave & McPhillios St
Vlain St & Hiqqins Ave
Vlain St & Redwood Ave
VlcPhillips St & Mountain Ave
\otre Dame Ave & Arlinoton St

JsborneStN&Broadwav
it James St & Wellinoton Ave

# of Throuqh Lanes

itafford St & Tavlor Ave

WB
2

EB

I
1

2

SB

2

1

2

2

1

NB

2

Approaches
w/L.T. Lanes

2

2

2

2

2

2

2

2

2

2

2

J

2

2

2

J

J

2

2

Áa

2

2

2

# R.T,
3utoffs

2

3

4

2

J

2

3

2

2

2

2

4

2

2

Approaches
dR.T. Lanes

1

0

2

2

2

2

I

2

2

1

1

2

2

2

2

2

2

0

0

2

2

2

2

Posted Speed bv Approacl

2

0

2

0

2

0

WB

0

1

1

60

0

2

70

0

1

70

0

EB

1

50

0

0

50

50

0

70

50

0

SB

60

50

0

50

50

50

(km/hr)

0

50

60

50

50

80

NB

60

50

60

50

50

50

50

5n

80

50

60

50

80

60

50

60

50

60

50

50

60

60

50

50

50

50

60

60

60

50

50

50

60
50
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J U lntersections

\rchibald St & Marion St

\rlinqton St & Ellice Ave

\rlinoton St & Mountain Ave
\rlinqton St & Sarqeni Ave
\rlinqton St & Selkirk Ave
\rlinqton St & William Ave

lorydon A
)ublin Ave & St James St
:llice Ave & Empress St
:llice Ave & St James St

ve & Stafford St

:mpress St & Sarqent Ave
sabel St & William Ave

#ofT

ooan Ave & Arlinoton St

WB

VlcGreoor St & Mountain Ave

hrouqh Lanes

VlcGreoor St & Selkirk Ave

2

EB

ialter St & Mountain Ave

2

2

2

alter St & Selkirk Ave

SB

iarqent Ave & St James St

2

2

2

lherbrook St & William Ave

2

2

NB

2

Approaches
w/L.T. Lanes

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

0

2

2

2

2

# R.T.
]utoffs

0

2

2

2

2

0

2

1

2

2

0

2

2

2

2

Approaches
w/R.T. Lanes

0

4

1

1

2

2

0

f)

2

2

2

2

0

0

'l

2

1

2

0

0

2

2

2

2

0

0

1

2

1

2

2

0

0

0

Posted Speed bv Approach (km/hr)

2

2

2

0

0

0

2

2

2

0

0

o

2

2

WB

0

0

0

2

2

60

0

0

0

2

50

0

0

0

2

50

0

0

EB

0

50

0

0

1

60

50

0

0

0

50

50

0

0

0

SB

50

50

0

0

50

60

60

0

1

50

50

50

0

0

50

50

NB

50

0

0

50

50

50
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0

60
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50

50

0
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50

50

50

0

50

50
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0
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5n
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50

50

50
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50

50

50
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50
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5n

50

50
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