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1.0 EXECUTIVE SUMMARY 

1.1 INTRODUCTION 

CTEP commissioned a research proposal to address the benefits associated with 

implementing road safety countermeasures in small towns in rural Alberta.  The primary 

objective for this research project was to establish local relationships (i.e., local crash 

modification factors) for small towns situated in rural Alberta.  With this in mind,  Bunt 

& Associates’ approach focused on the identification of the typical safety issues, 

countermeasures that have been implemented, and quantification of success rates (and/or 

benefits) of the implemented countermeasures such as percent reduction in crash 

frequency, specifically for Alberta-based conditions. 

The specific study objectives are summarized here: 

• Identify/summarize problematic locations (e.g., intersection, curves, etc…), the 

typical safety concerns, and recommended safety countermeasures based on 

the provided AIT databases. 

• Determine the success rate for the implemented mitigation measures and/or 

road/intersection related road improvements.   

• Ascertain whether-or-not the locally based crash modification factors are 

comparable to the best practices within the industry. 

However, during the implementation of the work program, it became clear to Bunt & 

Associates that the limitations of the size of the data set compromised the ability to draw 

statistically valid conclusions. The sample set was expanded to increase the statistical 

significance of the findings, but given the budget constraints, the improvement was still 

not of a sufficient magnitude to allow Bunt & Associates to draw complete conclusions. 

In discussion with CTEP, the original objectives for this research project were slightly 

altered to reflect the limitations inherent to the size of the data set. Bunt & Associates and 

CTEP both concluded that the outcome of this study would still achieved the original 

goal of obtaining an Alberta-based road safety countermeasure database.  However, it 

was agreed that the outcome of the study established the necessary framework for future 

research projects.      
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1.2 RESULTS OF THE BEFORE AND AFTER ANALYSIS 

The results of the before-and-after analysis produced results that suggested increases in 

crash frequency after implementation of a road improvement.  This was counterintuitive 

and Bunt & Associates concluded that the study results are a function of the data sets 

provided by AIT (i.e., low sample size, and uncertainty with the data set).  Overall, Bunt 

& Associates could not draw any conclusions regarding the safety benefits, specifically 

conclusions that could be supported through statistical analysis.  The results of the study 

are summarized in Table 1.1. 

Table 1.1: Overall Before and After Analysis Summary 

Improvements 
Simple Before 

and After 

Before and 

After with 

Comparison 

Empirical 

Bayes 

Theorem 

Statistical 

Significant at a 

95% confidence 

level 

Surface Change +15% NA NA No/NA/NA 

Pavement widening - 9 % NA NA No/NA/NA 

Signal Installation +14% NA NA No/NA/NA 

Signal Revision - 16% NA NA No/NA/NA 

Side Slope 

improvement 
- 6% NA NA No/NA/NA 

All curves + 53% + 38% + 17% Yes/No/NA 

All intersections + 5% + 6% NA No/No/NA 

Curves near small 

towns 
+ 63% NA NA Yes/NA/NA 

Intersections near 

small towns 
+ 14% NA NA No/NA/NA 

The results of the empirical analysis were compared to the results of the literature review.  

The comparative assessment confirmed that some of the identified improvements have 

similar collision modification factor (CMF) trends, as reported in the literature (i.e., 

within the range reported by the literature).  That said, there are situations where the 

CMF is in the opposite direction than intuitively expected (i.e., crashes increase), and in 

these instances, further study is recommended.  The results of the comparative analysis 

are summarized in Table 1.2.   
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Table 1.2: Comparative Assessment Summary 

Improvements 

Based on 

Empirical  

Data Set 

Based on Literature 

(Range) 

Within 

Literature 

Range 

(yes/no) 

Surface Change 15 % increase 10-25% reduction Yes 

Pavement widening 9% reduction 5-45% reduction Yes 

Signal Installation 14% increase 10-90% reduction No 

Signal Revision 16% reduction 10-51% reduction Yes 

Side Slope improvement 6% reduction 8-15% reduction Yes 

All curves 17-53 % increase 

10-85% reduction 

(includes curve flattening 

installation of guard rail, 

etc…) 

No
1
 

All intersections 5-6% increase 

10-75 % reduction 

(includes signal and other 

control devices, signing 

and marking, etc…) 

No
1
 

Curves near small towns 63% increase NA NA 

Intersections near small 

towns 
14% increase NA NA 

 

1.3 GENERAL DISCUSSION 

1.3.1 Condition of Alberta Infrastructure & Transportation Data Base  

• The results of this study confirmed that the AIT database is fragmented and 

would require a significant amount of organizational and analytical effort to 

compile it into a format that is useful for developing CMFs for a various 

road/intersection related improvements.  That said, AIT is aware of this 

situation and plans to rectify these issues with future studies. 

• It is recommended that AIT merge/incorporate its infrastructure database with 

the special monitoring location database, along with a statement regarding the 

nature of the improvement and reasons for the improvement (e.g., general 

update, safety related, etc…). 

 

                                                 
1
 It is noted that the empirical data set was based on an aggregate assessment; as such, a direct comparison 

is not possible.      
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• The results of the study confirmed that with the introduction and/or 

implementation of an intersection/roadway improvement the safety 

performance (i.e., decrease or increase the crash frequency) at a specific 

location will change.  Based on the results of this assessment, this change is 

highly variable and very difficult to predict.  With this in mind, Bunt & 

Associates concluded that the results of this study are not conclusive and that 

further study is recommended. 

1.3.2 Literature Review   

• The results of the literature review confirmed that the documentation of safety 

countermeasures (improvements) was incomplete which made it difficult to 

verify the study parameters and conditions (for both rural and urban settings).  

This confirmed the issues associated with whether-or-not direct application of 

these reported countermeasures (i.e., CMFs) would be appropriate for Alberta 

based road conditions.   
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2.0 INTRODUCTION 

2.1 NATURE OF THE PROBLEM 

As part of the Transport Canada’s 2010 vision, the national target for the years 2008-

2010 is to reduce the average number of road users killed or seriously injured by 30% 

compared with 1996-2001 average figures.  In Alberta, a total of 112,553 collisions were 

reported in 2004.  Of these, approximately 22 percent of the road related collisions 

occurred on rural roadways, and based on the current societal collision costs, these 

collisions are costing Canadians/Albertans approximately 1.6 billion
2
 dollars per year.  

The significant impact of these costs identified an obviously need to address safety on 

these roadways. 

Alberta Infrastructure & Transportation (AIT) faces a number challenges to ensure that 

sufficient mobility is provided along its Highways through smaller communities.  These 

challenges include: maintaining a high level of service, managing highway access, and 

safety performance, all of which require an active involvement of key stakeholders.  

Currently, the majority of the research material and/or published safety countermeasures 

(including corresponding safety benefits) are primarily based on studies undertaken in the 

United States and/or in Europe.  To date, the majority of the research efforts in Canada 

have been primarily through safety-related projects undertaken by the safety consultant 

community, Transport Canada, and/or by the initiatives sourced by Universities though-

out Canada.  That said, with the recent publication of the In-Service Road Safety Review 

Guidelines it would suggest that a significant amount of research was undertaken as part 

that study.      

Safety performance of a given transportation facility is a function of various factors, such 

as, exposure rate (traffic volumes); human factors (e.g., corridor consistency, driver work 

load, positive guidance, etc…) and road geometrics (e.g., sight distance).  As such, the 

safety performance of given transportation facility will vary from region to region, as the 

variance in geometric road standards (between North America and Europe) will influence 

driver behaviour and indirectly the safety performance.  In the case of Alberta-based 

highways, the current Alberta road standards are considered to be quite high when 

compared to the other provinces (e.g., wider travels lanes and shoulder widths).  In other 

words, typical safety concerns and corresponding countermeasures that are applied to 

                                                 
2
 Based on an average of $66,000 per collision (the average represents a blended average of Fatal, Injury, 

and PDO) 
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British Columbia Highways may not be applicable for Alberta-based Highways.  As 

such, direct application of the published material may not be appropriate for roadways 

situated in Alberta.   

With the above in mind, CTEP commissioned a research proposal that sought to 

specifically address the benefits associated with implementing road safety 

countermeasures in small towns in rural Alberta.  The primary objective for this research 

project was to establish local relationships (i.e., local crash modification factors) for 

small towns situated in rural Alberta.  However, limitations with the data set required the 

expansion of the study area so as to ensure an adequate sample size.   

In discussion with CTEP, the original objectives for this research project were slightly 

altered to reflect the limitations inherent to the size of the data set. Bunt & Associates and 

CTEP both concluded that the outcome of this study would still achieved the original 

goal of obtaining an Alberta-based road safety countermeasure database.  However, it 

was agreed that the outcome of the study established the necessary framework for future 

research projects.      

In Alberta, there are approximately 774 locations that fall under the Province’s special 

monitoring location project between 1998 and 2002. These locations were monitored for 

traffic volumes and annual collision fluctuations.  For the purpose of this project, these 

special monitoring locations were considered to be the primary source of traffic and crash 

data.          

2.2 SCOPE AND OBJECTIVES 

Bunt & Associates’ approach focused on the identification of the typical safety issues, 

countermeasures that have been implemented, and quantification of success rate (and/or 

benefit) of the implemented countermeasures, such as percent reduction in crash 

frequency, specifically for Alberta-based conditions.  The specific study objectives are 

summarized here: 

• Identify/summarize problematic locations (e.g., intersection, curves, etc…), the 

typical safety concerns, and recommended safety countermeasures based on 

the provided AIT databases. 

• Determine the success rate for the implemented mitigation measures and/or 

road/intersection related road improvements.   

• Ascertain whether-or-not the locally based crash modification factors are 

comparable to the best practices of the industry. 
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2.3 STUDY METHODOLOGY 

The core tasks were broadly organized into a cursory methodology as follows: 

1. Collect, sort, and review all information applicable to the project from AIT and 

other sources. 

a. Acquire and review all available crash and traffic count data/material 

from AIT. 

b. Identify specific locations that were deemed to be problematic and/or 

were upgraded in terms of recent intersection/roadway improvements. 

c. Obtain the historical crash data before and after the recommended/ 

implemented intersection/roadway improvements for the selected study 

locations. 

d. Summarize the proposed data collection program and circulate to the 

stake holders for final comments prior to undertaking any additional data 

collection. 

2. Undertake a literature review to identify the best practices, typical safety 

concerns, and successful countermeasures.   

The intent of this exercise was be to determine the best practices and/or 

successful countermeasures that would be applicable for specific rural Alberta 

conditions, such as two-lane highways, at-grade intersections in rural settings, 

etc….  Although this was a straightforward task, it required a significant 

amount effort.  As such, this task was limited to research efforts through 

known industry institutes (e.g., Transportation Research Board (TRB), 

Transport Canada, Transportation Association of Canada (TAC), Alberta 

Infrastructure & Transportation (AIT), Institute of Transportation Engineers 

(ITE), Federal Highways Administration (FHWA), etc…).  The specific 

activities for this task included the following: 

• Undertake research program of known road safety institutes   

• Identify typical safety concerns and recommended countermeasures/ 

benefits (i.e., typical crash reduction factors) 

• Summarize and develop a comparison matrix  
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3. Identify the typical safety concerns and recommended safety countermeasures 

based on past studies.  The intent of this exercise will be to confirm, in general 

terms, the best practices of the industry.   

4. Determine the success rate for the implemented mitigation measures and/or 

past road/intersection related improvements based on a before and after 

statistical analysis.  Develop a matrix of possible mitigation measures and 

anticipated safety benefit. 

The primary objective of this task was to develop crash reduction factors that 

would be appropriate for Alberta-based conditions, specifically along 

highways near rural Towns and Hamlets.  Once the data sets had been 

collected, Bunt & Associates undertook a statistical before and after analysis.  

The results of this analysis were then compared to the best practices matrix as 

identified through the literature review task.  The specific activities for this 

task included the following:  

• Review the historical crash data for the selected site locations 

• Undertake a before and after statistical analysis.  It is noted that this 

assessment would be based on overall crash frequency.    

5. Document and present the final recommendations to the C-TEP Steering 

Committee. 
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3.0 LITERATURE REVIEW 

3.1 INTRODUCTION 

A review of the various road approving authorities confirmed that the implementation of 

safety countermeasures generally improves overall road safety.  For example, the 

National Road Authority of Ireland reported that over a two-year period, a reduction of 

20 percent in road crashes was reported when low cost safety countermeasures were 

applied to roads.  Based on TAC (2004), the benefits associated with the implementation 

of road safety countermeasure could range between 10 and 85 percent in overall crash 

reduction.  To date, the Province of Alberta does not have a comprehensive database 

summarizing the benefits associated the implementation of road improvements, 

specifically from a crash reduction perspective.   

As such, Bunt & Associates undertook a literature review to gain a better understanding 

of the current practices associated with the prediction of collision/crash reduction factors 

for a given road safety improvement, specifically improvements related to rural 

conditions.  It is noted that this literature review based on the results data collection 

efforts (i.e., the data set provided by AIT), which is described in greater detail in the 

sections that follow.  In other words, the primary focus of the literature review was 

limited to the improvements identified through the data collection process.       

3.2 CAUSES OF COLLISIONS 

Collisions (or crashes) are a function of a variety of factors, and are typically a result of a 

series of events.  These factors are almost inexhaustible, and many of them are not well 

understood.  That said, practitioners understand that there is a relationship between the 

collision and the interaction between the road, the road user, and the vehicle.  Wright and 

Baker (1973)
3
 broadly categorized the factors typically responsible for traffic collisions 

as either human, vehicle, and/or environment related.  This is also known as the human-

environment-vehicle (HEV) system, which provides the basic framework for assessing 

the collision in order to identify possible causes
4
 With the above in mind, it is clear that 

safety on a roadway is affected by many factors.  These factors can be either human (e.g., 

impairment, fatigue, inattentive, etc…) or non-human-related (e.g., misleading road 

geometry, sign clutter, inadequate sight distance, poor surface conditions, low lighting, 

mechanical failures etc…).  Some of the typical factors are summarized here:   

                                                 
3
 Wright, P.H. and Baker, E.J. “Causes of Traffic Accidents”. ITE Journal, June 1973. 

4
 Road Safety Manual, PIARC Technical Committee on Road Safety, 2003 
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• Human factors, including the following: 

Driver’s experience 

o Driver’s cognitive abilities 

o Driver’s inattention 

o Driver’s age 

o Familiarity with environment 

o Alcohol and other sensory impairing substances 

o Vision 

• Non-human factors, including the following: 

o Road geometry  

o Road maintenance 

o Signage 

o Markings 

o Lighting 

o Controls 

o Road side infrastructures or objects. 

o Animals 

o Unexpected objects (rocks, rock slide, mud slide, avalanche etc) 

o Vehicle (mechanical) 

o Weather. 

The non-human factors can be divided into two categories: 1) the road and its 

environment, and 2) the vehicle.  Better Roads (2002) reported that human error (i.e., 

human factors) accounted for approximately 93% of reported crashes, and factors 

associated with the roadway represent 34% of the total crashes.  Vehicle malfunctions 

were found to be responsible for approximately 12% of all crashes.   

Although past research has shown that the human component (i.e., 93%) is the primary 

cause for the majority of the vehicle-related collisions, changes to the road environment 

have been found to improve and/or alter driver behaviour, which allows the drivers to 

make an informed decision and respond to the road environment in the appropriate 

manner.  For the purpose of this study, the majority of the literature review focused on 

the roadway factors or areas of road engineering, specifically in the areas of safety 

countermeasures and corresponding crash reduction characteristics. 



3.0  Literature Review   

 11 

 N:\Project Files\1122 C-TEP\02 Safety Countermeasures\C\REPORT\3-Final Report.doc 

2/17/2006 

 
 

3.3 ROAD SAFETY COUNTERMEASURE REVIEW 

The implementation of road safety countermeasures is an attempt to mitigate crashes at a 

problematic location, and the benefits associated with these improvements do vary and 

may not be appropriate for direct application, specifically in the rural Alberta context.  

Based on the results of the literature review there are numerous resources quoting 

collision modification factors, covering wide range of conditions.  Based on TAC, 

collision modification factors are defined as follows: 

“Collision Modification Factors (CMFs) are multipliers used to assess the safety 

impact of intervention.  In other words, a CMF is a multiplier applied to without 

or before collision frequency to determine what the with or after expected 

collision frequency will be”     

Based on the data collection process, road safety countermeasures reviewed as part of this 

study are summarized here and in Table 3.1.  A list of the supporting documentation is 

summarized in Section 9.0.  It is noted that the majority of the improvements list below 

have been identified by Transport Canada
5
 to be effective countermeasures and/or 

road/intersection related improvements.  Based on that study, five of the improvements 

(lighting, curve flattening, installation of guardrails, clear zone widening, and 

channelized right turn and left turn lanes) noted below were recommended for further 

review.  

• Lighting 

• Intersection Traffic Controls (stop, yield, signals, etc…) 

• Road widening 

• Shoulder widening 

• Curve flattening  

• Side slope improvement or Clear Zone widening 

• Rumble strips (centre-line and shoulder) 

• Addition of acceleration and deceleration lanes 

• Addition of right and left turn bays  

• Installation of guard rail 

                                                 
5
 Hamilton Associates (2003)  “ Road Safety Benchmarks over Time” Final Report 
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Table 3.1: Safety Countermeasure Summary 

Improvement TAC 
Transport 

Canada 
ITE 

Other 

International 

Sources
6
 

Range 

Lighting 10-40% reduction  
9% 

reduction 

15-52% 

reduction 

9-52% 

reduction 

Intersection 

Traffic Controls  
20-40% reduction 

82% 

reduction 

to 38% 

increase 

15% 

reduction 

10-90% 

reduction 

10-90% 

reduction 

Road Widening 15-45% reduction  
7% 

reduction 

5-25% 

reduction 

5-45% 

reduction 

Shoulder 

Widening 
15-45% reduction  

12% 

reduction 

13-30% 

reduction 

12-45% 

reduction 

Curve flattening 10-85% reduction   
30-45% 

reduction 

10-85% 

reduction 

Side slope 

improvement 
10-15% reduction  

8% 

reduction 
 

8-15 % 

reduction 

Rumble strips 

(centre-line and 

shoulder) 

35-60 % reduction  
15% 

reduction 

7-35% 

reduction 

7-60% 

reduction 

Addition of 

acceleration and 

deceleration 

lanes 

40-60% reduction   
20-80% 

reduction 

20-80% 

reduction 

Addition of right 

and left turn 

bays  

15-40% reduction 
12-67% 

reduction 

24% 

reduction 

20-40% 

reduction 

12-67% 

reduction 

Installation of 

guard rail
7
 

20-40% reduction in 

fatal and injury  

30% increase in 

overall crash 

frequency 

 
9% 

reduction 

7-9% 

reduction 

7-9% 

reduction 

Signal revision 10-20% reduction 
51% 

reduction 

22% 

reduction 

16-34% 

reduction 

10-51% 

reduction 

 

                                                 
6
 References used in this study are listed in Section 9 

7
 It is noted that the installation of guard rail includes solid barrier (CRB and CMB) and other roadside 

barriers (e.g., W-beam).  
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The results of the review were then compared to the findings associated with the 

empirical data sets, which is better described in the sections that follow.  It is noted that 

objective of the comparative review was ascertain whether-or-not the published values 

are indeed statistically significant (different) when compared to the empirical data sets 

generated as part of this research project.  
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4.0 DATA COLLECTION 

4.1 DATA COLLECTION METHODOLOGY  

The purpose for the data collection program was to collect and organize all of the 

necessary data to allow Bunt & Associates to adequately assess the corresponding 

collision modification factors for a given improvement.  It is noted that a considerable 

amount of effort was expended with respect to establishing the data requirements, 

particularly with respect to the AIT data base.  Although AIT’s database included a wide 

variety of information such as traffic volumes and annual collisions, it was fragmented 

and not compiled in a workable format for the purpose of this study and the associated 

analysis  In other words, the relationships between a given intersection/road improvement 

and a specific location was found to be not well documented. 

As mentioned, AIT provided Bunt & Associates with a list of special monitoring 

locations. These are locations which meet AIT’s criteria for collision monitoring as 

defined by average collision rate plus some standard deviations.  This list was considered 

to be the basis for analysis for this research project.  The selection of the critical study 

locations was then based on the type of the improvement and proximity to a rural Alberta 

based town.  For the purpose of this study, locations situated within two kilometres of a 

small urban centre were deemed to be in or near a small town in rural Alberta.  The final 

study locations are illustrated in Figure 4.1.   

Once the study locations were selected, a detailed review of the various road/intersection 

improvements was conducted with assistance from AIT staff.   

4.2 DATA REQUIREMENTS  

4.2.1 Geometric Data 

Geometric data is useful in determining the current road, intersection, or bridge layout.  

This data provided Bunt & Associates with the necessary information regarding width of 

drive lanes, width of shoulder, side slopes, clear zone, etc…  Knowledge of the geometric 

data helped in evaluating the effect of changes to the road elements on collisions.  As 

reported in the literature review section, lane width, shoulder width and side slopes 

typically affect safety because wider lanes/shoulders and side slopes generally result in a 

positive benefit. 
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Figure 4.1: Study Locations 
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4.2.2 Collision Data 

Collision data provides information on locations in terms prevailing conditions before the 

crashes, the type of crashes, the number of crashes (frequency) time of crashes, etc…  

Collision data is often compiled and reported on an annual basis.  Analysis of collision 

data often yields valuable information as to the cause, patterns or trend, number of 

vehicles involved, severity, etc… 

4.2.3 Traffic Volume 

Traffic volume data is useful in determining the importance of the road (i.e., the 

propensity is to use the road).  In the realm of crash analysis, traffic volumes are used to 

assess the degree of exposure, and/or are often used to gauge the intensity of crashes.  

Intensity in this context implies the number of crashes in relation to the volume of traffic 

on the road.  Some describe this as the exposure rate.  An appropriate comparison of 

safety of different road segments is possible when collision and volume data is available. 

Volume data are given per hour (usually the peak hour) or per day.  Some analysts use 

the hourly traffic demand to estimate crash pattern and trend, while others use daily 

volumes.   

4.2.4 Type of Improvement 

Data needed for this study included a list of improvements that have taken place at 

various locations, specifically at the special monitoring locations.  It was initially 

expected/hoped that AIT would have a database that summarized past projects 

(improvements).  However, Bunt & Associates concluded quickly that the AIT data had 

not been organized in this format.  As mentioned, the current improvement database is in 

a fragmented state and requires a significant amount effort to sort and/or organize. This 

level of effort was beyond the capability and scope of this project.   

Although it was clear that a number of improvements had been made and implemented 

over the years, it was very difficult to attempt to relate these improvements to the special 

monitoring locations and/or isolate a specific improvement.  In other words, the 

description of the improvements was either generic, unavailable, or encompassed a wide 

range of improvements (e.g., pavement marking & signage and turn lanes).  As such, 

Bunt & Associates was unable to determine a relationship between any specific 

improvement, and a reduction or escalation in collision frequency.  The study process 

was therefore necessarily limited to measuring changes in the collision measures as a 

result of changes to the road infrastructure.  With this in mind, all improvements assessed 

as part of this study were based on an aggregate assessment.  The data used in this 

particular study are summarized in Appendix A. 
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5.0 GENERAL ANALYSIS OF EMPIRICAL DATA SETS 

5.1 GENERAL ANALYSIS OF ALL MONITORING LOCATIONS 

As mentioned, AIT provided Bunt & Associates with crash data for specific monitoring 

locations.  The purpose for the review of this data was to establish collision/crash trends 

for a given geometric condition, and to a lesser extent, set the frame work for developing 

safety performance functions specific for Alberta based conditions.  Based on the data 

readily available for this research project, the recorded crashes have been divided into 

two main categories (fatal and non fatal) and then further sub-divided as being either 

animal or non-animal related.  The annual collision trends (including frequency and 

collision rate) are summarized in the Table 5.1 to Table 5.4.  It is noted that the values 

(i.e., frequency and rate) presented in the following tables are limited to provided crash 

data (i.e., special monitored locations) and are expected to be higher than the Provincial 

averages.   

The special monitoring locations were not randomly chosen. Instead, they represented 

locations where collisions had been observed previously to occur most frequently.  It is 

noted that the AIT uses a specific approach to selection these problematic locations, 

which is dependent on the provincial collision averages and standard deviation.  AIT  

defined a special monitoring location as a location that exhibited at least three (3) 

collisions of similar type as recorded over a five-year time period.  This is generally (but 

not necessarily) based on the last five years of crash data.   

AIT special monitoring criteria are summarized in Table 5.5.  

Table 5.1: Multi-Lane Roads – Crash Analysis Summary  

Number of Collision Collision per km Collision rate 

Year 
Animal 

Non 

Animal 
Total Animal 

Non-

Animal 
Total Animal 

Non 

Animal 
Total 

1998 1109 1846 2955 43.35 81.09 124.44 21.55 32.51 54.06 

1999 1059 1966 3025 39.89 85.35 125.23 20.26 32.27 52.53 

2000 1082 1971 3053 42.58 87.36 129.93 21.28 29.93 51.22 

2001 1266 1960 3226 46.27 82.85 129.12 23.95 28.01 51.96 

2002 1218 2289 3607 43.35 101.08 144.43 21.17 35.37 56.54 

Mean 1147 2026 3173 43.09 87.55 130.63 21.64 31.62 53.26 

Note: This data is based on 55 locations over a 5-year study period. 



5.0  General Analysis of Empirical Data Sets   

 18 

 N:\Project Files\1122 C-TEP\02 Safety Countermeasures\C\REPORT\3-Final Report.doc 

2/17/2006 

 
 

Table 5.2: Two-lane Roadways with AADT Less than 1000 vpd 

Number of Collision Collision per km Collision rate 

Year 
Animal 

Non 

Animal 
Total Animal 

Non 

Animal 
Total Animal 

Non 

Animal 
Total 

1998 557 355 912 13.24 8.58 21.82 67.33 51.63 118.96 

1999 512 352 864 11.86 9.10 20.96 70.84 56.85 127.69 

2000 571 384 955 13.48 8.72 22.20 73.21 52.32 125.53 

2001 690 380 1070 16.54 9.39 25.93 82.93 54.65 137.58 

2002 659 401 1060 16.08 9.92 26.00 78.96 53.42 132.38 

Mean 598 374 972 14.24 9.14 23.38 74.65 53.78 128.43 

Note: This set data is based on 78 locations over a 5-year study period. 

Table 5.3: Two-lane Roadways with AADT Greater than 1000 vpd 

Number of Collision Collision per km Collision rate Year 

Animal Non 

Animal 

Total Animal Non 

Animal 

Total Animal Non 

Animal 

Total 

1998 3021 2498 5519 94.43 87.70 182.13 49.23 38.83 88.05 

1999 2991 2509 5500 93.73 85.97 179.69 48.89 38.21 87.11 

2000 3162 2704 5866 101.46 95.16 196.62 50.73 41.10 91.83 

2001 3620 2686 6306 112.84 93..28 206.12 55.80 38.62 94.43 

2002 3801 3085 6889 112.93 104.90 217.82 58.74 43.83 102.17 

Mean 3319 2696 6015 103.07 93.40 196.43 52.68 40.04 92.72 

Note: This set data is based on 226 locations over a 5-year study period. 

Table 5.4: Fatal & Non-Fatal Crashes at all Special Monitored Locations 1998-2002 

Fatal Non-Fatal 

Location Total Fatal 

Crashes 

Annual 

Average 

Total Non-

Fatal Crashes 

Annual 

Average 

Bridge (55 locations) 12 2.4 854 170.8 

Curves
 
(256 locations) 32 6.4 1295 259 

Intersection (371 locations) 117 23.4 4774 954.8 

Interchanges
 
(92 locations) 29 5.8 2673 534.6 
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Table 5.5: Special Monitoring Location Selection Criteria 

Location Formula for determining special monitoring location 

Interchange Average collision rate plus one half of standard deviation 

Intersection Average collision rate plus one standard deviation 

Curves Average collision rate plus one standard deviation 

Bridges Average collision rate plus one standard deviation 

Divided Highway Average collision rate plus one standard deviation 

Undivided Highway Average collision rate plus one standard deviation 

5.2 ANALYSIS OF IMPROVED LOCATIONS 

5.2.1 The Identification of Improved Locations 

Based on a review of the provided material, a number of improvements were made at 

several locations between 1996 and 2001.  The reasons for these improvements were not 

known since details regarding the type of improvements are not specific in all cases. In 

any event, improvements had been made and these improvements were considered to 

have some safety benefits in terms of overall crash reduction.  It is noted that the 

identification of these improvements was based on a collective effort between the AIT 

and Bunt & Associates staff, which was based on matching the available records to the 

identified special monitoring locations.  This process was very labour intensive and 

resulted in a small sample size that may produce results that are not statistically 

supportable.  A more detailed discussion is presented in the sections that follow.   

The results of the review are summarized in Table 5.6, which shows the number and type 

of improvements at the identified special monitoring locations between 1996 and 2002. 
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Table 5.6: Annual Collision Frequency by Type of Improvement 

Year 
Type of Improvement 

1996 1997 1998 1999 2000 2001 2002 

Intersection improvement   4 4 7 8 2 

Intersection channelized     1 1  

Signal installation   2 3 2 4  

Signal improvement     2 1  

Pavement overlay    2 3 1  

Pavement widening   5 1 5 2  

Pavement narrowing*   1 7 5 2  

Shoulder widening   5 1 5 2  

Shoulder narrowing*   3 6 4 2  

Side slope improvement   0 0 3 1 1 

Lighting  1 1  1 2  

Climbing lane extension    1    

Rumble Strip  1   1   

* Due to overlay 
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5.3 SAFETY PERFORMANCE FUNCTION (BEST FIT ANALYSIS) 

A Safety Performance Function (SPF) is a relationship between collisions and volume for 

a given improvement or geometric design feature.  Based on the Transportation 

Association of Canada (TAC) Geometric Design Guide, a Safety Performance Function 

is defined as follows: 

“The collision frequency of a road is a function of the traffic it serves… Since this 

kind of function describes the safety of a certain road when serving different 

traffic levels, it is called a Safety Performance Function (SPF) for this road”  

In most cases, these functions are based on a stratified data set, and typically exhibit a 

Power Fit.  The use of these functions gives the designer(s) the ability to assess the 

degree of risk for a given design condition.  The Province of Ontario has developed a 

variety of safety performance functions and incorporates these functions into the design 

process.  That said, these functions are primarily based on past crash history, and given 

the number of possible variables that can influence a crash, the use of these functions 

should be limited to an order of magnitude assessment and used with caution. 

To date, the Province of Alberta does not have SPFs specific to Alberta-based roadways.  

As such, Bunt & Associates developed a number of safety performance curves in order to 

gain an understand of the local relationships between safety (as measured by either total 

number of collisions, collisions per kilometre,  and collisions per 100 million vehicle 

kilometres driven) and traffic volumes, geometric design feature, and geographic regions 

(i.e., population levels).  It is noted that the objective of this exercise was not to develop 

specific SPF, rather the intent of this exercise was to determine if the local trends as 

developed though this study are similar the SPFs published in TAC and/or other 

published material.  It is noted that the data used for the development of these curves 

were solely based on the special monitoring location data.  As such, the data includes 

those locations that have been improved within the time period under review.  

For this study, the functions (or best fit) illustrated in Figure 5.1 to Figure 5.4 were 

based on the equation that demonstrated the highest square of regression coefficient (R
2
).  

As such, the linear regression model was not considered because it presupposes that the 

collision rate could be zero, which is unlikely scenario over a long period of time.  

The best fit curves were then compared the SPFs published in TAC Geometric Design 

Guide.  The results of the comparison analysis confirmed that the curves developed from 

the data follows the same trend as that indicated in the TAC Geometric Design Guide. 
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 Figure 5.1:  Collision Rate vs. Radius for up 5000 population 
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Figure 5.2: Collision Rate vs. Radius for all Special Monitoring Locations 
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Figure 5.3: Collision Rate vs. Pavement Width for all Special Monitoring Locations 
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Figure 5.4: Collision Rate vs. Shoulder Width for all Special Monitoring Locations 
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6.0 BEFORE & AFTER ANALYSIS IN OR NEAR SMALL TOWNS  

6.1 BEFORE & AFTER ANALYSIS  

In order to produce meaningful before-and-after findings for locations situated in or near 

small towns, it was concluded that the improvements would need to have been in place 

for a least one year.  As such, to make use of the available data sets, the year 2000 was 

selected to be the base year for improvements in or near small towns.  

In order to determine whether-or-not a particular safety countermeasure is considered to 

be effective, a “Before-and-After” study is normally conducted.  Analysts have used 

many methods to determine whether these changes in before and after collisions are a 

result of the measures put in place or whether the changes are a result of the variability in 

the collision data.  It is noted that the before and after assessment was based on the list 

improvements identified in the data collection process (see Appendix).     

Statistical methods are often used to determine the significance of the change in collision 

in the before and after situations.  The report focused on the most commonly analysis 

approaches as summarized here: 

1. Simple Before-and-after or Naïve Analysis 

2. Before-and-After with Comparison  

3. Empirical Bayes method (the Bayes analyses are either Empirical or 

Multivariate).  In this report, and where the data is sufficient and available, a 

simple Empirical Bayes method was used. 

Each of these methodologies have there advantages and disadvantages, and are listed in 

the following sub-sections.  The results of analysis are summarized in Table 6.1 and the 

corresponding key findings are documented in the sections that follow.  
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Table 6.1: Overall Before and After Analysis Summary 

Improvements 

Simple 

Before and 

After 

Before and 

After with 

Comparison 

Empirical 

Bayes 

Theorem 

Statistical 

Significant at a 

95% confidence 

level 

Surface Change +15% NA NA No/NA/NA 

Pavement widening - 9 % NA NA No/NA/NA 

Signal Installation +14% NA NA No/NA/NA 

Signal Revision -16% NA NA No/NA/NA 

Side Slope 

improvement 
-6% NA NA No/NA/NA 

All curves + 53% + 38% + 17% Yes/No/NA 

All intersections + 5% + 6% NA No/N0/NA 

Curves near small 

towns 
+ 63% NA NA Yes/NA/NA 

Intersections near 

small towns 
+ 14% NA NA No/NA/NA 

6.2 SIMPLE BEFORE & AFTER ANALYSIS 

Simple “before and after” analysis was performed on the data for all improved sites 

between the year 1998 and 2002, with the year 2000 defined as the base year for 

improvements.  The objective was to test whether-or-not the differences in the collision 

frequencies and collision rates are statistically significant in the before and after 

situations.  This method was commonly used to assess the average number collisions 

(over a given study period) before and after the implementation of an improvement.  As 

mentioned, the intent of the approach was to establish if the differences between the 

before and after collision averages would be statistically significant with some level of 

confidence.  Where normal approximation is used, a typical test statistics is given by: 

1.10.4...............................................................................................1

BA

AB

ff

ff
Z

+

−
=  

Where, 

Z1 = the standard normal variate representing the reduction in total collision 

fA = the number of collisions after countermeasure 

fB = the number of collisions before countermeasure 
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For the reduction in the total number of collision to be considered significant at the 95 

percent confidence level, the probability of Z being equal to or less than Z1 must be 

greater than or equal to 0.95.   

The problems with Equation 4.10.1 as pointed out by Roess et al
8
  are: (1) it is only 

useful where there is reduction in the number of collisions, and (2) It is often not 

appropriate for small sample sizes which are typical of collision data.  

To address the small size problem, Poisson distribution and a modified binomial test has 

been proposed by Weed 1986
9
.  The paper produced two sets of curves for increase and 

decrease in total number of collisions that determine the rejection criteria for Poisson 

distributed data based on binomial test.  The curves indicated that when the “before” 

count is small, a very large percentage increase or decrease in the collision rate is 

required for the change to be significant at the 95% confidence level.  It can also be 

inferred from the curve that even when the “before” count is large (greater than 200), 

approximately 15% increase or decrease in the total collision would be needed to make 

the change significant at 95% confidence level.  

Other method used is the “naïve t test,” the log-normal method, and the trend method.  In 

this report, the Weed curve is used to determine the significance of the changes to total 

crashes that occur as a result of improvement to the road and intersections under review.  

A before and after analysis was performed on the following: 

(1) Before and after for improved curves 

(2) Before and after for signal installation and signal revision 

(3) Before and after for pavement widening 

(4) Before and after for surface treatment (Seal coat to asphalt concrete) 

(5) Before and after side slope improvement 

6.2.1. Before & After for Curve Sections in or Near Small Towns 

In the year 2000, a total of 16 curved road sections were identified as improved locations 

through the data collection process.  A total of 9 curved sections were considered to be 

near small Towns.  In most cases, the identified curve locations were improved through 

                                                 
8
 Roess R.P., Prassas, E.S. and McShane W.R. “ Traffic Engineering” Third Edition, Pearson Prentice Hall, 

New Jersey 2004 
9
 Weed, R., “Research Decision Criteria for Before-and- After Analyses “ Transportation Research Records 

1069, Washington DC, 1986 pp 11 
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various resurfacing projects, including pavement and shoulder widening, upgrading of 

road surface (e.g., from seal coat to asphalt concrete, etc…).  The results of the analysis 

are summarized in Table 6.2. 

Table 6.2: Before & After – Curved Sections near Small Towns 

FOR IMPROVED CURVES CLOSE TO SMALL TOWNS  (Less than 2km) 

YEAR 1998 1999 2000 2001 2002 

Total COLL for all improved curves 5 7 10 8 13 

Average length of curve for all imp Curves 0.495 0.495 0.495 0.495 0.495 

Total AADT for all improved curves 48500 49800 50070 51450 52720 

Collision/km-year for all improved locations 10.10 14.14 20.20 16.16 26.26 

100 million VKMT 0.087 0.089 0.090 0.093 0.0952 

Collision rate (Coll/100 million VKMT) 57.059 77.798 110.541 86.061 136.480 

Collision Before Improvement 12     

Collision After Improvement 21     

Percentage Change (total collision) 75%     

Average Collision rate Before 68     

Average Collision  rate After 111     

Percentage change (collision rate) 63%     

Using R weed Curve (total collision) 
Increase in Collision is statistically significant at 95% 

confidence level. 

As shown, with improvements at the horizontal curves crash rate is expected to increase 

by 63 percent.  This however is an unexpected result, as it is intuitive that the combined 

improvements to the road sections would produce a downward trend in the number of 

collision.  This result exemplifies one of the drawbacks with the simple before and after 

methodology as it does not consider other factors that may contribute to the changes in 

crash pattern. There is a need for further review prior to drawing any conclusions.  With 

that in mind, it was concluded that a more comprehensive review should be conducted.  

Based on discussions with the University of Calgary/Steering Committee, it was agreed 

that Bunt & Associates should expand the sample base by including all of the special 

monitoring locations as provided by AIT.   

The results of the analysis are summarized in Table 6.3. 
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Table 6.3: Before & After – Curved Sections Irrespective of Characteristics 

FOR ALL YEAR 2000 IMPROVED CURVES SECTIONS IRRESPECTIVE OF 

CHARACTERISTICS 

YEAR 1998 1999 2000 2001 2002 

Total collisions for all improved curved 

sections 
8 14 19 15 21 

Average length of curve for all imp Curves 0.533 0.533 0.533 0.533 0.533 

Total AADT for all improved curves 59230 60710 61070 61060 64500 

Collision/km-year for all improved locations 15.01 26.27 35.65 28.14 39.40 

100 million VKMT 0.12 0.12 0.12 0.119 0.125 

Collision rate (Coll/100 million VKMT) 69.427 118.535 159.921 126.274 167.355 

Collision Before Improvement 22     

Collision After Improvement 36     

Percentage Change(total collision) 64%     

Average collision rate Before 94     

Average collision rate After 147     

Percentage change (collision rate) 53%     

Using R weed Curve(total collision) 
Increase in collision is significant at 95% confidence 

level. 

The results of the analysis confirmed that a total of 22 collisions (for the years 1998 and 

1999) were reported before the curved section improvements in 2000.  After the 

improvements, the crash trend was observed to increase by 14 collisions (for an overall 

total of 36) for the years 2001 and 2002.  It is noted that these totals represent the entire 

data set and included curved sections near small towns.  Based on the simple before and 

after methodology, it would suggest that the improved curved sections increase the crash 

risk, resulting in a 64 percent change in total collision and 53% change in collision rate.  

Using the Weed curve, these calculated increases in collision were considered to be 

significant at the 95% confidence level.   

6.2.2. Before & After for Intersections in or Near Small Towns 

Before & After Signal Installation 

A total of two (2) traffic signals were installed in the year 2000.  Both of these locations 

exhibited a low crash frequency, and as well, the AADT for all through movements are 

also deemed to be low for all the 5 years under review.  It is noted that the sample size for 
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this particular data set was considered insufficient, as such the output (or results) of the 

analysis may not be considered to have any high statistical confidence. The results of the 

analysis are summarized in Table 6.4. 

Table 6.4: Before & After Signal Installation 

Year 1998 1999 2000 2001 2002 

Number of collisions 3 3 1 6 1 

AADT 5035 5065 5010 5170 5155 

Length  1 1 1 1 1 

Collision/km 3 3 1 6 1 

100 MVKT 0.0184 0.0185 0.0183 0.0189 0.0188 

Collision rate 163.241 162.274 54.685 317.957 53.147 

Collision Before Improvement 6     

Collision After improvement 7     

Percentage Change (total collision)  17%     

Average collision rate Before  163     

Average collision rate After 186     

Percentage change 14%     

Weed Curve Change not significant at 95% confidence level 

As shown, the data suggested an increase of 17% in the overall crash frequency and a 

14% increase in crash rate due to the installation of the signals.  The change is not 

statistically significant at the 95% confidence level. 

Before and After Signal Revision 

Two of all the special monitoring intersections were subjected signal revisions in year 

2000.  An analysis of the before and after collisions was performed to determine the 

effect of the signal revision on safety.  The results of the analysis are summarized in 

Table 6.5. 
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Table 6.5: Before & After Signal Revision 

Year 1998 1999 2000 2001 2002 

Number of collisions 28 43 30 31 36 

AADT 15140 15550 15690 16750 17720 

length  1 1 1 1 1 

Coll/km 28 43 30 31 36 

100 MVKT 0.055261 0.056758 0.057269 0.061138 0.064678 

Collision rate 506.6865 757.6091 523.8482 507.0538 556.6035 

Collision Before Improvement 71     

Collision After Improvement 67     

Percentage Change -6%     

Average Collision rate Before  632     

Average Collision Rate After 532     

Percentage Change -16%     

Weed Curve Change not significant at 95% confidence level 

As shown, both the collision frequency and rates are considered to be high at these two 

locations.  The examination of the collision frequency and rate showed a slight downward 

trend, suggesting a 6% reduction in crash frequency and 16% reduction in crash rate.  

The results of the analysis indicated that the decrease cannot be considered significant at 

the 95% confidence level. 

Before and After for All Intersections Irrespective of Characteristics 

Similar to the curved sections, it was agreed that sample size should be increased due to 

the variability associated with the results of the analysis.  As such, Bunt & Associates 

expanded the sample size by including all monitoring locations that exhibited intersection 

related improvements.  In the year 2000, a total of 18 intersections were improved either 

by signalization, upgrading to design standards, resurfacing, side slope improvement, 

etc…  The results of the analysis are summarized in Table 6.6.   
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Table 6.6: Before and After – All Intersections Irrespective of Characteristics 

FOR ALL IMPROVED INTERSECTIONS 

YEAR 1998 1999 2000 2001 2002 

Total COLL for all improved int 70 74 69 68 84 

Average length of int for all imp int 1 1 1 1 1 

Total AADT for all improved int 81145 82545 83704 86690 88570 

Collision/km-year for all improved int 70 74 69 68 84 

100 million VKMT 0.296 0.301 0.305 0.316 0.323 

Collision rate (Coll/100 million VKMT) 236.343 245.611 225.844 214.905 259.836 

Average AADT 4508.056 4585.833 4650.222 4816.111 4920.556 

Average collision per int  3.888889 4.111111 3.833333 3.777778 4.666667 

100 million VKMT 0.016454 0.016738 0.016973 0.017579 0.01796 

Collision rate (Coll/100 million VKMT) 236.3434 245.6112 225.8448 214.9053 259.8363 

Total Before 144     

Total After 152     

Percentage change 5%     

Average collision rate Before 241     

Average Collision rate After 237     

Percentage Change (collision rate) 1.6%     

Using R weed curves (total collision) Change is not significant at 95% confidence level. 

As shown, there is an increase of 5% in the overall crash frequency due to the overall 

intersection improvements.  The results of the analysis suggested that the combined 

improvements did not constitute a statistically significant difference in the number of 

collisions based on the simple before and after approach.    

6.2.3. Before & After Pavement and Shoulder Widening 

In year 2000, 13 roadway sections among the monitored locations were widened 

principally by increasing the shoulder width.  The results of the simple before and after 

analysis are summarized in Table 6.7.  
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Table 6.7: Before and After – Pavement widening 

Year 1998 1999 2000 2001 2002 

Number of Collisions 7 7 4 8 6 

AADT 18060 19210 19450 20140 21050 

length  0.51 0.51 0.51 0.51 0.51 

Coll/km 13.72549 13.72549 7.843137 15.68627 11.76471 

100 MVKT 0.033619 0.035759 0.036206 0.037491 0.039185 

Coll rate 208.2175 195.7526 110.4784 213.3868 153.1215 

Before Collision 14     

After Collision 14     

% increase 0     

Before rate 403.9702     

After Rate 366.5082     

% decrease -9.3     

Weed Curve Change not significant at 95% confidence level 

As shown, the examination of the collision frequency and rate showed a slight downward 

trend, suggesting a 9% reduction in crash rate. The results of the analysis indicated that 

the decrease cannot be considered significant at the 95% confidence level. 

6.2.4. Before & After Surface Change 

In the year 2000, 6 roadway sections were subjected to changes to the surfaces.  These 

changes were primarily from a seal coated surface to an asphalt concrete surface.  The 

results of the overall assessment are summarized in Table 6.8.  

As shown in Table 5.8, there was an increase of 15% in the overall crash rate due to the 

surface changes from seal coat to asphalt concrete in year 2000.  The results of the 

analysis suggest that the combined improvements do not constitute a statistically 

significant difference in the number of collisions based on the simple before and after 

approach.    
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Table 6.8: Before and After – Surface Change 

Year 1998 1999 2000 2001 2002 

Number of Collisions 4 5 6 6 5 

AADT 25760 26120 26380 27620 27650 

length  0.593 0.593 0.593 0.593 0.593 

Coll/km 6.745363 8.431703 10.11804 10.11804 8.431703 

100 MVKT 0.055756 0.056535 0.057098 0.059782 0.059847 

Collision rate 71.74086 88.44011 105.0821 100.3645 83.54632 

Before Collision 9     

After Collision 11     

% increase 22%     

Before frequency 15.17707     

After frequency 18.54975     

% increase 22%     

Before rate 160.181     

After Rate 183.9108     

% increase 15%     

Weed Curve Change not significant at 95% confidence level 

6.2.5. Before & After Slope Improvement 

Only four (4) locations were found to have had their side slopes improved as indicated in 

the contract documents reviewed.  The results of the overall assessment are summarized 

in Table 6.9.  
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Table 6.9: Before and After – Slope Improvement   

Year 1998 1999 2000 2001 2002 

Number of Collisions 11 8 8 7 12 

AADT 17370 17620 17810 18540 18760 

length  1 1 1 1 1 

Coll/km 11 8 8 7 12 

100 MVKT 0.063401 0.064313 0.065007 0.067671 0.068474 

Coll rate 173.5002 124.3916 123.0646 103.4417 175.249 

Before collision 19     

After collision 19     

% decrease 0%     

Before freq 19     

After freq 19     

% decrease 0%     

Before rate 297.8919     

After Rate 278.6907     

% decrease -6%     

Weed Curve Change not significant at 95% confidence level 

As shown in Table 5.9, the data suggested no difference in the crash frequency over the 

two years before and after the side slopes were improved. There was, however, a 

decrease of 6% in crash rate, but the difference cannot be considered to be statistically 

significant. It is noted that there are only four locations where these improvements were 

recorded (and/or confirmed through the data collection process).   

6.3 BEFORE & AFTER WITH COMPARISON 

In addition to the individual simple before and after assessments, Bunt & Associates also 

conducted a number of supplementary statistical tests to gain a better understanding of 

the variability associated with the results of the analysis.  The before and after with 

comparison is based on the premise of what would be the collision frequency if no 

improvements were made to the critical location.  In order to determine what the collision 

frequency would be if an improved location was not improved, the collision frequency at 

similar unimproved locations is used as a proxy.  
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The methods commonly used to analyze the “before-and-after” with comparison 

approach are: 

1. Log-ratio test 

This is a method of estimating before-and-after crashes by comparing the 

number of crashes in the improved group with the unimproved group having 

the same characteristics. It uses the minimum of either the pooled variance or 

the absolute variance to estimate the standard normal variate (z) or the t value 

for small samples. The test compares the log value of the odd ratio to the 

critical z or t values to determine the significance of the change in crashes.  

This method does not provide the expected number of crashes at the improved 

locations and does not use the unbiased odd ratio for its test. 

2. Chi-squared equation 

This is a method that uses the crashes in the improved and unimproved groups. 

It produces the expected crashes in the after situation which helps to determine 

what the magnitude of the crashes would be if locations were not improved. 

The difference between the before crashes and the expected crashes is the 

expected change in the crash statistics. The significance of the test is obtained 

by comparing the calculated Chi-square value with the critical Chi-square 

value. 

Based on the statistical criteria outlined above, the before and after with comparison was 

limited to the following scenarios: 

• Total before and after for all improved curves irrespective of their 

characteristics 

• Total before and after for all improved intersections irrespective of their 

characteristics 

Assessments for the pavement widening, shoulder widening, surface treatment (e.g., seal 

coat to asphalt concrete), signal installation and signal revision, and side slope 

improvements were not conducted, as it was difficult to find an appropriate comparison 

group based on the provided data set. 
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6.3.1 Curves Irrespective of their Characteristic 

A before and after with comparison analysis was performed using the Chi-square 

distribution approach.  The detailed results of the analysis are summarized in Appendix 

C. 

The results of the before-and-after analysis with comparison indicates that the difference 

between the before and the expected after crashes at the improved sites are statistically 

insignificant. The expected increase in crashes using this data set was 38%. The simple 

before-and-after analysis indicated an increase of 53%. The difference in the results of 

these two methods arose from the consideration of what the magnitude of the crashes 

would be if the road sections were not improved at all.  Although an increase in collisions 

was predicted, this analysis indicated that the increase would not be statistically 

significant at the 95% confidence level indicating that the change is merely random and 

not systemic. 

6.3.2 Intersections Irrespective of their Characteristics  

Total before and after with comparison analysis using the Chi-square was performed on 

the intersection data.  This analysis used all of the improved sites in 2000 and all the 

unimproved sites in that same year.  It is noted that this analysis did not consider the 

differences in the characteristics of the intersections.  For the purpose of this study, it was 

assumed that there would be some similarities between the improved and the unimproved 

sites.  The detailed results of the analysis are summarized in the Appendix B. 

There analysis suggested a 6% increase between the before crashes and the expected after 

crashes.  As outlined in the Appendix B, the results of the analysis confirmed that the 

difference in the before and after with comparison assessment was not statistically 

significant at the 95% confidence level.  The simple before and after method indicated a 

5% increase in crashes as such there is no significant difference between the two methods 

in the analysis of this data set.  

6.4 EMPIRICAL BAYES THEOREM 

The Empirical Bayes method for the estimation of safety is known to have two important 

advantages, (1) it increases the precision of estimation, and (2) it corrects for the 

regression-to-mean bias (Hauer et al 2002)
10

.  The method also has an added advantage 

of using the total number of collision as the criterion for collision reduction (Hamilton 

and Associates).  

                                                 
10

 Hauer, E., Harwood, D.W., Council, F.M. and Griffith M.S.” Estimating Safety by the Empirical Bayes 

Method: A Tutorial 
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The method is like the comparison group in that it requires the knowledge of crash 

frequency at both improved and unimproved locations with similar characteristics.  These 

characteristics include; road type, surface type, pavement and shoulder width, radius, 

length of curve, intersection type, intersection control and average annual daily traffic. 

In most cases, the data requirements are not usually readily available, and engineering 

judgment has to be exercised to establish what constitutes a similarity.  This is one of the 

major drawbacks associated with the Empirical Bayes methodology for analyzing before 

and after crashes.  

The Empirical Bayes (EB) method determines the expected number of crashes at the 

improved locations.  The reduction in the before and after crashes is then determined by 

odd ratio, which is the ratio of before and after crashes in the comparison group divided 

by the ratio of the post-improvement expected to actual crashes in the improved group.  

The Empirical Bayes methodology is outlined in Ezra Hauer’s Observational Before-

After Studies in Road Safety
11

 (1997). 

6.4.1. Before and After Curve Improvements 

Similar to the before and after with comparison group, the EB method was limited to the 

analysis of the curve road sections because it was the only data set for which Bunt & 

Associates was able to identify similar sections from the data provided by AIT.  To 

accomplish this, a list of improved curve sections was assembled.  The list of unimproved 

sections, which had radius and pavement widths similar to those of the improved 

sections, was also assembled.  It is noted that a one-to-one comparison of the improved 

and unimproved sections was not possible because of the differences in the geometrics of 

the roadways.  As such, the comparison was based on characteristics that fall within a 

certain range (e.g., curves with a radius between 300 and 500 metres were considered to 

be similar). 

Assessments for the pavement widening, shoulder widening, surface treatment (e.g., seal 

coat to asphalt concrete), signal installation and signal revision, and side slope 

improvements were not conducted, as it was difficult to find an appropriate comparison 

group based on the provided data set. 

As summarized in Table 6.10, a total of 13 improved curve locations were identified, as 

part of the EB analysis, and a comparison group of 19 curve locations was also identified.  

For the 24 months before the improvement year, a total of 15 collisions were recorded. A 

                                                 
11

 Hauer, E. “Observational Before-After Study” Estimating the effect of Highway and Traffic Engineering 

Measures on Road Safety. Pergamon, 1997 



6.0  Before & After Analysis in or Near Small Towns 

 38 

 N:\Project Files\1122 C-TEP\02 Safety Countermeasures\C\REPORT\3-Final Report.doc 

2/17/2006 

 
 

total of 25 collisions were recorded for the 24 months after improvements were carried 

out at the 13 locations.  For the 19 unimproved sites (or the comparison group), there 

were a total of 75 collisions during the 24 months before the improvement year in which 

improvements were carried out on the treated (improved) site and there were 71 

collisions after the year in which the treated sites were improved.   

Table 6.10: Improved and Comparison Group Assessment for Curved Locations 

Conditions Collisions 

Pre-improvement collision at comparison site 75 

Post improvement collision at comparison sites 71 

Pre-improvement collision at improved sites 15 

Post improvement collision at improved sites 25 

Expected post improvement collision at improved sites 22.5 

Calculated Odd Ratio 1.17 

Percentage increase in collision 17 

The results of the EB analysis suggested a 17% increase in collision rate with the 

inclusion of the improvements.  If a simple before and after method was used, the 

increase would be 53 % and this increase would have been considered significant at the 

95% confidence level.  This analysis demonstrates that the simple before and after is 

prone to overestimating the effect of changes on safety.  The before-and-after analysis 

with comparison method indicates a 38% increase as against the 17% increase using the 

EB.  The difference is a result of further refinement in data analysis afforded by the EB 

methodology.  

The 17% increase indicated in Table 5.10 above represents the expected increase in 

collision at the improved sites.  This is counterintuitive as improvements are intended and 

expected to reduce crash rates.  However, the collected data showed the number of 

crashes at the improved sites to increase from 15 to 25 and there is a slight reduction in 

crashes at the comparison sites from 75 to 71.  

Using the EB method, the after improvement crashes were expected to be between 17 and 

18 and not the 25 observed at the improved sites.  The long term expectation of the crash 

pattern may be different from what is indicated by the data and the analysis.  More data is 

therefore required in order to be able to compute the long term crash reduction at the 

improved sites.  
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6.5 COMPARISON OF FINDINGS WITH LITERATURE REVIEW 

TAC
12

 (The Canadian Guide to In-Service Safety Reviews, 2004) contains a compilation 

of many possible countermeasures and their effectiveness measured in percentage change 

in the before and after collision frequency, as summarized in Section 3.0.  It is noted that 

the published effectiveness were primarily based past research efforts and past 

publications.  As such, Bunt & Associates undertook a detailed review of the published 

material so as to gain a better understanding of the study parameters and conditions (i.e., 

rural or urban).  However, the results of the review confirmed that most of these 

publications could not be readily obtained, therefore making it impossible to draw any 

conclusions with any degree of certainty regarding the difference between the research 

results and with the published material.  That said, a comparative assessment was 

conducted for reasons of interest.  The results of the analysis are summarized in Table 

6.11.   

Table 6.11: Comparative Assessment 

Improvements 

Based on 

Empirical 

Data Set 

Based on Literature 

(Range)
13

 

Within 

Literature Range 

(yes/no) 

Surface Change 15 % increase 10-25% reduction Yes 

Pavement 

widening 
9% reduction 5-45% reduction Yes 

Signal Installation 14% increase 10-90% reduction No 

Signal Revision 16% reduction 10-51% reduction Yes 

Side Slope 

improvement 
6% reduction 8-15% reduction Yes 

All curves 
17-53 % 

increase 

10-85% reduction (includes curve 

flattening installation of guard rail, 

etc…) 

No 

All intersections 5-6% increase 
10-75 % reduction (includes signal 

and other control devices, signing 

and marking, etc…) 

NA 

Curves near small 

towns 
63% increase NA NA 

Intersections near 

small towns 
14% increase NA NA 

                                                 
12

 TAC “The Canadian Guide to in-service safety reviews” (2004) 
13

 References are listed Section 9 of this report 
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7.0 GENERAL DISCUSSION 

7.1 RESULTS OF THE BEFORE AND AFTER ANALYSIS 

• The results of the literature review confirmed there are a large number of 

road/intersection improvements that are rural based.  However, the limited and 

fragmented documentation of these improvements made it difficult to verify 

the study parameters and conditions (for both rural and urban settings), which 

would be needed in order to confirm the issues associated with whether-or-not 

direct application of these reported countermeasures (i.e., CMFs) would be 

appropriate for Alberta based road conditions.  

• It is clear that the results of the before and after analysis produced results that 

were considered to be less than desirable (i.e., demonstrating increases in crash 

performance after implementation of a road improvement).  Bunt & Associates 

concludes that the study results are a function of the fragmentation and limited 

extent of data sets available from AIT at the time of the study.  Overall, Bunt 

& Associates could not draw any conclusions regarding the safety benefits, 

specifically conclusions that could be supported through statistical analysis; 

further study is recommended.    

• The results of the comparative assessment confirmed that some of the 

identified improvements have similar CMF trends as reported in the literature.  

However, there are some situations where the CMF is opposite to what would 

intuitively be expected.  As such, further data collection, analysis and study is 

recommended in order to confirm these trends. Additional data is necessary so 

as to better utilize other methods (e.g. Empirical Bayes) to estimate the 

changes in safety due to roadway/intersection improvements.  

7.2 STATE OF ALBERTA INFRASTRUCTURE DATA BASE  

• The results of this study confirmed that the AIT database is fragmented and 

will require a significant amount of effort to organize it into a format that is 

appropriate for more readily assessing and developing CMFs for various 

road/intersection related improvements.  AIT is aware of this need and plans to 

rectify these problems with future studies. 
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• It is recommended that AIT merge/incorporate its infrastructure database with 

the special monitoring location database, along with a statement regarding the 

nature of the improvement and reasons for the improvement (e.g., general 

update, safety related, etc…).  
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Road Widening and Surface Improvements  

 

 

LOCATION 

Year of 

Change 

CONDITIONS 

  Before After 

2A:16:20 2000 Seal coat, 6.7m wide, 

shoulder 0.0m 

Asphalt concrete, 12.7m wide, 

shoulder 2.65m 

43:02:10 2000 12.2m wide, shoulder 

2.4m 

12.6m wide, shoulder 2.6 

05:04:05 2000 Asphalt concrete Seal coat 

02:72:10 2000 Shoulder 2.35m Shoulder 3.0 m 

22:12:30 2000 Seal coat, 7.9m wide, 

shoulder 0.25m 

Asphalt concrete, 11.8m wide, 

shoulder 2.2m  

22:12:20 2000 Seal coat, 12.2m wide, 

shoulder 2.4m 

Asphalt concrete, 11.4m wide, 

shoulder 2.0 m  

43:18:15 2000 Seal coat Asphalt concrete 

13:16:05 2000 Asphalt concrete Seal coat 

02:46:05 2000 Asphalt concrete Seal coat 

36:06:05 2000 Seal coat, 11.3m wide, 

shoulder 1.95m 

Asphalt concrete, 11.0m wide, 

shoulder 1.8m 

13:16:05 2000 Asphalt concrete Seal coat 

43:18:15 2000 Seal coat Asphalt concrete 

43:02:10 2000 Width 12.2m, shoulder 

2.4m 

Width 12.6m, shoulder 2.6m 

43:18:10 2000 Seal coat, 12.5m, shoulder 

2.55m 

Asphalt concrete, 12.2m wide, 

shoulder 2.40m 

43:22:05 2000 Seal coat, 12.5m wide, 

inner shoulder 2.1m, outer 

shoulder 3m 

Asphalt concrete,12.3m wide, 

inner shoulder 1.9m outer 

shoulder 3m 

 



Signalized* 

 

LOCATION Year of Change CONDITIONS 

  Before After 

2:04:05 2000 Unsignalized Signalized 

14:16:05 2000 Unsignalized Signalized 

 

* There were a total of 4 intersections signalized in 2000. However, before and after data 

was found for only 2 of the intersections. The type of control before is not known, but 

data indicated that they are new signals. 

 

Side Slope Improvements* 

 

LOCATION Year of Change CONDITIONS 

  Before After 

11:04:15 2000  Side slope improved  

14:10:10 2000  Side slope improved from 2.5:1 to 5.0:1 

16:26:05 2000  Side slope improved 

43:02:15 2000  Side slope improved 

 

Side slope improvement was done as part of general roadway or intersection 

improvements. Data is not available for the “before” conditions or slope   

 

 



Intersection Improvements 

 

LOCATION Year of 

Change 

CONDITIONS 

  Before* After** 

21:28:05 2000  Traffic Signal revised, section of highway 

twinned 

21:28:05 2000  Traffic signal is revised, left turn bay added 

E-W, right turn channelized 

22:12:30 2000  Grading, GBC, ACP 

11A:04:15 2000  Side slope improvement , grading, GBC, 

ACP 

36:22:05 2000  General intersection improvements  

37:04:15 2000  Pavement marking  

02:04:05 2000 Unsignalized Signalization 

01:18:15 2000  Lane extension and intersection widening 

02:36:20 2000  General intersection improvement, lighting, 

channelization 

02:72:10 2000  Intersection improvement, grading, GBC, 

ACP 

14:10:10 2000  General intersection improvement, side slope 

improvement, standard taper and storage. 

11:10:25 2000  Intersection improvement, right 

channelization 

16:26:05 2000  Rumble strip at the approach, side slope 

improvement, lighting, grading, GBC, ACP 

14:16:05 2000 Unsignalized Signalization 

03:06:05 2000  Shoulder widening, standard storage and 

tapers. 

43:22:05 2000  General intersection improvement, 

acceleration and deceleration lanes 

constructed.  

43:02:15 2000  Lighting, Hwy 43 approach becomes 4-lane 

divided, side slope improved and grade 

widened 

26:12:05 2000  Built to Type 2A standard 

 

*Before conditions not clearly known. 

**Most improvements are as observed on the “as built drawings” and contract documents 

 

 

 



APPENDIX B 

 



BEFORE & AFTER WITH COMPARISON 

Curves Irrespective of their Characteristic 

Table B-1: Before and After for all improved curves  

  Treatment Comparison Total  

Before 15 75 90  

After 25 71 96  

Total 40 146 186  

Actual Expected Difference Diff Sq Diff Sq/Exp 

15 19.35 -4.35 18.96 0.98 

25 20.65 4.35 18.96 0.92 

75 70.65 4.35 18.96 0.27 

71 75.35 -4.35 18.96 0.25 

   Sum 2.42 

Error Value  P(2tail) 0.49 

0.05 3.841    

0.1 2.706  Type I Error 0.01 

 



Intersections Irrespective of their Characteristics  

 

Table B-2: Before and After for all improved intersections  

  Treatment Comparison Total  

Before 144 1495 1639  

After 152 1590 1742  

Total 296 3085 3381  

Actual Expected Difference Diff Sq Diff Sq/Exp 

144 143.49 0.51 0.26 0.00 

152 152.51 -0.51 0.26 0.00 

1495 1495.51 -0.51 0.26 0.00 

1590 1589.49 0.51 0.26 0.00 

   Sum 0.00 

Error Value  P(2tail) 1.00 

0.05 3.841    

0.1 2.706  
Type I 

Error -0.50 
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