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Executive Summary 
 

According to 2005 Annual Report on Road Safety Vision 2010 Canadians are among the most mobile people 

in the world. Unfortunately, this level of mobility has come with a price. During 2006, the most recent year for 

which traffic collision data are available, according to Road Safety Vision annual report, 2,889 road users 
were killed and about 200,000 were injured (Transport Canada, 2006). Despite the fact that during the past 

20 years road transportation deaths and serious injuries have been halved on a per unit of population basis, 

traffic collisions have remained one of the leading contributors to years of lost life among Canadians - 

accounting for more than 94% of fatalities and 99% of serious injuries in transportation-related occurrences 

according to the same report. The annual economic cost to Canadian society, due to fatal and injury traffic 
collisions, is estimated at $63 billion (Transport Canada, 2007). 

 

In October 2000 Canada officially approved its second national road safety plan; Road Safety Vision 2010. 

The goal of Road Safety Vision 2010 is to make Canada’s roads the safest in the world. The initiative has set 

an ambitious national target calling for a 30% decrease in the average number of road users killed or 

seriously injured during the 2008-2010 period, as compared with 1996-2001 average figures. Also in this 

initiative, there are some sub-targets addressing areas such as occupant restraint use, impaired driving, rural 
road safety, intersection and speed-related collisions, commercial vehicle safety, young drivers, and 

vulnerable road users. 

 

It is well known that rural road safety, intersection and speed-related collisions, collisions involving vulnerable 

road users, and commercial vehicle safety would greatly benefit from the implementation of road engineering 

safety countermeasures. While the majority of effective countermeasures being implemented in Canada are 

well documented and readily available to Canadian practitioners, there still appears to be a knowledge gap 

with respect to many countermeasures that have been implemented in other top-ranked member countries of 

the Organization for Economic Co-operation and Development (OECD) in support of their national road 

safety plans. Often the related information remains fragmented, scattered, under-evaluated and not readily 

available to practitioners in Canada. Therefore in order to further support the implementation of Canada 

Road Safety Vision 2010, Transport Canada decided to retain Synectics Transportation Consultants Inc. to 

identify such countermeasures, to evaluate their relevance to the vision and to asses their respective 

applicability to Canadian conditions.  

 

This research is mainly dedicated to finding countermeasures from other OECD countries that have the 

potential to be transferred to Canadian applications, provided that they are not already well known to the 

Canadian road engineering community and have not been widely implemented in Canada.  It has also been 

decided to further include countermeasures that are highly successful in OECD countries, which are well 

known in Canada, but have yet to be implemented due to reasons not related to safety. This was done in 

hopes that including such countermeasures may facilitate a fresh look, and may prompt new ideas among 

Canadian practitioners, on how such countermeasures could be successfully implemented in Canada. 

 

An extensive literature search and agency contact has been conducted. All collected material was reviewed 

and a considerable amount of efforts were put to compile descriptions of countermeasures with illustrations 

and their known safety effects followed by a discussion of their safety effects, different aspects of design, 

implementation, public acceptance, costs, environmental impacts, etc. Also in parallel to the literature 
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search, some selected agencies were contacted as needed to identify and obtain all related published and 

unpublished materials containing information on the most successful countermeasures introduced in the 

respondent’s respective country. 

 

Based on the results of the literature search, review, and agency contact, the study team has compiled a 

long list of countermeasures in a matrix format, as shown in Appendix B of this report, which contains a 

countermeasure name, concise description, and general evaluation criteria as defined above. Also in order to 

select the most efficient countermeasures, some general evaluation criteria has been established and 

applied to each countermeasure in the long list. General evaluation criteria includes collision reduction, 

capital cost of countermeasure, maintenance and operating costs, susceptibility (to weather, salt, humidity 

etc), public acceptance, policy maker acceptance, sustainability, and other factors such as possible effect on 

the greenhouse gas emissions and synergy with other road safety initiatives such as education and 

enforcement. The range of costs is somewhat variable and even unavailable for some of the selected 

measures. However following the compilation of list of selected countermeasures, based on the available 

data and expert judgments, the measures fell into three categories with respect to their capital cost, namely, 

low-, medium- and high-cost.  

 

Furthermore for each and every selected countermeasure in each category, some Canadian-specific 

considerations were provided followed by some recommendations for use in Canada. The Canadian-specific 

considerations include the following: 

 

• Compatibility to current legislation in Canada;  

• Compatibility to current design and construction standards, guidelines, and manuals;  

• Sufficiency of existing road safety knowledge in Canada; 

• Suitability to Canadian  geography and climate; 

• Suitability to Canadian-specific vehicle fleet, traffic volumes, driving/behavioral patterns; 

• Confidence that the application of the countermeasure will not incur an increase in cost/affordability due 
to the differences between Canada and other OECD countries; 

• Anticipated acceptance by decision makers;  

• Anticipated public acceptance; and 

• Anticipated performance towards achieving targets of Canada Road Safety Vision 2010. 
 

It should be noted that quantitative measures were unavailable for a large number of countermeasures 

investigated, obstructing the use of a single assessment metric. As such, through this project, evaluations 

partly involved deductive assessment, integrating information from the literature review, agency contact, and 

the experience and knowledge of the expert study team. Eventually, some of the selected countermeasures 

were identified for immediate implementation where justified such as gateways, safety edge, freeway median 

cable barrier systems, etc. 
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SOMMAIRE EXÉCUTIF 
 

Selon le rapport annuel 2005 de vision sécurité routière, les Canadiens sont parmi les gens les plus mobiles 

dans le monde. Malheureusement, ce niveau de mobilité ne vient pas sans conséquences. Au cours de 

2006, soit l’année la plus récente pour laquelle des données sur les collisions routières sont disponibles, 

selon le Rapport annuel de la sécurité routière, 2 889 usagers de la route ont été tués et plus de 200 000 
blessés (Transport Canada, 2006). Malgré le fait que pendant les 20 dernières années, les cas d’accidentés 

graves et de morts ont diminué de moitié en fonction du ratio de la population, les collisions routières restent 

l’une des principales causes en perte de vie au Canada, représentant plus de 94% des décès et plus de 

99% des blessures graves reliées au transport, selon le même rapport. Le coût monétaire annuel pour la 

société Canadienne relié aux accidents sur la route causant des blessures et des morts est estimé à plus de 
63 milliards (Transport Canada, 2007). 

 

En octobre 2000, le Canada a officiellement approuvé son deuxième plan national sur la sécurité routière, 

Vision sécurité routière 2010. Le but de Vision sécurité routière 2010 est de rendre les routes du Canada les 

plus sécuritaires au monde. Cette initiative possède des objectifs ambitieux, car elle vise une diminution de 

30 % du nombre d’usagers de la route tués ou gravement blessés entre la période de 2008 à 2010 

comparée à la période de 1996 à 2001. De plus, l’initiative contient plusieurs sous-objectifs reliés à divers 

domaines tels, les dispositifs de retenue des occupants,  la conduite avec facultés affaiblies, la sécurité 

routière en milieu rural, les collisions liées à la vitesse aux intersections, la sécurité de véhicules 

commerciaux, les jeunes conducteurs et les usagers vulnérables.   

 

Il est bien connu que la sécurité routière en milieu rural, les collisions liées à la vitesse aux intersections, les 

collisions impliquant des usagers vulnérables de la route et la sécurité des véhicules commerciaux, 

bénéficieraient grandement de la mise en œuvre des mesures de prévention sur les routes. Bien que la 

majorité des mesures de prévention implantées au Canada sont bien documentées et facilement accessibles 

aux spécialistes canadiens, il existe encore un manque de connaissance face à un grand nombre de ces 

mesures de prévention qui ont été mises en œuvre dans d’autres pays reconnus membres de l’organisation 

de coopération et de développement économiques (OCDE), provenant de leur plan national de sécurité 

routière.  Bien souvent, les informations reliés à ces mesures de prévention sont fragmentaires, dispersées, 

sous-évaluées et peu accessibles aux spécialistes Canadiens. Par conséquent, afin de favoriser le support 

de la mise en application de la Vision sécurité routière 2010, Transport Canada a décidé de retenir les 

services de Synectics Transportation Consultants Inc. pour identifier les mesures de prévention, évaluer leur 

pertinence et le niveau d’applicabilité à la situation canadienne.  

 

Cette recherche a été principalement consacrée à la recherche de mesures de prévention en se basant sur 

d’autres pays membre de l’OCDE. Les mesures retenues doivent avoir le potentiel d’être applicables au 

Canada, d’être peu connues par les intervenants en transport et de ne pas être appliquées au Canada. 

Également, il a été décidé d’inclure les mesures de prévention qui ont connu un grand succès dans les pays 

de l’OCDE, mais qui n’ont pas encore été appliquées pour des raisons non liées à la sécurité. Cela a été fait 

dans l’espoir que ces mesures de prévention procurent un nouveau regard sur la sécurité et ainsi susciter de 

nouvelles idées chez les intervenants Canadiens sur la manière dont ces mesures pourraient être mises en 

œuvre avec succès au Canada.  

 



Transport Canada 

I n ternat iona l  Road Engineer ing Safe ty Countermeasures  and the i r  Appl ica t ions  in  the   
Canadian Context  

 

Final Report  

AECOM, CIMA+, Lund University                                 May 2009 - ii - 

Une vaste recherche littéraire a été menée ainsi que de nombreux contacts auprès des agences ont été 

réalisés. Tout le matériel recueilli a été révisé et beaucoup d’effort a été investi pour compiler les 

descriptions des mesures de prévention avec illustrations et les effets sur la sécurité, suivie d’une discussion 

sur les effets sur la sécurité, de différents aspects de conception, de la mise en œuvre, de l’opinion publique, 

des coûts, des impacts environnementaux, etc. Toujours en parallèle à la recherche littéraire, quelques 

organismes ont été contactés afin d’identifier et d’obtenir tous les documents connexes publiés et non 

publiés contenant de l’information sur les mesures de prévention ayant eu du succès dans leurs pays 

respectifs.  

 

Sur la base des résultats obtenus par la recherche et la revue littéraire et des agences contactées, l’équipe 

en charge de l’étude a dressé une longue liste de mesures de prévention dans un format matriciel, présenté 

à l’annexe B de ce rapport. La matrice contient le nom de la mesure de prévention, une description concise 

et une évaluation générale par critère tel que définie ci-dessus. De plus, dans le but de sélectionner la 

mesure de prévention le plus efficace, certains critères d’évaluation ont été établis et appliqués à chacune 

des mesures de prévention. Les critères d’évaluation contiennent la réduction des collisions, le coût en 

capital des mesures de prévention, les coûts d’entretien et d’exploitation, la sensibilité (à la température, 

humidité, etc.), l’opinion publique, l’acceptation des décideurs politiques, la viabilité et d’autres facteurs ayant 

des effets sur les émissions de gaz à effet de serre ou sur la synergie avec les initiatives dans le domaine de 

l’éducation et le contrôle policier. L’échelle de coût est quelque peu variable et même inaccessible pour 

certaines des mesures retenues. Toutefois, suite à la compilation de la liste des mesures de prévention 

sélectionnées, sur la base des données disponibles et des avis d’experts, les mesures ont été classées en 

trois catégories en ce qui concerne leur coût en capital, à savoir faible, moyen et à coût élevé.  

 

En outre, pour chacune des mesures de prévention sélectionnées dans chaque catégorie, plusieurs 

spécifications canadiennes ont été fournies avec recommandations pour l’usage canadien. Les 

spécifications canadiennes sont les suivantes :  

 

• Compatibilité adaptée à la législation applicable au Canada; 

• Compatibilité reliée à la conception et normes de construction, aux lignes directrices et aux guides; 

• Compréhension suffisante de la sécurité routière au Canada;  

• Applicabilité à la géographie et au climat canadien; 

• Applicabilité en fonction des types de véhicules, du volume de traffic et des habitudes de conduites; 

• Assurance que l’application des mesures de prévention ne résultera pas en une augmentation de coût 
reliée aux différences entre le Canada et les autre pays de l’OCDE; 

• Acceptabilité par les décideurs politiques;  

• Acceptabilité anticipée du public; 

• Anticipation des performances face aux objectifs de la Vision sécurité routière du Canada. 
 

Il est important de spécifier que des mesures quantitatives n’étaient pas disponibles pour un nombre 

important de mesures de prévention étudiées, gênant ainsi l’utilisation des estimations métriques. Au cours 

de ce projet, les évaluations ont nécessité en partie l’élaboration d’hypothèses, l’intégration d’information 

provenant de la revue littéraire, des contacts auprès des agences ainsi que l’expérience et le savoir des 

experts membres de l’équipe de recherche. Éventuellement, certaines des mesures de prévention 
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sélectionnées sont identifiées pour une application immédiate, par exemple les portes d’entrées, une lisière 

de sécurité, un dispositif de retenue au centre d’une autoroute muni de câbles, etc. 
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1. INTRODUCTION 

1.1 Project Background 

According to 2005 Annual Report on Road Safety Vision 2010 Canadians are among the most mobile people 

in the world. Unfortunately, this level of mobility has come with a price. During 2006, the most recent year for 

which traffic collision data are available, according to Road Safety Vision annual report, 2,889 road users 

were killed and over 200,000 were injured (Transport Canada, 2006). More than 17,500 of these collision 
victims suffered serious injuries that kept them in hospital for at least 24 hours. Despite the fact that during 

the past 20 years road transportation deaths and serious injuries have been halved on a per unit of 

population basis, traffic collisions have remained one of the leading contributors to years of lost life among 

Canadians - accounting for more than 94% of fatalities and 99% of serious injuries in transportation-related 

occurrences according to the same report. The annual economic cost to Canadian society, due to fatal and 
injury traffic collisions, is estimated at $63 billion (Transport Canada, 2007). 

 

Recognizing the seriousness of the road safety problem, Canada adopted its first national road safety vision 

with targets in 1996, entitled Road Safety Vision 2001. In October 2000 Canada officially approved its 

second national road safety plan; Road Safety Vision 2010. The goal of Road Safety Vision 2010 is to make 

Canada’s roads the safest in the world. The initiative has set an ambitious national target, as well as several 

broad-based sub-targets, that focus on a number of problems in different areas that have not previously 

been addressed on a national scale. The national target calls for a 30% decrease in the average number of 

road users killed or seriously injured during the 2008-2010 period, as compared with 1996-2001 average 
figures. The sub-targets address the following areas: occupant restraint use, impaired driving, rural road 

safety, intersection and speed-related collisions, commercial vehicle safety, young drivers, and vulnerable 

road users.  

 

It is well known that rural road safety, intersection and speed-related collisions, collisions involving vulnerable 

road users, and commercial vehicle safety would greatly benefit from the implementation of the road 

engineering safety countermeasures. In terms of road safety, Canada and some other countries, as the most 

successful members countries of the Organization for Economic Co-operation and Development (OECD), 

have incorporated road engineering safety initiatives as a vital part of their plans in meeting their injury and 

fatality reduction targets. 

 

Recognizing the importance of road engineering safety countermeasures in achieving the targets of Road 

Safety Vision 2010, Transport Canada has conducted studies that synthesized evidence corresponding to 
the safety impacts of traffic operations and control strategies for Canadian practitioners (Forbes, 2003) and 

identified the most effective road engineering improvements that have been introduced in the past 40 years 
in Canada and the United States (Zein and Montufar, 2003).  The Canadian Council of Motor Transport 

Administrators (CCMTA) has recently conducted a study on rural road safety in Canada, which identified 

traffic collision trends and recommended collision-preventive strategies, including a set of prioritized 
engineering measures to be incorporated in the road design and operation practices (CCMTA, 2006).  
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While the majority of effective road engineering safety countermeasures being implemented in Canada are 

well documented and readily available to Canadian practitioners, there still appears to be a knowledge gap 

with respect to many of the engineering countermeasures that have been implemented in other top-ranked 

OECD countries in support of their national road safety plans.  Oftentimes the related information remains 

fragmented, scattered, under-evaluated and not readily available to practitioners in Canada. Transport 

Canada recognizes that in order to further support the implementation of Canada’s Road Safety Vision 2010, 

there is a need for the identification of such countermeasures, an evaluation of their relevance to the vision 

and an assessment of their respective applicability to Canadian conditions, followed by subsequent wide 

implementation of the most effective and desirable countermeasures across the country.  

 

 

1.2 Project Objective 

The objective of this project is to conduct research on successful road engineering safety countermeasures 
that: 

 

• Have been used in the top-ranked OECD member countries, who have lower fatality rates than Canada; 

and 

• Have been implemented within the last fifteen years. 
 

 

1.3 Selected OECD Countries 

During the kick-off meeting for this project held in December 2007, it was agreed to include countermeasures 

already implemented in the following countries in this research: 

 

• Sweden, Norway, Great Britain, Switzerland, Finland, Denmark, Netherlands, Germany and Australia, as 
these countries have lower fatality rates than Canada;  

• US, as to some extent, this country is similar to Canada in terms of vehicle fleet and road infrastructure. 
It was agreed that since the majority of countermeasures implemented in the US have already been 

recognized and implemented in Canada, the research into the US countermeasures will only concentrate 

on the countermeasures which are the most recent and innovative; 

• France, as countermeasures implemented in France may not have been very well known to the English 

speaking communities; and 

• New Zealand, as this country is well-known for its road safety programs
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2. LITERATURE SEARCH, REVIEW AND AGENCY 
CONTACT  

The literature search and agency contact conducted was primarily aimed at identifying and documenting the 

successful road safety engineering countermeasures that have been implemented in the selected OECD 

member countries during the last fifteen years. The search included, but was not limited to, small-scale traffic 

engineering measures, improvements to the country’s main road infrastructure, and Intelligent Transportation 

Systems (ITS).  

 

 

2.1 Literature Search  

A targeted literature search (as opposed to the wide-open search) was conducted followed by collecting 

identified research publications and subsequent documenting of the collected material.  
 

 

2.1.1 Targeted vs. wide-open search  

Given the volume of research publications in the OECD countries, a targeted literature search was 

conducted to address the concern that a lot of effort in a wide-open literature search would be wasted on 

low-value or irrelevant materials. 

 

The first task in this project was to identify and collect (through literature review and telephone conversations 

with our contacts) the major and the most recent publications containing road engineering countermeasures 

in the OECD countries which were as follows: 

 

• Handbook of Road Safety Measures (Elvik and Vaa, 2004); 

• German “Empfehlungen” - Guidelines on Road Safety Engineering (Institute des Strassenverkehrs 

Koeln); 

• PIARC Road Safety Manual (World Road Association, 2004); 

• UK Good Practice Guide (Barker and Baguley, 2003); 

• Draft US Highway Safety Manual (Transportation Research Board, 2007); 

• Danish Speed Management in Urban Areas Report (Greibe et al., 1999) and Danish Catalog of Ideas for 
an Improved Traffic Environment (Herrstedt et al., 2003); and  

• Australian Crash Reduction Estimates for Road Safety (ARRB Group, 2007). 

 

In parallel, the available reports on the US Federal Highway Administration (FHWA) scanning tours to 

European countries were reviewed.  Also as needed, the contacts and references contained in these and 

other key publications were researched further to obtain more specific and detailed information. 
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Furthermore, the search was concentrated on most credible sources (e.g., TRB publications, federal 

research institutes, official documents issued by national road authorities) and limited to the 

countermeasures with the highest level of novelty, relevance to Canada Road Safety Vision, etc. 

 

The goal of this research was to find countermeasures that have the potentials to be transferred to Canadian 

applications, provided that they are not already well known to the Canadian road engineering community and 

have not been widely implemented in Canada.  For example, there is a great deal of research works and 

publications related to roundabouts.  However, roundabout has already been recognized as a very effective 

road safety countermeasure in Canada, and Canadian practitioners already have access to detailed 

information on all aspects of roundabouts.  Therefore based on the aforementioned selection criterion, there 

is limited value in conducting a literature search and agency contact on the safety benefits of roundabouts. 

 

Similarly, centreline and transverse rumble strips are relatively new, however there has been extensive 

research conducted in Canada on these countermeasures and the results were widely disseminated among 

Canadian practitioners. On the contrary, relatively little is known in Canada about 2+1 road designs, and 

further information on that topic would be of significant value. 

 

It has also been decided to further include countermeasures that are highly successful in OECD countries, 

which are well known in Canada, but have yet to be implemented due to reasons not related to safety.  It was 

our opinion that including such countermeasures may facilitate a fresh look, and may prompt new ideas 

among Canadian practitioners, on how such countermeasures could be successfully implemented in 

Canada.  “Installation and Use of Speed Cameras” is an example of such countermeasures.  

 

 

2.1.2 Annotated bibliography 

The collected material was documented in form of the annotated bibliography which provides concise 

comments/annotations of each reference source.  Key words pertaining to each publication were identified 
and an Excel© spreadsheet was also created to be served as a versatile tool facilitating navigation to the 

specific information being sought (e.g. various publications related to the same countermeasure may reflect 

different aspects of the countermeasure such as implementation aspects, evaluation of effectiveness, 

technology needed, legislation, public perception, etc.). Key words show information that is available in the 

reference, while specific values/aspects are cited in the annotation/comments. 

 

The team members responsible for conducting research on countermeasures for the various countries (e.g., 

France, Nordic countries, etc.) have created separate annotated bibliographies in the identical format which 

were merged into one document.  The annotated bibliography created in the course of the literature search is 

included in Appendix A. 

 

 

2.2 Literature Review  

Each and every reference was reviewed and a considerable amount of efforts were put to compile 

descriptions of countermeasures with illustrations and their known safety effects followed by a discussion of 
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their different aspects of design, implementation, public acceptance, costs, environmental impacts, etc.  

Available literature often does not provide evaluations of the safety effects. However, this was not considered 

a concrete reason to exclude the countermeasure in our review because some safety effects may turn out to 

be positive; additionally, the fact that the countermeasure has been included in the national guidelines and 

widely implemented in other selected countries to some extent was regarded as a good indication of 

success. However as it will be seen later in this report, for some selected countermeasures research and 

evaluation followed by conducting pilot studies in Canada is recommended to evaluate and study the related 

Canadian-specific safety issues more closely. 

 

Where quantitative evaluations were not available, a study team reviewed qualitative or indicative 

assessments or narratives for each countermeasure, discussing the perception/opinion as to why the 

authority feels there is a safety benefit associated with the countermeasure.  Where a formal evaluation has 

been performed by the country/agency implementing the measure, and the methodology used to evaluate 

CMFs/CRFs was properly documented, we estimated the process or methodology used to ensure its 

reliability using the approach illustrated in Appendix C.  We also provided our opinion on the validity of 

CMFs/CRFs in the matrix (Long List) of countermeasures (see Appendix B). 

 

In addition to the evaluation of the safety effectiveness of the countermeasure we also reviewed and 

documented other aspects of the countermeasure where available, for example the capital costs, 

maintenance considerations including costs, resources and technology needs, susceptibility to weather and 

other conditions; public and policy makers acceptance, sustainability (long-term effect on safety vs. short 

term effect), legal considerations etc. 

 

The results of the review formed a key input to the compiling of list of countermeasures both in the narrative 

format and in the matrix format. 

 

 

2.3 Agency Contacts  

2.3.1 List of agencies and contacts 

A list of agencies that could be contacted was compiled, as needed, to obtain the required information. The 

project team also utilized previously established personal connections and online searches to identify the 

most suitable contact person(s) in each organization. This list served as a starting point in our research and 

includes: 

 

• Sub-committee on “Traffic Safety” within the Nordic Road Federation European Transport Research 
Forum (ETRF) 

• International Co-operation on Theories and Concepts in Traffic (ICTCT) 

• European Conference of Ministers of Transport (ECMT) 

• BFU - Swiss Council for Collision Prevention (Switzerland) 

• IVT - Institute of Transportation, Traffic, Highway- and Railway Engineering  (Switzerland) 

• Danish Transport Research Institute (Denmark)  
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• Deutscher Verkehrssicherheitsrat e.V. (Germany)  

• ETSC - European Transport Safety Council (Belgium)  

• INRETS - Institut National de Recherche sur les Transports et leur Securité (France)  

• SWOV - Institute for Road Safety Research (Netherlands) 

• TNO - Organization for Applied Scientific Research (Netherlands)  

• TØI - Institute of Transport Economics (Norway)  

• TRL - Transport Research Laboratory (United Kingdom)  

• VTI - Swedish Road and Transport Research Institute (Sweden) 

• Linköpings University (Sweden)  

• Lund Institute (Sweden) 

• NTF -  The National Society for Road Safety (Sweden)   

• VTT - Technical Research Centre of Finland (Finland) 

• BMV - Bundesministerium fuer Verkehr, Bau und Stadtentwicklung (Germany)  

• BAST – Bundesantalt fuer Strassenwesen (Germany) 

• Australian Transport Safety Bureau (Australia) 

• ARRB - Australian Road Research Board (Australia) 

• Monash University (Australia) 

• Finnish Road Administration - Finnra (Finland) 

• Liikenneturva - The Central Organization for Traffic Safety in Finland (Finland) 

• PIARC - World Road Association (International) 

• Department for Transport, Road Safety Group (Government of UK) – (United Kingdom) 

• University College (United Kingdom) 

• Land Transport (New Zealand) 

• Vejdirectorate - Danish Road Directorate (Denmark) 

• Austroads - Australian and New Zealand road transport and traffic authorities (Australia and New 
Zealand) 

 

 

2.3.2 E-mail contacts  

In parallel to the literature search and review efforts, all agencies from the above list were contacted as 

needed to identify and obtain all related published and unpublished materials to the task at hand. The study 

team realized that formal surveys may be ineffective and long questionnaires are often left unanswered, 

especially when the survey is conducted by the agency which is remote and does not have any direct 

administrative or financial leverage on the survey recipients. Therefore, each and every identified agency 

was contacted by means of sending out short e-mails introducing the purpose of study and asking for 

information on the most successful countermeasures introduced in the respondent’s respective country. 

 

The response rate for the first round of our e-mail communications was as low as 35% However, the few 

responses that we received helped direct our efforts, as some informative documents were introduced. In the 
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second round of communications the team members contacted the respondents by phone to get additional 

information.  

 

 

2.3.3 Processing literature search, review and agency contact  

The conducted literature search, review, and agency contact created a basis for the development of the 

countermeasures lists (long list and draft list) and evaluation criteria, detailed in the following section. 
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3. DRAFT LIST OF SELECTED COUNTERMEASURES 
AND EVALUATION CRITERIA 

3.1 General Evaluation Criteria 

In order to select the most efficient countermeasures to appear in the draft list we established a general 

evaluation criteria, which was applied to each countermeasure in the long list.  

Established general evaluation criteria include the following: 

 

• Collision reduction, ideally expressed (CRF, %) determining the expected reduction in the frequency of 
all, fatal, injury and PDO collisions (for all or only targeted collision types) associated with each 

countermeasure. 

• Capital cost of countermeasure. Countermeasures having higher capital costs are more difficult to 
implement due to the budget limitations. Therefore, cost effective countermeasures, which have the 

same rate of return as the more expensive ones, may be more favorable provided that all other factors 

are equal. 

• Maintenance and operating costs 

• Susceptibility (to weather, salt, humidity, etc) 

• Public acceptance 

• Policy maker acceptance (environmental impacts, etc) 

• Sustainability (long-term effect on safety vs. short term effect) 
 

These criteria were considered “primary”, however, in the evaluations we have also considered other factors 

such as possible effect on the greenhouse gas emissions and synergy with other road safety initiatives such 

as education and enforcement. Typically, these factors were included in the evaluation of public acceptance 

and/or decision maker acceptance.  

 

 

3.2 Canadian-Specific Considerations and Recommendations for Use in 
Canada 

Canadian-specific considerations for countermeasure use within Canada were determined. These 

considerations were used to evaluate countermeasures, from which recommendations were derived. 

Considerations and recommendations are defined in the following section. 

 

Canadian-specific considerations were provided for each selected countermeasure and included the 

followings: 

 

• Compatibility to current legislation in Canada  

• Compatibility to current design and construction standards, guidelines, and manuals  
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• Sufficiency of existing road safety knowledge in Canada 

• Suitability to Canadian  geography and climate 

• Suitability to Canadian-specific vehicle fleet, traffic volumes, driving/behavioral patterns. 

• Confidence that the application of the countermeasure will not incur an increase in cost/affordability due 

to the differences between Canada and other OECD countries 

• Anticipated acceptance by decision makers  

• Anticipated public acceptance 

• Anticipated performance towards achieving targets of Canada’s Road Safety Vision 2010 

 

The above criteria were conceptually assessed at a high level. For example, specific legislation, design, and 

construction standards vary across the country, which is problematic for criteria definition at the micro level. 

However, identification of criteria that could impede countermeasure implementation, and the ability to 

assess whether the countermeasure could be adapted, was important to accomplish. In particular, variability 

in legislation/standards can be a factor preventing the implementation of a countermeasure on a country-

wide basis. 

 

Recommendations for use in Canada were provided for each selected countermeasure and included one or 

more of the following: 

 

• Immediate implementation where justified (incorporation as an alternative in planning, new projects, 
pavement overlay projects, road rehabilitation projects, safety improvement projects, etc) 

• Piloting on selected locations 

• Research, evaluation and adaptation/modification to Canadian conditions as needed 

• Check for compatibility with current legislation and/or standards 

• Marketing, promotion and education to ensure public acceptance and/or understanding 
 

 

3.3 Compiling the Long List of Road Engineering Safety Countermeasures 

Based on the results of the literature search, review, and agency contact, the study team has compiled a 

long list of countermeasures in a matrix format (see Appendix B) which contained a countermeasure name, 

concise description, and general evaluation criteria as defined above. Each criterion in the matrix is either: 

 

• A quantitative evaluation (such as capital cost, maintenance cost, collision modification factor etc), 
including a range if several evaluations are available, or 

• A qualitative evaluation. In the absence of specific information the study team made the best possible 

judgment of what the evaluation criterion is likely to be and provided a short rational behind the 

evaluation. Evaluations done by the study team are in blue font to differentiate them from objective 

information provided by the publications/agencies. 
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It should be noted that pure in-vehicle systems (e.g. electronic hazard detection) were not included in the 

long list. However, we included such in-vehicle systems which are interacting with highway ITS systems 

(e.g., intelligent speed adaptation) or have a potential for such incorporation (e.g., e-Call systems).  

 

 

3.4 Draft List of Selected Road Engineering Safety Countermeasures 

Based on the review of the compiled long list of countermeasures the study team selected the most 

successful and applicable countermeasures. Sections 4.0 to 6.0 of this report provide detailed descriptions, 

safety discussions, and additional implications. It is worth mentioning that the range of costs may also be 

somewhat variable for some of these measures because of many of the influencing factors and moreover no 

data has been found on associated costs for some of the selected measures. However, based on the 

available data and expert judgments, the measures were fallen into three following categories based on their 

capital cost (Table 3-1). 

 

Table 3-1. Capital costs for different categories of safety measures 

  Capital Cost in Dollars 

  Per km 
Per Intersection / Ramp / Interface of Two Adjacent 

Areas 

Low-Cost < $5,000 < $10,000 

Medium-
Cost 

$5,000 – 

$160,000 
$10,000 – $100,000 

High-Cost > $160,000 > $100,000 

 

Also it should be noted that the proposed above categories are meant to reflect costs relative to the other 

measures listed for this study only. The selected countermeasures include: 

 

 

3.4.1 Low-cost road engineering safety countermeasures: 

• Splitter islands for yield or stop-controlled intersections  

• Advanced green for pedestrians 

• Overhead stop sign 

• Yellow bar marking 

• Coloured bike lanes through intersections 

• Drowsy driving sign 

• Bus boarders and one-lane bus stops 

• Audio Tactile Line Marking (ATLM). 
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3.4.2 Medium-cost road engineering safety countermeasures: 

• Gateways 

• Channelization of opposing traffic flows 

• Puffin (pedestrian user friendly intelligent crossing) 

• Safety edge  

• 2+1 roadway design without cable barriers 

• Freeway median cable barrier systems 

• 30 km/h zone  

• Waving road surfaces 

• Three-dimensional road marking 

• Infra-Red Animal Detection Systems 
 

 

3.4.3 High-cost road engineering safety countermeasures: 

• End of queue detection 

• New Jersey Jug Handle Intersection 

• Speed Cameras 

• Vehicle-Activated Warning Signs 

• Dynamic Re-routing with Automatic Traffic Jam Warning 

• 2+1 Roadway Designs with Cable Barriers Separating Opposite Traffic Flows 

• Variable Speed Limits 
 

It should be noted that quantitative measures were unavailable for a larger number of countermeasures, 

obstructing the use of a single assessment metric. As such, evaluations involved deductive assessment, 

integrating information from the literature review, agency contact, and the experience and knowledge of the 

expert study team. 

 

 Additionally, it was noticed that some countermeasures in the long list could be consolidated into a single 

comprehensive countermeasure. For example, channelization of opposing traffic flows could integrate 

different designs and materials of physical and optical channelization. Recognizing the usefulness of 

presenting the countermeasure in the whole palette of possible designs and applications, we elected to 

consolidate related countermeasures that could be interpreted as variations or modifications of one basic 

countermeasure.
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4. SELECTED LOW-COST COUNTERMEASURES AND 
EVALUATION OF THEIR APPLICABILITY IN THE 
CANADIAN CONTEXT 

4.1 Splitter Islands for Yield- or Stop-Controlled Intersections 

4.1.1 Description 

At yield- and stop-controlled intersections that are poorly defined and are at risk of overlooked signage (i.e. 

where the drivers may perceive that they have a right of way), it is a recommended practice in Germany to 

install a splitter island with or without an additional stop or yield sign. The island promotes safety for 

pedestrians, provides better channelization and makes the intersection more conspicuous to reduce potential 

for non-compliance. However, it has been argued that the island provides another object for the motorist to 

hit. Therefore safety performance of this countermeasure will highly depend on the context of 

implementation.  For rural applications, the North American alternative is to incorporate raised islands for 

right-turn and left-turn maneuvers.  Perhaps splitter islands are more appropriate for an urban setting as it 

can also serve as a pedestrian refuge. Examples of various implementation arrangements for this 

countermeasure are shown in Figure 4-1 to Figure 4-3 below: 

 

    

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 4-1. Installation of a splitter island to increase the prominence of the intersection (left - 
before; right - after), Institute des Strassenverkehrs Koeln 
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A particularly important application of this countermeasure is on the side roads that intersect with high speed 

highways. Side road vehicles waiting to turn left across the highway, without a splitter island, obstruct the 

view of approaching traffic for any other drivers crossing the main road or turning right (Figure 4-3). 

Additionally, there is the possibility that right turning vehicles may also obstruct the view of highway traffic 

approaching from the right hand that can result in a hazardous situation for a second left turning vehicle. No 

quantitative data is available on collision modification effects for this type of countermeasure. However the 

effects are expected to be low to medium, depending on the size of the issue at the specific location and 

some other considerations. However in some cases, there needs to be more than one lane at an intersection 

approach due to higher traffic volume in that specific approach. In such cases, the safety effect of splitter 

islands is expected to diminish. 

 

Figure 4-2. Installation of a splitter island together with a stop sign on the splitter island (left - 
before; right - after), Institute des Strassenverkehrs Koeln 

Figure 4-3. Installation of a splitter island to create an additional visual clue for motorists 
warning about the intersection behind the hill crest (left-before; right -after), Institute 
des Strassenverkehrs Koeln 
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Figure 4-4. Installation of a splitter island to remove two-lane queuing before the intersection (left-

before; right -after), Institute des Strassenverkehrs Koeln 

 

 

4.1.2 Canadian – specific considerations 

As it can be seen in the table below, this countermeasure is anticipated to perform quite well towards 

achieving targets of Canada’s Road Safety Vision 2010 by addressing almost all of the targeted collisions. 

Nevertheless, some concerns exist regarding the implementation of this countermeasure in Canada. During 

the Canadian winter season, the presence of a splitter island may impede snow removal operations, though 

this issue is considered to be negligible. Also this countermeasure may not receive high public acceptance 

as it may decrease the capacity of the corresponding approaches to the intersection, such that a splitter 

island may limit available space to only allow for one vehicle movement per approach leg. A final issue 

requiring consideration is the implementation of a second left-hand stop or yield sign. The addition of this 

control device must be compatible with regional road legislation.  
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  May be low 
The installation of the second sign on the 
splitter island needs to be checked for 
compatibility with the current legislation. 

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 

The installation of the second sign on the 
splitter island at one lane approaches is not 
currently introduced in MUTCD. Construction 
of the splitter islands without the duplicate sign 
may still be introduced as a countermeasure.  

Sufficiency of existing road safety knowledge in Canada medium 

There are no quantifiable safety benefits, but 
safety effect is likely positive. There is also a 
concern that the island itself provides another 
object for the motorist to hit. 

Suitability to Canadian geography and climate high 
Presence of the splitter island may somewhat 
impede snow removal activities, but this factor 
seems to be negligible. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

medium 
Presence of the splitter island may interfere 
with the turning maneuvers of the large trucks 
and buses.  

Confidence that the application of the countermeasure will 
not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high  

Anticipated public acceptance high 
The measure may decrease the capacity of the 
approaches, countermeasure should be 
implemented only where capacity allows. 

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 
 

high 

This measure is anticipated to reduce the 
number of road users killed or seriously injured 
in speed and intersection-related collisions, 
collisions involving commercial carriers, and 
rural road collisions. Also it decreases the 
number of young drivers/riders (those aged 16 
to 19 years) and vulnerable road users 
(pedestrians, motorcyclists and cyclists) killed 
or seriously injured in collisions. 

 

 

4.1.3 Recommendations for implementation in Canada 

Some checks need to be done in order to make sure that the implementation of the countermeasure is 

compatible to current legislation and to current design and construction standards, guidelines and manuals in 

different provinces in Canada. This must be followed by conducting some pilot studies along with safety 

before-after studies on selected locations specifically where there is a risk of overlooked signage for drivers 

on the side road approaching the intersection. Also in case of incompatibility of the installation of the second 

sign on the splitter island to current legislations or manuals, construction of the splitter islands without the 

duplicate sign may still be introduced as a countermeasure. Also it must be designed in a way not to interfere 

with turning maneuvers of large trucks and buses and should be implemented only where side road capacity 

allows. Legislation under Provincial Motor Vehicle Traffic Acts, or by Regional Roadway Authorities, and 

guidelines within the Manual for Uniform Control Devices (MUTCD) for Canada (or equivalent) may be 

required to be amended to allow the use of a second left-hand side Stop sign. 
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Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

 Research, evaluation and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 
 
4.2 Advanced Green for Pedestrians 

4.2.1 Description 

Typically, when traffic and pedestrians receive a concurrent green signal they move into the intersection 

simultaneously. However, left- and right-turning drivers may overlook the pedestrian movement as the 

pedestrians are still located on a sidewalk. 

 

A recommended safety countermeasure in Germany, Sweden, and other European countries gives 

pedestrians 2 seconds of the advanced green signal, enabling them to enter the intersection ahead of 

vehicles. The intent is to allow drivers to detect the crossing pedestrian and appropriately adjust their driving 

behaviour. It is noteworthy that banning the Right-Turn-On-Red movement will increase the effectiveness of 

this measure. Moreover this countermeasure is in use in some areas but not widely implemented in Canada. 

The application of this countermeasure is shown in Figure 4-5 and Figure 4-6 below. 

 

 
Figure 4-5. Application of the 2 seconds advanced green for pedestrians for the left turns (left-before; 

right - after), Institute des Strassenverkehrs Koeln 
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Figure 4-6. Application of the 2 seconds advanced green for pedestrians for the right turns (left-

before; right -after), Institute des Strassenverkehrs Koeln 

 

The countermeasure is perceived to be low-cost. However, it is anticipated that not all controllers can handle 

the split phase. Controllers capable of handling the advance green for pedestrians can be somewhat more 

expensive. Though, there are no data found on safety effects of this countermeasure. It is expected to bring 

about improvements similar to the safety effects of bicyclist boxes - painted areas within the through lanes at 

intersections, ahead of the vehicle stop bars but prior to the intersection threshold, that are solely for cyclists 

to provide them with a head start across the intersection because of their placement, and help to reduce 

collisions with right-turning vehicles (according to indicative Swedish data, bicyclist boxes may reduce 35% 

of all injury collisions). Bicycle boxes allow cyclists priority at intersections through dedicated areas where 

bicycles can pass in front of queuing motor vehicles and proceed first across the roadway. Bicycle boxes 

help improve intersection turning and crossing safety by improving visibility and right of way of cyclists. As 

Figure 4-7 shows, a bicycle box uses two stop lines. The first (advanced) stop line is for motor vehicles. The 

second stop line, closer to the intersection, is for bicyclists. When the traffic light is red, bicyclists can then 

overtake waiting motor vehicles and cut in front of them. The advanced stop line provides a storage area 

when there is heavy bicycle traffic, and sometimes a way to get closer to the centre of the street to wait to 

make a left turn. 
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Figure 4-7. Bicycle boxes (Barker and KATU Web Staff, 2008) 

 

4.2.2 Canadian –specific considerations 

This countermeasure is anticipated to address two types of targeted collisions of Canada’s Road Safety 

Vision 2010; intersection-related collisions and specifically those involving vulnerable road users 

(pedestrians, motorcyclists and cyclists). This countermeasure of “advanced green for pedestrians” is 

already in use in a few intersections in Vancouver and Ottawa which to some extent shows that compatibility 

of this countermeasure to current legislation and to current design and construction standards, guidelines 

and manuals is high enough to be implemented widely in Canada.  

 

Advanced Green Light for Pedestrians 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High  

Compatibility to current design and construction standards, 
guidelines and manuals  

High  

Sufficiency of existing road safety knowledge in Canada Medium 
No data on safety effect. Safety effect may be 
positive; however, close monitoring of the 
implementation will be needed.  

Suitability to Canadian geography and climate High  
Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

High  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

High 
There may be a need to develop new controllers 
or update of the existing ones to handle the 
advance green for pedestrians. 

Anticipated acceptance by decision makers  High 
Relatively low cost, promotes pedestrian safety 
and mobility. 

Anticipated public acceptance High Promotes pedestrian safety and mobility. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the 
number of road users killed or seriously injured 
in intersection-related collisions. Also it 
decreases the number of vulnerable road users 
(pedestrians, motorcyclists and cyclists) killed or 
seriously injured in collisions. 
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Besides there are some concerns regarding the implementation of “bicycle boxes” countermeasure in 

Canada during wintertime due to durability issues of paint type against the effects of salt and snow. 

 

Bicycle Boxes 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  

Compatibility to current design and construction standards, 
guidelines and manuals  

high  

Sufficiency of existing road safety knowledge in Canada high 

According to indicative Swedish data, bicyclist 
boxes may reduce 35% of all injury collisions; 
however, close monitoring of the 
implementation will be needed.  

Suitability to Canadian geography and climate high 
paint type should be carefully selected to 
withstand effects of salt and cold. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 
Relatively low cost, promotes cyclists safety and 
mobility. 

Anticipated public acceptance high Promotes cyclists safety and mobility. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the 
number of road users killed or seriously injured 
in intersection-related collisions. Also it 
decreases the number of vulnerable road users 
(pedestrians, motorcyclists and cyclists) killed or 
seriously injured in collisions. 

 

 

4.2.3 Recommendations for implementation in Canada  

Doing some research and evaluation followed by conducting pilot studies on selected locations in different 

provinces is recommended for this countermeasure. Also during pilot studies, this countermeasure is 

recommended to be deployed at locations where there is a high volume of pedestrians and cyclists or there 

are a large number of reported collisions involving vulnerable road users. Standards and guidelines within 

the MUTCD for Canada (or equivalent) may require amendments to allow for the use of an advance walk 

signal indication. At present, the Ontario MUTCD has enacted this provision. 

 

Advanced Green Light for Pedestrians 
 

Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay 
projects, road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

In regards to bicycle boxes regulations under the MUTCD, HTA, MVA, and Municipal By-laws may be 

required in provinces where pavement markings are legislated (e.g. Alberta). The use of more durable paint 
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type is recommended to withstand effects of salt and cold during wintertime which might result in a cost 

increase. Some research and evaluation must be conducted specifically to address the safety performance 

of bicycle boxes. This can be followed by conducting pilot studies in selected locations in different provinces 

in Canada. During piloting, care must be taken that bicycle boxes might turn to be ineffective in the 

wintertime, as they will be covered by snow, although there may be few cyclists around at that time. 

 

Bicycle Boxes 
 

Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay 
projects, road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

4.3 Overhead Stop Sign  

4.3.1 Description 

German practitioners have previously used a duplicate overhead stop sign at intersections where there is a 

risk that stop signs may be overlooked. Overhead stop signs may be also used at the intersections after the 

crest of a hill in order for the overhead signs to be seen from longer distances. The countermeasure is similar 

in effect to the flashing red beacon used in Canada, but it is a less expensive solution (both with regard to 

the capital and maintenance costs). Additional advantage is that it does not need an electrical supply. Safety 

effect of the overhead stop sign may be lower during nighttime (headlight beam may not light it up properly 

from closer distances). The application of this countermeasure is shown in Figure 4-8 and Figure 4-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-8. Installation of the overhead stop sign at the location where the intersection ahead 
is not easily recognizable by approaching motorists (left-before; right - after), 
Institute des Strassenverkehrs Koeln 
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4.3.2 Canadian –specific considerations 

Current legislature does not allow using overhead stop sign by itself. However it is our understanding that as 

long as the overhead Stop sign was in addition to a “conventional” Stop sign, the legislation would not 

prohibit the installation of the sign. Also this countermeasure is anticipated to perform quite well towards 

achieving targets of Canada’s Road Safety Vision 2010 by addressing almost all of the targeted collisions. 

   

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  low 

Current legislature does not allow using overhead 
stop signs. However It is our understanding that as 
long as the overhead Stop sign was in addition to a 
“conventional” Stop sign, the legislation would not 
prohibit the installation of the sign.   

Compatibility to current design and construction standards, 
guidelines and manuals  

low 
Overhead stop signs are not included in MUTCD. 
Changes to MUTCD will be needed to permit the 
use of overhead stop signs. 

Sufficiency of existing road safety knowledge in Canada medium 

There are no quantifiable safety benefits, but the 
safety effect is likely positive.  Safety effect should 
be close to that of the flashing beacons during 
daytime. Safety effect may be lower during 
nighttime (headlight beam may not light it properly 
from closer distances). The latter factor should be 
researched. 

Suitability to Canadian geography and climate high  
Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioural patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 
Lower capital and maintenance costs compared to 
flashing beacons. No need in electrical supply. 

Anticipated public acceptance high  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions. Also it decreases the number of young 
drivers/riders (those aged 16 to 19 years) and 
vulnerable road users (pedestrians, motorcyclists 
and cyclists) killed or seriously injured in collisions. 

Figure 4-9. Installation of the overhead stop sign on the road which may be perceived as a 
main road by approaching motorists (left-before; right - after), Institute des 
Strassenverkehrs Koeln 
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4.3.3 Recommendations for implementation in Canada 

Guidelines and standards under the MUTCD, Highway Traffic Act (HTA) legislation, Motor Vehicle Act (MVA) 

(in some provinces the HTA is known as the MVA), and Municipal By-laws may be required to be amended 

to allow the use of an overhead Stop sign in conjunction with the required right-hand Stop sign. Also some 

research and evaluation must be conducted specifically to address the safety performance of overhead stop 

signs during nighttime due to visibility issues. This can be followed by conducting some pilot studies in 

selected locations in different provinces in Canada. During piloting, it is also recommended to apply such 

countermeasure to "special" locations where there is a problem with collisions related to stop sign 

compliance. In order to accurately evaluate the safety effect of this countermeasure a proper before-and-

after study accounting for regression-to-the-mean effects1, need to be conducted.  

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

4.4 Yellow Bar Marking  

4.4.1 Description 

In the 1970’s, transverse bar markings with an irregular (approximately logarithmically decreasing) spacing 

pattern were suggested in the UK as a possible solution to the effect known as ‘speed adaptation’. This is 

where a driver who has been driving at high speed for a considerable distance and then reduces speed (from 

110 km/h to 50 km/h, for example) feels as if he or she is traveling much slower than is actually the case. 

The spacing pattern, therefore, was designed to manipulate a driver’s visual perception through their field of 

view, resulting in a greater perceived speed than the actual velocity. The objective of the markings was to 

slow drivers on the approach to a hazard, such as a junction. Examples of application of yellow bar markings 

are shown in Figure 4-10. 

 

 

 

 

 

                                                      
1 Understandably in practice in order to evaluate the safety effects of a countermeasure, there is a tendency to select facilities with high 

collision frequency or rates. This may cause a ‘random effect’ occurring as a result of a phenomenon that is referred to as 
‘regression-to-the-mean” bias in statistics. To put it simply, if the selection of locations for study is made based on a short term high 
prevalence of collisions, a lower collision rate would be expected after the implementation of the countermeasure, even if no 
improvement had been brought about by that countermeasure. 
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4.4.2 Safety effects 

According to the UK Road Safety Good Practice Guide (Barker and Baguley, 2003), a trial of Yellow bar 

markings on the approaches to 42 at-grade roundabout junctions (Helliar-Symons, 1981) showed overall 

collision reductions of 57% (with respect to control collisions). Haynes et al (1993) established that trial of 

similar markings on 44 roadway off-ramps resulted in (not statistically significant) 15% reduction in injury 

collisions (relative to control sites). In the latter trial the pattern used was shorter than that used on divided 

highways. However note must be taken that these studies are old and may have overestimated the safety 

benefits due to their possible failure to account for regression-to-the-mean bias effects or in general their 
possible lack of consideration for other causal factors accompanying treatment effects2. Study by Katz and 

Rakha (2008) of different transverse bar marking patterns showed that the roadway geometry has a major 

effect on the appropriateness of marking spacing as a speed reduction method.  

 

 

4.4.3 Canadian –specific considerations 

This countermeasure is anticipated to perform quite well towards achieving targets of Canada Road Safety 

Vision 2010 by addressing almost all of the targeted collisions. Although regulatory signs are legislated, in 

Ontario, under the Highway Traffic Act, pavement markings are not legislated and are not considered legal 

devices.  However in Alberta, pavement markings are considered in the Traffic Safety Act and the City 

Transportation Act. Also there were few applications of this type of markings in white colour in British 

Columbia. The Manual of Uniform Traffic Control Devices for Canada, published by the Transportation 

Association of Canada does not provide for application of yellow bar markings. There are some other 

concerns regarding the implementation of this countermeasure in Canada due to poor visibility and covering 

of those markings by snow / salt during winter seasons and also frequent application of salt which in turn 

leads to wear of bar markings in a higher rate. 

 

                                                      
2 The “treatment effect” is the change in safety performance of a transportation facility caused by implementation of a specific 

countermeasure. In a before-and-after study, the treatment effect is what the analyst is interested in and therefore it must be 
isolated from the other causal factors such as random factors (created by regression-to-the-mean bias) to determine the net improvement/deterioration 
in terms of safety performance. 

Figure 4-10. Yellow bar markings (Barker and Baguley, 2003) 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 

Application of transverse yellow bar markings is not 
provided for by current legislation in some provinces 
such as Ontario. However, in Alberta, pavement 
markings are legislated and considered in the Traffic 
Safety Act and the City Transportation Act. 

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 
Current MUTCD does not provide for yellow bar 
markings. 

Sufficiency of existing road safety knowledge in Canada medium 

Data from UK show positive safety and speed 
effects, but note that the studies are old and may 
have overestimated the safety benefits. Data from 
US shows positive speed effects. However, close 
monitoring of first applications and additional 
research will be needed. 

Suitability to Canadian geography and climate medium 

Although this measure was implemented for some 
rural intersections in British Columbia, it should be 
noted that the wear of bar markings can be higher in 
Canada due to more frequent application of salt in 
winter season. The effect will be diminished in winter 
season due to its covering by snow/salt dust. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure will 
not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  medium 
It is a very low cost countermeasure with possibly 
positive effects on speed and safety. 

Anticipated public acceptance high  

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number of 
road users killed or seriously injured in speed and 
intersection-related collisions, collisions involving 
commercial carriers, and rural road collisions. Also it 
decreases the number of young drivers/riders (those 
aged 16 to 19 years) killed or seriously injured in 
collisions. 

 

 

4.4.4 Recommendations for implementation in Canada 

Legislation under the MUTCD, HTA, MVA and Municipal By-laws may be required in provinces where 

pavement markings are legislated (e.g. Alberta). Also some research and evaluation must be conducted 

specifically to address the safety performance of yellow bar markings. This can be followed by conducting 

some pilot studies in selected locations in different provinces in Canada. The type of yellow paint should be 

carefully selected to withstand effects of salt and cold during wintertime in Canada. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 
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4.5 Coloured Bike Lanes through Intersections 

4.5.1 Description 

Many European cities use coloured markings at bicycle-motor vehicle crossings to reduce conflicts. The 

colours range from red (the Netherlands, Germany, Sweden, Switzerland, Belgium and others) to blue 

(Denmark), yellow (Switzerland), and green (Germany and France). To determine whether such coloured 

markings help improve safety at bicycle-motor vehicle crossings in North-American context, the City of 

Portland (US) has been experimenting with blue pavement markings used to delineate selected conflict 
areas since the late 90s (Hales et al., 1999).  

 

Blue colour was selected by the City of Portland based on several considerations. It was considered to be in 

the least conflict with other colours used in road marking in the US (yellow, red and green). Blue is also 

acceptable for colour blind road users and was shown up relatively well in low light and wet conditions. 

Moreover use of blue colour was also highly supported by the public during the public consultation process. 
Two examples of the blue bike lanes implementation schemes as used in Portland, Oregon (Hales et al., 

1999) are shown in Figure 4-11. 

 

= 

 

 

 

 

 

 

 

 

 

Portland uses different types of signs depending on the type of schemes used. Signing perceived to be an 

important element of the implementation of blue bike lanes as it warns the motorists that they should yield to 

bicyclists at the blue conflict zone. An example of signage of Blue Bike lanes from City of Portland, Oregon 

which is also used with a very slight change in configuration in some other cities of Europe and North 

America is provided in Figure 4-11 (far left). 

Figure 4-11. Examples of blue bike lane schemes as used in Portland, Oregon (Hales, et al, 
1999) 
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Figure 4-12. Signing of blue bike lanes in conflict areas as used in City of Portland, Oregon (left), 

and two other places. 

   

 

4.5.2 Safety effect 

In 1999, the evaluation of the blue bike lane project in Portland, Oregon conducted by the University of North 
Carolina Highway Safety Research Center under contract to the FHWA (Hales et al., 1999), concluded that 

there was a statistically significant increase in motorists slowing or stopping when approaching conflict areas, 

and yielding to cyclists and motorists. As well, a significant decrease in turn signal use, head turning to check 

the blind spot, and hand signaling before proceeding to the conflict area was observed. In addition to these 

decreases, a significant increase in the use of the recommended path and decrease in slowing when 

entering the conflict areas by the bicyclists was observed. Overall, the number of conflicts decreased, albeit, 

by a marginal amount. Data on reported collisions subsequent to the blue markings was not available at the 

time of the study. 

 

A Danish study by Jensen (1996) showed that the number of bicycle collisions and the number of killed and 

severely injured cyclists have been reduced by 38% and 71% respectively due to marking of blue cycle 

crossings. Furthermore, the study showed that collisions between motor vehicles turning left and straight-on 

riding cyclists were prevented while there was an increase in pedestrian collisions as drivers seem to have 

transferred some of their attention from pedestrians to cyclists. Moreover, another study by Jensen (2008) 

showed that blue bike lane is well-suited to small intersections. This study has also found that “with two or 

four blue bike lanes in the intersection, the warning signs seem to be disregarded and results in less safe 

behaviour as drivers spread their focus too much” and therefore the author concluded that “the best policy 

would be to mark one and only one blue bike lane at signalized intersection, where vulnerable road users are 

involved in collisions”. This recent study has also concluded that with existence of only one blue bike lane, 

the pedestrian safety on the pedestrian crossing adjacent and parallel to that blue bike lane has also been 

improved. However it is worth mentioning that the Danish cycling environment is quite different than that in 

Canada and similar drastic reduction in number of collisions are not expected to be achieved in Canadian 

applications. The information provided from Portland, Oregon, is perhaps more consistent with the Canadian 

experience.  Also, the City of Vancouver introduced blue bike lanes a few years ago based on the Portland 
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Standards. However city officials have stopped using it a couple of years after as it caused a lot of confusion 

among road users and turned out to be ineffective. Hence the implementation of this countermeasure needs 

to be accompanied with marketing, promotion, and education to road users in order to ensure public 

understanding.  

 

 

4.5.3 Costs 

Guidelines for bicycle facilities by the NCHRP (Krizek et al, 2006) identified seven potential materials for 

pavement markings. The city of Cambridge in Massachusetts uses thermoplastic, due to durability, visibility, 

and cost. The cost of materials and installation in Cambridge were reported to be $10/sqft (approximately 

$100 per square metres). Similar costs were found for European applications, where UK figures indicate 

$4000 for a pedestrian crossing on a two-lane street. 

 

 

4.5.4 Canadian-specific considerations 

In 1999, TAC prepared some guidelines for bike-related signs and pavement markings called bikeway traffic 

control guidelines for Canada. This countermeasure is anticipated to address three types of targeted 

collisions of Canada’s Road Safety Vision 2010; speed and intersection-related collisions those of which 

involving cyclists and young drivers/riders. There are some other concerns regarding the implementation of 

this countermeasure in Canada during wintertime due to durability issues of blue paint type against the 

effects of salt and snow. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  low  

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 
MUTCDs do not include blue lane signing and 
marking. TAC currently has a project underway 
considering the use of coloured bike lanes. 

Sufficiency of existing road safety knowledge in Canada low 

Existing knowledge is inconclusive. Study in 
Portland, Oregon showed the decrease in traffic 
conflicts, but the bicyclists paid less attention to 
the traffic. False sense of security can increase 
the risk of collisions (Hales et al, 1999). A recent 
Danish study showed a reduction in collisions 
involving vulnerable road users following the 
marking of only one blue bike lane at the 
intersection (Jensen, 2008). The TAC report 
recommends the use of the blue bicycle lanes 
(TAC, in preparation) in exceptional 
circumstances only, where the broken lane 
markings have proven ineffective.  Further, TAC 
recommends a 1.5 m (wide) x 1.0 m (long) box 
separated longitudinally by a 1.0 m space, not a 
solid blue lane.   

Suitability to Canadian geography and climate medium 
Blue paint type should be carefully selected to 
withstand effects of salt and cold. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioural patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

medium 

Increase in cost due to the use of more durable 
paint is possible. Also, to counteract the false 
sense of security for bicyclists, special 
educational measures will be required. 

Anticipated acceptance by decision makers  high 
The measure will promote the use of bicycles and 
contribute to the reduction of greenhouse gas 
emissions. Also, the measure is low cost.  

Anticipated public acceptance high 
Results from Portland, Oregon shows that 
bicyclists generally like blue lanes which increase 
a perceived sense of security. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions those of which 
involve cyclists. 

 

 

4.5.5 Recommendations for implementation in Canada 

False sense of security from cyclists’ side can increase the risk of collisions. Therefore special educational 

measures are required both for cyclists and drivers/riders. Regulations under the MUTCD, HTA, MVA, and 

Municipal By-laws may be required in provinces where pavement markings are legislated (e.g. Alberta). The 

use of more durable paint type is recommended to withstand effects of salt and cold during wintertime which 

might result in a cost increase. Some research and evaluation must be conducted specifically to address the 

safety performance of blue bike lane. This can be followed by conducting pilot studies in selected locations in 

different provinces in Canada. During piloting, it is recommended to deploy blue bike lanes only where there 

is a “high” volume of cyclists, and care must be taken that blue bike lanes might turn to be ineffective in the 

wintertime, as they will be covered by snow, although there may be few cyclists around at that time. TAC 

currently has a project underway considering the use of coloured bike lanes. The TAC report recommends 
the use of the blue bicycle lanes (TAC, in preparation) in exceptional circumstances only, where the broken 

lane markings have proved ineffective.  Further, TAC recommends a 1.5 m (wide) x 1.0 m (long) box 
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separated longitudinally by a 1.0 m space, not a solid blue lane.  The combination of blue bike lanes and 

bicycle boxes at intersections that provide cyclists with a head start across the intersection because of their 

placement can help to reduce collisions with vehicles to even a greater extent. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

4.6 Drowsy Driving Sign 

4.6.1 Description 

Drowsy Driving Sign is a sign with yellow background and a warning message of three possible types: 

"Drowsy Driving Causes Crashes", "Drowsy Drivers Next Exit 5 Miles" or "Drowsy Drivers Pull Over If 
Necessary" (Schultz, Young, Eggett, 2008). Examples of Drowsy Driving Signs are shown in Figure 4-13. It 

was designed in the US as a low cost countermeasure to reduce drowsy driving, especially on freeways with 

long sections of monotonous driving.  

 

 

 

 

 

 

 

 

4.6.2 Safety effect 

According to Schultz, Young, and Eggett (2008), the results of a collision frequency analysis before and after 

installation of drowsy driving signs on I-80 west of Salt Lake City yielded promising results in helping to 

reduce drowsy driving collisions. It was determined that the eastbound percent reduction in drowsy driving 

collisions was statistically significant at an 85% level of significance and ranged from 46% to 63% depending 

on the analysis method3, while that of the westbound direction ranged from 5% to 22% but was not 

statistically significant. The authors attributed the larger number of drowsy driving collisions in the eastbound 

direction to motorist traveling from California and Nevada, destined for the Salt Lake Valley. Other factors, 

                                                      
3 The authors used both traditional (naïve) before-and-after study and the one with comparison group. The before-and-after safety study 

with comparison group, capable of accounting for the influence of all causal factors, has shown higher reduction in crash frequency 
of as high as 62.9% in comparison to traditional approach. 

Figure 4-13. Three types of drowsy driving signs used on I-80 in Utah (US) between 
Wendover and Salt Lake City (Schultz, Young, Eggett, 2008) 
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such as weather, driver behaviour, police report accuracy, traffic variation, road construction, and land use 

changes, were estimated to have minimal impact, thus increasing the likelihood that the collision reduction 

rate is pertaining to the installation of drowsy driving signs. 

 

 

4.6.3 Public perception 

The results of a public opinion survey by Schultz, Young, Eggett (2008) indicated that 32% of drivers 

indicated that the signs had “definitely” or “somewhat” contributed to their decision to exit the freeway. Of 

those who acknowledged that they were drowsy at the time of the survey, 56.3% of westbound travelers and 

79.3% of eastbound travelers cited the signs as a contributing factor to their decision to stop.  

 

 

4.6.4 Canadian-specific considerations 

Fatigue and drowsiness can undermine drivers’ performance and lead to impairing reaction to hazards by 

drivers. Therefore fatigue-related collisions can be regarded as a type of impaired driving and a “Drowsy 

Driving Sign” can be considered a safety countermeasure as a means to lower the number of collisions 

involving impaired driving and consequently “speed- and intersection-related collisions”. This 

countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety Vision 

2010; speed and intersection-related collisions, rural road collisions and those involving impaired driving and 

commercial vehicles. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  

Compatibility to current design and construction standards, 
guidelines and manuals  

high 
This sign can be categorized as an informational 
sign. Future amendments to MUTCDs may be 
needed. 

Sufficiency of existing road safety knowledge in Canada medium 
Safety effect seems to be likely positive. At least it 
is highly unlikely that the sign may deteriorate 
safety. Study in US gave promising results.   

Suitability to Canadian geography and climate high  
Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 
Contributes to safety of all users including 
commercial truck drivers. May be highly supported 
by the unions. 

Anticipated public acceptance high  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in collisions 
involving commercial carriers, impaired driving, and 
rural road collisions. 

 

 

4.6.5 Recommendations for implementation in Canada 

Legislation is not required to be changed to accept the introduction of this informational sign. It is also 

categorized as a low cost countermeasure that potentially brings about reduction in the number of targeted 
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collisions of Canada’s Road Safety Vision 2010. As such, we recommend that a national standard for drowsy 

driving signs be developed and implemented through the MUTCD. To facilitate public understanding and 

acceptance of these devices, we advise public education and promotional campaigns be launched prior to 

implementation. 

 

 Recommendations for implementation in Canada 

x Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

 Piloting on selected locations 

 Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

4.7 Bus Boarders and One-lane Bus Stops 

4.7.1 Description 

Bus boarders are pavement build-outs (see Figure 4-14, left) used in built-up areas of the UK to discourage 

parking opposite the bus stop, bring the bus to a stop in the main roadway while exerting a calming influence 

on other traffic. This element ensures that the bus stops at a right position (bus drivers do not have to 

squeeze between parked cars to take up a right position at the curb) and ensure that passengers and 

pedestrians have a clearer view of their surroundings.  

The variation to this measure are one lane bus stops which are popular among planners in the City of 

Gothenburg, Sweden, but are used in other cities throughout Sweden as well (Figure 4-14, right). They are 

designed to prevent overtaking of stopped buses and have obvious speed calming and safety effects, even 

though the latter is not quantified to date. It is worth mentioning that although this measure is well accepted 

by pedestrians it may increase travel time and irritate motorists which will need to wait behind the stopped 

buses.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-14. Left: Bus boarder (Barker and Baguley, 2003). Right: One lane bus stop 
(Gothenburg, Sweden) 
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4.7.2 Safety effect 

The UK Road Safety Good Practice Guide outlines a 3 year plan to decrease collisions with pedestrians by 

50% (20 before, 10 after) that integrates pedestrian oriented countermeasures with the construction of bus 

boarders. The frequency of all other collision types remained approximately the same during the plan period. 

This resource is limited in that it does not illustrate the degree to which the bus boarder alone is expected to 

contribute to reducing pedestrian collisions.  

 

 

4.7.3 Canadian –specific considerations 

This countermeasure is anticipated to address three types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions and those involving vulnerable road users 

(pedestrians, motorcyclists and cyclists) and young drivers/riders. The City of Calgary has some of these bus 

boarders installed and have witnessed motorists crossing into the opposing lanes of traffic to bypass the 

stopped buses that may introduce a different type of vehicle conflict. Vancouver also has these and they call 

them “bus pads”.  However this countermeasure to some extent enhances the attractiveness of transit 

service. There is at least one more concern regarding the implementation of this countermeasure in Canada 

as during wintertime in Canada presence of bus boarder may impede snow removal operations but this issue 

seems to be negligible. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High  

Compatibility to current design and construction standards, 
guidelines and manuals  

High 
Construction is similar to construction of bulb-
outs.   

Sufficiency of existing road safety knowledge in Canada medium 
There are no quantifiable safety benefits, and the 
safety effect is unknown. Can be used along with 
other traffic calming measures in built-up areas.  

Suitability to Canadian geography and climate High 
Although these areas might not be easily 
snowplowed, many instances of these types of 
treatments in Canada currently exist. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

High 

The City of Calgary has some of these bus 
boarders installed and have witnessed motorists 
crossing into the opposing lanes of traffic to 
bypass the stopped buses that may introduce a 
different type of vehicle conflict. Vancouver also 
has these and they call them “bus pads”.   

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

High . 

Anticipated acceptance by decision makers  Medium 

The countermeasure promotes safety of 
pedestrians and creates more livable 
environments in the built-up areas. It also gives 
more priority to the public transit.  

Anticipated public acceptance Medium 
Well accepted by pedestrians but may increase 
travel time and irritate motorists which will need to 
wait behind the stopped buses.  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions. Also it 
decreases the number of young drivers/riders 
(those aged 16 to 19 years) and vulnerable road 
users (pedestrians, motorcyclists and cyclists) 
killed or seriously injured in collisions. 
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4.7.4 Recommendations for implementation in Canada 

Legislation is not required to be changed to introduce the use of these countermeasures. However some 

pilot studies need to be conducted in some locations in different provinces in Canada to check its safety 

effect and public acceptance as in the case of a one-lane bus stop, the countermeasure may increase travel 

time for motorists as they need to wait behind buses at each and every station and also it may increase the 

risk of occurrence of rear-end collisions. Moreover some marketing, promotion and public education are 

required to ensure public acceptance and understanding of this countermeasure. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

4.8 Audio Tactile Line Marking (ATLM) 

4.8.1 Description 

Audio Tactile Line Marking (ATLM) has been proven as an effective countermeasure against single-vehicle-

run-off-road collisions in Australia. In Australia, ATLM has been used in preference to milled rumble strips 

due to the nature of the road pavement construction. Most inter-urban roads in Australia are constructed as a 

spray seal. This means that roads are constructed from compacted gravel that is sealed with a sprayed on 

layer of bitumen with aggregate poured and rolled on top of it. This results in a thin road surface layer which 
is unsuitable for the hot forming or milling treatments frequently used in North America (Woolley and 

McLean, 2006).  

 

Queensland, New South Wales (NSW), Victoria, and Tasmania have been using ATLM since the 1990s. The 

use of ATLM is also frequently referred to and recommended in parliamentary enquiries and task forces in 

Australia. Examples of ATLMs as used in Australia are shown in Figure 4-15. 

 

 

 

 

 

 
 

 
 

 

Figure 4-15. Examples of ATLMs used in Australia (Woolley and McLean, 2006). 
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Most profile treatments are laid using a special machine which forms plastic molded ribs (often in 

combination with the line marking paint) to a minimum thickness of 150 mm. A profile used in South Australia 

is shown in Figure 4-16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Audio Tactile Road Markings mostly comprise a roadway marking tape and a plurality of spaced reflective 

roadway markers having an elevated crest and a reflective surface as well, applied to an upper surface of a 

roadway. Once attached to the roadway, the roadway marking system provides an audible, tactile and visual 

warning to a driver traveling on the roadway over the roadway marking system. Several highway agencies in 

the US also apply thermoplastic markings to create a profile marking, which also produces a rumble effect 
and enhances visibility of the marking FHWA (McGee and Hanscom, 2006). A few agencies have used this 

treatment with good results, but there is no firm evaluation. As snow plowing can destroy this marking, its 

use is sometimes limited to warmer climate locations. The California Department of Transportation (Caltrans) 

has used two types—raised and inverted profile patterns, as in Figure 4-17 below. Also ATLMs are currently 

used in British Columbia and Alberta to provide a rumbling effect and a highly reflective edge line to reduce 

run-off-road collisions. 

 

Figure 4-16. ATLMs profiles used in South Australia (Woolley and 
McLean, 2006) 
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Figure 4-17. Raised and inverted thermoplastic profile patterns used by Caltrans 
 

 

4.8.2 Safety effect 

According to Woolley and McLean (2006) each of the provinces has had positive experiences in terms of 

reducing overall numbers of collisions and single vehicle collisions although most evaluations were based on 
very short before and after comparisons (Woolley and McLean, 2006; QT, 1994; Cairney and Tan, 1996). In 

2002, Insurance Corporation of British Columbia (ICBC) did a business case for ATLMs, and the CRF 

estimated was between 29% to 71% reduction, with the most likely reduction at 50%. 

 

 

4.8.3 Effect on heavy vehicles 

The impact of ATLM treatments on heavy vehicles is not clear and while some literature implies that it is 

effective for heavy vehicles (in terms of noise from running over the ATLM), others do not. It is considered, 

however, that this treatment provides better visibility and delineation for heavy vehicles even if their drivers 

do not receive an audible warning. 

 

 

4.8.4 Costs 

Costs for thermoplastic ATLM have decreased considerably over the last decade. Current prices from 

VicRoads for the different edge delineation products are $1000/km for Zaganite ATLM and $3000/km for 

Vibraline ATLM (based on a 150 mm wide line application). This compares to conventional reflective line 

marking which costs $335/km for water based paint mixed with large beads which are added to make the 

lines reflective.  

 

According to Woolley and McLean (2006), ATLM has led to a reduction in maintenance costs associated with 

painting edge lines. As the profiled ATLM provides adequate day and night delineation in its own right, a 

painted edge line does not need to be applied to a treated section of road. Also, ATLM has superior reflective 

properties that are maintained well beyond the life of normal reflective line marking. This saving in paint 

equates to $318/km each year for the life of the ATLM (often assumed as being four years). Also the cost 

estimated in British Columbia’s case with higher reflectivity is $7000/km/line (2002 money). 
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4.8.5 Canadian –specific considerations 

This countermeasure is anticipated to perform quite well towards achieving targets of Canada’s Road Safety 

Vision 2010 by addressing almost all of the targeted collisions. There is at least one more concern regarding 

the implementation of this countermeasure in Canada as during wintertime in Canada snow plowing 

operations may destroy the markings. This has been implemented on Hwy 22x in Alberta, and on the Sea-to-

Sky highway in BC (amongst other places).  Perhaps there should be some follow-up with the provincial 

agencies to investigate their durability. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high 
Application of ATLMs does not seem to be in conflict 
with current legislation. 

Compatibility to current design and construction standards, 
guidelines and manuals  

Low to 
medium 

Current MUTCD does not provide for ATLM. ATLMs 
may not be beneficial compared to milled rumble 
strips due to the differences in road construction 
standards between Australia and Canada. 

Sufficiency of existing road safety knowledge in Canada low 

Data from Australia show positive safety, however, 
the data are based on relatively small databases. 
Close monitoring of first installations will be needed. 
In 2002, Insurance Corporation of British Columbia 
(ICBC) did a business case for ATLMs, and the CRF 
estimated was between 29 to 71% reduction, with the 
most likely reduction at 50%. 

Suitability to Canadian geography and climate low 

Although this type of marking is already in place in 
some parts of British Columbia and Alberta, some 
types of thermoplastic applications may not be 
suitable for snow plowing operations as these kinds of 
operations can destroy the markings.  

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

Low to 
medium 

May not provide adequate warnings for trucks. 

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

High  

Anticipated acceptance by decision makers  High  

Anticipated public acceptance High 
Noise effects are similar to the noise effects of milled 
rumble strips. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

High 

This measure is anticipated to reduce the number of 
road users killed or seriously injured in collisions 
involving commercial carriers, impaired driving, and 
rural road collisions. Also it decreases the number of 
young drivers/riders (those aged 16 to 19 years) killed 
or seriously injured in collisions. 

 

 

4.8.6 Recommendations for implementation in Canada 

At present, following a comprehensive review of Alberta & British Columbia’s traffic documents, there is no 

known snow removal protocol for roadways that have Audio Tactile Line Markings. Also as data from other 

countries showing positive safety effects of this countermeasure are all small, some research and evaluation 

must be conducted and followed by some necessary adaptation / modifications of countermeasure to 

Canadian conditions. Also close monitoring of the first installations is recommended.  
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 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc). 

 Piloting on selected locations. 

x Research, evaluation and adaptation/modification to Canadian conditions as needed. 

 Check for compatibility with current legislation and/or standards. 

 Marketing, promotion and education to ensure public acceptance and/or understanding. 
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5. SELECTED MEDIUM-COST COUNTERMEASURES 
AND EVALUATION OF THEIR APPLICABILITY IN THE 
CANADIAN CONTEXT 

5.1 Gateways 

5.1.1 Description 

Gateways are traffic calming devices designed to mark a threshold – to a village or special road environment 

requiring lower speeds and greater attentiveness than on the present road on which the driver is traveling. In 

the UK, gateways now exist in a very wide variety of forms but their common main feature is the conspicuous 

vertical elements at the side of the road. Typically these are constructed on the edge of the road. In addition, 

the following elements have been widely incorporated: 

 

• Enhanced signing, often with yellow backing boards. 

• Coloured surfacing, often with a speed limit roundel. 

• Narrowing, either by physical measures or by road marking such as ‘Dragon Teeth’ which create a visual 
impression of the traffic lane narrowing. 

• Countdown signs, used to indicate the approach to gateways. 

• Paving, grass, walls, rails, fences or plants have also been included to augment other gateway elements. 

 

Figure 5-1 and Figure 5-2 demonstrate the various applications of gateways from highways to rural settings. 

Moreover, it is noteworthy that there are a number of locations in British Columbia at which gateway features 

currently exist as a type of traffic calming measure.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1. Gateways using dragon teeth marking and speed cushions on highway approaches 
to rural villages in UK (Barker & Baguley, 2003) 



Transport Canada 

I n ternat iona l  Road Engineer ing Safe ty Countermeasures  and the i r  Appl ica t ions  in  the   
Canadian Context  

 

Final Report 

AECOM, CIMA+, Lund University                                 May 2009 - 39 - 

In the UK, gateways need to be sited with a clear sight line, which is recommended to be at least equal to the 

stopping distance for the 85th percentile approach speed. They should not be sited where they may cause a 

hazard, ideally avoiding encroachment of sidewalks or bike lanes, and should not interfere with access to 

driveways alongside the road. They should also be designed to be structurally ‘forgiving’ so as to minimize 

the likelihood of increasing injury in the event of a vehicle colliding with them. It is generally perceived that 

the more measures are used in combination and more conspicuous they are, the better the effects are. 

Some experts argue, however, that this presents a conflict, particularly in rural situations between 

effectiveness and visual intrusion, which may not be easily resolved. 

 

 

 

 

 

 

 

 

 

 

 

 

In New Zealand, the gateways are referred to as urban-rural speed thresholds and recommended to be 

installed at the interface (connecting/transitional sections) between rural and urban areas. They usually 

consist of physical and optical narrowing of the roadside to form “pinch points”. Thresholds are designed so 

that they lead to a reduction in vehicle speeds, as drivers perceive a change in the road environment ahead. 

According to Guidelines on Urban-Rural Speed Thresholds by Land Transport Safety Authority (LTSA), 

(2002), they should be installed when one or more of the following conditions are present: 

  

• Vehicle speeds on the town outskirts or through the urban areas are inappropriately high; 

• All reported injury collision rates are higher than average or an overall reduction is required; 

• When vulnerable road users such as pedestrians and cyclists feature in the collision analysis; and 

• They should only be installed on roads that have a difference in the warranted speed limits of 20km/h or 

more at the rural/urban interface. 

 

LTSA Guidelines (2002) recommend that an effective threshold involves creating a ‘pinch point’ at the start of 

the urban area. By the appropriate use of horizontal and vertical elements, the roadway should be narrowed 

over a length of 10-20 m. The road width through this pinch point will vary depending on circumstances but 

must be wide enough to allow all entitled vehicles to pass through it. Horizontal design elements are used to 

reinforce the road narrowing effect at pinch points. Wherever road width permits, the sealed width should be 

narrowed by installing solid “build-outs” such as curb extensions or median islands (especially those with 

trees or shrubs) to increase driver’s awareness and slow down the speed of traffic. Where this is not 

possible, pavement markings may be used to create the pinch point effect. The Guidelines also recommend 

Figure 5-2. Gateways using optical road width narrowing, roundels and coloured thresholds 
used on highways approaches and exits to/from rural villages in UK (Barker & 
Baguley, 2003) 
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using Raised Retro-reflective Pavement Markers (RRPM’s) on all transitional approaches to solid build-outs 

or solid median islands in threshold pinch points.  

 

Vertical elements must always be used as they improve the visibility of the threshold for approaching drivers. 

Examples of vertical elements include trees and shrubs, combined speed restriction and location/landmark 

signage, including the structures that support these signs. Street lighting can also be incorporated as a 

vertical element. The guidelines refer to a research work indicating that drivers travel at reduced speeds 

where the height of vertical features is greater than the width of the street and therefore recommend keeping 

the height of vertical elements greater than the width of the street. Alternatively, creating a gateway where 

the height of vertical elements appears greater than the width of the road will achieve a similar effect. 

Other elements to be incorporated in thresholds include lighting, changes in pavement surface, vertical 

roadway shifts, special landscaping and roadside treatments, traffic signs (speed reduction and 

location/landmark signage) etc. Figure 5-3 shows typical examples of before and after the implementation of 

urban-rural speed thresholds. 

 

 

 

 

 

 

 

 

 

 

 

 

5.1.2 Safety effects 

According to the UK Road Safety Good Practice Guide, injury collision reductions are reported to have been 

achieved across villages in which a range of measures (mainly gateways, with or without additional 

measures in the village) have been implemented. Wheeler and Taylor (2000) show up to a 25% reduction in 

all injury collisions, and up to 50% of fatal/serious injury collisions. Also based on a Texas Transportation 

Institute (TTI) study (2006), examination of landscape improvements to 10 Texas Department of 

Transportation projects, using a before and after methodology, demonstrated mean collision reductions of 
20% for vehicles and 40% for pedestrians per 1.6 million kilometres traveled (Mok et. al. 2003 and NCHRP 

Report 613, 2008). 

 

 

5.1.3 Costs 

Depending upon the degree of physical and visual elements used, gateway costs can vary extensively. 

Increased physical elements at pinch points and greater attention to landscaping and ascetics are associated 

Figure 5-3. Typical examples of before and after the implementation of urban-rural speed 
thresholds (LTSA, 2002) 
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with larger expenditures.  DKS Associates et al. (2008) estimated gateway costs by 100 LF (lineal foot) 

increments, according to roadway design speed. General estimates included new curbs, new walkways, 

clear zone landscaping, two roadside trees, one highway light standard, and all the associated 

demolition/construction costs. Roadways with 50 kilometres per hour design speeds cost $22,000 - $25,000 

per 100 LF, where roadways with higher design speeds (110 kilometres per hour) were more expensive at 

$33,000 - $37,000 per 100 LF. It should be noted that though roadway elements are the same, the DKS 

gateway project differed from above discussed applications, in that it was used along urban roads and 

included pedestrian walkways (walkway cost were excluded here). Most literature gave a project cost total 

without elaborating on calculation or included work and materials. Whereas DKS provided a cost breakdown 

by context, elements and a per unit price calculation, and as such was referenced here. Another study from 

the UK in 1999 states the cost of implementing of this countermeasure is approximately $44,000 (£20,000 in 

1999 prices). However, the inclusion of other treatments along with gateways such as countdown signs and 

dragon’s teeth markings etc will noticeably increase the cost. 

 

 

5.1.4 Effects on vehicle speeds 

According to the UK Road Safety Good Practice Guide, the reductions in average vehicle speeds achieved 
by gateway treatments vary considerably (Wheeler and Taylor, 1999). Typically they are: 

 

• 2 - 4 km/h from simple signing/marking; 

• 8 - 11 km/h from more comprehensive signing/marking with high visual impact 

• Up to 16 km/h with physical measures. 

 

It is noted that measures need to be continued beyond the gateway (through a village for example) if speed 

reductions are to be maintained there.  

 

 

5.1.5 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to perform quite well towards achieving targets of Canada’s Road Safety Vision 2010 by 

addressing almost all of the targeted collisions. Also there is another concern regarding implementation of 

this countermeasure in Canada that pavement markings used for gateways may not be visible during the 

winter months in most parts of provinces and territories in Canada. There is also another concern regarding 

the implementation of this countermeasure in Canada due to frequent application of salt which in turn leads 

to wear of markings in a higher rate. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  
Compatibility to current design and construction 
standards, guidelines and manuals  

high  

Sufficiency of existing road safety knowledge in 
Canada 

high 

Safety effect appears to be positive as the gateways 
designed to warn drivers about the change in the 
environment from high speed rural to a low speed (village). 
Data from UK proves that a safety effect can be achieved.   

Suitability to Canadian geography and climate medium 

Although there are a number of locations in British Columbia 
at which gateway features as a type of traffic calming 
measures currently exist, it is worth mentioning that 
pavement markings used for gateways may not be visible 
during the winter months in most parts of provinces and 
territories in Canada. 

Suitability to Canadian-specific vehicle fleet, traffic 
volumes, driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure 
will not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 
Gateways can be designed to be aesthetically pleasing, to 
highlight the community and make it noticed. 

Anticipated public acceptance high  

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 
 

high 

This measure is anticipated to reduce the number of road 
users killed or seriously injured in speed and intersection-
related collisions, collisions involving commercial carriers, 
and rural road collisions. Also it decreases the number of 
young drivers/riders (those aged 16 to 19 years) and 
vulnerable road users (pedestrians, motorcyclists and 
cyclists) killed or seriously injured in collisions. 

 

 

5.1.6 Recommendations for implementation in Canada 

As this countermeasure is highly compatible with current legislation and with current design/construction 

standards, guidelines and manuals in Canada, nationwide implementation of this countermeasure is 

recommended in Canada. Due to environmental conditions during Canadian winters, use of highly visible 

and durable paints is recommended to counteract the effects of plowing and salting roadways. The success 

of gateways to reduce motorists’ speed is dependent upon the effectiveness of the pinch point, the visual 

and physical narrowing of the road, a fact that has implications for clear zone requirements. The sizes of 

clear zones are determined by roadway design speeds, whereas gateways are largely used in situations 

requiring reduced velocities, such as rural-to-urban transitions. Low speed applications only require a clear 

zone of 3 metres, an area which shrinks to 0.5 metres when curbs and gutters are present. Although 

gateways and clear zone requirements can be reconciled through the omission of vertical elements (foliage, 

light standards, architecture, etc.), this compromise has the potential to decrease the countermeasure’s 

effectiveness. Indeed, a trade-off between successful speed reduction and the sacrifice of any pinch point 

element is likely. Considerations for implementing gateways in a modified manner should weigh the 

consequences of this possible trade-off, as complete gateways systems are shown to be effective. 

Additionally, the choice of vertical elements, within the clear zone area, can be selected to minimize impact 

of hazard risks (e.g. vine shrubbery, and breakaway signage). As no universal implementation strategy will 

be optimal for all situations, gateway applications need to be determined by a situation-to-situation basis and 

require engineering judgment.  
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 Recommendations for implementation in Canada 

x Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc). 

 Piloting on selected locations. 

 Research, evaluation, and adaptation/modification to Canadian conditions as needed. 

 Check for compatibility with current legislation and/or standards. 

 Marketing, promotion, and education to ensure public acceptance and/or understanding. 

 

 

5.2 Channelization of Opposing Traffic Flows 

5.2.1 Description 

The risk that drivers will fail to adjust their speeds when entering weaving road sections, and encroach upon 

opposite traffic lanes, can result in side-swipe and head-on collisions. Installation of crashworthy dividing 

barriers is a common treatment in such situations that has been highly promoted in many European 

countries to separate high-speed opposing traffic flows, but sometimes it is not possible to implement such 

barriers on relatively low speed roads in built-up areas due to the right-of-way constraints (i.e. there is not 

enough space available for placement of dividing barriers in the middle of the road). Installation of the 

dividing barriers is also a high cost solution and sometimes recommended to be implemented jointly with 

crash cushions, which are even more expensive.  

 

To address the above issues, road safety practitioners in Germany use longitudinal humps combined with 

the delineators. These are implemented at a lower cost and are found to be aesthetically pleasing. The 

humps are actually glued to the road surface. This treatment creates a shy line for the drivers, pushing them 

further back from the centreline. It also creates a visual clue for the drivers approaching the weaving road 

section. The application of this countermeasure is shown in Figure 5-4 below. 

 

 

 

 

 

 

 

 

 

 

 

Similar issues can arise on higher speed two-way dual lane roads, where installation of traffic barriers is not 

an option. Again, better channelization of the opposing traffic flows is desirable both to reduce the potential 

for head-on or opposite-direction sideswipe collisions and discourage overtaking on the sections where the 

Figure 5-4. Channelization of opposing traffic flows in Germany (left-before; right 
-after), Institute des Strassenverkehrs Koeln 
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overtaking is prohibited. Germany, Norway and Denmark are currently testing the effectiveness of 1-2 m 

optical medians: painted medians or medians using different pavement colourings. These measures are 

sometimes supplemented with transverse optical (green) bars, physical rumbles or dividing islands on 

sections going through the villages. An example of separation of traffic by 1-2 m wide red coloured pavement 

flanked by reflectors used on no-overtaking section of 11 m wide road with 50 km/h speed limit in Denmark is 

shown in Figure 5-5. Also it is noteworthy that the practice of separation of opposing traffic is in-place in 

some parts of British Columbia through the use of “flush median” which is a painted median with cross 

hatching. 

 

 

 

 

 

 

 

 

 

 

 

 

Another option for better separation of opposing traffic flows on no-overtaking sections of rural two-lane 

roads is used in Germany and consists of using 1-2 m painted medians with delineators, as shown in Figure 

5-6 (left). Some 2+1 lane designs in Germany also use optical medians to separate opposing traffic flows 

(Figure 5-6, right) 

 

 

 

 

 

 

 

 

 

 

 

 

 

A variation of this countermeasure used in France utilizes a crossable median made of a coloured resin 

imitating the appearance of natural stone paving slabs. This practice is recommended and encouraged by 

SETRA Institute (2000) for rural main roads in the vicinity of built-up areas and is effective in reducing head-

Figure 5-5. Channelization of opposing traffic flows in Denmark (Herrstedt, 2006). Left: rural 
section with red coloured optical median and reflectors; right: installation of 
dividing islands on optical medians going through a village 

Figure 5-6. Channelization of opposing traffic flows in Germany (Matena, 2007) 
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on collisions and has an impact on speed as well (There has been observed a 10 to 15 km/h reduction in 

speed). 

 

It is worth mentioning that although the creation of 1-2 metre median will decrease the potential for head-on 

collisions, it normally accompanies with a reduction in travel lane width in one or both directions of travel 

which in turn may lead to an increase in number of run-off-road and same-direction side-swipe collisions. 

This countermeasure appears to be only applicable if the benefits of reducing head-on collisions outweigh 

the cost of the potential increase in run-off road and same-direction side-swipe collisions (in addition to the 

capital and other related costs). Hence for each individual application before making any recommendation on 

adoption of such countermeasure, a proper benefit-cost analysis needs to be conducted to determine the 

effectiveness of this countermeasure on road safety. 

 

 

5.2.2 Safety effects 

Valid collision analysis of separation by optical medians is not currently available. A recent Norway study 
(Sagberg, 2007) indicated that 1 m wide painted medians on 10 m wide two-lane rural roads may be 

effective in separation of opposing traffic flows to prevent overtaking and increase separation between 

opposing traffic streams. Increased separation was observed to vary from 60 to 72 cm over conventional 

centreline separation. Again no quantitative data is available on collision modification effects for this type of 

countermeasure. However the effects may be low to medium, depending on the size of the issue at the 

specific location. 

 

 

5.2.3 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to address three types of targeted collisions of Canada’s Road Safety Vision 2010; speed and 

intersection-related collisions and those involving commercial vehicles and young drivers/riders. One main 

concern related to implementation of physical channelization may relate to snow plowing operations, 

however, there seem to be no additional difficulties compared with other barrier types. Also coloured 

pavement may not be visible in winter months in most of Canada. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High 
It seems that current legislation does not prevent from 
the implementation of this countermeasure. 

Compatibility to current design and construction 
standards, guidelines and manuals  

Medium 

Physical channelization can be used as a cost-effective 
alternative to the traffic barriers. Additional check for 
compatibility to the provincial roadside design manuals 
may be needed. 

Sufficiency of existing road safety knowledge in Canada Medium 

Safety effect of physical channelization seems to be 
obvious. Close monitoring of the first installations will 
be required. Safety effect of optical medians is not 
established yet.  

Suitability to Canadian geography and climate High 

Although this type of channelization with delineators 
have been already implemented in some parts of 
British Columbia, one main concern related to physical 
channelization may relate to snow plowing operations, 
however, there seem to be no additional difficulties 
compared with other barrier types. Also coloured 
pavement may not be visible in winter months in most 
of Canada. 

Suitability to Canadian-specific vehicle fleet, traffic 
volumes, driving / behavioral patterns. 

High 
Optical medians may be susceptible to the effect of 
salt. 

Confidence that the application of the countermeasure will 
not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

High 
There may be an increase in cost for optical medians 
due to the necessity of using higher cost salt-resistant 
paints. 

Anticipated acceptance by decision makers  High 
Physical channelization and optical medians are less 
costly and more aesthetically pleasing than traffic 
barriers. 

Anticipated public acceptance High More aesthetically pleasing than traffic barriers. 

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 
 

Medium to 
high 

This measure is anticipated to reduce the number of 
road users killed or seriously injured in collisions 
involving commercial carriers and rural road collisions. 
Also it decreases the number of young drivers/riders 
(those aged 16 to 19 years) killed or seriously injured in 
collisions. 

 

5.2.4 Recommendations for implementation in Canada 

Close monitoring of the first few installations is required. Doing some research and evaluation followed by 

conducting pilot studies on selected locations in different provinces and territories in Canada is 

recommended for this countermeasure. Additional check for compatibility to the provincial roadside design 

manuals is also recommended. Also as it has already been mentioned, it is very important that for each 

individual application, a proper benefit-cost analysis be conducted to determine the effectiveness of this 

countermeasure on road safety. 

 

 
Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay 
projects, road rehabilitation projects, safety improvement projects, etc). 

x Piloting on selected locations. 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed. 

x Check for compatibility with current legislation and/or standards. 

 Marketing, promotion and education to ensure public acceptance and/or understanding. 
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5.3 The Puffin (Pedestrian User Friendly Intelligent Crossing)  

5.3.1 Description 

The Puffin crossing (Pedestrian User Friendly Intelligent Crossing) is a development of the Pelican crossing 

widely used in the UK and is planned to replace the Pelican type as the standard stand-alone pedestrian 

crossing across the country. The Puffin monitors the presence of crossing pedestrians and adjusts light 

signal durations according to walking speeds. The result is custom timed all-red periods, determined by the 

presences and speed of pedestrians. As well as on-crossing detectors, curbside detectors can cancel a 

pedestrian demand if the pedestrian walks away from the crossing point, perhaps having crossed the road in 

a gap in traffic. Conventional Pelican crossings are very similar to the pedestrian crossing used in Canada. 

Both use pedestrian-operated push button controls, have signals for drivers and pedestrians, and gives 

pedestrians a priority to cross whilst their signal is on steady green. An example of a Puffin crossing is shown 

in Figure 5-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

5.3.2 Costs 

All available costs for Puffin crossings originate from the UK. The cities of Stockport (City of Stockport, 2008) 

and Coventry (Coventry City Council, 2008) have implemented several of these countermeasures with 

typical costs between ₤45,000 to ₤55,000 per site (approximately $90,000 to $110,000) whereas based on 

an FHWA report prepared by Davies (1999), the cost of a puffin crossing is about $50,000 in 1997 prices. 

 

 

Figure 5-7. Puffin crossings. Note “dragon 
teeth” (left) marking commonly 
used in UK to create an effect of 
narrowing lanes and alert/slow 
down motorists. (Barker and 
Baguley, 2003) 
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5.3.3 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to address three types of targeted collisions of Canada’s Road Safety Vision 2010; speed and 

intersection-related collisions, also those involving vulnerable road users (pedestrians, cyclists, and motor 

cyclists) and young drivers/riders. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High 
No change in legislation is needed to introduce 
Puffin crossings. 

Compatibility to current design and construction standards, 
guidelines and manuals  

high 
Current MUTCD does not provide for Dragon 
teeth road markings, however, Puffin crossings 
can operate without Dragon teeth markings. 

Sufficiency of existing road safety knowledge in Canada medium 
Safety effect is unknown. Monitoring of the 
performance will be needed. 

Suitability to Canadian geography and climate high  
Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  medium 
Promotes pedestrian safety and mobility; however 
it is more expensive than conventional pedestrian 
crossings. 

Anticipated public acceptance high Promotes pedestrian safety and mobility. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions. Also it 
decreases the number of young drivers/riders 
(those aged 16 to 19 years) and vulnerable road 
users (pedestrians, motorcyclists and cyclists) 
killed or seriously injured in collisions. 

 

 

5.3.4 Recommendations for implementation in Canada 

Close monitoring of the first few installations is required. Doing some research and evaluation followed by 

conducting pilot studies on selected locations in different provinces and territories in Canada is 

recommended for this countermeasure. Also during pilot studies, this countermeasure is recommended to be 

deployed at locations where there is a high volume of pedestrians and cyclists or there are a large number of 

reported collisions involving vulnerable road users. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 
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5.4 Safety Edge 

5.4.1 Description 

The vertical height difference between the paved surface and the unpaved shoulder is the pavement 

shoulder drop-off. Drop-offs happen when non-stabilized pavement edges erode, resulting in a height 

difference. Horizontal curves are particularly prone to drop-offs, especially when vehicles stray on to the 

edge of the travel lane.  

 

US research shows that an edge drop-off of 100 mm or more is considered unsafe if the roadway edge is at 

a 90º angle to the shoulder surface. Drop-offs, as small as 75 mm, can create an unsafe condition when the 
vertical angle is 90 degrees (Hallmark et al, 2006). As an example, once a vehicle crosses from a paved 

surface onto an unpaved shoulder, the driver’s reaction often is to promptly counter-steer to get back on the 

road. If a driver was startled by the vehicle’s roadway departure, the driver’s response may be accentuated, 

and can cause the rear wheel to catch on the shoulder edge and spin the vehicle around. It is not uncommon 

for drivers attempting to return to the road to veer into the adjacent lane, cross into opposing traffic, or leave 

on the opposite side of the roadway. 

 

Applying filled and compacted shoulder material to reduce the drop-off depth has proven to be a viable 

method to create a safe condition. FHWA currently recommends adopting a standard contract specification 

requiring a “Safety Edge,” an angled asphalt edge, or fillet, that slopes 30-35 degrees from the pavement 

surface to the shoulder, as a contract specification in all pavement construction and resurfacing projects. The 

asphalt fillet provides a safer roadway edge and a stronger interface between the roadway and the shoulder. 

(Figure 5-8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

One way to create a safety edge is to use a steel wedge or the Safety Edge Maker™, a commercial device 

being developed in the US by Trans-Tech Systems, Inc. A steel wedge device fabricated by the Georgia 

DOT (GDOT) Maintenance Division, shown in Figure 5-9, is mounted with a simple two-bolt connection onto 

the end gate. This device has a rounded leading edge that is crucial to providing a smooth finished 

compaction to the safety edge. The device can also adjust vertically to varying drop-off heights. 

 

Figure 5-8. Safety edge as implements in 
pavement overlays (Hallmark et al, 
2006) 
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5.4.2 Safety effect 

GDOT evaluated the Safety Edge on a 21 km roadway section. Results showed the Safety Edge Design can 

be placed on any type of roadway facility as part of the asphalt preventive maintenance process. Applying 

the treatment neither affects finished pavement smoothness, nor increases erosion of the shoulders. 

According to the FHWA website, study by Zimmer and Ivey (1982) showed that the effect of different shapes 

of shoulder drop offs on safety can be significant with the increase of shoulder drop-off height (see Figure 

5-10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-9. Safety edge and steel safety wedge. Left: Safety edge and its measurement. 
Right: A steel wedge device fabricated by the Georgia DOT 

Figure 5-10. Qualitative safety risk levels (1-10) 
depending on the shape of shoulder 
drop off and its height in inches 
(Zimmer and Ivey, 1982) 
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5.4.3 Cost Effectiveness 

The GDOT in collaboration with the FHWA, has demonstrated the ability to construct the desired “Safety 

Edge” without hindering the paving process, at a cost less than 1% of pavement overlay expenditures. 

 

 

5.4.4 Liability  

Litigation against state agencies in the US in which edge drop-off is cited as a major factor contributing to a 
collision is one of the major tort liability suits filed (Hallmark et al, 2006). For example, tort claims filed since 

2000 in Iowa for which “pavement/shoulder edge” or “shoulder conditions” is the major factor are the highest-

ranking tort liability claims in terms of total dollar value filed. In fiscal years 2000–2003, these claims 

accounted for 38% of the total dollar value of claims filed against the DOT. Installation of safety edge could 

be a major factor in defending State DOTs against the tort liability.  

 

 

5.4.5 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to address four types of targeted collisions of Canada Road Safety Vision 2010; speed and 

intersection-related collisions, and rural road collisions, also those involved commercial vehicles and young 

drivers/riders. 

 

 Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 
Current design and construction standards do not 
incorporate safety edge as an option. 

Sufficiency of existing road safety knowledge in Canada medium 
Safety effect seems to be obvious, however, no 
valid safety revaluation has been found. Close 
monitoring of the first installations will be required.   

Suitability to Canadian geography and climate high  

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high Safety edge was successfully tested in US.  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 
Installation of a safety edge could be a major 
factor in defending of Province’s Ministry of 
Transportation against the tort liability. 

Anticipated public acceptance high  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in 
collisions involving commercial carriers, and rural 
road collisions. Also it decreases the number of 
young drivers/riders (those aged 16 to 19 years) 
killed or seriously injured in collisions. 
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5.4.6 Recommendations for implementation in Canada 

Due to the compatibility of this countermeasure to current legislation and to current design/construction 

standards, guidelines and manuals in Canada, nationwide implementation of this measure is recommended 

in Canada. Currently, design and construction standards do not incorporate safety edge as an option. Hence 

design / construction standards need to be modified in order to include the specific considerations / 

requirements for design / construction of this countermeasure. 

 

 Recommendations for implementation in Canada 

X Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

 Piloting on selected locations 

 Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

5.5 2+1 Roadway Designs without Cable Barriers 

5.5.1 Description 

A 2+1 road design without cable barriers has a continuous three-lane cross section with alternating passing 

lanes where opposing traffic lanes are separated by simple road markings or an optical 1-2 m flash median 

with or without rumbles. European safety and operational experience with 2+1 roads shows that they can be 

an attractive alternative to two- or four-lane roads in some cases. Principal layout of 2+1 designs as provided 
by NCHRP Research Result Digest (RRD) 275 (Potts and Harwood, 2003) is shown in Figure 5-11. This 

document was a major source of information for this section.  

 

 
Figure 5-11. Principal layout of 2+1 roadway design (Potts and Harwood, 2003) 

 

Germany is the major country implementing 2+1 design without physical separation, followed by Finland, 

Denmark and Norway. In 2003 Germany had approximately 360 km of 2+1 roads. Recently, Sweden also 

started to test 2+1 designs without the median cable barrier and currently has 70 kilometres of such roads 

with plans to increase the implementation for the total length of 500 km.  
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5.5.2 Specific design of 2+1 roadways in Germany 

According to Potts and Harwood (2003), 2+1 roads were introduced in Germany in early 90s to improve 

safety and operational performance of two-lane highways with wide paved shoulders and two-lane highways 

with wide lanes. About one-third of the 2+1 roadways have been constructed by re-striping an existing two-

lane roadway with wide shoulders or wide lanes. While the wide shoulders or lanes are narrowed to 

accommodate the third lane, it is required to ensure that shoulder widths are not compromised. In 2003 

about two-thirds of the 2+1 roadways were new construction, most of which serve as bypass routes. An 

example of a 2+1 roadway in Germany is presented in Figure 5-12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depending on the width of the original two-lane roadway, there are three typical cross sections of 2+1 

roadways in Germany, and each design uses two types of transitions (Figure 5-13). A “critical” transition is 

one located immediately downstream of a lane drop. It is called “critical” because opposing vehicles in the 
middle lane are heading toward each other before merging into the right lane. Therefore, a substantial buffer 

between the vehicles traveling in opposite directions is needed. The length of a “critical” transition is 180 m. 

A “non-critical” transition is one located immediately upstream of a lane addition. These non-critical 

transitions involve opposing middle-lane vehicles that travel away from each other, as opposed to critical 

transitions where drivers are oncoming in the same lane. The length of the “non-critical” transition is at least 

30 m, but no longer than 50 m. The taper for both types of transition is at a 45-degree angle, such that the 

taper length is equal to the width of the centre lane. 

 

 

 

 

 

 

 

 

 

 

Figure 5-12. Example of 2+1 roadway in 
Germany (Potts and Harwood, 2003) 
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Additional specifics of the geometric design used in Germany are as follows: 

 

• Separation of 0.5 m is typically provided between opposing travel lanes. A separation of 1.0 m with a 

rumble strip is currently being tested. 

• Lane drops and additions are placed where there is adequate sight distance, but there are no specific 
sight distance criteria. 

• A roadway may be transitioned back to a two-lane cross section on sharp curves; however, 2+1 facilities 
are considered as generally adaptable to any terrain. 

• Grade separation is used to accommodate access to traversing roadways. On conventional 2+1 

highways with access, at-grade intersections are limited. The speed limit is reduced from 100 km/h to 70 

km/h on an approach to an interchange or intersection. 

• Two-lane highways in Germany do not have a crown section like those used for drainage work purposes 
in the United States. The cross section for 2+1 roads is a continuous cross slope from one edge of 

pavement to the other. Thus, German highway designers do not face a decision as to where to locate the 

crown or whether to transition the crown from one side of the centre lane to the other at passing lane 

transitions. There is also no need to remove the normal crown at horizontal curves. 

• The overall section length of 2+1 roadway that is needed to be effective is in the range of 4 to 6 km; 
however, 2+1 roadway sections have been effective at lengths of up to 15 km. 

 

 

5.5.3 Signing and marking of 2+1 roadways in Germany 

Potts and Harwood (2003) provide specific signing and marking schemes for the 2+1 designs (Figure 5-14). 

At the beginning of a passing lane, a sign is placed on the right side of the roadway to inform drivers that a 

Figure 5-13. Design features of 2+1 roadways in Germany (Potts and Harwood, 2003). Left: 
Typical cross sections. Right: dimensions for “critical” and “non-critical” transitions 
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passing lane has begun and to indicate the length of the passing lane. Advance warning signs, alerting 

drivers of an upcoming lane drop, are located along the approach at 400 m and 200 m prior to the lane drop. 

Arrows are painted on the roadway indicating that passing lane drivers must merge right imminently. A 

continuous double white line separates the two opposing directions of travel all along the 2+1 roadway 

section to indicate that no passing is allowed outside of the passing lane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.5.4 Safety and operations of 2+1 roadways in Germany: 

According to the Potts and Harwood (2003), Brannolte et al. (1992) showed that collision rates for 2+1 

roadways are lower than those for all other two-lane highways, various freeway types, and four lane 

highways (Table 5-1). The speed limit on 2+1 roadways in Germany is 100 km/h (60 mph). The traffic 

volumes range from 15,000 veh/day to 25,000 veh/day; the maximum traffic volume level observed was 

30,000 veh/day. 

 

Table 5-1. Typical collision rates for various roadway cross sections in Germany (Brannolte et al, 
1992) 

 

Figure 5-14. Signing and marking schemes for the 2+1 roadways in Germany 
(Potts and Harwood, 2003) - Top: lane drop section; bottom: beginning 
of passing lane section 
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5.5.5 Cost-benefits of 2+1 roadways in Germany: 

According to the Potts and Harwood (2003), the benefit-cost ratio for implementation of the 2+1 design on 

existing roads has been between 1 and 10. The corresponding costs of implementation of this measure, 

$390/m for MLV90 (Undivided rural two-way, two-lane roads with speed limit of 90 km/h) and $234/m for 

MML90 (non-divided highway with speed limit of 90 km/h), can be considered low compared to 4-lane 

widening and physical separation of traffic flows. 

 

 

5.5.6 Maintenance considerations of 2+1 roadways in Germany  

According to Potts and Harwood (2003), the narrow shoulders resulting from re-striping a wide two-lane 

cross section to a 2+1 cross section present a problem for maintenance/construction vehicles and disabled 

vehicles. 

 

 

5.5.7 Driver’s acceptance of 2+1 roadways in Germany: 

Potts and Harwood (2003) reports that a driver survey conducted at five 2+1 road sites in Germany between 

1983 and 1988 showed that most drivers prefer 2+1 roads to regular rural roads and believe that 2+1 roads 

offer better passing opportunities. A majority of drivers believe that they can travel faster on 2+1 roads, but 

do not believe that 2+1 roads are dangerous. 

 

 

5.5.8 Canadian –specific considerations 

This countermeasure is anticipated to address three types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, rural road collisions, and those involving commercial 

vehicles. The only concern may relate to covering road marking by snow/salt dust and may not be visible 

during the winter months in most parts of provinces and territories in Canada. There is also the concern 

regarding the implementation of this countermeasure in Canada due to frequent application of salt which in 

turn leads to wear of markings at a higher rate. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  

Compatibility to current design and construction 
standards, guidelines and manuals  

medium 
Check for compatibility to the provincial roadside design 
manuals and updates will be needed. There is a provision for 
passing lanes only. 

Sufficiency of existing road safety knowledge in Canada medium 

Safety effect seems to be proven by data from Europe. 
However, differences in driver behaviour may compromise the 
measure as there is a risk that some drivers may continue 
passing at transitions. This risk may be elevated in winter if 
the road marking is covered by snow/salt dust. Close 
monitoring of the first installations will be required. Synergy 
with “light” measures to separate opposing traffic flows 
(physical channelization, see section 4.5) should be 
researched for the possibility of applications in 2+1 designs in 
Canada to come up with a more self-enforcing design.  

Suitability to Canadian geography and climate high 
The only concern may relate to covering road marking by 
snow/salt dust. Keeping critical transitions clear will be critical. 
Note that 2+1 designs were successful in northern countries. 

Suitability to Canadian-specific vehicle fleet, traffic 
volumes, driving /behavioral patterns. 

high  

Confidence that the application of the countermeasure 
will not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 

It will bring significant improvements in safety and mobility for 
different types of two-lane rural roads. The costs will be 
significantly lower compared to 4-lane widening/separation 
projects. 

Anticipated public acceptance high 
The measure will increase both safety and mobility; however 
it is important to educate drivers on the importance of lane 
discipline at critical transitions.   

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number of road 
users killed or seriously injured in speed and intersection-
related collisions, collisions involving commercial carriers, and 
rural road collisions.  

 

 

5.5.9 Recommendations for implementation in Canada 

To be recommended as a Canadian design alternative, Geometric Design Guidelines (i.e. provincial design 

manuals, TAC) may need to incorporate requirements and guidelines for 2+1 roadways. Consequently, 

roadway standards associated with 2+1 applications, such as MUTCD provisions for signage, may require 

modifications. In addition to addressing Canadian guidelines, 2+1 implementation require environmental 

factors be accounted for. Specifically, where an existing 2-lane roadway is proposed to be modified into a 

2+1 configuration, the associated final shoulder widths need to be considered. Depending on the pavement 

width at a given roadway point, there may be sufficient area to realign pavement markings to reflect a 2+1 

configuration with adequate shoulders. However, application of this countermeasure to roadways with 

inadequate pavement widths, where repainting would sacrifice the shoulders, may involve substantial 

roadway expansion to accommodate a 3-lane roadway with requisite shoulders. In order to ensure public 

understanding, it is recommended to educate drivers on the importance of lane discipline at critical 

transitions. Doing some research and evaluation followed by conducting pilot studies on selected locations in 

different provinces and territories in Canada is recommended for this countermeasure.  The use of more 

durable paint type with higher visibility is recommended to withstand effects of salt and cold during wintertime 

with improved visibility. Close monitoring of the first installations is recommended. 
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 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

5.6 Freeway Median Cable Barrier Systems 

5.6.1 Description 

Freeway Median Cable Barrier Systems are currently used in many states across the US to prevent head-on 

collisions on freeways with wide medians. A history of drivers crossing wide interstate medians and entering 

opposing lanes, creating a head-on collision likely situation, became apparent as a serious safety issue. 

Freeway median cable barrier systems were implemented in the US to prevent drivers who leave a roadway 

from reaching oncoming traffic. Additionally, these systems are also more forgiving than other barrier 

systems. Cable barriers deflect more than other types of barriers such as steel beam barriers, and both 

regular and high-tension cable barrier systems can be used. Compared to alternate barrier solutions, cable 

barriers are more adaptable to variations in the terrain profile and slopes, where less grading and drainage 

work is typically required. Cable barriers are also considered to be aesthetically pleasing, more so than other 

barrier systems. Figure 5-15 illustrates installations of freeway median cable systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-15. Left: prevention of median crossover collision by the cable barrier 
installation in North Carolina. Right: Installation of freeway median cable 
barrier 
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5.6.2 Costs and safety effects   

The Missouri Department of Transportation (DOT) installed a median cable barrier system on I-70 and on 

other Missouri Interstates. When the cable is struck, the posts yield and the cable deflects up to 4 metres, 

effectively catching and decelerating the vehicle and keeping it in the median.  The installation of median 

cable barriers cost $37,500 to $62,500 per km, depending on the amount of grading work required. After the 

cable is installed, the maintenance costs range from $3,750 to $6,250 per km per year, depending on the 

frequency of hits.  An internal Missouri DOT study determined that the cable system was successful at 

preventing vehicles from reaching opposing lanes, as the barrier retained 95% of vehicles crossing into the 

median. Increased cross-median fatalities on I-70, which links Kansas City and St. Louis, were observed, 

reaching a peak of 24 drivers killed in 2002. The installation of 186 km of median cable barrier on the 

freeway has nearly eliminated cross-median roadway deaths. In 2006, only two cross-median fatalities 
occurred on I-70, an improvement of 92% (Chandler, 2007). However, safety impacts of cable barrier 

systems on motorcyclists need further investigation. Moreover there are some concerns that cable barriers 

pose an increased risk for motorcyclists when compared to other barriers. However, according to Hammond 

et al. (2008), WSDOT did not find any verifiable data that supports the concern. 

 

 

5.6.3 Canadian –specific considerations 

Legislation is not required to be changed to accept the use of this countermeasure. This countermeasure is 

anticipated to address three types of targeted collisions of Canada’s Road Safety Vision 2010; speed and 

intersection-related collisions, rural road collisions, and those involving commercial vehicles. Although it 

requires more timely maintenance compared to concrete barriers, it is well-suited to harsh winter conditions 

in Canada as they do not cause additional snow accumulations.  

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High  

Compatibility to current design and construction 
standards, guidelines and manuals  

High  

Sufficiency of existing road safety knowledge in 
Canada 

High 
Safety effect is obvious and corroborated by indicative 
data from US. 

Suitability to Canadian  geography and climate High 
Cable barriers are beneficial compared to concrete 
barriers as they do not cause additional snow 
accumulations (but more timely maintenance is required). 

Suitability to Canadian-specific vehicle fleet, traffic 
volumes, driving / behavioral patterns. 

High 
According to Ross et al. (1993) TL-3 high tension cable 
median barriers will be capable of redirecting of a 2000 kg 
pickup truck with deflections less than 1.2 m. 

Confidence that the application of the countermeasure 
will not incur an increase in cost/affordability due to the 
differences between Canada and OECD countries 

High  

Anticipated acceptance by decision makers  High The measure appears to be highly cost efficient. 
Anticipated public acceptance High  

Anticipated performance towards achieving targets of 
Canada Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number of road 
users killed or seriously injured in speed and intersection-
related collisions, collisions involving commercial carriers, 
and rural road collisions.  
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5.6.4 Recommendations for implementation in Canada 

Due to the compatibility of this countermeasure to current legislation and to current design/construction 

standards, guidelines and manuals in Canada, nationwide implementation of this measure is recommended. 

However it is also recommended to do some piloting on selected locations to investigate the effects of cable 

barrier systems on motorcyclist’s safety before such nationwide implementation. 

 

 Recommendations for implementation in Canada 

x Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations to investigate its effect on motorcyclists’ safety 

 Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

5.7 30 km/h (20 mph) Zone 

5.7.1 Description 

Restricted speed zones have already been implemented in some parts of Canada, 30 km/h (20 mph) zones 

are area-wide traffic calming schemes designed to keep traffic speed within 30 km/h anywhere within the 

area. It was initiated in the UK and currently is widespread in Europe. Ideally, 30 km/h zones should be 

engineered with physical measures to further encourage driver adherence to speed limits. Measures to keep 

speeds low will generally be either adjustments to the horizontal alignment or vertical alignment. Adjustments 

to the vertical alignment usually include round top humps, flat top humps, mini-roundabouts, speed cushions 

(on bus routes), speed tables, or raised junctions. Adjustments to horizontal alignments usually include 

narrowing, chicanes, and staggered parking arrangements. 

 

It is perceived that the vertical measures are generally more effective in reducing speeds, although a 

combination of the two can improve effectiveness, with mix of measures likely to provide a more aesthetic 

design. Also, to achieve consistently low speeds, measures need to be repeated frequently. For instance, in 
the UK the maximum distance between the speed reduction measures is specified as 100 m (Barker and 

Baguley, 2003). Also, each entrance to the zone should be indicated by appropriate signing and a ‘gateway’. 

The signing of individual calming measures within a 30 km/h zone is then not necessary, thus dispensing 

with the need for some of the signing which can be expensive and intrusive. An example of a 30 km/h sign is 

shown in Figure 5-16. 
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5.7.2 Choice of areas  

30 km/h (20 mph) zones are most appropriate on residential and local distributor roads. These are usually 

located in residential areas but may be also suitable in other locations such as shopping streets. In the UK 

the 30 km/h (20 mph) zones usually form part of an overall safety management strategy, rather than be 

created as isolated schemes, and are used in the residential cells which are identified after a hierarchy of 

through routes and local distributor roads have been designated. 

 

 

5.7.3 Safety effects  

30 km/h (20 mph) zones appear to be highly successful at reducing vehicle speeds and casualties (Hufnagl, 

2007). The study of before and after collision data in 30km/h zones in the UK showed that the average 

annual collision frequency fell by about 60%, and child pedestrian and cyclist casualties decreased by about 

70%. Both reductions were shown to be statistically significant. There was a 6.2% reduction in collisions for 

each 1.61 km/h (1 mph) reduction in vehicle speed. At the time of reporting, there were over two hundred 30 
km/h (20 mph) zones in the UK of which 82 had been granted permanent status (Webster and Mackie, 

1996). 

 

 

5.7.4 Costs and benefits 

Costs associated with the measure, aside from the initial investment and installation costs, include 

maintenance costs (depending on size of zone and features installed) and ecological costs, where increased 

carbon emissions are a possibility. A primary benefit is reduction in collision costs. A positive effect on 

personal health is considered a secondary benefit, as this measure, applied in an appropriate context, 

encourages increased walking and cycling rather than vehicle use. Traffic may be reduced especially 

through the elimination of through traffic. According to Hufnagl (2007), vehicular traffic flows are reduced 

typically by 15% to 25%. The benefit-cost ratio depends on the installation cost of the zone, but typically 

installation expenditures will be offset by the reduction in collision costs within the first year of operation. 

Elvik and Vaa (2004) suggest there are reasons to expect much higher benefit than cost for 30km/h zones. 

Figure 5-16. Left: 30 km/h zone in the Netherlands (Hummel, 1999); Right: 30 km/h zone 
in UK (Barker and Baguley, 2003) 
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5.7.5 Legislative and application aspects 

Legislation in the UK from 1999 gave authorities the option to use standard 30 km/h signage or create 30 

km/h speed zones, aimed at traffic calming. The Central UK government has advised that where traffic 

speeds are only slightly over 30 km/h, the placing of speed limit signs might act as an additional warning 

signal to drivers, so that the required small reduction in speed is likely to be achieved. The key to a 

successful 30 km/h zone is to have in place speed-reducing features of a significant number and appropriate 

design, to be able to reduce the speed of most traffic to 30 km/h or less, without the need for speed 

enforcement. 

 

 

5.7.6 Public acceptance 

According to Hufnagl (2007), public acceptability of the 30 km/h zones is very good provided that 
consultation has had a positive outcome and the features are designed such that they do not unacceptably 

impede the emergency services or bus operators. Special traffic calming features accounting for bus 

operations such as speed cushions, H-humps or S-humps may be beneficial to increase public acceptance. 

The ‘H’ hump, which was first developed in Denmark, is a combined car and bus hump (flat-top) with two 

longer shallower outer profiles to take the tires of buses, and with shorter inner steeper profiles to take cars. 

The ‘S’ hump, developed on similar principles in the UK makes use of an alternate ramp design, eliminating 

some of the problems encountered with the ‘H’ hump.  

 

 

5.7.7 Canadian –specific considerations 

This countermeasure is anticipated to address three types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, also those involving young drivers/riders and 

vulnerable road users (pedestrians, cyclists, and motorcyclists). 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 

Verification is needed to decide whether current 
legislation allows incorporating area-wide speed 
schemes. If not, changes in legislature will be 
needed.  

Compatibility to current design and construction standards, 
guidelines and manuals  

low 
Current MUTCD does not provide for 30km/h 
zones. A new 30km/h Zone sign needs to be 
introduced. 

Sufficiency of existing road safety knowledge in Canada high 
Safety effect is obvious. Data from UK shows a 
substantial safety effect of 30 km/h zones. 

Suitability to Canadian geography and climate high 
It has already been implemented in some parts of 
Canada. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

medium 
Significant spending on marketing/promotion will 
be necessary. 

Anticipated acceptance by decision makers  medium 

Promotes pedestrian and bicyclist safety and a 
shift to walking/bicycling. May increase green 
house gas emissions; however this may be offset 
by an increase in walking-cycling. May increase 
the aesthetical attractiveness of the community. 

Anticipated public acceptance medium 

Promotes pedestrian and bicyclist safety and 
mobility. Reaction by the drivers may be negative. 
There may be concerns with the accommodation 
of emergency vehicles (special speed reduction 
devices are available to mitigate this concern). 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions. Also it 
decreases the number of young drivers/riders 
(those aged 16 to 19 years) and vulnerable road 
users (pedestrians, motorcyclists and cyclists) 
killed or seriously injured in collisions. 

 

 

5.7.8 Recommendations for implementation in Canada 

Although this countermeasure has already been implemented in some provinces in Canada, legislation 

under the HTA and the MUTCD may require changes in some provinces due to the 30 km/h speed limit. In 

order to ensure public acceptance, significant spending on marketing/promotion is recommended to educate 

drivers on the importance of observing the speed limit. Doing some research and evaluation followed by 

conducting pilot studies on selected locations in different provinces and territories in Canada is 

recommended for this countermeasure specifically at neighbourhoods where speed-related safety issues 

exist. Also special types of speed reduction devices are recommended in order to accommodate emergency 

vehicles and buses. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 
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5.8 Waving Road Surfaces 

5.8.1 Description 

Rocking and waving road surface on selected road sections are used in pilot projects evaluated by the 

Danish Road Directorate to arouse the attention of drivers by temporary decreasing the high level of driving 

comfort. No quantitative data is available on collision modification effects for this type of countermeasure. 

Although not aesthetically pleasing, it is anticipated that waving road surfaces perform quite well towards 

achieving targets of the Canada 2010 Road Safety Vision. An example of this type is shown in Figure 5-17. 

 

 
Figure 5-17. Rocking and waving road surfaces (Herrstedt, 2006) 

 

 

5.8.2 Canadian –specific considerations 

This countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, those involving commercial vehicles, rural road 

collisions, and young drivers/riders. There is one major concern that during wintertime in Canada, some 

applications of this countermeasure may not be suitable for snow plowing operations.  
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 
It needs to be checked for compatibility with the 
current legislation. 

Compatibility to current design and construction standards, 
guidelines and manuals  

high It is already in place in some parts of Canada. 

Sufficiency of existing road safety knowledge in Canada Not known  

Suitability to Canadian geography and climate 
Medium to 

high 
Some applications may not be suitable for snow 
plowing operations. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

Not known  

Anticipated acceptance by decision makers  May be low  

Anticipated public acceptance May be low 
May not be aesthetically pleasing and might 
cause disturbing movements to vehicle 
occupants. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions as well as decreasing the number of 
young drivers/riders (those aged 16 to 19 years) 
killed or seriously injured in collisions. 

 

 

5.8.3 Recommendations for implementation in Canada 

Legislation would likely not be required to be changed to accept the use of this countermeasure. However, 

principals of roadway design may have to be examined when introducing purpose-built non-smooth surfaces. 

Doing some research and evaluation is recommended for this countermeasure before wide implementation 

in all provinces and territories in Canada. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

 Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

5.9 Three-Dimensional Road Markings 

5.9.1 Description 

Innovative road markings painted to appear to be three-dimensional are included in a publication by the 

Danish Road Directorate called “an improved traffic environment: catalogue of ideas”. It is believed that it will 

cause drivers to decrease their speed in the same way as the real three-dimensional road markers. No 

quantitative data is available on collision modification effects for this type of countermeasure. Unlike waving 
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road surfaces, it is aesthetically pleasing. However, the markings might not be quite visible in some parts of 

Canada during wintertime.  Also, the cost of implementation of this measure might be different depending on 

the type of paint used. An example of this type is shown in Figure 5-18. 

 

 
Figure 5-18. Three-dimensional marking (Herrstedt, 2006) 

 

5.9.2 Canadian –specific considerations 

This countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, those involving commercial vehicles, young 

drivers/riders, and rural road collisions. The only concern may relate to covering road marking by snow/salt 

dust and may not be visible during the winter months in most parts of Canada. There is also another concern 

regarding the implementation of this countermeasure in Canada which is the frequent application of salt 

which in turn leads to wear of markings at a higher rate. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 
It needs to be checked for compatibility with the 
current legislation. 

Compatibility to current design and construction standards, 
guidelines and manuals  

Not known  

Sufficiency of existing road safety knowledge in Canada Not known  

Suitability to Canadian geography and climate 
Medium to 

high 
Markings might not be quite visible during 
wintertime. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

Not known  

Anticipated acceptance by decision makers  May be high Roads might become more aesthetically pleasing. 
Anticipated public acceptance high  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions. it may also decrease the number of 
young drivers/riders (those aged 16 to 19 years) 
killed or seriously injured in collisions. 
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5.9.3 Recommendations for implementation in Canada 

Doing some research and evaluation followed by conducting pilot studies on selected locations in different 

provinces and territories in Canada is recommended for this countermeasure. Use of more durable paint type 

with higher visibility is recommended to withstand effects of salt and cold during wintertime and provide more 

visibility. Legislation under the MUTCD, HTA and Municipal By-laws may be required in provinces where 

pavement markings are legislated (e.g. Alberta) and possibly in other provinces as well. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

5.10 Infra-Red Animal Detection System 

According to the Michigan Department of Natural Resources, there were 56,666 deer-vehicle collisions in 

that state in 1994, and each year deer-vehicle collisions in Michigan kill an average of five people and injure 

1,500. The National Highway Traffic Safety Administration (NHTSA) estimated that animal-vehicle collisions 

in the United States caused 120 vehicle-occupant deaths in 1991. According to the National Safety Council 

in Chicago, deer-vehicle collisions annually account for more than 100 motorist deaths and about 7,000 

injuries. These collisions kill as many as 350,000 deer each year. Collisions between wildlife and vehicles 
cause many deaths and injuries each year, and the economic cost of these collisions is high (TransSafety 

Inc., 1997). 

 

According to Huijser et al. (2007) roadside animal detection systems use sensors to detect large animals that 

approach the road (Figure 5-19). When a large animal is detected, the sensors send a message to a warning 

signal (usually lights mounted on signs) to inform motorists that a large animal is currently on or near the 

road. When a driver is aware that a large animal may be on or near the road ahead, the driver may become 

more alert, may reduce vehicle speed, or both. The two major types of animal detection systems are: 1) 

area-cover systems; and 2) break-the-beam systems. Area-cover systems may be active or passive and can 

detect large animals within a certain range of a sensor. Active systems (i.e., microwave radar) constantly 

send a signal over an area and measure its reflection. Passive systems (i.e., video detection or passive 

infrared) detect animals by only receiving signals. These systems require algorithms that distinguish between 

different masses (e.g., moving vehicles with warm engines, moving pockets of hot air versus movements of 

large animals). Break-the-beam systems have transmitters that send infrared, laser or microwave radio 

signals to a receiver. These receiving sensors detect large animals when their bodies physically block or 

reduce the signal. 
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Figure 5-19. An animal detection system on US Highway 191 in Yellowstone National Park, 

Montana (Huijser et al., 2007) 

 

5.10.1 Safety 

According to Ament et al. (2006) the only available data on the effectiveness of animal detection systems 

show an 82% reduction in collisions with large animals. However, this may change as more data become 

available. 

 

 

5.10.2 Cost 

The cost of such systems is $65,000-$154,000 per mile (per 1.6 km) (excluding installation costs) (Huijser et 

al., 2007). Costs for equipment increase if the road section has curves or slopes, or if the line of sight is 

blocked by objects. 

 

 

5.10.3 Canadian –specific considerations 

This countermeasure is basically addressing vehicle collisions with wildlife and designed to decrease wildlife 

(and human) fatalities. This countermeasure is anticipated to address two types of targeted collisions of 

Canada’s Road Safety Vision 2010; rural road collisions, and those involving young drivers/riders. Legislation 

is not required to be changed to accept the use of this countermeasure. There is one concern regarding the 

use of this countermeasure in rural roads in Canada during wintertime which is that lights might be covered 

in snow. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High  
Compatibility to current design and construction standards, 
guidelines and manuals  

High 
It has already been installed in some parts of 
Canada (British Columbia). 

Sufficiency of existing road safety knowledge in Canada Not known  

Suitability to Canadian geography and climate 
Medium to 

high 
Lights might be covered in snow during 
wintertime. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

High  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

Not known  

Anticipated acceptance by decision makers  May be high  
Anticipated public acceptance High  It decreases both human and wildlife fatalities. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in rural 
road collisions. It may also decrease the number 
of young drivers/riders (those aged 16 to 19 
years) killed or seriously injured in collisions. 

 

 

5.10.4 Recommendations for implementation in Canada 

Although there has been some pilot studies of this countermeasure conducted in few locations of British 

Columbia, more research and evaluation is recommended for this countermeasure before wide 

implementation in all provinces and territories in Canada.  

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

 Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 
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6. SELECTED HIGH-COST COUNTERMEASURES AND 
EVALUATION OF THEIR APPLICABILITY IN THE 
CANADIAN CONTEXT 

6.1 End of Queue Detection 

6.1.1 Description 

Backing up of queues on the freeway off ramps to the extent where the end of queue reaches the freeway is 

dangerous and should be avoided. To prevent such situations, German freeway off ramps with signalized 

ramp intersections are equipped with the End of Queue detectors. These detectors (loops) are connected to 

the controller of the signalized ramp intersection. When the queue reaches the detector, it sends a signal to 

the controller which forces a green light to the concerned direction of travel at the ramp intersection thus 

preventing the end of queue from backing up to the freeway.  

 

The applicability of this End of Queue Detection extends to intersections closely located to railway crossings 

or other road sections where there is a risk that the queues may block the downstream intersections. 

Additionally, this is a cost effective solution in comparison to ramp extensions, reconstruction of ramp 

intersections, and other departure lane modifications. The application of the countermeasure is shown in 

Figure 6-1 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.1.2 Costs 

The Intelligent Transportation Systems (ITS) branch, within the US Department of Transportation, published 

costs for a number of End of Queue Detection System applications throughout the United States. During the 

2000 Interstate Rehabilitation Project in Arkansas, Lonoke and Pulaski Counties used queue detection 

Figure 6-1. Using of end of queue detection on the off ramp (left-before; right - after), Institute 
des Strassenverkehrs Koeln 
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systems with a central system controller, a radio system, five radar sensors, five Dynamic Warning Signs 

(DMS), and two supplementary speed stations, costing nearly $500,000 USD for a 10.1 km area. Lansing, 

Michigan employed a more advanced system during a downtown construction project, which utilized 17 

cameras, 12 DMS, six queue detectors (microwave sensors), and a commercial off-the-shelf (COTS) 

software package that ran on a server located at the construction traffic management center. The project 

was in effect from March 2001 to October 2001, at a cost of $2.4 million USD.  

 

 

6.1.3 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to address four types of targeted collisions of Canada’s Road Safety Vision 2010; speed and 

intersection-related collisions, also those involving commercial vehicles, young drivers/riders, and rural road 

collisions. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High  

Compatibility to current design and construction standards, 
guidelines and manuals  

High 

Installation of the End of Queue Detection (or 
feasibility studies to evaluate such installation) 
may need to be introduced in the Canadian-
specific standards, guidlines and manuals. 

Sufficiency of existing road safety knowledge in Canada medium 
There are no quantifiable safety benefits, and the 
safety effect is unknown. 

Suitability to Canadian geography and climate High  

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

High  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

High 
The system uses conventional loops as traffic 
detectors. Existing controllers must be able to 
handle the input from the End of Queue detectors.  

Anticipated acceptance by decision makers  High 
The cost of installation of this system compared to 
extension of ramps, reconstruction of ramp 
intersections etc is lower. 

Anticipated public acceptance High 
Lower delays and safety improvements for the 
most concerned direction of traffic at the ramp 
intersections. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions. Also it decreases the number of young 
drivers/riders (those aged 16 to 19 years) killed or 
seriously injured in collisions. 

 

 

6.1.4 Recommendations for implementation in Canada 

Research and evaluation is recommended for this countermeasure before wide implementation in provinces 

and territories. 
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 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

 Piloting on selected locations 

X Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

6.2 New Jersey Jug Handle Intersections (NJJI) 

6.2.1 Description 

In general, indirect left turns can improve the safety and operations of high-volume intersections. According 

to the New Jersey Department of Transportation design manual, Jug handles are “at-grade ramps provided 

at or between intersections to permit motorists to make indirect left turns and/or U-turns” that allow for 
removal of left-turning traffic from the through stream without providing left-turn lanes (Bared and Zhang, 

2007). All right turns, left, and U-turns are made from the right side of the roadway. Drivers wishing to turn 

left exit the major roadway at a ramp on the right and turn left onto the minor road at a terminus separated 

from the main intersection (Figure 6-2). Less right-of-way is needed along the roadway because left-turn 

lanes are unnecessary. However, more right-of-way is needed at the intersection to accommodate the jug 

handles. 

   
Figure 6-2. Examples of jug handle intersection (Left: forward jug handle ramp; Right: reverse jug 

handle ramp) – (Bared and Zhang, 2007) 
    
According to Rodegerdts et al. (2004), pedestrian crossing distance may be less due to lack of left-turn lanes 

on major streets and also pedestrian delay may be reduced due to potentially shorter cycle lengths. 

However, exposure for pedestrians crossing the ramp terminal increases, ramp diverges may create higher 

speed conflicts between bicyclists and motor vehicles and, transit stops may need to be relocated outside 

the influence area of the intersection. 
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According to Furtado et al. (2003), “the City of Edmonton operates jug handle intersections in four locations. 

Some have been in place for several years. The intersections are all around-the-block designs with a loop 

movement exiting right on the far side of the intersection. There are developments and access points along 

each of the jug handle loops. The loops are all retrofit designs, located on busy city arterials near commercial 

and industrial areas and all accommodate truck flows. Only one is located near a residential area; therefore 

the retrofit applications, which required little new right-of-way, encountered minimal community objection. 

 

 

6.2.2 Safety Effects 

According to a cross-sectional study by Jagannathan et al. (2006), results from raw data indicated that 

conventional intersections tended to have more head-on (2.1% compared to 1.2%), left-turn (11.8% versus 

3.7%), and fatal-plus-injury (33.8% versus 30.2%), and relatively fewer rear-end collisions (42.7% versus 

56.6%) than NJJIs. 

 

 

6.2.3 Costs 

According to Hildebrand (2007), the total cost of construction of a jug handle including cost of required right-

of-way, Super-pave Asphaltic Concrete, etc., which is different from place to place in some instances may 
exceed reasonable expenditures. According to (Madison.com Forum, 2008), construction costs of between 

$8 to $15 million with property acquisition cost estimated at $3.5 million depending on market values have 

been reported.  

 

 

6.2.4 Canadian –specific considerations 

Legislation is not required to be changed to introduce the use of this countermeasure. This countermeasure 

is anticipated to address four types of targeted collisions of Canada’s Road Safety Vision 2010; speed and 

intersection-related collisions, also those involving commercial vehicles, young drivers/riders, and rural road 

collisions. Moreover, according to Furtado et. al (2003), “the City of Edmonton receives few complaints 

regarding these intersections. Drivers understand their use and there is no notable collision experience 

attributable to the Jug handle designs. Intersection capacity and safety improved at these locations due to 

the implementation of these designs.” 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 
Check is needed to decide whether current 
legislation allows incorporating jug handle 
scheme.  

Compatibility to current design and construction standards, 
guidelines and manuals  

High  

Sufficiency of existing road safety knowledge in Canada medium 

Results indicated that jug handle intersections 
tend to have less head-on, left-turn, and fatal-
plus-injury collisions and relatively more rear-end 
collisions than conventional intersections. 

Suitability to Canadian geography and climate High  

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

Not known  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

medium 
Significant spending on marketing/promotion will 
be necessary. 

Anticipated acceptance by decision makers  medium 

Overall travel time decreases through the 
intersection when compared to a conventional 
intersection. However, the studies also show a 
large increase in the overall percent of stops 
when compared to a conventional intersection 
and also pedestrian and bicyclists exposure to 
motor vehicle traffic might increase 

Anticipated public acceptance medium 

Promotes safety and mobility. However reaction 
by the residents of the area locating inside the 
proposed right-of-way of jug handle ramp may be 
negative and also pedestrian and bicyclists 
exposure to motor vehicle traffic might increase 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions. It may also 
decrease the number of young drivers/riders 
(those aged 16 to 19 years) killed or seriously 
injured in collisions. 

 

 

6.2.5 Recommendations for implementation in Canada 

In order to ensure public understanding, it is recommended to educate drivers on making left-turns in an 

urban area by taking a road on the right hand side of the road. Research and evaluation followed by 

conducting pilot studies on selected locations in different provinces and territories in Canada is 

recommended for this countermeasure to evaluate the safety issues and residents’ reactions of the area 

located inside the proposed right-of-way of jug handle ramp.  Close monitoring of the first installations is 

recommended. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 
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6.3 Speed Cameras 

6.3.1 Description 

The objective of speed camera enforcement is to persuade drivers exceeding a specific speed limit to slow 

down. Lower speeds can be expected to result in fewer road traffic collisions and less severe casualties. 

Examples of speed camera installation in Germany are shown in Figure 6-3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the UK, commercially produced speed cameras are linked to either inductive road loops or pneumatic 

tubes, and more recently to radar, piezo cables, video, and lasers. This countermeasure has been available 

for nearly thirty years and has been in use since 1991. The Road Traffic Act 1991 permitted evidence from 

type-approved automatic devices to be used as the sole evidence that an offence had been committed. This 

was supported by the ability to forward conditional offers of a fixed penalty to offenders by post. This has led 

to a rapidly increasing number of cameras for the enforcement of speed limits (and also traffic signals). 

 

In Sweden, 700 new cameras on 103 stretches of road (approximately 1900 km) have been installed during 

2006. Another 169 cameras were planned to be installed during 2008, covering an additional 500 km. The 
new cameras are digital, and activated during the periods when the collision risk is at the greatest (Lind, in 

preparation). When the speed limit is exceeded, a picture is taken of the vehicle, driver, and license plate. 

The photo is supplemented with information on time, place and vehicle velocity. This is then sent 

automatically via the telecommunications network to the police at a centre in Northern Sweden, for analysis 

of the information and subsequently fining the driver. In every safety camera there is a system that uses 
radar to measure the speed of the vehicle. 

 

Generally, speed enforcement equipment can be used in the ‘stand alone’ mode (unattended) or the 

‘manned mode’ (with police officers present). The stand-alone mode of operation at a fixed location is 

normally mounted in an enclosure on a pole. Mobile tripod mounted systems are used in the manned mode 

and can be deployed quickly at a site where enforcement is required. Secondary checks are employed to the 

system to confirm the accuracy of the speed measurement. For example, normal systems take two 

Figure 6-3. Examples of speed camera installation in Germany (Left: Matena, 2007; Right: 
Institute des Strassenverkehrs Koeln) 
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photographs of an offence, separated by 0.5 seconds. With road markings of a known fixed distance apart 

appearing in the photographs, it is possible to calculate the speed of the offending vehicle by 

photogrammetry. 

 
In France, the automatic speed enforcement program started in 2003 (Observatoire National Interministériel 

de Sécurité Routière, 2006). Since January 2006, 1,000 fixed and 500 mobile speed cameras have been 

implemented nationwide. The cameras are directly linked to a central processing office where photographs of 

the license plate are used to identify the vehicle owner who is liable for the violation. The law was adapted to 

enable this form of automatic detection of offenders. A fine is sent automatically to the vehicle owner who 

must pay it within 45 days. Only after paying this fine it is possible to designate another driver as the 

offender. This new practice has reduced the appeal rate to below 1%. The location of fixed and mobile 

cameras is decided by the police forces on the basis of traffic and collision information. Wide publicity 

campaigns have taken place on the deployment and location of speed cameras and on the safety effects of 

speed reduction. Photo enforcement sites have speed limits displayed on cameras. 

 

 

6.3.2 Installation and operation costs 

Enforcement systems require annual calibration and servicing in addition to the costs of changing and 

collecting videos. According to Barker and Baguley (2003), the annual cost of running a fixed camera site 

may be as much as 50% of the initial installation cost. The UK Vehicle (Crime) Act 2001 intends to offset the 

operating costs by the revenues from fines as it permits to make payments to local authorities and for the 

police to cover safety camera activity. Reported benefit-cost ratios are 2.6:1 in Holland, 26.7:1in Norway, and 

47:1 in Australia. 

 

 

6.3.3 Safety effect of speed cameras: 

According to a comprehensive synthesis by Rodier et al. (2008), in general, the evaluation of the effect of 

speed cameras is approximately a 2% to 15% reduction in speed and a 9% to 50% reduction in collisions 

(see Table 6-1 synthesizing studies from different countries). Barker and Baguley (2003) also show that 

collision benefits in the ‘fatal’ and ‘serious injury’ category are greater than those in the slight category. 
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Table 6-1. Safety and speed effects of speed cameras (Rodier et al., 2008) 

Location Roadway Camera 
Method of 
Analysis 

Results 

Scottsdale, AZ, US Highway Fixed 

Before & after with 
comparison group 
Bayesian Analysis (6 
sites) 

15 km/h decline in mean speed; 
all collisions except rear-end 
decline 

France 
Streets & 
Highways 

Mobile & 
Fixed 

Before & after (3 years) 
5 km/h decline in mean speed; 
30% decline in fatal collisions 

Netherlands Streets Mobile 
Before & after with 
control (28 sites) 

3.5 km/h decline in mean speed; 
21% decline in collisions & 
casualties 

Cambridgeshire, UK Streets Fixed 

Before & after control 
trend, Seasonality and 
regression to the mean 
effects (49 sites & 12 
year data set) 

45.7 % decline in injury 
collisions 

West London, UK Highways Fixed 
Before & After (36 
months) with controls (10 
sites) 

8.9% decline in collisions; 
12.1% decline in fatal & serious 
collisions; 55.7% decline in fatal 
collisions 

Washington DC, US Streets Mobile 
Before (1year) & after (6 
months) with control ( 7 
sites) 

14% decline in mean speed; 
82% decline in speeding 
vehicles 

South Wales, UK 
Highways & 
Streets 

Mobile 
Before (38 months) & 
after (17 months) with 
control (101 sites) 

51% decline in injury collisions 

San Jose, CA, US Streets Mobile Before & after 
15% decline in proportion of 
speeding 16 km/h over limit 

British Columbia, CA 
Highways & 
Streets 

Mobile 
Before & after time series 
cross sectional, 
interrupted time series 

25% decline in speed related 
collisions; 17% decline in 
collision fatalities (day time) 

New Zealand Not noted 
Hidden 
Fixed 

Before & after with 
interrupted time series 
design with control 

0.7 km/h decline in speed; 11% 
decline in collision rate, 19% 
decline in casualty rate 

Paradise Valley, AZ, US Streets Mobile Before & after 40% reduction in collisions 

National City, CA, US Streets Mobile Before & after (6years) 
10% decline in traffic speeds, 
51% decline in collisions 

Beaverton & Portland, OR, US Streets Mobile 
Before & after with 
control 

2% decline in mean speed, 30% 
decline in speeding vehicles 

Norway Streets Fixed 

Before & after controlling 
for general trends & 
regression to the mean 
(64 sites) 

20% decline in injury collisions 

Victoria, Australia Not noted Mobile Before & after 

Reduced percentage points of 
speeding vehicles from 23% to 
29%, 22% decline in total 
collisions, 38% decline in injury 
collisions 

New South Wales, Australia 
Streets & 
Highways 

Mobile Before & after 22% decline in serious collisions 

Germany High Fixed Before & after 12.4 km/h reduction in speed 
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6.3.4  Other effects of speed cameras 

• According to the Barker and Baguley (2003), in the UK, there is a general consensus that the cameras 
are effective in deterring drivers from speeding: the mean and 85th percentile speeds are reduced at the 

site itself, though often by small amounts (e.g. 4.8 km/h in mean and 7.2 km/h in 85th percentile).  
According to the synthesis of research by TTI (Willis, 2006), properly deployed speed cameras reduce 

speeding. A 2004 evaluation of the UK’s extensive network of mobile and fixed-site speed cameras 

concluded that, based on more than 11,600 speed surveys over the three year period from April 2000 to 
March 2003, “There has been a significant reduction in speeds at camera sites” (Gains et al., 2003). 

More specifically, this study found that the number of vehicles exceeding the speed limit dropped 71% at 

fixed- camera sites and 24% at mobile-camera sites; also that speeding at 24 km/h or more above the 

limit fell 80% at fixed sites and 28% at mobile sites; and that speed reduction was particularly notable in 

urban areas with lower speed limits (46 to 64 km/h) as compared to rural sites with speed limits above 64 
km/h. An April, 2006 review by the Cochrane Collaboration (Wilson et al., 2006) of published research 

found that all but one of the studies reviewed showed reductions in speed after the deployment of speed 

cameras, with reductions ranging from 5% to 70%. The proportion of vehicles traveling at the speed of 

more than 15 km/h over the speed limit fell 50 to 65%.  

• According to Willis (2006) similar evidence of the effectiveness of cameras in reducing speeding can be 
seen in data from the Washington, D.C. speed camera program. Speeding violations dropped pretty 

steadily from 25.5% of vehicles monitored in the first month of the program (August, 2001) to 2.2% in 

March, 2006. 

• According to Barker and Baguley (2003), in the UK, the lengths of road over which the cameras are 
effective can be quite small (as little as a few hundred metres), however, speeds may be reduced in both 

directions while enforcing in only one direction. Speeds are reduced at sites that are not actively 

enforcing (i.e. no camera present in housing). There are also indications of the signing of speed cameras 

(without even the housings installed) having a speed reducing effect for many drivers.   

• Under high flow conditions such as daytime roadway contra-flows, cameras can be very effective (up to 

16 km/h reduction in mean speed). 

• There appears to be little change in collisions or speeds on roads adjacent to the sites. 

• Individual cameras have been shown to have rather localized effects, and considerable numbers of 
camera installations may be required for effective speed control within an area. 

• Data from Sweden indicates that 700 new cameras installed during 2006 on 103 stretches covering 1900 

km and another 169 cameras planned to be installed during 2008 covering 500 km will decrease the 

emission of carbon dioxide by 11,000 tonnes annually. 

 

 

6.3.5 Public perception 

According to the Parliamentary Advisory Council for Transport Safety (2003) research briefing, opinion polls 

in the UK generally indicate widespread public support for speed cameras, although some polls do not. A 

recent ‘poll of polls’ by Transport 2000, based on six separate surveys, shows that support for the use of 

speed cameras averages 74%. Similarly, during trials of speed cameras, a UK Department for Transport 

survey found that over 80% of people living in pilot areas agreed that “cameras are meant to encourage 
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drivers to keep speed of their vehicles below the speed limit, not to punish them”. Rodier et al. (2008), 

reviewed several national and regional public opinion surveys since the early 1990s. In general, the results of 

these surveys indicate that a majority of respondents in the US support automated enforcement. However, 

the margins of support vary widely, from a low of 51% in Washington, D.C. to a high of 77% in Scottsdale, 

Arizona. In a national survey sponsored by NHTSA in 2002, 68% of the respondents indicated that the use of 

automated speed enforcement systems was a good tool aimed at photographing drivers “going 32 km/h or 

more over the posted speed limit”. Additionally, the poll found 78% agreed it was a good deterrent for school 

zone speeding. 

 

Similar levels of public support are demonstrated in other European countries. For instance, results of 

opinion polls in Sweden also show a high support for speed camera programs: 60% of males and 80% of 

females are in favour of cameras as they think this measure is effective in improving safety. 

 

The position of elected officials towards automated speed enforcement programs in North America has been 

inconsistent. Rodier et al. (2008) show that in some cases they are strong advocates for these programs by 

sponsoring enabling legislation or amendments to continue or strengthen the original legislation. While in 

other instances, elected officials have either shut programs down or preemptively prevented the technology 

from being used.  

 

 

6.3.6 Costs and use of revenue  

Newstead and Cameron (2003) estimated that the benefit-cost ratio estimated for the speed camera program 

in Queensland, Australia was 47:1. Camera costs vary from $40,000 to $80,000, depending on location. 

However, the use of revenue from speed cameras is a sensitive issue that can largely affect the public 

opinion. As a Department for Transport briefing on safety cameras explains, safety camera partnerships are 

not there to raise money and neither the police nor the local authority receive any money from the operation 
of safety cameras (Parliamentary Advisory Council for Transport Safety, 2003). Strict Treasury rules mean 

that any money from fines that is returned to the safety camera partnerships can only be spent on the 

operational costs of their camera network, such as buying new cameras where the need can be identified. All 

remaining money goes to the Treasury; it does not stay with the Partnership. 

 

According to the review by Rodier et al. (2008), few existing programs in the US actually generate revenue 

(Washington D.C. and Scottsdale) and many are either revenue-neutral or require a subsidy. This study also 

concluded that the level of revenue strongly depends on the presence of the enabling legislation for direct 

legal service of photo-radar speed citations through the mail. If jurisdictions can only issue a “notice of speed 

violation” to the registered vehicle owner without any aforementioned enabling legislation in place, such that 

notices can be ignored, and the administrative cost to follow up with alleged violators are significantly 

increased. 
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6.3.7 Canadian –specific considerations 

This countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety 
Vision 2010; speed and intersection-related collisions, those involving commercial vehicles, vulnerable road 

users (pedestrians, cyclists, and motorcyclists), and rural road collisions. 
 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 

It appears that current legislation in Canada permits 
evidence from type-approved automatic devices to 
be used as the sole evidence that an offence had 
been committed (similar to red-light cameras), 
however, closer review will be necessary. There may 
be a need to the new Act (or amendments) 
regulating offsetting the operating costs by the 
revenues from fines.  

Compatibility to current design and construction standards, 
guidelines and manuals  

high  

Sufficiency of existing road safety knowledge in Canada high 
Safety effect appears to be obvious, corroborated by 
data from many studies, including UK, Norway, 
Australia, France and Germany.  

Suitability to Canadian geography and climate high  

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioral patterns. 

high 
Washington data corroborate data on effectiveness 
from oversees. 

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

medium 
Significant spending on marketing/promotion will be 
necessary. 

Anticipated acceptance by decision makers  low 

Considerable efforts will be needed to reach a buy-in 
by decision makers. New ready-to-use program 
designs developed in the US hold significant 
potential to improve stakeholder support, reduce the 
operating costs of the program, and enhance the 
safety benefits. Positive effect on reduction of 
greenhouse gas emissions could be a potentially 
strong support behind the introduction of speed 
cameras. However, the government of British 
Columbia banned speed cameras quite a few years 
ago. Ontario also had a similar experience. 

Anticipated public acceptance 
Low to 
medium 

There is a negative experience in terms of public 
acceptance of previous applications of photo radars 
in some provinces (e.g., Ontario and British 
Columbia). Program is supported by the majority of 
public in Europe, US and Australia. Considerable 
marketing and educational efforts using mass-media 
will be needed.  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number of 
road users killed or seriously injured in speed and 
intersection-related collisions, collisions involving 
commercial carriers, and rural road collisions. Also it 
decreases the number of vulnerable road users 
(pedestrians, motorcyclists and cyclists) killed or 
seriously injured in collisions. 
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6.3.8 Recommendations for implementation in Canada 

Research and evaluation followed by conducting pilot studies on selected locations in different provinces and 
territories in Canada is recommended for this countermeasure. Legislation under HTA and Municipal By-laws 

may require changes to allow the use of automatic speed cameras. 

  

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

6.4  Vehicle-Activated Warning Signs  

6.4.1 Description 

Vehicle-activated (or ‘secret’) signs are roadside signs which only target selected drivers. Sensors measure 

the speed of approaching vehicles and if this speed is in excess of a pre-set trigger speed, the ‘secret’ sign 

lights up displaying a message. Hence, only drivers traveling at a speed that is regarded as unsuitable for 

the conditions on that particular stretch of road activate the sign. The main objective of vehicle-activated 

warning signs is to alert the targeted drivers to the hazard such that they reduce their speed. The signs have 

the advantage of being blank (i.e. black) when not activated, limiting their visual intrusion, which is 

particularly relevant in rural areas. A variety of methods are used to: 

 

• Power the signs and detectors (e.g. main supply, battery, solar panel, wind generator);  

• Determine appropriate threshold speed (e.g. limit, 85th percentile speed, weather/road surface sensor); 

• Display timing of message; and 

• Determine distances between speed measurement position, sign and hazard location. 

 

Signs using similar technology have also occasionally been used to warn tall vehicles that they are too high 

to pass under a bridge ahead and warn vehicles of a queue ahead. Some examples of vehicle-activated 

warning sign installation in Norfolk, UK are shown in Figure 6-4 and Figure 6-5. 
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6.4.2 Safety and speed effects 

According to the UK Road Safety Good Practice Guide (Barker and Baguley, 2003), research has shown that 

these signs are effective in reducing both speeds and collisions (Barker, 1997; Farmer et al, 1998; Webster, 

1995; Winnett et al, 1999). Generally, mean speed reductions of about 5-10 km/h can be expected following 

the installation of a vehicle activated sign on the approaches to bends, junctions, or a speed limit change. A 

full-scale study of the effectiveness of the vehicle activated signs examined installations that were located 
mainly on rural single carriageways in Norfolk, Kent, UK (Winnett and Wheeler, 1999). The conclusions of 

the study include: (1) drivers can be influenced to reduce speed when they are individually targeted, 

compared to fixed sign posts; (2) vehicle-activated signs appear to be very effective in reducing speeds; (3) 

secret signs operate in thresholds well below police enforcement levels; (4) drivers are not expected to gain 

a comfortable familiarity with secret signs, as such, the behavioural are unlikely to dissipate over time; (5) 

Operating costs are low; (6) In this study, a substantial collision reduction has been demonstrated.  

Specifically, there has been a statistically significant one-third reduction in collisions across all the Norfolk 

sites combined compared to the number of collisions that would have been expected without the signs. 

 

Trials of this countermeasure are currently underway in the state of Victoria, Australia. The results of 

preliminary evaluation of five sites show effective speed reduction. A study conducted by International Road 

Dynamics Inc (IRD) in the State of Indiana, Washington DC area, and Saskatchewan show that this type of 

activation system has the potential to lower safety concerns specifically in case of truck rollover, work zone 

and vehicle-animal collisions. 

Figure 6-4. Vehicle activated signs encouraging too fast driving motorists to 
slow down at the approach to the intersection in Norfolk, UK 
(Barker and Baguley, 2003) 

Figure 6-5. Vehicle Activated signs encouraging too fast driving motorists to 
slow down at the approach to the horizontal curve in Norfolk, UK 
(Barker and Baguley, 2003) 
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6.4.3 Costs 

Each sign costs $25,300 in 1996, converted from UK currency rates.   
 

 

6.4.4 Canadian –specific considerations 

This countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, also those involving commercial vehicles, vulnerable 

road users (pedestrians, cyclists, and motorcyclists), and rural road collisions. There is a concern regarding 

the implementation of this countermeasure in Canada during wintertime as there will be an additional 

maintenance costs due to the effect of snow and low temperature. As it has been mentioned above, in the 

Province of Saskatchewan, there have been some reported potential safety improvements specifically in 

case of vehicle-animal collisions following the implementation of this countermeasure. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  medium 
Verification is needed to decide whether current 
legislation allows to install vehicle activated signs. 

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 
Current MUTCD does not provide for vehicle 
activated signs.  

Sufficiency of existing road safety knowledge in Canada medium 

Data from UK show positive safety and speed 
effects, however, close monitoring of first 
installations and additional research will be 
needed. In the Province of Saskatchewan, there 
have been some reported potential safety 
improvements specifically in case of vehicle-
animal collisions following the implementation of 
this countermeasure. 

Suitability to Canadian geography and climate high 
There may be additional maintenance costs due 
to the effect of snow and low temperatures. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high 

There may be an option to develop special signs 
targeting large trucks before horizontal curves 
including ramps if the curve/ramp has a potential 
to cause truck skidding or rollover 

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  
Low to 
medium 

The countermeasure is expensive, but can be 
attractive as demonstration projects at carefully 
selected locations.   

Anticipated public acceptance high 

Vehicle-activated signs decrease driver 
informational workload and visual intrusion, which 
is particularly relevant in rural areas. UK data 
shows public support for the signs. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

Medium to 
high 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions. It may also decrease the number of 
young drivers/riders (those aged 16 to 19 years) 
killed or seriously injured in collisions. 
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6.4.5 Recommendations for implementation in Canada 

Legislation under MUTCD may be required to be changed to allow the use of vehicle activated signs in some 
provinces. Research and evaluation followed by conducting pilot studies on selected locations in different 

provinces and territories is recommended for this countermeasure. It is also recommended to develop 

special signs targeting large trucks before arriving at horizontal curves including ramps if the curve/ramp has 

a potential to cause truck skidding or rollover. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

 Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 

 

 

6.5 Dynamic Re-routing with Automatic Traffic Jam Warning 

6.5.1 Description 

Increased congestion on the German freeway network presents a serious mobility issue. Traffic jams often 

extend dozens of kilometres, cause long delays and force drivers to use alternative routes. According to the 
Federal Highway Institute of Germany (BAST) guidelines (BAST, 2004), research in Germany has shown 

that drivers (even local residents) are unsatisfied with the jam warning systems which do not suggest 

alternative routes. Research has shown that a large proportion of drivers select alternative routes when they 

receive information about traffic jam ahead, even if they are not provided with a route guidance. Obviously, 

choosing an alternative route by the drivers require knowledge of the freeway network and may not always 

be optimal as alternative routes can be also congested. In addition, driving on alternative, unfamiliar routes 

without proper guidance can cause navigation problems and may unnecessarily add an “idle mileage” for the 

stranded motorists. In addition to hindering mobility, navigation problems can have negative safety effects as 

the added idle mileage increases the exposure to road safety risk. 

 

In order to address the optimal route selection and guide drivers on the alternative routes, the Federal 

Highway Research Institute of Germany (BAST) has been leading an effort to develop and deploy a Dynamic 

Re-Routing system which incorporates automatic warning of traffic jams. 

 

Currently, there are two principle alternatives of dynamic rerouting systems in place on the German freeway 

network: with a rerouting guide arrow and without it (Figure 6-6 and Figure 6-7). Both alternatives utilize a 

symbol “Traffic Jam Ahead”, specially developed to improve drivers’ perception, and incorporate a stationary 

warning sign provided by the German Rules of the Roads (Figure 6-8) 
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According to BAST guidelines (BAST, 2004), both layouts are effective. Further, rerouting should only apply 

if the capacities of alternative routes are sufficient, which need to be determined by a system of detectors. 

Figure 6-9 – Figure 6-12 demonstrate several applications of the two principal layouts.  

Figure 6-6. Principal layout of the free-programmable dynamic 
re-routing message sign without a re-routing guide 
arrow (BAST, 2004) 

Figure 6-7. Principal layout of the free-programmable dynamic 
re-routing message sign with a re-routing guide 
arrow (BAST, 2004) 

Figure 6-8. Traffic jam ahead sign as provided by the 
German Rules of the Road 
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Figure 6-9. Re-routing via freeway numbers (without re-routing guide arrow). (BAST, 2004) 

 
Figure 6-10. Re-routing via Interchanges (without re-routing guide arrow). (BAST, 2004) 

 
Figure 6-11. Re-routing via major city names (without re-routing guide arrow). (BAST, 2004) 

 

 

 

 

 

 

 

 

 

 

 

 

Principal layout of the application of the dynamic rerouting system at a four-lane freeway is shown in Figure 

6-13. 

Figure 6-12. Re-routing via guide arrow. Blue circle on the map shows the location of the 
variable message sign (westbound approach), red lines indicate the jammed 
freeway section (BAST, 2004) 
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Figure 6-13. Principal layout of the application of the dynamic rerouting system at a four-lane 

freeway. Re-routing path is highlighted in red (BAST, 2004) 

According to BAST guidelines (BAST, 2004), the variable message signs incorporating rerouting arrows give 

several benefits compared to the signs without the rerouting arrow. Specifically, studies shows that signs 
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with the rerouting arrows encourage more drivers to follow the recommended route. In addition, rerouting 

arrows facilitate driver navigation through the alternative route. 

 

 

6.5.2 Canadian –specific considerations 

Legislation is not required to be changed to accept the use of this countermeasure. The current MUTCD 

does not include “Traffic Jam Ahead” signs and rerouting arrow sign. Incorporation of such signs in the 

MUTCD will be beneficial. However, the system can operate without them as well. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high 
Variable message signs are not in conflict with 
current legislation. 

Compatibility to current design and construction standards, 
guidelines and manuals  

high 

Current MUTCD does not include “Traffic Jam 
Ahead” signs and rerouting arrow signs. 
Incorporation of such signs in the MUTCD will be 
beneficial, however, the system can operate 
without them as well. 

Sufficiency of existing road safety knowledge in Canada medium 
There are no quantifiable safety benefits, and the 
safety effect is unknown However, the first 
installations should be closely monitored. 

Suitability to Canadian geography and climate high  
Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving / behavioural patterns. 

high  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  Medium  

The measure will contribute to the mobility, safety 
and reduction of green house gas emissions.  The 
system is costly, but it can be incorporated in the 
existing driver information system through existing 
variable message sign systems deployed in the 
freeway system which could somewhat reduce 
the costs.  

Anticipated public acceptance high 
The measure will contribute to the mobility, safety 
and reduction of green house gas emissions. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

NA  

 

 

6.5.3 Recommendations for implementation in Canada 

Research and evaluation followed by conducting pilot studies on selected locations in different provinces and 

territories is recommended for this countermeasure. Also it is recommended that the first installations be 

closely monitored. 

 

 

 
Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 
x Research, evaluation  and adaptation/modification to Canadian conditions as needed 
 Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 
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6.6 2+1 Roadway Designs with Cable Barriers Separating Opposite Traffic 
Flows 

6.6.1 Description 

A 2+1 road design with high-tension cable barriers separating opposite traffic flows has a continuous three-
lane cross section with alternating passing lanes. Sweden is currently the only country widely implementing 

this countermeasure. Swedish safety and operational experience with 2+1 roads shows that they can be an 

attractive alternative to two- or four-lane roads in some cases. Australia is currently testing the use of barriers 

to divide opposing traffic flows on two-lane roads as a mixed 1+1 and 2+1 scheme.  

 

 

6.6.2 Specific design of 2+1 roadways in Sweden 

A typical cross section for existing 2+1 roadways with cable barriers in Sweden is shown in Figure 6-14. 
According to the NCHRP Research Result Digest (RRD) 275 (Potts and Harwood, 2003), the 0.75-m hard 

outer shoulders facilitate very low-volume pedestrian and bicycle traffic. A strip of 1.0 m with full bearing 

capacity without overlay can be added in the one lane direction of travel to accommodate emergency 

vehicles. In some cases, existing 13 m roadways have been widened to accommodate a wider 2+1 cross 

section. The revised Swedish guidelines state that, for rehabilitation projects, the total roadway width may 

remain at 13 m or may be widened to 14 m; for newly constructed 2+1 roadways, a total roadway width of 14 

m is recommended. Figure 6-15 illustrates the cross sections recommended in Sweden’s recently revised 

guidelines for conventional 2+1 roadways with a total roadway width of 13 m. Figure 6-16 illustrates the cross 

sections recommended for conventional 2+1 roadways with a total roadway width of 14 m.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-14. An example of the 2+1 design and a typical cross section for existing 2+1 roadways 
with cable barriers in Sweden (Potts and Harwood, 2003) 
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Many of the 2+1 roadways in Sweden accommodate at-grade intersections. Typically, at-grade intersections 

are located in the transition area between alternating passing lanes. Figure 6-16 presents examples of three-

legged and four-legged intersection on 2+1 roadways in Sweden. Also Figure 6-18 shows typical signing and 

pavement markings for a lane drop section. 

 

Figure 6-15. Recommended cross section for new 13 m wide 2+1 roadways in Sweden. (Potts 
and Harwood, 2003) 

Figure 6-16. Recommended cross section for new 14 m wide 2+1 roadways in Sweden 
(Potts and Harwood, 2003) 
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Figure 6-18. Signing and pavement markings for a lane drop section in Sweden (Preliminary 
Design Rules for 2+1 roads, National Swedish Road Administration, 2003) 

 

Some additional specifications of the geometric design of 2+1 roadways in Sweden are as follows: 

 

• Transition zones from two lanes to one lane (“critical” transitions) are 300 m long. Transition zones from 
one lane to two lanes (“non-critical” transitions) are 100 m long. 

• Passing lanes are provided at intervals of 1.0–2.0 km. The length depends on alignment, locations of 

intersections, etc. Two-lane cross sections can be provided at long bridges and on sections with frequent 

access roads, with frequent pedestrians and bicyclists, or where separation is not feasible. 

• Permanent emergency openings in the cable barrier are established every 3 to 5 km (2 to 3 mi) to allow 
emergency vehicles to make U-turns.  

Figure 6-17. Examples of intersection layouts on 2+1 roads in Sweden (Potts and Harwood, 
2003) 
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• Sweden currently uses a CEN N2 barrier, which is a three- or four-cable barrier, between the travel lanes 
in opposing directions. The median cable barrier used on 2+1 roadways in Sweden complies with 

Swedish N2 regulation that states that a passenger car striking the barrier at a 20-degree angle at 100 

km/h should cause a deflection in the barrier between 1 m and 2 m. 

• Quick locks make it possible to open the cable barrier in each transition and at fixed intervals along the 

roadway to accommodate maintenance and emergency vehicles. Where quick locks are not present, the 

cables can be taken down manually.  

• Access points are limited and separate pedestrian and bicycle facilities are provided whenever possible. 
 

 

6.6.3 Safety and operations of 2+1 roadways in Sweden 

According to the latest data by Carlsson (2007), the 2+1 schemes with median cable barriers reduces fatal 

and serious injury rates (FSI) by 40% to 74% depending on the road type to which 2+1 schemes were 
applied (see Table 6-2 below). “Painted” 2+1 schemes which started to be used in Sweden in the last few 

years were also successful and demonstrated a 36% reduction in FSI rates.  

 

Carlsson (2007) also cites positive operational benefits of 2+1 designs. For instance, speeds increased on 

undivided rural two-way, two-lane roads with 110 km/h speed limits by 3 km/h for private cars and 1 km/h for 

trucks.  

 

Table 6-2. Fatal and Serious Injury rates (FSI), totally and on links for 2+1 roadways (Carlsson, 2007) 

Road Type reconstruction to 2+1  
Motor 
veh-km 
(mln) 

FSI-rate  
totally 

FSI-rate 
link  

Reduction  
FSI link (%) 

MML110 Non-divided Highway, 110 km/h speed limit 4 785 0,0219 0,0209 56 

MML 90 Non-divided Highway, 90 km/h speed limit 2 885 0,0177 0,0146 66 

MLV 110 Undivided rural two-way, two-lane roads, 110 

km/h speed limit 

1 461 0,0308 0,0267 40 

MLV 90 Undivided rural two-way, two-lane roads, 90 

km/h speed limit 

4 107 0,0178 0,0105 74 

MLV 90 reconstructed to 2+1 painted  684 0,0249 0,0175 36 

 

Physically separated 2+1 roadways are especially successful in reducing head-on collisions (96% reduction 

on rural highways with a posted speed limit of 110 km/h). There is also a reduction of single vehicle collisions 

(17% reduction on rural highways with a posted speed limit of 110 km/h), while rear end collisions are 

increasing. Reconstruction of other road types gives a very similar reduction. 

 

One of the initial concerns with the implementation of cable barrier 2+1 designs was a question whether 

deflection of cable barriers upon impact could “trap” the impacting vehicle with the front of the vehicle 

projecting into the opposing travel lane. This possibility is minimized by the use of high-tension barriers, 

which are designed to localize deflection within the standard 1.25-m median separation between the two 

lanes of opposing traffic, where colliding vehicles are redirected back into their travel lane.  
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6.6.4 Costs 

The cost of reconstruction of undivided rural two-way, two-lane roads are on average 420 $CAD/m for 
undivided rural two-way, two-lane roads, and 252 $CAD/m for non-divided highways. Based on 2007 data a 

Net Present Value Cost Ratio (NPVCR) for undivided rural two-way, two-lane roads is approximately 3 and 

for non-divided highways is approximately 5. It is generally accepted that if the NPVCR is larger than 1 the 

cost is returned, therefore, reconstruction of both undivided rural two-way, two-lane roads and non-divided 
highways is considered in Sweden as cost-effective (Carlsson, 2007). 

 

 

6.6.5 Acceptance by drivers and policy makers 

Though initially difficult to promote in the political planning process, the Swedish National Road 

Administration (SNRA) has found the 2+1 concept to be a political success. A complete reversal in the 

opinions of the public, media, and politicians has occurred since the first 2+1 roadway opened. It should be 

noted, however, that use of cable barriers has received much opposition from motorcycle riders.  

 

 

6.6.6 Canadian –specific considerations 

This countermeasure is anticipated to address three types of targeted collisions of Canada’s Road Safety 

Vision 2010; speed and intersection-related collisions, rural road collisions, and those involving commercial 

vehicles. Aside from possible legislation issues, there are some other concerns regarding the implementation 

of this countermeasure in Canada. During wintertime in Canada presence of cable barriers in not a straight 

form may impede snow removal operations but this issue seems to be negligible. Additionally, as it has been 

mentioned in section 5.5 (2+1 Roadway without cable barriers), significant expansion may be required to 

accommodate sufficient shoulders, rather than a retrofit of an existing condition. 
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Criterion Evaluation Comments 

Compatibility to current legislation in Canada  high  

Compatibility to current design and construction standards, 
guidelines and manuals  

medium 
Check for compatibility to the provincial roadside 
design manuals and updates will be needed. 

Sufficiency of existing road safety knowledge in Canada medium 
Safety effect seems to be obvious. Close 
monitoring of the first installations will be required. 

Suitability to Canadian geography and climate high 

The only concern may relate to snow plowing 
operations, however, there seem to be no 
additional difficulties compared with other barrier 
types. Note that 2+1 designs were successful in 
northern countries. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

high 

According to Ross et al. (1993) TL-3 high tension 
cable median barriers will be capable of  
redirecting a 2000 kg pickup truck with deflections 
less than 1.2 m. 

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

high  

Anticipated acceptance by decision makers  high 

It will bring significant improvements in safety and 
mobility for different types of two-lane rural roads. 
The costs will be significantly lower compared to 
4-lane widening/separation projects. 

Anticipated public acceptance high 

The measure will increase both safety and 
mobility. Using median cable barriers may not be 
suitable for low volume two-lane roads with a 
significant proportion of motorcyclists. 

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

medium 

This measure is anticipated to reduce the number 
of road users killed or seriously injured in speed 
and intersection-related collisions, collisions 
involving commercial carriers, and rural road 
collisions.  

 

 

6.6.7 Recommendations for implementation in Canada 

In order to ensure public understanding, it is recommended to educate drivers on the importance of lane 

discipline at critical transitions. Research and evaluation followed by conducting pilot studies on selected 

locations in different provinces and territories in Canada is recommended for this countermeasure. Also 

Legislation under the MUTCD may be required to be changed to allow use of new signage required for 2+1 

roadways. 

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

x Marketing,  promotion and education to ensure public acceptance and/or understanding 
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6.7 Variable Speed Limits  

6.7.1 Description 

Although not widespread, Variable Speed Limits (VLS) signage have already been implemented in some 

parts of Canada, allowing road authorities to dynamically change the speed limit based upon real-time traffic 

speed and flow data. VLS uses digital message boards to display speed limits to drivers. When sudden 

disturbances in traffic flow are detected by a configuration of loop detectors, speed limits are altered to 

appropriately reflect present traffic conditions. Downstream reductions in speed are forecast in advance to 

drivers by a set of flashing warning lights indicating roadway conditions ahead require drivers to lower their 

speed. 

 

In European countries, the variable speed limit message sign consists of a red circle with a white number 

inside, which is consistent with the standard European speed limit sign. These signs are typically lit using 

LED technology. Application of this countermeasure in the UK is shown in Figure 6-19 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.7.2 Collision reduction 

According to the FHWA scanning tour (Brewer et al., 2001), the variable speed limit system combined with a 

queue and incident detection system has substantial safety benefits. Latest study by Abdel-Aty et al. (2008) 

investigated different variable speed strategies and, based on surrogate safety measurements, found that 

the implementation of variable speed limits can successfully reduce the rear-end and lane-change collision 

risks at low-volume traffic conditions (60% and 80% loading conditions). No variable speed limit treatment 

was found to successfully reduce rear-end and lane-change collision risks in the congested traffic condition 

(90% loading). The authors account for the latter result by suggesting vehicle velocity, congested situations, 

is subject to the surrounding traffic conditions and not to the posted speed limit. Also, the study showed that 

the effects of collision migration are more prevalent in the congested situation than in the low volume 

conditions. 

Figure 6-19. Variable speed limit signage in UK 
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6.7.3 Speed effects at intersections 

Six intersections where the variable speed limit signs were installed were studied in Sweden between 2003 
and 2007. The intersections were three- and four-legged intersections with relatively heavy traffic on the 

primary road (8,000–12,000 AADT), and with traffic on the side of 4% to 52% of the traffic flow on the 

primary road. The speed limit in the before situation was either 70 km/h or 90 km/h (one case: 50 km/h). It 

was reduced by 20 km/h in most cases when there was a vehicle detected on the side road (10 km/h where 

the speed limit on the major road was 50 km/h). In those two cases where the speed limit was 70 km/h in the 

before situation, the speed limit was raised to 90 km/h when there were no vehicles detected on the side 

road. The preliminary evaluation of the system application showed that the average speed, with a single odd 

exception, decreased by 5 to15 km/h when variable speed limit signage is used to lower the speed limit at 

intersections, and by 3 to 6 km/h when the speed limit remained unchanged from the former situation 
(Vägverket, 2007). 

 

 

6.7.4 Costs 

One example of a variable speed limit system, according to FHWA (1989), on a 64-kilometre stretch of 

highway over the Snoqualmie Pass (USA) was installed at a cost of $5 million USD in 1996 prices. However 

there were some low-cost part-time signs (as illustrated in Figure 6-20) with an average cost of $7,600 for 

each sign, and cost variation, being highly dependent on electricity availability and kilowatt rates. 
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Figure 6-20. Low-cost part-time 20 kilometres per hour variable speed limit signage in 
Aberdeenshire, Scotland (Northern Ireland Assembly, 2008) 

 

 

6.7.5 Judicial enforcement of variable speed limits 

A comprehensive study by Hines and McDaniel (2002) examined the legal issues that may arise from 

implementation and enforcement of variable speed limits. This examination has shown that, as to creation 

and enforcement of proposed variable speed limits, the legal issues that will arise should be no different from 

the legal issues that have been considered by courts in adjudicating alleged violations of prima facie speed 

limits and other fixed maximum speed limits. 
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6.7.6 Canadian –specific considerations 

This countermeasure is anticipated to address four types of targeted collisions of Canada’s Road Safety 
Vision 2010; speed and intersection-related collisions, also those involving commercial vehicles, young 

drivers/riders, and rural road collisions. 

 

Criterion Evaluation Comments 

Compatibility to current legislation in Canada  High 

According to the comprehensive review of legal 
implications of variable speed limits, legal issues 
that will arise should be no different from the legal 
issues that have been considered by courts in 
adjudicating alleged violations of prima facie speed 
limits and other fixed maximum speed limits.  

Compatibility to current design and construction standards, 
guidelines and manuals  

High 
Variable speed limits are currently not provided for 
by MUTCDs. 

Sufficiency of existing road safety knowledge in Canada Medium 

There are no quantifiable safety benefits, and the 
safety effect is unknown. Existing study in the US is 
based on surrogate measures only. Monitoring and 
evaluation of first installations will be required. 

Suitability to Canadian geography and climate High 
Although not widely used in Canada, this type of 
measures has already been implemented in some 
parts of Canada. 

Suitability to Canadian-specific vehicle fleet, traffic volumes, 
driving /behavioral patterns. 

High  

Confidence that the application of the countermeasure will not 
incur an increase in cost/affordability due to the differences 
between Canada and OECD countries 

High  

Anticipated acceptance by decision makers  
Low to 
medium 

High cost measure. Safety and other effects are not 
quantified – only indicative estimates are currently 
available. 

Anticipated public acceptance High  

Anticipated performance towards achieving targets of Canada 
Road Safety Vision 2010 

medium to 
high 

This measure is anticipated to reduce the number of 
road users killed or seriously injured in speed and 
intersection-related collisions, collisions involving 
commercial carriers, and rural road collisions. Also it 
decreases the number of young drivers/riders killed 
or seriously injured in collisions. 

 

 

6.7.7 Recommendations for implementation in Canada 

Legislation under the HTA and the MUTCD may be required to allow the use of variable speed limit signage. 

Research and evaluation followed by conducting pilot studies on selected locations in different provinces and 

territories in Canada is recommended for this countermeasure.  

 

 Recommendations for implementation in Canada 

 Immediate implementation where justified (incorporation as an alternative in planning, new projects, pavement overlay projects, 
road rehabilitation projects, safety improvement projects, etc) 

x Piloting on selected locations 

x Research, evaluation  and adaptation/modification to Canadian conditions as needed 

x Check for compatibility with current legislation and/or standards 

 Marketing,  promotion and education to ensure public acceptance and/or understanding 
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Title Empfehlungen des Instiutes des Strassenverkehrs Koeln der 
Gesamptverbandes der Deutschen Versicherungswirtshaft (EdISK) 

Author(s) Institute des Strassenverkehrs Koeln (Germany) 
Publisher n/a - software tool 
Paging n/a 
Year undated 
These Recommendations (Empfehlungen) are developed by the Institute for road transport in Koeln, 
Germany as software to be used by road safety practitioners to select the best road safety 
engineering countermeasures. The software provides sets of alternative countermeasures to tackle 
various road safety issues which are broken down into road classification, environment and road 
entity.  

Title Road Safety Good Practice Guide for Highway Authorities (First Edition) 

Author(s) Judith Barker and Chris Baguley 
Publisher Department of Transport: London, UK 
Paging 96 p 
Year 2003 
This is the second publication in the DTLR's good practice advice series on local transport. This 
guide shares good practice, to help achieve the targets set out in DTLR's road safety strategy 
"Tomorrows roads safer for everyone" (DTLR, 2000b). It has been developed primarily as a 
reference for local authority staff with an interest in road safety engineering and associated issues. 
The guide is a living document, which will be updated over time as knowledge and experience 
develop. Consequently other existing and new examples of good practice are being sought. 
Appendix A contains brief descriptions of individual engineering measures and key references on 
proven performance, where available. The appendix also gives one or more example 
schemes(generally) submitted by local authorities, with a brief description of their purpose and 
performance. 
Title Speed Cameras: 10 criticisms and why they are flawed. Parliamentary 

Advisory Council for Transport Safety and the Slower Speeds Initiative 
Research Briefing December 2003 

Author(s)   
Publisher   
Paging   
Year 2003 
Since their introduction, speed cameras have consistently proven to be a remarkably cost effective 
and successful method of reducing casualties on the roads. In recent months, however, there have 
been a number of critical reports in the media branding speed cameras a ‘failure’. This research 
briefing – prepared by the Parliamentary Advisory Council for Transport Safety and the Slower 
Speeds Initiative – reviews 10 of these criticisms of cameras and examines the research evidence 
surrounding them. The results reveal that many of the criticisms are either unfounded or seriously 
flawed and do not accurately represent the majority of research evidence. e.g., one evidence cited is 
a recent ‘poll of polls’ by Transport 2000 – based on six different surveys – shows that support for the 
use of speed cameras averages 74%. Similarly, during trials of speed cameras, a Department for 
Transport survey found that over 80 per cent of people living in pilot areas agreed that ‘cameras are 
meant to encourage drivers to keep to the speed limit, not to punish them. 

Title  Accident reduction resulting from village traffic calming.  
Author(s) Taylor M C and A H Wheeler  
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Publisher European Transport Conference, Cambridge. Proc. Seminar J. Assoc. for 
European Transport. 

Paging   
Year 2000 
Paper discusses a range of measures to reduce speeds of through traffic through the villages (e.g., 
gateway, with or without additional measures in the village). Paper also provides safety evaluations 
of the countermeasures. 

Title Review of traffic calming schemes in 20 mph zones.  
Author(s) Webster D C and A M Mackie 
Publisher TRL Report 215. TRL Limited, Crowthorne. 
Paging   
Year 1996 
The study of before and after accident data in 20mph zones showed that the average annual 
accident frequency fell by about 60%, and child pedestrian and cyclist casualties decreased by about 
70%. Both reductions were shown to be statistically significant.  There was a 6.2% reduction in 
accidents for each 1.61 km/h (1 mi/h) reduction in vehicle speed. At the time of reporting, there were 
over 200 32 km/h (20 mi/h) zones in the United Kingdom of which 82 had been granted permanent 
status. 

Title Pedestrian Safety in Sweden 
Author(s) Lars Ekman and Christer Hyden 
Publisher FHWA Publication NoFHWA-RD-99-091 
Paging 37p 
Year 1999 
This report is a review of recent pedestrian safety research in Sweden (in particular) with some 
attention to similar research in other Scandinavian countries. The report states that even in Sweden, 
where attention has long been paid to pedestrian and bicyclists concerns; even so, still too much 
traffic planning is addressed as if it were a vehicular issue only. If traffic cannot be separated, then 
consideration should be given in some areas to restricting vehicle speeds to 30 km/h. It is argued that 
future planning must better balance the competing needs of motor vehicle traffic,  
pedestrians, and cyclists. 

Title Research, Development, and Implementation of Pedestrian Safety Facilities 
in the United Kingdom 

Author(s) David G. Davies 
Publisher FHWA Publication No FHWA-RD-99-089 
Paging 47p 
Year 1999 
This report was one in a series of pedestrian safety synthesis reports prepared for the FHWA to 
document pedestrian safety in other countries. This is a review of recent research on pedestrian 
safety carried out in the United Kingdom. A comprehensive list of references is provided. The report 
covers many types of pedestrian facilities, the UK pedestrian safety record, as well as some 
education and enforcement matters. The report cites an access document with adequate references 
to allow further investigation of specific areas, and some commentary on research and 
implementation. The past 5 years have seen increased attention given to road safety issues in the 
UK. Developments of particular relevance to pedestrians include greater emphasis on reducing 
vehicle speeds in urban areas through physical, legal, and publicity measures: also development of 
Puffin crossings and new operating strategies such as Microprocessor Optimized Vehicle Actuation 
(MOVA). However, while specific facilities can affect safety at individual sites, improvements in 
overall safety for pedestrians requires a comprehensive road safety strategy that is fully integrated 
with land use and transport policy. 
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Title Dutch Pedestrian Safety Research Review 
Author(s) T. Hummel 
Publisher FHWA Publication No FHWA-RD-99-092 
Paging 37p 
Year 1999 
This report is a review of recent pedestrian safety research in the Netherlands. It addresses several 
topics, reporting findings and providing a comprehensive list of references. Topics addressed include: 
Pedestrian crossings and traffic calming measures: Here research is reviewed on pedestrian 
crossings; along with other research pertaining to infrastructure changes in the form of traffic calming. 
Children and the elderly: One study shows that children are now less likely to walk to school than in 
earlier times because of parental concern for their safety. Measures for increasing safety of elderly 
pedestrians are also presented. Disabled pedestrians: Discussion is included concerning hardware 
and infrastructure that perhaps could be made in order to give better consideration to pedestrians 
with some kind of disability. Passenger car front-end structure: Discussion is presented as to the role 
of the car’s structural properties as it influences injury severity in a collision with a pedestrian. 
Title Pedestrian Safety In Australia 
Author(s) Peter Cairney 
Publisher FHWA Publication No FHWA-RD-99-093 
Paging 40p 
Year 1999 
Australia has been a pioneer of traffic calming in the form of Local Area Traffic Management, 
particularly in residential neighborhoods. Innovations are evident in the traffic signal area. Puffin 
crossings with infrared detectors seem promising. Pelican crossings are likely to find ready 
application, and having them set up for double cycle operations appears to offer benefits. Australia 
was particularly innovative in developing the “safe routes to school” program, which integrates 
education, route selection, and engineering treatments to increase pupil safety. Also in development 
is the “walk with care” program designed for the elderly. 

Title Interactive Fibre Optic Signing at a Rural Crossroad.  
Author(s) Winnett M , E Woodgate, and N Mayhew  
Publisher TRL Report TRL 401 
Paging   
Year 1999 
Study of the effect of vehicle-activated signs 

Title A Trial in Norfolk of interactive speed limit signs. 
Author(s) Farmer S, J Barker, and N Mayhew  
Publisher  Traffic Engineering and Control 39 5. 
Paging   
Year 1998 
Since 1992 Norfolk County Council has trialed the use of interactive fiber optic speed limit signs in a 
number of villages. The County Council has pioneered techniques of signing to elicit desired 
responses from motorists while conserving the rural environment. These techniques include the 
development of interactive speed limit signs, redesigning the road environment to make drivers think 
more and designating a network of ‘Quiet Lanes’ which are signed in such a way as to discourage 
use by motorists.  The first trial of interactive fiber optic signs, in the village of Scole, was to reinforce 
the existing 50 km/h speed limit, and was assessed through observation of speeds before and after 
installation. A year after installation the mean vehicle speed had been reduced by nearly 10 km/h, 
and the 85th percentile speed had been reduced by 13 km/h. Interactive speed limit signs have since 
been trialed in other locations in Norfolk. The sign legend is a 50/60 km/h roundel consisting of a 
pictogram formed by an illuminated red-coloured circle and white numbers on a black background, 
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matched in size as nearly as possible to a 300mm roundel. The device is activated by any vehicle 
that exceeds a pre-set speed threshold, detected by a radar speed discrimination detector which is 
mounted on top of a pole carrying the sign. This threshold is set at 55 km/h for the sites with a 40 
km/h limit and 70 km/h for the sites with a 60 km/h limit. When activated, the fiber optic roundels light 
up from within and two pairs of amber lights are illuminated alternately above and below the sign 
legend. 
Title Overall Impact during 2001-2004 of Victorian Speed-Related Package 
Author(s) Angelo D'Elia, Stuart Newstead, and Max Cameron 
Publisher Monash University Accident Research Center, Report No 267 
Paging 44p 
Year 2007 
Speed related package introduced in Victoria involved the following key components: more covert 
operations of mobile speed cameras, including no flash operations, 50% increase in speed camera 
operations and lowering cameras speed detection threshold. In addition, in 2001-2002, the 50 km 
General Urban Speed Limit GUSL was introduced, there was an increase in speed related 
advertisement and there was a speeding penalty restructure. The package was associated with a 
highly statistically estimated reduction in casualty crashes of 3.8%.  Since the package was 
introduced in a staggered way, the period from July 2004 to December 2004 can be considered as a 
period of the "full" package in place.  This period showed a highly statistically estimated reduction in 
casualty crashes of 10%. 

Title Speed Cameras: An Effectiveness and a Policy Review 
Author(s) David K. Willis 
Publisher Center for Transportation Safety, Texas Transportation Institute 
Paging   
Year 2006 
The objective of this research was to: review what the research literature has to say about the role of 
illegal speed in traffic crashes; examine the role of speed cameras in reducing speeding; examine the 
safety effectiveness of speed cameras; and illuminate implementation issues that can “make or 
break” a speed camera program by gaining public acceptance for, or generating fierce public 
opposition to, photographic enforcement of speed limits. The report concludes that speeding 
enhances crash risk and severity and that speed cameras reduce both speeding and crash severity. 
Implementation issues, however, are highly problematical, and a poorly implemented automated 
speed enforcement program can easily undermine public support. 

Title Edge delineations 
Author(s) JE Woolley and AJ McLean 
Publisher Center for Automotive Safety Research, University of Adelaide  
Paging 28p 
Year 2006 
Audio Tactile Line Marking (ATLM) has been proven as an effective countermeasure against single 
vehicle run off road crashes in Australia. In Australia, ATLM has been used in preference to milled 
rumble strips due to the nature of the road pavement construction. Most inter-urban roads in Australia 
are constructed as a spray seal. This means that roads are constructed from compacted gravel that 
is sealed with a sprayed-on layer of bitumen with aggregate poured and rolled on top of it. This 
results in a thin road surface layer which is unsuitable for the hot forming or milling treatments 
frequently used in North America. Queensland, NSW, Victoria and Tasmania have been using ATLM 
since the 1990s.  
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Title Road environment safety. A practitioner’s reference guide to safer roads 

Author(s)   
Publisher Roads and Traffic Authority, NSW, Australia  
Paging 38p 
Year 2006 
This reference guide has been prepared for planners, designers and engineers employed by State 
and local government, as well as other organizations involved in the design, construction, 
maintenance and operation of the New South Wales (NSW) road network. It highlights the basic 
principles of road environment safety in the planning, design, construction, maintenance and 
operation of the NSW road network and provides guidance and a comprehensive source of 
information for the application of road safety principles. The guide has been structured such that the 
road environment safety principles are detailed in sequential order of the life cycle of the road, 
including the planning, design, construction, maintenance and operation. 

Title Vehicle-activated signs - a Large Scale evaluation 

Author(s) Winnett M.E. and A.H. Wheeler 
Publisher TRL, TRL Report TRL548 
Paging   
Year 1999 
Following trial of individual vehicle-activated signs installations, a full-scale study of the effectiveness  
has been conducted by TRL for the Department for Transport (DfT). The installations under study 
were located mainly on rural single carriageway roads in Norfolk, Kent, UK. The conclusions of the 
study include: (1) Clearly, drivers can be influenced to reduce speed when they are specially 
targeted, with fixed signs alone having less effect; (2) Vehicle-activated signs appear to be very 
effective in reducing speeds, in particular of those who exceeds speed limit without additional 
enforcement such as speed cameras; (3) They can operate in thresholds well below police 
enforcement levels; (4) There is no evidence that in time drivers could become less responsive, even 
over three years; (5) Operating costs are low; (6) In this study, a substantial collision reduction has 
been demonstrated.  Specifically, there has been a statistically significant one-third reduction in 
collisions across all the Norfolk sites combined compared to the number of collisions that would have 
been expected without the signs. 

Title Dynamische Wegweiser mit integrierten Stauinformationen (dWiSta). 
Hinweise für die einheitliche Gestaltung und Anwendung an 
Bundesfernstraßen 

Author(s)   
Publisher Bundesanstalt fuer Straßenwesen 
Paging 14p 
Year 2004 
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These Guidelines by the Bundesanstalt fuer Strasssenwesen (2004) provide background research 
conclusions and details on two alternative dynamic rerouting systems implemented on the German 
freeway network. Currently, there are two principle alternatives of dynamic rerouting systems in place 
on German freeway network: with a rerouting guide arrow and without it.  Both alternatives 
incorporate a symbol “Traffic Jam Ahead” specially developed to improve driver’s perception and 
incorporated in a warning sign in the German Rules of the Roads. According to Guidelines by the 
Bundesanstalt fuer Strasssenwesen (2004), both layouts are effective. The Guidelines stress that 
rerouting should only apply if the capacities of alternative routes are sufficient, which should be 
checked by the system.  

Title Impacts of an automatic emergency call system on accident consequences 

Author(s) Virtanen, N.  
Publisher AINO publications, Helsinki, Ministry of Transport and Communications Finland. 
Paging   
Year 2005 
A Finnish study based on an analysis of actual crash data in 2001 to 2003. It is argued that the eCall 
system could very probably have prevented 4.7% of the fatalities in accidents involving motor-vehicle 
occupants. In all, the eCall system was estimated to be able to reduce 5 to10% of motor vehicle 
fatalities and 4 to 8% of all road fatalities in Finland. The results showed that, in most accidents 
involving motor-vehicle occupants (82%), the emergency call had been made within five minutes of 
the accident. However, in 14% of the cases the emergency call had been made 5 to 30 minutes after 
the accident and in approximately 4% of the cases more than 30 minutes after the accident. In the 
accidents involving fatal unprotected road users, the delays were slightly shorter. The benefit-cost 
ratio of the eCall system examined in this study was estimated to be in the range of 0.5 to 2.3. The 
benefit-cost ratio would have been higher if the indirect benefits of the eCall system could have been 
taken into consideration. Based on the main findings of this study, the eCall system is recommended 
for immediate and widespread implementation in Finland.  

Title  Einsatz von Zwischenquerschnitten 

Author(s) Brannolte, U., J. Dilling, W. Durth, G. Hartkopf, V. Meewes, M. Rohloff, H. 
Schliesing, and P. Stievermann. 

Publisher Forschungsberichte der Bundesanstalt für Strassenwesen 
Paging   
Year 1992 
Study of the effect of 2+1 designs on safety. The report contains tables comparing collision rates for 
different highway and freeway types in Germany. 

Title Sammanfattning mötesfria vägar efter år 2006. TMA, 2007-06-30, Rev 2007-
09-17 

Author(s) Arne Carlsson 
Publisher  VTI-The Swedish Transport Research Institute, Linköping, Sweden  
Paging   
Year 2006 
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According to the latest data , the 2+1 schemes with median cable barriers reduce fatal and serious 
injury rates (FSI) by 40% to 74% depending on the road type to which 2+1 schemes were applied 
(see Table X below). “Painted” 2+1 schemes which started to be used in Sweden in the last few 
years were also successful and demonstrated a 36% reduction in FSI rates. 2+1 roadways also 
provide positive operational benefits. e.g., speeds increased on undivided rural two-way, two-lane 
roads with 110 km/h speed limit by 3 km/h for private cars and 1 km/h for trucks.  

Title Virkning Virkning av utvidet midtoppmerking på kjørefart og sideplassering 
- Sammenligning mellom to typer midtfelt på E6 i Oppland og Østfolda.  

Author(s) Sagberg F 
Publisher TØI rapport, 884/2007, Transport Economics Institute, Oslo,  
Paging   
Year 2007 
This study investigated the effects on driver behavior of 1 m wide painted medians on 10 m wide two-
lane rural roads. Two types of painted medians were studied. The first consists of transverse 1m-long 
green lines with 1.5 m distance between them. The second consists of two longitudinal lines 1 m 
apart. Valid speed data were available only for the latter treatment, where a speed decrease of 2.7 
km/h was found. Both types of painted medians resulted in increased separation between opposing 
traffic streams. The increase varied from 60 to 72 cm, compared to a conventional centreline. It is 
concluded that on low-volume roads visual road modifications may represent a cost-effective 
alternative to physical median barriers. 

Title Evaluation of the Crash Effects of the Queensland Speed Camera Program 

Author(s) Newstead, S.W. and Cameron, M.H. 
Publisher Monash university accident research centre Report No 204 
Paging   
Year 2003 
 This study has investigated the crash effects of the speed camera program in Queensland over the 
period from its introduction in May 1997 to the end of June 2001 in areas within 6km of speed 
camera sites that had been used up to the end of the study period. When operating at maximum 
coverage, the Queensland speed camera program was estimated to have produced a reduction in 
fatal crashes of around 45% in areas within 2km of speed camera sites. Corresponding reductions of 
31%, 39% 19% and 21% were estimated for hospitalization, medically treated, other injury and non-
injury crashes respectively. This translates to an annual crash saving in the order of 110 fatal, 1100 
hospitalization, 2200 medically treated, 500 other injury and 1600 non-injury crashes. In terms of total 
annual road trauma in Queensland, these savings represent a 32% reduction in fatal crashes, a 26% 
reduction in fatal to medically treated crashes combined and a 21% reduction in all reported casualty 
crashes. The benefit cost ratio estimated for the program over the period from its introduction to June 
2001 was 47. 

Title Variable speed limits: evaluation at intersections (brochure) 

Author(s)   
Publisher Vägverket (National Road Administration) 
Paging   
Year 2007 
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Between 2003 and 2007 the Swedish Road Administration (SRA) is conducting variable speed limit 
field trials. Among different sites, six intersections were studied in the project, four in Skåne with the 
other two in Sundsvall and Hudiksvall. These involve three and four leg intersections where there is 
relatively heavy traffic on the primary road (8,000–12,000 AADT), and where traffic on the side roads 
is between 4 and 52% of the traffic flow on the primary road. Speed levels are high at these 
intersections, making access from the side roads difficult, particularly for heavy vehicles. Some of 
these intersections are accident black spots, and some have adjacent bus stops. The variable speed 
system is used to adapt the speed limit to suit the situation. The preliminary evaluation of the system 
application showed that the average speed, with the odd exception, decreased by 5 to 15 km/h when 
variable speeds are used to lower the speed limit at intersections, and by 3 to 6 km/h when the speed 
limit remained unchanged from the former situation. Even those who drove fastest (85 percentile) 
reduced their speed. The most positive effect was experienced by those turning from the side road 
onto the primary road. 
Title Safety Impacts of Pavement Edge Drop-offs 

Author(s) Shauna L. Hallmark, David Veneziano, Tom McDonald, Jerry Graham, Karin M. 
Bauer, Rushi Patel, and Forrest M. Council 

Publisher FHWA 
Paging   
Year 2006 
This report, and the preceding study, The Elimination or Mitigation of Hazards Associated with 
Pavement Edge Drop-offs During Roadway Resurfacing, by J. B. Humphreys and J. A. Parham, 
published in 1994, was initiated and primarily funded by the AAA Foundation for Traffic Safety 
(AAAFTS) to reduce the injuries and loss of life annually occurring on our nation’s roadways. It 
contains, in Chapter 6, research initiated and funded by FHWA in support of the nation’s goals to 
improve traffic safety. This joint report is an important addition to the knowledge base necessary to 
quantify the safety and economic benefits derived from implementing a portion of the AASHTO 
Highway Strategic Plan – namely a reduction in crashes precipitated by pavement edge drop-offs. 

Title Low-Cost Treatments for Horizontal Curve Safety 

Author(s) McGee, Hugh W. and Hanscom, Fred R. 
Publisher FHWA 
Paging   
Year 2006 
This publication was prepared to provide practical information on low-cost treatments that can be 
applied at horizontal curves to address identified or potential safety problems. The publication 
concisely describes the treatment; shows examples; suggests when the treatment might be 
applicable; provides design features; and where available, provides information on the potential 
safety effectiveness and costs. The treatments include: basic traffic signs and markings found in the 
MUTCD; enhanced traffic control devices; additional traffic control devices not found in the MUTCD; 
rumble strips; minor roadway improvements; innovative and experimental treatments. The publication 
concludes with a description of maintenance activities that should be conducted to keep the 
treatments effective. 

Title The Safety Impacts of Differential Speed Limits on Rural Interstate 
Highways 

Author(s) Nicholas J. Garber, John S. Miller, Bo Yuan and Xin Sun 
Publisher Office of Safety, FHWA 
Paging   
Year 2005 
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Since 1987, individual States are permitted to raise rural interstate speed limits from the previously 
mandated national speed limit of 89 kilometres per hour (km/h) to 105 km/h on rural interstate 
highways. Of those that changed their speed limits, some States raised the limits for passenger cars 
but not trucks while other States raised the limits for both passenger cars and trucks. The former 
category, with different speed limits for cars and trucks, is known as differential speed limits (DSL), 
the latter category is known as uniform speed limits (USL). By 2002, several States had 
experimented with both DSL and USL. This study compared the safety effects of a uniform speed 
limit (USL) for all vehicles as opposed to a differential speed limit (DSL) for cars and heavy trucks. No 
consistent safety effects of DSL as opposed to USL were observed within the scope of the study. The 
mean speed, 85th percentile speed, median speed, and crash rates tended to increase over the 10-
year period, regardless of whether a DSL or USL limit was employed. 

Title Reduction of speed limit from 110 km/h to 100 km/h on certain roads in 
South Australia: a preliminary evaluation 

Author(s) A.D. Long, C.N. Kloeden, T.P. Hutchinson, and A.J. McLean 
Publisher CASR REPORT SERIES, CASR024 
Paging   
Year 2006 
In July 2003, the speed limit on approximately 1,100 km of rural arterial roads in South Australia was 
reduced from 110 km/h to 100 km/h. The crash experience on these roads in the two years before 
and the two years following the change has been compared with that on other roads where the 110 
km/h limit was not changed. It appears that the speed limit reduction has had the effect of reducing 
casualty crashes by 20%. However, the number of crashes on these roads is small and the time 
since the change is so short that this estimate is uncertain. It is reasonable to think that in the longer 
term the change might be anywhere between an increase of 4% and a decrease of 44%. There was 
a decrease in crashes and casualties on the 110 km/h roads where the speed limit did not change 
and that has been allowed for in the calculations. At six sites, speed measurements before and after 
the speed limit reduction were available: an average speed reduction of 2 km/h was found. 

Title Research Results Digest 305: Pavement Marking Materials and Markers: 
Testing the Relationship Between Retroreflectivity and Safety 

Author(s) Geni Bahar, Maurice Masliah, Tara Erwin, and Errol Tan 
Publisher NCHRP 
Paging   
Year   
This large-scale study, combined with the innovative time series methodology, was used to look for a 
hard-to-find, overall average safety effect of retroreflectivity. The retroreflectivity safety effects of the 
following factors were estimated: marking and marker combinations, road type, and crash severity. 
This study concludes that the difference in safety between new markings and old markings during 
non-daylight conditions on non-intersection locations is approximately zero. No measurable safety 
effect was ascertained on multilane freeways, multilane highways, or two-lane highways as a function 
of the relative retroreflectivity of either white or yellow pavement markings, or for pavement markers. 
This study did not identify any change in safety with low marking or marker retroreflectivity, nor did it 
identify any change in safety with bright marking or marker retroreflectivity, with respect to non-
daylight, non-intersection locations. 

Title Innovative Intersection Safety Improvement Strategies and Management 
Practices: A Domestic Scan 
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Author(s) Hughes, Warren, Chappell, Debra, and Chen, and Shyuan-Ren Clayton 
Publisher FHWA, Report No FHWA-SA-06-1016   
Paging   
Year 2006 
The goal of this domestic scan was to reduce fatalities, personal injuries and crashes at intersections 
in the US by documenting and subsequently promoting innovative intersection treatments and 
comprehensive safety processes that have been implemented in the US. 

Title Portland's Blue Bike Lanes: Improved Safety through Enhanced Visibility 

Author(s) Charlie Hales, Vic Rhodes, Mia Birk, Robert Burchfield, Jonathon Flecker, 
William W. Hunter, David L. Harkey, and J. Richard Stewart 

Publisher Oregon DOT 
Paging   
Year 1999 
Many European cities use colored markings at bicycle-motor vehicle crossings to reduce conflicts. 
The colors range from red (the Netherlands, Germany, Sweden, Denmark, Switzerland, Belgium and 
others) to blue (Denmark), yellow (Switzerland), and green (Germany and France). To determine 
whether such colored markings help improve safety at bicycle-motor vehicle crossings in North-
American contest, the City of Portland has been experimenting with blue pavement markings to 
delineate selected conflict areas.  

Title Guidelines for the application of removable rumble strips 

Author(s) Eric Meyer 
Publisher  The University of Kansas, Report No. K-TRAN: KU-02-3 

Paging 102p 
Year 2006 
This work was initiated to assess the viability of removable rumble strips as replacements for asphalt 
rumble strips, particularly in short term highway work zones. The two rumble strips tested were the 
Orange Rumble Strip from Advanced Traffic Markings and the Rumbler from Swarco in black. The 
removable strips are compared with asphalt strips in terms of the levels of in-vehicle noise, vehicle-
body vibration, and roadside noise, their effect on vehicle speeds, and their cost, durability, and 
installation and removal processes. The results of the comparisons indicated that the removable 
rumble strips tested are similar to asphalt rumble strips in terms of the sound and vibration levels 
produced and the speed reductions observed. With certain limitations, these removable rumble strips 
are a viable alternative to asphalt rumble strips. 

Title An Improved Traffic Environment: A Catalogue of Ideas  
Author(s) Herrstedt, Lene, Kjemtrup, Kenneth, Borges, Per, and Andersen, Peter 
Publisher Danish Road Directorate 

Paging   
Year 2003 
A catalogue of ideas sponsored by the Danish Road Directorate presents speed adaptation tools for 
use in rural areas. Ideas have been collected from national and European Traffic experts and 
practitioners. In parallel with collecting ideas for potential speed management tools, a dialogue 
between traffic psychologists from the Swedish National Transport Research Institute and Institute of 
Transport Economics in Norway and traffic engineers in Denmark - researchers and practitioners - 
has been mobilized with the purpose to discuss and describe the general principles for speed 
behaviour. This paper is summarizing general principles for speed behaviour.  
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Title Transportation Synthesis Report: Gauging the Safety Effects of Rumble 
Strips at Rural Intersections 

Author(s) Corporate: CTC & Associates LLC WisDOT Research and Library Unit 
Publisher Wisconsin DOT 

Paging   
Year   
The project located a number of relevant research studies published by State DOTs and Academia 
and the Transportation Research Board. Overall, the results of these studies indicate that rumble 
strips installed on the approaches to rural intersections can cause drivers to reduce speed earlier and 
to a greater extent, and can significantly reduce the types of accidents most susceptible to correction 
by rumble strips, including rear-end collisions and frontal impact crashes. In simulator tests, rumble 
strips also slowed the approach speed of commercial drivers. In one study, researchers concluded 
that rumble strips were not successful at reducing approach speeds for the data analyzed, and 
some negative impacts (speed increases) were recorded following the installation of rumble strips. 
Potential pitfalls that have been associated with the installation of rumble strips in the traveled way 
include inappropriate motorist responses such as using the opposing lanes to drive around the strips, 
and loss of control by motorcyclists and bicyclists. 
Title Cyclist Safety at Signalised Junctions 

Author(s) Søren Underlien Jensen 
Publisher Danish Road Directorate (unpublished) 

Paging   
Year 1996 
The Danish Road Directorate has in co-operation with 5 Danish municipalities applied new layouts at 
signalized junctions. The objective was to improve cyclist safety. Before-and-after behavioural 
studies showed that the layouts probably improved the cyclist safety. The new layouts consist of 
truncated cycle tracks with narrow cycle lanes to the stop lines, "slalom" cycle tracks/lanes, 
staggered stop lines, marking of cycle crossings and profiled stripes. Before-and-after accident 
studies show that the number of bicycle accidents dropped at 7 out of 11 signalized junctions. A 30% 
drop in accidents between right-turning cars and straight-on riding cyclists occurred. On road 
sections with entry/exit for motorists, where the cycle track was truncated, the number of bicycle 
accidents increased significantly.  

Title Cykelfelter - Sikkerhedsmæssig effekt i signalregulerede kryds [Cycle 
crossings - Safety effect at signalised junctions] 

Author(s) Jensen, Søren Underlien and Nielsen, Michael Aakjer 
Publisher Report No 51, Road Directorate, Denmark. 

Paging   
Year 1996 
The study showed a 38% reduction in the number of bicycle accidents due to marking of blue cycle 
crossings. Furthermore, the study showed that especially accidents between motor vehicles turning 
left and straight-on riding cyclists were prevented. Motorists seem to have transferred some of their 
awareness from pedestrians to cyclists, as there was an increase in pedestrian accidents. 

Title Safety Effects of Blue Cycle Crossings: A before-After study 
Author(s) Søren Underlien Jensen 
Publisher Accident Analysis and Prevention 
Paging 742-750 
Year 2008 
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This paper presents a before-after accident study of marking blue cycle crossings in 65 signalised 
junctions. Correction factors for changes in traffic volumes and accident/injury trends are included 
using a general comparison group in this non-experimental observational study. Analysis of long-term 
accident trends point towards no overall abnormal accident counts in the before period. The safety 
effect depends on the number of blue cycle crossings at the junction. One blue cycle crossing 
reduces the number of junction accidents by 10%, whereas marking of two and four blue cycle 
crossings increases the number of accidents by 23% and 60%, respectively. Larger reduction and 
increases are found for injuries. Safety gains at junctions with one blue cycle crossing arise because 
the number of accidents with cyclists and moped riders that may have used the blue cycle crossing in 
the after period and pedestrians in the pedestrian crossing parallel and just next to the blue marking 
was statistically significantly reduced. Two or four blue cycle crossings especially increase the 
number of rear-end collisions only with motor vehicles involved and right-angle collisions with 
passenger cars driving on red traffic lights. 
Title Automated Speed Enforcement in the U.S.: A Review of the Literature on 

Benefits and Barriers to Implementation 

Author(s) Caroline J. Rodier, Susan A. Shaheen, and Ellen Cavanagh 
Publisher 2008 Annual Meeting 

Paging   
Year 2008 
Automated speed enforcement programs have been widely applied outside of the U.S. to effectively 
address speed-related safety problems, however, in the U.S., they are currently operated in only 11 
states and in Washington D.C., most of which are located on residential streets and not 
highways. This study explores potential benefits and barriers to implementing including potential 
safety and financial effects, legal restrictions in the U.S., and stakeholder support. An evaluation of 
key program design choices is also provided, encompassing issues related to owner or driver liability, 
manned or unmanned systems, mobile or fixed systems, visibility, location, enforcement thresholds, 
program management, and revenue distribution. 

Title Advanced Yield Markings and Pedestrian Safety: Analyses of Use With 
Danish Offsets and Median Refuge Islands 

Author(s) Shashi S. Nambisan, Vinod Vasudevan, Mukund R. Dangeti, and Vinay 
Virupaksha 

Publisher 2008 Annual Meeting 

Paging   
Year 2008 
This paper summarizes an evaluation of the effectiveness of advanced yield markings in improving 
pedestrian safety when used with Danish offsets and median refuge islands. These countermeasures 
were deployed in combinations in two stages. The evaluations are based on field observations by 
trained observers at sites located in the Las Vegas metropolitan area, Nevada. Observational data 
were collected at one uncontrolled intersection, and one mid-block site. Motorist and pedestrian 
behaviors were observed, and various measures of effectiveness were used to evaluate the 
effectiveness the countermeasures. The results show that both sites experienced an increase in 
pedestrians’ observing behavior and an improvement in motorists’ yielding behavior. Also, a 
reduction in the number of pedestrians trapped in the roadway was observed at one of the 
study sites. The high visibility crosswalk and advance yield markings at the mid-block location 
showed positive safety benefits in motorists’ and pedestrians’ behaviors. The findings from this study 
could be used to enhance pedestrian safety on arterial roadway in other cities. 
Title Evaluating Safety Benefits of Drowsy Driving Signs 

Author(s) Grant G. Schultz, Hunter T. Young, and Dennis L. Eggett 
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Publisher 2008 TRB Annual Meeting 

Paging   
Year 2008 
Due to the seriousness of drowsy driving in the state of Utah, it was important to evaluate the impact 
of drowsy driving in the state, to identify locations where drowsy driving may be a contributing factor 
to current crashes, and to identify the effectiveness of countermeasures to help offset the impact of 
drowsy driving. One of the primary countermeasures evaluated was the creation and installation of 
drowsy driving signs along Interstate 80 (I-80) between Wendover and Salt Lake City, Utah. It was 
determined from the research that the eastbound percent reduction in drowsy driving crashes was 
statistically significant at an 85% level of significance and ranged from 46% to 63%. The westbound 
reduction ranged from 5% to 22%, but was not statistically significant. Additionally, a public opinion 
survey indicated that the drowsy driving signs “definitely” or “somewhat” contributed to the driver’s 
decision to exit the freeway and take a break for 32% of survey participants. 

Title Determination of Effective Design of Peripheral Transverse Bars to Reduce 
Vehicle Speeds on a Controlled Roadway 

Author(s) Bryan J. Katz and Hesham A. Rakha 

Publisher 2008 TRB Annual Meeting 

Paging   
Year 2008 
This research effort builds upon the previous two studies by investigating the optimal spacing pattern 
for peripheral transverse bars to reduce vehicle speeds in a controlled environment on the Virginia 
Tech Smart Road. Marking spacing patterns of two bars per second and four bars per second were 
applied to the roadway and compared to baseline conditions with no treatment applied. The primary 
measures that were investigated include: change in vehicle speed, vehicle speed profile with respect 
to distance, and brake pedal position with respect to distance. The results showed that the roadway 
geometry has a major effect on the appropriateness of marking spacing as a speed reduction 
method. The treatment applied on the approach to a curve resembling a freeway exit ramp did have 
a 44% reduction in speed when a 4 bars per second pavement marking design was applied 
compared to the baseline. The reduction in speeds with the baseline was 13.6 km/h, 15.8 km/h at 2 
bars per second, and 19.7 km/h at 4 bars per second. 

Title Providing Additional Dilemma Zone Protection for Trucks At High-Speed 
Signalized Intersections 

Author(s) Karl Zimmerman 

Publisher 2007 TRB Annual Meeting 

Paging   
Year 2007 
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Trucks require more distance to stop than passenger cars, which can lead to dilemma zone issues 
and rear-end collisions at signalized intersections. Because dilemma zone protection for high-speed 
signalized intersections is designed for passenger cars, the detection for traffic signals does not 
adequately protect trucks for the dilemma zone. The lack of detection for trucks adds to the potential 
hazard at these intersections. This paper presents the concept of providing additional dilemma zone 
protection for trucks, allowing those vehicles more stopping distance to reduce the number of trucks 
in the dilemma zone and red-light violations. The concept was tested using the Detection-Control 
System, developed at the Texas Transportation Institute. The use of a truck dilemma zone 1.5 s 
longer than the passenger car dilemma zone produced a 47% reduction in the number of trucks in 
the dilemma zone without a noticeable effect on intersection delay. 

Title Review of Current Practices for Advance Warning of Slow/Stopped Traffic 
on Freeways 

Author(s) Scott A. Cooner and Poonam B. Wiles 

Publisher 2007 TRB Annual Meeting 

Paging   
Year 2007 
Stopped traffic on freeways poses safety and operational concerns to drivers, transportation 
agencies, construction and maintenance contractors, and emergency service personnel. Drivers 
frequently have minimal or no warning about downstream queuing, and information given on signs is 
difficult to keep current with ever-changing field conditions and rapidly fluctuating queues in 
congestion. This paper concentrates on the presentation of current practices and techniques for 
providing motorists of advance warning of slow and/or stopped traffic ahead. Both international and 
US-based queue warning practices and techniques are thoroughly covered in the review. The review 
of literature related to slow/stopped traffic on freeways concentrated on four areas: 1. Rear-end 
collision studies; 2. Driver behavior approaching slow/stopped traffic; 3. Queue propagation on 
freeway facilities; and 4. Benefits of advance warning of slow/stopped traffic on freeways. 

Title Judicial Enforcement of Variable Speed Limits 

Author(s) Margaret Hines, James B. McDaniel 

Publisher National Cooperative Highway Research Program: Legal Research Digest No 47 

Paging   
Year 2002 
The National Cooperative Highway Research Program, had a study underway to assess the impact 
of, and issues associated with implementation of, variable speed limits and to develop operational 
test plans for the most promising applications. In conjunction with that study, an examination of the 
legal issues that may arise from implementation and enforcement of variable speed limits was 
commissioned. This digest reports on the findings of that study. 

Title Innovative Traffic Control Technology and Practice in Europe 

Author(s) Samuel C. Tignor, Linda L. Brown, J. Lynwood Butner, Richard Cunard, Stirling 
C. Davis, H. Gene Hawkins, Edward L. Fischer, Mark R. Kehrli, Peter F. Rusch, 
and W. Scott Wainwright 

Publisher FHWA 
Paging 96 
Year 1999 
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The purpose of this report was to identify, discuss and document innovative traffic control 
technologies, devices and practices in four European countries that are already implemented or that 
will be in the near future. 

Title Geometric Design Practices for European Roads 
Author(s) Jim Brewer, John German, Ray Krammes, Kam Movassaghi, John Okamoto, 

Sandra Otto, Wendell Ruff, Seppo Sillan, Nikiforos Stamatiadis, and Robert 
Walters 

Publisher FHWA 
Paging 60 
Year 2001 
The objective of the scanning tour was to review and document European procedures and practices 
in roadway geometric design and context-sensitive design, in which a balance is sought between 
safety and mobility needs and community interests.  The US group visited sites in Sweden, Denmark, 
the Netherlands, England and Germany, and met with numerous representatives from transportation 
and highway ministries, research organizations and consultants. 

Title Intelligent Transportation Systems in Europe and Japan 
Author(s) John Njord, Dr. Joseph Peters, Michael Freitas, Bruce Warner, K. Craig Allred, 

Dr. Robert Bertini, Robert Bryant, Robert Callan, Martin Knopp, Lyle Knowlton, 
Carlos Lopez, and Tom Warner 

Publisher FHWA 
Paging 52 
Year 2006 
With nearly 43,000 deaths a year on US roads, a need exists for countermeasures to reduce the 
number and severity of crashes.  The FHWA, AASHTO and NCHRP sponsored a scanning study of 
ITS applications deployed in France, Germany and Japan to mitigate traffic problems. 
 
Among the safety applications of ITS technologies the scan team observed were changeable 
message signs (CMS) to manage flow, automated speed management and control efforts to reduce 
crashes, video incident detection and an eCall system to improve emergency personnel response 
time. 

Title Narrow Cross-sections Without Centre Line Markings - 2 minus 1 Rural 
Road 

Author(s) Lene Herrstedt 
Publisher Trafitec Aps 
Paging 7 
Year 2007 
This report documented a test study with a 7.3 km section of 2-lane rural road with centreline 
markings that were removed to introduce the 2-1 cross-section. 

Title Self-Explaining and Forgiving Roads - Speed Management in Rural Areas 

Author(s) Lene Herrstedt 
Publisher   
Paging 15 
Year 2006 
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The vision of the "self-explaining road" is a new way of thinking in planning and designing road 
infrastructure.  Design of roads must focus on simplicity and clearness instead of complexity and 
ambiguity. A major part of the road safety problem in Denmark is related to rural roads.  More than 
2/3 of the fatalities and 46% of all casualties in Danish traffic are on rural roads and high speed is the 
fundamental factor. Ideas have been collected from national and European traffic experts and 
practitioners and a catalogue of ideas for speed management measures for use in rural areas has 
been worked out. 
Title Development and Evaluation of a Unique Centerline Rumble Strip Pattern to 

Improve Driver Comprehension 

Author(s) Daniel M. Dulaski and David A. Noyce 
Publisher   
Paging 23 
Year 2006 
To address problems with cross-over centreline crashes on two and four lane undivided roadways, 
states have installed rumble strips on roadway's centreline as a countermeasure.  Most of the states 
are using a typical shoulder rumble strip pattern on each side of the travel lane.  Based on previously 
conducted research, it appears that this "sharing" may be a violation of drivers expectancy as 27% of 
drivers encountering the centreline rumble strip by chance corrected left instead of right in low vision 
conditions.  It was hypothesized that if the shoulder and centreline patterns were different and 
provided different messages to the driver, then the drivers would be more likely to respond correctly. 
A multi-phase experimental procedure was developed to explore this hypothesis.  This paper 
presents the results of this analysis. 
Title Modifications to Traffic Signal Operation to Improve Safety for Alcohol-

affected Pedestrians 

Author(s) Michael Lenne and Bruce Corben 
Publisher Monash University Accident Research Centre 
Paging 7 
Year Unknown 
Alcohol affected pedestrians are among the highest risk groups involved in pedestrian casualty 
crashes.  A range of treatments and programs have been implemented to increase safety for 
intoxicated pedestrians, with limited widespread success. 
 
This paper investigates the opportunities to use a modified form of traffic signal operation during 
high-risk periods and at high-risk locations to reduce alcohol-affected pedestrian crashes and the 
severity of injuries that might otherwise occur. 

Title Crash Reduction Estimates for Road Safety Treatments 
Author(s) ARRB Group 
Publisher ARRB Group 
Paging 4 
Year 2007 
This document summarizes a major review of available research on the effectiveness of road safety 
treatments.  Based on a critical analysis of the literature, crash reduction estimates have been 
developed for a variety of road and traffic engineering issues tailored specifically for use in Australia 
and New Zealand. 
Title SUPREME - Summary and Publication of Best Practices in Road Safety in 

the Member States 

Author(s) SUPREME 
Publisher   
Paging   
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Year 2007 
SUPREME  (SUmmary  and  Publication  of  Best  Practices  in Road  Safety  in  the  EU Member  
States plus Switzerland and Norway) was launched by the European Commission (DG TREN). It 
started in December 2005 and was finalized in June 2007. A total of 31 national and international 
road safety organizations were involved as project partners. The main objectives of the project were:  
the  sound  identification  and  publication  of  best  practice  from  the  vast  number of  available 
measures;  the development of a strategic approach and a framework for dissemination activities of 
the key findings in the 27 target countries. 

Title The Handbook of Road Safety Measures 
Author(s) Rune Elvik and Truls Vaa 
Publisher Elsevier 
Paging 1078 
Year 2004 
This book gives a systematic overview of current knowledge concerning the effects of road safety 
measures. 
Title Highway Safety Manual 1st Edition (DRAFT) 
Author(s) Geni Bahar, Margaret Parkhill, Ezra Hauer, Forrest M. Council, Bhagwant 

Persaud, Charles Zegeer, Rune Elvik, Alison Smiley, and Betty Scott 

Publisher NCHRP 
Paging Undetermined 
Year Not complete 
The development of the 1st edition of the HSM required new and innovative methodologies to review, 
document, and filter the multitude of safety information published in the last 50 years. 
 
The information in the HSM is intended to assist professionals in all aspects of decision-making for 
policy, planning, programming, project development, construction, design, maintenance, and 
operational activities in which safety is a consideration. 

Title PIARC Road Safety Manual 
Author(s) PIARC 
Publisher PIARC 
Paging Undetermined 
Year 2004 
This reference publication compiles the road safety experience from different countries and presents 
state-of-the-art information and guidance for the design and operation of road infrastructure in order 
to increase road safety. 

Title Evaluation of Best Practices in Traffic Operations and Safety: Phase I: 
Flashing LED Stop Sign and Optical Speed Bars 

Author(s) E. D. Arnold Jr. and K. E. Lantz Jr 
Publisher Virginia Transportation Research Council 
Paging 38 
Year 2007 
This report documents two measures that were identified by VDOT as good candidate measures for 
piloting.  These measures were the flashing LED Stop sign and optical speed bars.  These items 
were installed at three locations in Virginia for before and after evaluations.  A cost benefit analysis 
was also performed. 
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Title NCHRP Research Results Digest: Application of European 2+1 Roadway 
Designs 

Author(s) Ingrid B. Potts and Douglas W. Harwood 
Publisher NCHRP 
Paging 31 
Year 2003 
This document summarizes the results of NCHRP 20-7.  The great majority of US roads have only 
two lanes.  Under 20-7, researchers conducted a scan of geometric design practices and identified 
the 2+1 roadway design as an alternative design used by some European countries.  This document 
assessed whether the 2+1 design could be used in the US. 

Title FHWA Office of International Programs, International Technology Scanning 
Program, Benefits and Impacts (Formal Draft V.1.3) 

Author(s)   
Publisher FHWA 
Paging 60 
Year 2003 
This report is a collection of discreet benefits accrued to the US as a result of expanded cooperation 
and outreach with their international transportation partners around the world.  This report looks back 
and captures the enormous impact the program has had over the years. 

Title Hard Shoulder Running - indicated by variable message signs 
Author(s) Federal Ministry of Transport, Building and Urban Affairs (Germany) 
Publisher Federal Ministry of Transport, Building and Urban Affairs (Germany) 
Paging Web 
Year Unknown 
Hard shoulder running. 

Title Esafety Support website: http://www.esafety-effects-
database.org/applications.html 

Author(s) Unknown 
Publisher eSafetySupport 
Paging Web 
Year Unknown 
The eSafety effects database has been compiled by eSafetySupport in order to maintain up-to-date 
knowledge of the effects of different eSafety systems or intelligent vehicle systems.  The database is 
based on studies, conference papers and articles concerning the effects of eSafety systems, and 
particularly their safety effects. 
Title http://www.itsoverview.its.dot.gov 
Author(s) US DOT - Research and Innovative Technology Administration - ITS 
Publisher FHWA 
Paging Web 
Year Unknown 
This website provides an overview of the applications addressed by the Federal Intelligent 
Transportation Systems program and contains links to various information resources that will be 
useful in the planning and deployment of ITS. 

Title Department for Transport (UK): A cost recovery system for speed and red-
light cameras - two year pilot evaluation 
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Author(s) Adrian Gains, PA Consulting Group, and University College London 
Publisher Department for Transport (UK), Road Safety Division 
Paging Web 
Year 2003 
This document examines the operations costs of speed and red light cameras and details them by 
county. 
Title Advanced Parking Information System Evaluation Report 
Author(s) HNTP Corp. 
Publisher FHWA 
Paging Web 
Year 2001 
A public-private partnership was developed in St. Paul, Minnesota, to address visitors who cannot 
find parking spaces.  An advanced ITS system was installed.  This document provides system cost 
estimates to serve as a guideline for future deployments. 

Title Costs, Benefits and Institutional Issues of the TRANSMIT System 
Author(s) Kyriacos C. Mouskos 
Publisher Presented at 6th World Congress on ITS, Toronto, CAN 
Paging Web 
Year 1999 
TRANSCOM's System for Managing Incidents and Traffic (TRANSMIT) system operating in New 
Jersey and New York beginning in 1996 utilizes electronic toll collection and traffic management 
equipment for traffic surveillance and incident detection.  This report provides system costs. 

Title Synthesis of Practices for the Implementation of Centreline Rumble Strips 

Author(s) Gene Bahar and Margaret Parkhill 
Publisher Transportation Association of Canada 
Paging 38 
Year 2005 
This report discusses safety implications of CLRS, and indicates an overall improvement in head-on 
and sideswipe collisions, with reductions between 15 and 25%. Other considerations, such as noise, 
cost and the effect on bicycles and motorcycles are addressed, with analysis and recommendations.  
Issues with installation, maintenance, pavement markings, collision migration, and driver response 
are investigated. 
Title Considering Dynamic Variable Speed Limit Strategies for Real-Time Crash 

Risk Reduction on Freeways 

Author(s) Mohamed Abdel-Aty, Ryan J. Cunningham, Vikash V. Gayah and Liang Hsia 
Publisher 2008 TRB Annual Meeting  
Paging   
Year 2008 
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This study investigated different variable speed strategies and found that the implementation of 
variable speed limits successfully reduced rear-end and lane-change crash risks at low-volume traffic 
conditions (60% and 80% loading conditions). No variable speed limit treatment was found to 
successfully reduce rear-end and lane-change crash risks in the congested traffic condition (90% 
loading). The latter result is attributed to the fact that, in the congested state, the speed of vehicles is 
subject to the surrounding traffic conditions and not to the posted speed limit. Also, the study showed 
that the effects of crash migration are more prevalent in the congested situation than in the low 
volume conditions. 

Title VMS - Variable Message Signs. A Literature Review 
Author(s) Sarah Nygardhs Gabriel  
Publisher VTI 
Paging 51 
Year 2007 
This literature review is aimed at the intersection between human behaviour and VMS. The collected 
references are, for the most part, studies in Europe or studies about European conditions, published 
during the years of 2000 to 2005. 

Title Evaluation of an Experimental Transverse-Bar 
Pavement Marking Treatment on Freeway Curves 

Author(s) Timothy J. Gates, Xiao Qin, and David A. Noyce 

Publisher Transportation Research Board (TRB) 
Paging 17 
Year 2007 
Researchers performed a before-and-after analysis of speeds to determine the short-term and long-
term effectiveness of an experimental transverse-bar pavement marking treatment at the “Plainfield 
Curve” on I-43/94 in Milwaukee, Wisconsin. The experimental transverse pavement marking 
treatment was installed in both the northbound and southbound lanes in early September 2006 and 
each treatment section was 1,000 feet in length. Each treatment section consisted of a series of 
white transverse-bar markings that were installed with decreasing spacing between successive 
markings giving drivers’ the perception of increasing speed when driving through the section of 
markings, potentially causing drivers to slow down. The results of the analysis suggest that the 
experimental transverse pavement marking treatment was effective at reducing curve speeds, 
especially shortly after installation. 

Title Selection of the Optimal Location of a U-turn Bay for Vehicles Making 
Right-Turns Followed by U-turns 

Author(s) Pan Liu, Jian John Lu, and Gary Sokolow  
Publisher Transportation Research Board (TRB) 
Paging 15 
Year 2007 
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Florida increasingly uses restrictive medians and directional median openings on multilane highways 
to manage left-turn egress maneuvers from driveways onto major streets. As a result, drivers desiring 
to make direct left-turns from a driveway onto a major street would, instead, make Right Turns 
Followed by U-Turns (RTUT) at a downstream median opening or signalized intersection. This study 
evaluated the impacts of the separation distances between driveway exits and downstream U-turn 
bays on the safety and operational performance of vehicles making right-turns followed by U-turns 
(RTUT). With such results, the optimal location of a U-turn bay can be determined so that drivers 
have better access to make RTUTs. Two basic research approaches were applied in this study, 
including crash data analysis and travel time analysis. It was found that the separation distance 
between a driveway exit and downstream U-turn bay significantly impacts the safety and operational 
performance of vehicles making right turns followed by U-turns. 

Title Potential Rural Expressway Intersection Safety Treatments 
Author(s) Joshua L. Hochstein, Thomas H. Maze (Corresponding Author), Thomas M. 

Welch, Howard Preston, and Richard Storm 

Publisher Transportation Research Board (TRB) 
Paging 17 
Year 2007 
State Transportation Agencies (STAs) have experimented with several intersection safety treatments 
at problematic rural expressway intersections to improve their safety performance while avoiding 
costly grade separation. To assist STAs in this endeavor, this paper presents a “toolbox” of rural 
expressway intersection safety treatments with an emphasis on a few innovative, yet practical 
strategies which address the underlying problem and consequently have great potential to cost-
effectively improve rural expressway intersection safety and operations. The implementation of these 
treatments is expected to help STAs achieve the safety benefits that should be associated with 
converting rural two-lane highways to expressways. 

Title Evaluating the Long Term Effectiveness of Blank-Out Overhead Dynamic 
Advance Warning Signals 

Author(s) Grant G. Schultz, Ryan Peterson, and Dennis L. Eggett 

Publisher Transportation Research Board (TRB) 
Paging 16 
Year 2007 
The Utah Department of Transportation (UDOT) installed advance warning signal systems on several 
approaches to high-speed signalized intersections after maintenance crews and other UDOT officials 
expressed concerns about safety at these types of intersections. The system designed and installed 
incorporated both advanced detection and advance warning signal components including blank-out 
signs with flashers mounted over the roadway as opposed to standard advance warning signs 
mounted on the side of the road. The new design was referred to as the blank-out overhead dynamic 
advance warning signal (BODAWS) system. UDOT contracted with researchers at Brigham Young 
University to evaluate the effectiveness of the BODAWS system. 

Title Effectiveness of Alternative Detector Configurations for Option Zone 
Protection on High-Speed Approaches to Traffic Signals 

Author(s) Jianwen Si, Thomas Urbanik, and Lee D. Han 

Publisher Transportation Research Board (TRB) 
Paging 14 
Year 2007 
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In this study, four detector configurations for option zone protection features- the Single Detector 
configuration, the SDITE configuration, the Beirele configuration, and the Bonneson configuration, 
are compared through computer simulation on their effects relative to the number of vehicles in the 
option zone, max-out occurrences, and average vehicle delay. The comparison suggests that 
although each configuration has its own advantages and disadvantages, the Bonneson detector 
configuration, in most circumstances, yields lower numbers of vehicles in the option zone per cycle 
and less average delay. 

Title Operational and Safety Performance of a Non-Traditional 
Intersection Design: the Superstreet 

Author(s) Taehyeong Kim, Praveen K. Edara, and Joe G. Bared,  
Publisher Transportation Research Board (TRB) 
Paging 12 
Year 2006 
Simulation results showed that the Superstreet design with one u-turn lane outperforms the 
comparable conventional intersection under high traffic volumes. For the two u-turn lanes case, 
smaller increase in throughput was observed. SSAM results suggest that the Superstreet design with 
one u-turn lane is safer than the comparable conventional design. For the two u-turn lanes design the 
Superstreet is not safer than the comparable conventional design. 

Title Eliminating Cross-Median Fatalities Statewide Installation of Median Cable 
Barrier in Missouri 

Author(s) Brian Chandler 
Publisher Missouri Department of Transportation (DOT)  
Paging   
Year 2007 
The Missouri Department of Transportation (DOT) decided to install a median cable barrier system 
on I-70 and on other Missouri Interstates. When the cable is struck, the posts yield and the cable 
deflects up to 12 feet, effectively catching and decelerating the vehicle and keeping it in the median.  
The installation of a median cable barrier costs $37,500 to 62,500 per kilometre, depending on the 
amount of grading work required. After the cable is installed, the maintenance costs range from 
$3,750 to $6,250 per kilometre per year, depending on the frequency of hits.  An internal Missouri 
DOT study determined that the cable catches 95% of vehicles entering the median and keeps the 
vehicles from entering the opposing lanes.  On Interstate 70, which links Kansas City and St. Louis, 
the number of cross-median fatalities had been increasing, reaching a peak of 24 motorists killed in 
2002. The installation of 286 kilometres of median cable barrier on the freeway has nearly eliminated 
cross-median roadway deaths. In 2006, only two cross-median fatalities occurred on Interstate 70, a 
staggering 92% decrease.  

Title High Tension Cable Median Barrier: A Scanning Tour Report  
Author(s) Juan C. Medina and Rahim F. Benekohal 
Publisher FHWA: Report No FHWA-IL/UI-TOL-18 
Paging   
Year 2006 
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The Illinois Department of Transportation (DOT) coordinated a scanning tour to identify effective and 
efficient approaches of reducing the number and severity of freeway median crossover crashes. 
Representatives from Illinois, Iowa, Minnesota, and Wisconsin DOTs, and the University of Illinois, 
visited Ohio, Oklahoma, and Texas to learn from their experiences in these of high-tension cable 
barriers, and to gather information on system characteristics and performance from the states and 
two manufacturers of high-tension cable barrier systems. Field installed high-tension cable barrier 
systems from four manufacturers were observed: U.S. High-Tension Cable System, Brifen WRSF, 
CASS, and Safence. These cable barrier systems seem to perform similarly when hit by passenger 
vehicles. The performance at redirecting or stopping vehicles was reported to be excellent, and no 
major drawback of using high-tension cable barrier systems was found. It was reported that crash 
severity was reduced significantly compared to other barrier systems and no fatalities had been 
recorded on crashes at locations with high-tension cable barriers.  

Title Impact du contrôle sanction automatisé sur la sécurité routière (2003-2005) 
Author(s)   
Publisher Observatoire National Interministériel de Sécurité Routière 
Paging 87p 
Year 2006 
An automatic speed enforcement program started in 2003. Since January 2006, 1,000 fixed  
and 500 mobile speed cameras have been implemented nationwide. The cameras are directly linked 
to a central processing office where photographs of the licence plate are used to identify the vehicle 
owner who is liable for the violation. The law was adapted to enable this form of automatic detection 
of offenders. A fine is sent automatically to the vehicle owner who must pay it within 45 days. Only 
after paying this fine it is possible to designate another driver as the offender. This new practice has 
reduced the appeal rate below 1%. The location of fixed and mobile cameras is decided by the police 
forces on the basis of traffic and crash information. Wide publicity campaigns have taken place on 
the deployment and location of speed cameras and on the safety effects of speed reduction. The 
sites having fixed speed cameras are displayed on the Internet. 

Title Aménagement de carrefour - Carrefour plateau surélevé (Serie "Petits 
aménagements de sécurité") 

Author(s) CETE de l'Est 
Publisher SETRA/ CERTU 
Paging 4p 
Year 2000 
"Small Scale Safety Measures" is a collection of short reports offering the essential data revealed by 
before-after studies on small scale safety measures. This short report includes the implementation of 
a 46 m long raised road section including an intersection at both ends.  

Title Micro-incrustation for a better skid resistance 
Author(s) Centre d'Études Techniques de l'Équipement de l'Ouest 
Publisher 2005 grand prix for innovation of Scientific and Technical Network (RTS) of the 

French Public Works Ministry 

Paging 17p 
Year 2005 
The process consists of incrusting particles to offer micro-texture in the superficial bituminous mastic 
until traffic has worn down the superficial film of bitumen. This process addresses the early level of 
skid resistance that is low for some bituminous mixes by providing road users with satisfactory skid 
resistance as soon as the pavement is opened to traffic.   
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Title Des voies plus sûres pour les voitures et les deux-roues 
Author(s) Unknown 
Publisher Perspectives Numéro 160 
Paging 1p 
Year 2007 
This article indicates the efforts provided by the Conseil Général de l'Aude to improve safety for 
motorcyclists by adding a lower rail, under the guardrail, to reduce injuries and deaths in the event 
that a motorcyclists falls when negotiating a curve. 

Title Note d'information 118: Glissières métalliques et sécurité des 
motocyclistes 

Author(s) SÉTRA - CSTR 
Publisher SÉTRA 
Paging 6p 
Year 1999 
This informational document details the safety concerns regarding motorcycle impacts with a 
guardrail when negotiating a curve.  The document describes the need to provide a lower rail under 
the guardrail to reduce the accident severity for motorcyclists.  As well, the document describes the 
equipment types that passed the impact tests and guidelines on where and how to implement them. 

Title Presentation: Le projet LAVIA (limiteur s'adaptant à la vitesse autorisée) 
Author(s) Clermont-Ferrand 
Publisher Carrefour du PRÉDIT 
Paging 22p 
Year 2005 
The project LAVIA consists of a speed regulator that automatically limits vehicle speed according to 
the posted speed limit by reducing fuel injection. 

Title Pesentation: Synthèse des acquis du projet LAVIA 

Author(s) Jacques Ehrlich  
Publisher LIVIC (LCPC-INRETS) 
Paging 15p 
Year 2006 
Presentation on the synthesis of the LAVIA project that includes brief information on the safety 
impacts, public acceptance, how to use it, impacts on operational speeds and implementation 
aspects 
Title Rapport numéro 004938-01: Prévention des prises à contresens sur 

autoroutes et routes à deux fois deux voies 

Author(s) Groupe de travail présidé par Jean Deterne 
Publisher Conseil général des ponts et chaussées, Ministèere de l'Écologie, du 

Développement et de l'Aménagement Durables 

Paging 15p 
Year 2007 
Creation of a working group to identify actions to prevent motorists from entering a freeway or a 
separated boulevard (referred to as a 2 times 2 lane roadway) in the wrong direction. 
Countermeasures identified in Phase 1 are currently under evaluation (Phase 2). 

Title Sammanfattning mötesfria vägar efter år 2006 (Summary of the effects of 
roads with physical separation between the two directions) 
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Author(s) Arne Carlsson 
Publisher Swedish Transport Research Institute, VTI 
Paging 24 pages 
Year 2007 
In Sweden approximately 1500 kilometres of 2+1 roads with a median barrier (made by wires) have 
been built. Another 250 kilometres are planned annually. The reducing effect on fatalities and serious 
injuries is varying between 40% and 74% depending on the road type. Investment costs are on 
average 2500 SEK/m (SEK is Swedish Krona) for MLV (collision-free road) and 1500 SEK/m for 
MML (collision-free highway). Speeds increased on MLV by 3 km/h for private cars and 1 km/h for 
trucks. On MML mean speed for trucks went down by 1km/h. Using safety, time and volumes a Net 
Present Value Cost Ratio (NPVCR) was calculated. For MLV it was found to be approximately 3 and 
for MML approximately 5. If NPVCR is larger than 1 the cost is returned. Thus in this case on both 
MML and MLV the measure is highly cost-effective. 

Title +1-vägar med mitträcke-effekter (2+1-roads with a median barrier – effects) 
Author(s) Arne Carlsson 
Publisher Presentation at a conference 
Paging 26 pages 
Year 2008 
Presentation summarizing 2007 paper by A. Carlsson 

Document Identifiers 

Title Effects of ITS; working paper, (here regarding the effect of Speed Cameras) 
Author(s) Gunnar Lind 
Publisher Movea, Stockholm, Sweden 
Paging 8 pages 
Year 2007 
In Sweden 700 new cameras have been installed during 2006, on 103 stretches covering approx 
1900 kilometres of road. Another 169 cameras are planned to be installed during 2008, covering 
approx 500 kilometres. The new cameras are digital and information is broadcasted to a centre in 
Northern Sweden. Altogether, these cameras are expected to save 19 lives annually and decrease 
the emission of carbon dioxide by 11,000 tonnes annually.  

Document Identifiers 

Title Åtgärdskatalog - för högre trafiksäkerhet med vägutformning och reglering 
i tätort (Measures to improve safety due to road layout and 
rules/regualtions) 

Author(s) TRIVECTOR 
Publisher Swedish Association of Municipalities 
Paging not finished 
Year 2008 
Measures to improve safety due to road layout and rules/regulations 

Title Comparison of Safety Performance of Urban Streets Before and After 
Landscape Improvements 

Author(s) Mok J., Landphair, H. C., and J. Naderi 
Publisher Proceedings from the Second Urban Street Symposium, Transportation 

Research Board, Federal Highway Administration 
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Paging  
Year 2003 
Environmental psychologists suggest that appropriately landscaped roadside scenes may have 
influence on travel-related stress recovery. In addition, it was revealed that landscaped centre strips 
or median planting appears to reduce perceived land width and therefore, discourage speeding. 
Generally, the discouraged speed is one of the contributing factors of decreases in crash rates or 
pedestrian accidents on streets. Based on the assumed safety properties of modern 
freeways, parkways, and landscape enhancement features, researchers hypothesized that parkway 
or landscape-improved sections appear to be safer compared to parallel freeway sections or street 
sections before landscape improvements. In addition, researchers compared the safety 
performance of parallel sections of freeways and parkways in terms of fatal accident rates, and 
the safety performance of urban arterial road sections before and after landscape improvements 
in terms of crash rates. 
The findings of this study show parkway or landscape improved sections are significantly safer than 
the compared parallel freeway sections in pairs or street sections before the landscape improvement. 
Particularly, urban parkway corridors show a significant decrease in fatal accident rates and accident 
costs compared to urban freeway sections. Crash rates at urban arterial road sections also show a 
significant decrease after the landscape improvement. In addition, median landscape treatments 
appear to be a meaningful safety measure. However, this study suggests further research is required 
to verify a relationship between driver or pedestrian visual perception according to travelway corridor 
landscape treatments and traffic safety effects. 
Title Virkning Virkning av utvidet midtoppmerking på kjørefart og sideplassering 

- Sammenligning mellom to typer midtfelt på E6 i Oppland og Østfolda 

Author(s) Sagberg F 
Publisher Transport Economics Institute 
Paging 31 pages 
Year 2007 
This study investigated the effects on driver behaviour of 1 m wide painted medians on 10 m wide 
two-lane rural roads. Two types of painted medians were studied. The first consists of transverse 1m-
long green lines with a 1.5 m distance between them. The second consists of two longitudinal lines 1 
m apart. Valid speed data were available only for the latter treatment, where a speed decrease of 2.7 
km/h was found. Both types of painted medians resulted in increased separation between opposing 
traffic streams. The increase varied from 60 to 72 cm, compared to a conventional centreline. It is 
concluded that on low-volume roads visual road modifications may represent a cost-effective 
alternative to physical median barriers. 
Title The effects on safety, time consumption and environment of large scale 

use of roundabouts in an urban area: a case study 
Author(s) Varhelyi A, Hydén C, Hjalmdahl M, Draskoczy M, and Risser R. 
Publisher  Department of Technology and Society, Lund University, 
Paging   
Year 2002 
The long term- and large scale effects of an active accelerator pedal in 284 vehicles in the city of 
Lund were evaluated. The results showed that compliance with the speed limits improved among test 
drivers. The reductions in average speeds, and in speed distribution, better car following behaviour, 
increased attention and better behaviour towards pedestrians indicate a great traffic-safety potential. 
Travel times were unaffected. Emission volumes decreased significantly.  

Title Utformning av separering av gående och cyklande. (Design of the 
separation between bicyclists and pedestrians).  

Author(s) Jonsson L and Hydén C 
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Publisher Department of Technique and Society, Lund Institute of Technology, Report 
7205, 2005. Lund, Sweden 

Paging 125 pages 
Year 2005 
Designing the shared tracks so that the pedestrians and bicyclists keep to their side respectively is 
important to improve the situation. Field studies were performed at over 100 pedestrian and bicycle 
tracks and the results were analyzed with respect to materials, separation line, flow, signs, 
dimensions, road markings and surroundings. The results show that the design has a great impact on 
whether the road users keep to their side of the pedestrian and bicycle tracks or not. The most 
efficient design seems to be a difference in material, asphalt on the bicycle side and tiles on the 
pedestrian side, together with a separation of the two sides, e.g. by paving stones or curbs. Signing 
has no impact at all whereas the road markings have a great impact, which is interesting both from a 
perceptional view point and also from the point of view that Swedish rules do not support the use of 
markings but signing. 

Title Guidelines for urban-rural speed thresholds  
Author(s)   
Publisher Land Transport Safety Authority New Zealand 
Paging   
Year 2002 
These guidelines outline warrants and implementation arrangements for the gateways which are 
referred to as urban-rural speed thresholds and recommended to be installed at interface between 
rural and urban areas.  

Title Wire Rope Safety Barriers and the Pacific Highway Program: RTA Research 
and Investigations 

Author(s) Karin Nilsson and Neville Prior 
Publisher Roads and Traffic Authority NSW 
Paging   
Year 2007 
This paper discusses the decision process used by the Roads and Traffic Authority NSW to 
determine the type of median safety barrier that is most appropriate for reducing the risk of accident 
trauma on two-lane sections of the Pacific Highway. It shows the method used to quantify the 
predicted risk reduction after implementation of the proposed upgrade program, and compares the 
predicted results with those of 5-years’ experience with median wire rope safety barriers in Sweden. 
It also shows the process used to determine the minimum median width for installation of median 
wire rope safety barriers. The option assessed for the Pacific Highway is for 1+1 roads (one lane in 
each direction) with some overtaking lanes, generally at a greater spacing than in the Swedish case. 
The authors think that a median width of 1.6 metres might eventually be adopted as the minimum 
width for installation of wire rope safety barriers in narrow medians. The safety barrier will be installed 
as part of pavement widening works. 
 
 
Title Best Practice on Road Design and Road Environment - Reduction of head-

on and run-off-road accidents 
Author(s) Matena, S 
Publisher Ripcord-Iserest - Final Conference 27.9.-28.9.2007 in Bergisch Gladbach 
Paging   
Year 2007 
Presentation discussing best practices in Germany to prevent head-on and run-off-road collisions. 
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Title Safety Comparison of New Jersey Jug Handle Intersections and 
Conventional Intersections 

Author(s) R. Jagannathan, M. Gimbel, J. G. Bared, W. E. Hughes, B. Persaud, and C. Lyon 
Publisher Transportation Research Record 1953 
Paging  
Year 2006 

New Jersey jug handle intersections (NJJI) have been around for the past few decades. The basic 
design philosophy behind implementing jug handle intersections at suitable locations is to improve 
traffic operations by the elimination of the left-turn phase on a major road and to improve traffic safety 
by a reduction of the total number of potential conflict points and specific conflicting maneuvers at the 
intersection. This study, based on statistical analyses of intersection crash data, investigates the 
differences between and similarities in safety performance of NJJIs and conventional intersections for 
a limited sample set of 44 NJJIs and 50 conventional intersections. Results from raw data indicated 
that conventional intersections tended to have more head-on, left-turn, and fatal-plus-injury, and 
relatively fewer rear-end accidents than NJJIs. These observations were confirmed by negative 
binomial crash prediction models that were developed to account for the influence of other causal 
factors. Models were estimated for total, fatal-plus-injury accidents, rear-end, and sideswipe 
accidents for both sets of intersections. 
Title Unconventional Arterial Design – Jug handle Intersection Concept for 

McKnight Boulevard in Calgary 
Author(s) G. Furtado, G. Tencha, and H. Davos 
Publisher 2003 TAC Proceedings 
Paging  
Year 2003 
A functional planning study was initiated along McKnight Boulevard by the City of Calgary in 
response to the growing traffic and peak hour congestion routinely experienced along the corridor. 
The objective of the study was to identify and define, the most suitable improvements for medium 
term (2015 horizon) and long-term (2038 horizon) traffic demands, while conforming to a large 
number of independent constraints. Numerous alternatives were identified, and in due course 
rejected, due to their inability to adequately address the project requirements or satisfactorily meet 
stakeholder needs. Ultimately, a conventional intersection design involving widening along the south 
side of the corridor and the jughandle intersection concept were short listed for further evaluation and 
comparison. These design alternatives were subjected to a relatively rigorous appraisal that included 
performance, signing, laning and signalization requirements, property impacts, access and transit 
requirements, safety considerations, human factors and environmental impacts to name a few. It was 
found that operationally, the jughandle intersection design has compelling application potential in 
high volume corridors where local access is required and full grade separation is impractical or too 
costly. However, the jughandle property acquisition requirements and resulting costs along highly 
urbanized corridors, combined with their limited implementation experience in North America, can 
preclude their use in less than optimum circumstances. 
Title Efficacy of methods advocated to reduce cervid-vehicle accidents:  
Author(s) Reed, D. F. 
Publisher Research and rationale in North America./Strieter Corporation 
Paging   
Year Jan 1995 
Reed identified two types of wildlife reflectors that have been tested; a stainless steel mirror, and the 
Swareflex reflector, a red plastic lens developed by the Austrian firm Swarovski & Co. The hypothesis 
driving the development and marketing of the Swareflex reflector is that deer respond adversely to 
red light, since it has been suggested that a predator's eyes appear red to deer. He stated that 
although a number of reflector studies have been conducted, most have not had adequate sample 
sizes or controls to differentiate temporal and/or area effects, such as changes in deer population 
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and traffic levels 
Title Cable Median Barrier – Reassessment and Recommendations Update 
Author(s) Hammond, P. J., and J R Batiste 
Publisher  
Paging  
Year September 2008 
WSDOT’s cable barrier program has played a significant role in the reduction of fatal collisions along 
Washington State highways over the last several years. Where WSDOT has installed cable barrier, 
the number of fatal and serious-injury collisions occurring in or across the median dropped from a 
rate of 24.8 annually to 9.5 annually after cable barriers were installed. At the same time, the number 
of reported collisions has increased from 223 collisions per year to 561 per year because the barrier 
has been placed to intercept vehicles that leave the road. This report also examines the variation in 
collision rates for specific locations. 
Title FHWA-HRT-04-091 – Signalized Intersections: Informational Guide 
Author(s) Rodegerdts, L. A, Nevers, B., Robinson, B., Ringert, J., Koonce, P., Bansen, J., 

Nguyen, T., McGill, J., Stewart, D., Suggett, J., Neuman, T., Antonucci, N., 
Hardy, K., and Courage, K. 

Publisher Federal Highway Administration 
Paging Chapter 10 
Year 2004 

Title Animal vehicle crash mitigation using advanced technology. Phase I: 
review, design and implementation - FHWA-OR-TPF-07-01 

Author(s) Huijser, M.P., P.T. McGowen, W. Camel, A. Hardy, P. Wright, A.P. Clevenger, L. 
Salsman and T. Wilson 

Publisher Federal Highway Administration 
Paging  
Year 2006 
Title Wildlife Vehicle Collision Study: Literature Review 
Author(s) Huijser, M.P., P. McGowen, J. Fuller, A. Hardy, A. Kociolek, A.P. Clevenger, D. 

Smith and R. Ament 
Publisher Unpublished 
Paging  
Year  
Title WILDLIFE-VEHICLE COLLISION AND CROSSING MITIGATION MEASURES: 

A TOOLBOX FOR THE MONTANA DEPARTMENT OF TRANSPORTATION - 
FHWA/MT-07-002/8117-34 

Author(s) M. P. Huijser, A. Kociolek, P. McGowen, A. Hardy, A.P. Clevenger, and R. Ament 
Publisher Federal Highway Administration 
Paging  
Year 2007 
This report reviews 39 mitigation measures that reduce animal-vehicle collisions and that provide 
habitat connectivity for wildlife across highways. The overview is restricted to mitigation measures 
aimed at large terrestrial mammals (deer size and larger). However, this report also includes 
information regarding how such measures may affect or benefit federally endangered or threatened 
species in Montana, regardless of their size. In addition to the detailed information for each mitigation 
measure, a summary table is provided that provides at-a-glance information on the costs and 
benefits of the individual mitigation measures for which such data were available. Furthermore, the 
report graphically illustrates which measures have the best monetary balance (the difference 
between benefits and costs) and which measures reduce animal-vehicle collisions and associated 
costs best. Based on the results, the authors of this report identified wildlife fencing, with or without 
wildlife underpasses or a combination of wildlife underpasses and overpasses, and animal detection 
systems with wildlife fencing, as the most cost-effective mitigation measures. Animal detection 
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systems without wildlife fences or wildlife fences with a high density of wildlife overpasses are also 
cost-effective, but more data on system effectiveness are needed before these systems are 
recommended for implementation rather than further study. The final section of the report provides 
suggestions on the implementation or study for each of the 39 mitigation measures. 
Title Unconventional Intersection Design for Improving Through Traffic Along 

the Arterial Road 
Author(s) Hildebrand T. E. 
Publisher Florida State University 
Paging  
Year 2007 
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Countermeasure and its Description 
Collision Reduction (CRF, % or Qualitative 

Estimate)  

Estimated 
Validity of 

CRF 

 Capital 
Costs  

Mainte-
nance and 
Operating 
Costs 

Suscep-
tibility 

Public 
Acceptance 

Policy 
Makers 

Acceptance 

Sustain-
ability 

20mph (30 km/h) zones 
30 km/h (20 mph) zones are area-wide traffic calming schemes designed to keep traffic speed within 30 
km/h anywhere within the area. It was initiated in the UK and currently is widespread in Europe. 30 km/h 
(20 mph) zones typically should have physical engineering measures to self-enforce the speeds. 
Measures to keep speeds low will generally be either adjustments to the horizontal alignment or vertical 
alignment. 20mph zones are most appropriate on residential and local distributor roads. These are 
usually located in residential areas but other locations such as shopping streets may be suitable. In the 
UK the 30 km/h (20 mph) zones usually form part of an overall safety management strategy, rather than 
be created as isolated schemes, and are used in the residential cells which are identified after a 
hierarchy of through routes and local distributor roads has been designated. In Sweden, this measure is 
first implemented by "zone-signing" only. No physical speed-reducing measures initially form a part of a 
30-km/h zone - those are implemented later on if speeds do not come down enough.   

 60% (average annual accident frequency - UK); 
70% (child, pedestrian and cyclist casualties - 

UK) .Sweden: 5-20% of all injuries and fatalities. 
In Sweden, compliance with signing is quite low 
(usually up to 20%), therefore, physical measures 

are introduced at a second stage 

no data on 
methods 
used 

may be high low low high high high 

Vehicle-Activated Warning Signs 
Vehicle-activated (or ‘secret’) signs are roadside signs which only target selected drivers. Sensors 
measure the speed of approaching vehicles and if this speed is in excess of a pre-set trigger speed, the 
‘secret’ sign lights up displaying a message. Hence, only drivers traveling at a speed that is regarded as 
unsuitable for the conditions on that particular stretch of road activate the sign. The main objective of 
vehicle-activated warning signs is to alert the targeted drivers to the hazard such that they reduce their 
speed. The signs have the advantage of being blank (i.e. black) when not activated, limiting their visual 
intrusion, which is particularly relevant in rural areas.Signs using similar technology have also 
occasionally been used to warn tall vehicles that they are too high to pass under a bridge ahead and 
warn vehicles of a queue ahead 

 Speed reductions of about 5-9 km/h (UK). 
Approximately 33% reduction of all collisions in 

Norfolk, UK 
may be valid 

$25,300 for 
one sign (UK 
1996 data) 

Operating 
costs were 
evaluated as 
"low" in the 
full-scale 
study in 

Norfolk, UK 

not clear how 
the system is 
susceptible 
to extreme 
cold and 
snowy 

conditions 

high: UK 
data show 

strong public 
support for 
the signs 

high 

high - There 
is no 

evidence that 
in time 

drivers could 
become less 
responsive, 
even over 
three years 
(UK data) 

Yellow Bar Marking 
In the 1970’s, transverse bar markings with an irregular (approximately logarithmically decreasing) 
spacing pattern were suggested in the UK as a possible solution to the effect known as ‘speed 
adaptation’. This is where a driver who has been driving at high speed for a considerable distance and 
then reduces speed (from 110 km/h to 50 km/h, for example) feels as if he or she is traveling much 
slower than is actually the case. The spacing pattern, therefore, was designed to manipulate a driver’s 
visual field so that, as a driver traveled over the markings, perceived speed was greater than actual 
speed. The objective of the markings was to slow drivers on the approach to a hazard, such as a 
junction. 

15% (injury crashes, 1993 UK data, not 
statistically significant) to 57% (total number of 

crashes, 1981 UK data) 

Indicative 
only: 1981 
study used a 

control 
group, but 
study is 
outdated. 
1993 also 
used control 
sites, but a 
shorter 

pattern was 
used. 

low low low high high 

the effect 
may be 

diminished 
with time - 
driver may 
get used to 
the effect 

Anti-parking posts  
Anti-parking posts are used in Germany at different types of intersections (usually in built up areas) to 
ensure that vehicles are not parked in the vicinity of intersections where they can obstruct the sight 
triangles. It is considered as an effective measure which is much less expensive than bulbouts. Since 
the posts are using reflectors they also increase the prominence of the intersections and narrow down 
the traveled portion of the street so that the rest can be used by pedestrians crossing the street. The 
posts could also be used at the local streets to self-enforce no-parking zones in the vicinity of pedestrian 
crossovers or unmarked pedestrian crossings. 

No data. Effect may be low to medium, depending 
on the size of the issue at the specific location 

n/a  
 

low 
(especially 
compared to 
bulb-outs) 

low low high high high 
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Splitter Islands for Yield or Stop-Controlled Intersections If a yield or stop controlled intersection is 
poorly defined and there is a risk  that the signs can be overlooked (especially in the situations where 
the drivers may perceive that they have a right of way), it is a recommended practice in Germany to 
install a splitter island with or without an additional stop or yield sign. The island also decrease speeds 
and promotes safety for pedestrians. Another important application of this countermeasure is on the side 
roads to high speed highways. Vehicles on the side road waiting to make a left turn obstruct the view of 
the traffic approaching from the left to the drivers crossing the main road or turning right. To some 
degree drivers waiting to cross the main road or turning right (especially trucks) may also obstruct the 
view of traffic to the right to the drivers making a left turn. 

No data. Effect may be Low to medium, 
depending on the size of the issue at the specific 

location 
n/a medium low low high high high 

Anti-skid surfacings  
High-friction or ‘anti-skid’ surfacings are widely used in the UK to treat locations where an additional 
friction may be required to improve safety. Anti-skid surfacings make use of aggregates with better skid-
resistance properties than normal, generally an artificial aggregate produced out of the “residue” from 
aluminum called calcined bauxite. The systems currently available in the UK can be split into two 
categories: (1) Chemical cure systems: These systems use multi-part binders that cure chemically when 
the parts are combined just before being applied to the road; and (2) Thermoplastic systems: The 
powdered materials are put into boilers and heated up before being hand-screed onto the road. 

32% (UK data, applied to total number of 
collisions in urban environment) 

Statistically 
not valid: 

naïve before-
after study 
using UK 

MOLASSES 
database 

approximatel
y $6500-

8000 for 50 
m long 

applications 
in both 

directions on 
two-lane 
streets 

Service life of 
between five 

and ten 
years 

medium - no 
data exist on 

the 
performance 

of the 
surfacing 
under low 

temperatures 
and frequent 
applications 

of salt 

high (good 
ant-skid 
surfacing 

creates a feel 
good factor 
for the 
drivers) 

high 

medium if 
used for 

treatment of 
high-crash 
locations. 
Low if used 
universally - 
creates 
drivers 

expectations 
with possible 
increase of 
average 
speeds  

Bus boarders 
Bus boarders are pavement build-outs which are used in the built up areas of the UK to discourage 
parking opposite the bus stop, bring the bus to a stop in the main carriageway with a calming influence 
on other traffic, and ensure that the bus stops at a right position (bus drivers do not have to squeeze 
between parked cars to take up a right position at the curb) and ensure that passengers and pedestrians 
have a clearer view of their surroundings. 

50% (UK data from one site, collisions with 
pedestrians only) 

Statistically 
not valid: 

naïve before-
after study 

from one site 
only, other 
treatments 

were used as 
well 

medium 
(should be 
similar to 

construction 
of bulb-outs) 

low low 

Medium - 
well 

accepted by 
pedestrians 
but may 
increase 
travel time 
and irritate 
motorists 
which will 

need to wait 
behind the 
stopped 
buses 

High - 
promotes 
and creates 
more livable 
environments

, gives  
priority to 

public transit 
and thus 

contributes to 
the decrease 

in 
greenhouse 

gas 
emissions 

medium if 
used for 

treatment of 
high-crash 
locations. 
Low if used 
universally - 
creates 
drivers 

expectations 
with possible 
increase of 
average 
speeds  

Overhead Stop Sign 
At intersections where there is a risk that stop signs may be overlooked German practitioners 
sometimes use a duplicate overhead stop sign. Overhead stop signs may be also used at the 
intersections after the crest of a hill as the overhead signs can be seen from longer distances. The 
countermeasure is similar in effect to the flashing read beacon used in Canada, but it is a less 
expensive solution (both with regard to the capital and maintenance costs). Additional advantage is that 
it does not need an electrical supply. Safety effect of the overhead stop sign may be lower during 
nighttime (headlight beam may not light it properly from closer distances).  

No data. Effect may be Low to medium, 
depending on the size of the safety issue at the 
specific location. Safety effect seems to be close 
to that of the flashing beacons during daytime. 
Safety effect may be lower during nighttime 
(headlight beam may not light it properly from 
closer distances). The latter factor should be 

researched 

n/a 

low 
(especially 
compared to 
flashing 
beacons) 

low 
(especially 
compared to 
flashing 
beacons) 

low high high High 

End of Queue Detection 
Backing up of queues on the freeway off ramps to the extent where the end of queue reaches the 
freeway is dangerous and should be avoided. To prevent such situations, German freeway off ramps 
with signalized ramp intersections are equipped with the End of Queue detectors. These detectors 
(loops) are connected to the controller of the signalized ramp intersection. When the queue reaches the 
detector, it sends a signal to the controller which forces a green light to the concerned direction of travel 
at the ramp intersection thus preventing the end of queue from backing up to the freeway.  
This End of Queue Detection can be also used on the intersections located close to the railway 
crossings or on any other road sections where there is a risk that the queues may block the downstream 
intersections.   

No data. Effect may be Medium to High, 
depending on the size of issue at the specific 

location 
n/a 

low 
(especially 
compared to 
extension of 

ramps, 
reconstructio
n of ramp 

intersections 
etc) 

high low high high High 
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Overtaking ban for trucks on freeways 
Overtaking ban for trucks is used on German four lane freeways at locations where there is a concern 
that overtaking by trucks introduces frequent traffic conflicts between passenger cars on fast lanes and 
overtaking trucks. This countermeasure is usually used in combination with a 100 km/h speed limit sign.  

No data. Effect may be None to low n/a low low  low 

high (the only 
disadvantage
d group are 
truck drivers) 

high High 

Speed Cameras 
The objective of speed camera enforcement is to persuade drivers exceeding a specific speed limit to 
slow down. Lower speeds can be expected to result in fewer road traffic accidents and less severe 
casualties.  
According to the UK Road Safety Good Practice Guide, speed cameras bring about accident reductions 
when sites are selected appropriately. The current average reduction in injury accidents has been found 
to be 28% from an average 6.7 km/h reduction in mean speed. Accident reductions may also occur at 
junctions on the camera routes. According to the Parliamentary Advisory Council for Transport Safety 
and the Slower Speeds Initiative Research Briefing of December 2003, research has consistently shown 
that speed cameras have a major impact in reducing casualties. A major two-year Department for 
Transport study of speed cameras across six areas found a 35% reduction in people killed and seriously 
injured at camera sites, compared to a long-term trend.  

According to 2008 US synthesis, 2-15% reduction 
in speed and 9-50% reduction in crashes 

depending on the study. 

Degree of 
validity 

varies, some 
evaluations 
are valid 
(Elvik) 

Benefit-Cost 
ratio of 2.6:1 
in Holland, 
26.7:1in 

Norway, 47:1 
in Australia 

Up to 50% 
from the cost 

of initial 
installation 
UK). Can be 
completely 
offset by 

revenue from 
fines 

low to 
medium - not 
clear how 

cameras will 
perform 
under low 

temperatures 

Sweden: 
Support of 
60% of 

males and 
80% of 

females. UK: 
poll of polls’ 
by Transport 
2000 shows 
74% support  

low to 
medium 

(opportunitie
s exist to 
achieve a 
buy in) 

high 

Coloured Road Surfacings  
The availability of coloured road surfacing has increased dramatically over the last years. Coloured road 
surfacings are now commonly used in the UK to: (1) highlight traffic calming features and village 
gateways and visually segregate the road space, enhancing bus lanes, cycle lanes and central hatched 
islands without the need for physical engineering measures. 

No data. Effect may be low or adverse: coloured 
surfaces may give pedestrians a false sense of 

security 
n/a 

$4000 for a 
pedestrian 

crossing on a 
two lane 

street (UK). 

low 

not clear: 
susceptibility 
to salt should 
be checked 

high 
(aesthetically 
pleasing 
streets, 
sense of 
security) 

high 
(aesthetically 
pleasing 
streets, 
sense of 
security) 

high 

Gateways 
Gateways are devices used to mark a threshold to a village or special road environment requiring lower 
speeds and greater attentiveness than on the present road on which the driver is traveling. In the UK 
gateways now exist in a very wide variety of forms but their common main feature is the conspicuous 
vertical element at the side of the road, normally constructed on the verge. In addition, the following 
elements have been widely incorporated: (1) Enhanced signing, often with yellow backing boards; (2) 
Coloured surfacing, often with a speed limit roundel; (3) Narrowing, either by physical measures or by 
road marking; (4) ‘Dragon teeth’ which create a visual impression of the traffic lane narrowing; (5) 
Paving, grass or other cover, walls, rails, fences or plants may also be included; (5) Countdown signs 
have been used on the approach to gateways. The measure is also widely used in New Zealand where 
it is referred to as urban-rural speed thresholds and recommended to be installed at the interface 
between rural and urban areas.  

25% reduction in all collisions (UK); 50% 
reduction in fatal and serious injury collisions (UK) 
also collision reductions of 20% for vehicles and 
40% for pedestrians per 1.6 million kilometres 

traveled (NCHRP Report 613, 2008). 

No info on 
the 

methodology 
used. May be 
valid due to 
the credibility 
of the source 

$44,000  low low high high high 

Puffin crossing (Pedestrian User Friendly Intelligent Crossing) 
The Puffin crossing (Pedestrian User Friendly Intelligent Crossing) is a development of the Pelican 
crossing widely used in the UK and is planned to replace the Pelican type as the standard stand-alone 
pedestrian crossing across the country. It has automatic detection of pedestrians to extend or reduce 
the all-red period as required to suit the crossing speed of the pedestrian. As well as on-crossing 
detectors, curbside detectors can cancel a pedestrian demand if the pedestrian walks away from the 
crossing point, perhaps having crossed the road in a gap in traffic.  

No data. Effect may be low n/a $48,500  low low high high high 
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Rising Bollards 
These are automatic, electrically-operated bollards that retract into the road surface when they have 
detected a valid electronic tag (usually mounted on selected vehicles), often during specific times of day. 
Rising bollards are becoming more widely used in town locations in the UK to restrict use of the road to 
those drivers with authorized access, such as service vehicles and emergency vehicles. Their restrictive 
nature will, of course, reduce traffic using the network of roads contained within a system and this, in 
turn, may help to reduce road accidents on those roads. 
The posts are usually mounted within a tube located beneath the road surface. Maintenance and 
operating costs may be expensive and any system, however well designed, will fail to operate on 
occasions and must fail to a safe state, ideally with bollards retracted. 

No data. Effect may be low  n/a medium high 

can be 
susceptible 
to snow 

accumulation
s and icing 

high high high 

Audio Tactile Line Marking (ATLM). 
Audio Tactile Line Marking (ATLM) has been proven as an effective countermeasure against single 
vehicle run off road crashes in Australia. In Australia, ATLM has been used in preference to milled 
rumble strips due to the nature of the road pavement construction. Most inter-urban roads in Australia 
are constructed as a spray seal. This means that roads are constructed from compacted gravel that is 
sealed with a sprayed on layer of bitumen with aggregate poured and rolled on top of it. This results in a 
thin road surface layer which is unsuitable for the hot forming or milling treatments frequently used in 
North America. Queensland, NSW, Victoria and Tasmania have been using ATLM since the 1990s. The 
use of ATLM is also frequently referred to and recommended in parliamentary enquiries and task forces 
in Australia.  

Safety effect is cited as "proven".  However, 
specific CRFs were not retrieved from the 

literature 
n/a 

$1000/km for 
Zaganite and 
$3000/km for 
Vibraline 

ATLM (based 
on a 150 mm 
wide line 

application). 

ATLM has 
lead to a 

reduction in 
maintenance 

costs 
associated 
with painting 
edge lines  

not clear. 
May be 

susceptible 
to salt or cold 

weather 
conditions 

high high 

the effect 
may be 

diminished 
with time - 
driver may 
get used to 
the effect 

Overhead Structures for Crossing of Tree-Dwelled Animals 
In Australia many highway sections are prone to the frequent crossing of tree-dwelled animals. In 
addition to safety concerns, such highway sections significantly affect the habitat. To address this issue, 
Australian road authorities use simple overhead structures (e.g., wire ropes between two poles) 
combined with animal fences which facilitate and encourage overhead crossings of highways for such 
animals. 

No data n/a low low low high high high 

Dynamic Re-routing with Automatic Traffic Jam Warning 
Research in Germany has shown that drivers (even local residents) are unsatisfied with the jam warning 
systems which do not suggest alternative routes. Research has shown that a large proportion of drivers 
select alternative routes when they receive information about a traffic jam ahead, even if they are not 
provided with a route guidance. Obviously, choosing an alternative route by the driver requires 
knowledge of the freeway network and may not always be optimal as alternative routes can be also 
congested. In addition, driving on alternative, unfamiliar routes without proper guidance can cause 
navigation problems and may unnecessarily add an “idle mileage” for the stranded motorists. In addition 
to negative effects on mobility, navigation problems can have negative safety effects while the idle 
mileage increases the exposure to risk.  
In order to address the optimal route selection and guiding drivers on the alternative routes, the Federal 
Highway Research Institute of Germany has been leading an effort to develop and deploy a Dynamic 
Re-Routing system which incorporates automatic warning of traffic jams. Currently, there are two 
principle alternatives of dynamic rerouting systems in place on the German freeway network: with a 
rerouting guide arrow and without it. Both layouts are effective while variable message signs 
incorporating rerouting arrows give several benefits compared to the signs without the rerouting arrow.  

No data, indirect evaluations of the safety effect 
of intelligent traffic management on freeways 
only. Safety effect is achieved by reducing 

navigation problems, selection of optimal routes 
and reduction in the drivers' expose to risk 
through the reduction of the idle mileage 

n/a high may be high low high high 

high, the 
need will 

increase over 
time 

e-Call 
e-Call is a Pan-European automatic in-vehicle emergency call service developed in the European Union. 
The e-Call was developed on the initiative of the e-Safety Forum composed of the European 
commission, industry and other traffic safety actors. It has met with widespread support both from EU 
member states and car manufacturers. The current aim is to equip all new vehicles with e-Call terminals 
from the beginning of 2010.  
An e-Call‐equipped vehicle has a terminal with satellite connection, wireless communication and 
sensors for detecting a crash, rollover and fire. When a crash occurs, the terminal sends information on 
vehicle position and crash type to the emergency response centre and a normal voice communication is 
opened to the emergency centre after a small delay. Accident vehicle identification and possible 
accident severity information is transmitted automatically. The automatic detection of an accident is 
based on the vehicles sensors or the sensors built into the e-Call device. The in-vehicle sensors can 
detect triggering of an airbag, intense deceleration, vehicle roll-over or a sudden increase in 
temperature. It is clear that the system can be easily incorporated in the traffic management systems 
and form a part of the effective incident management with rerouting, public information etc.  

4.7% of the fatalities in accidents involving motor-
vehicle occupants. In all, e-Call system was 

estimated to be able to reduce 5–10% of motor 
vehicle fatalities and 4–8% of all road fatalities in 
Finland. Benefit-cost ratio is in range of 0.5–2.3 

(Finland) 

may be valid 

 Price per 
terminal  
$225 

Installation 
costs for 
retrofit 

terminal $75. 
$112 for 

terminal in a 
new vehicle.  

Overall cost 
of the e-Call 
system for 
emergency 
centres in 
Sweden is 
$0.55 

mln/year  

low high high high 
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2+1 Roadway Design 
A 2+1 road design has a continuous three-lane cross section with alternating passing lanes.  European 
safety and operational experience with 2+1 roads shows that they can be an attractive alternative to 
two- or four-lane roads in some cases. In 2003 Germany had approximately 360 km of 2+1 roads in 
2003. At that time Finland had approximately 48 km of 2+1 and was planning to build more. Sweden has 
currently approximately 1500 km of 2+1 roads with a consistent adding of 250 km of 2+1 roadways each 
year. 2+1 designs in Germany and Finland do not use a dividing median cable barrier, while Swedish 
design incorporates a high-tension median cable barrier separating opposing traffic flows. Recently, 
Sweden also started to test 2+1 designs without a median cable barrier and with the use of a painted 
median and centreline rumble strips. Rumbles are: 1 centimetre (cm) deep, 13 cm long and 30 cm wide 
and 60 cm between centrelines. It is a key countermeasure to support Swedish "Vision Zero".  Initially, 
Swedish National Road Administration (SNRA) found it very difficult to promote 2+1 roads in the political 
planning process. However, the 2+1 concept has turned out to be a political success in Sweden. The 
public, media, and politicians have changed their views almost 180 degrees since the first 2+1 roadway 
opened. The drivers are also very supportive of 2+1 roads.  

36% less than 2-lane (Germany) 22-46% less 
than 2-lane (Finland) 40% to 74% reduction in 

fatal and serious injury rates on different types of 
two-lane roads (physical separation, Sweden); 
According to Elvik & Vaa, passing lane on one 
side can reduce injury accidents by 18% and 

PDO accidents by 20% 

Naïve before 
after 

comparison 
of collision 

rates 
(Germany, 
Finland, 
Sweden) - 
indicative 
only. Elvic 
data - 

statistically 
valid 

$390/m for  
MLV90 and 
$234 for 

MML90. Can 
be 

considered 
low 

compared to 
4-lane 

widening and 
physical 

separation of 
traffic flows. 
Restriping is 
much less 
expensive 
than using 
cable 

barriers.  

Low for 
striped 

separation. 
May be high 
for cable 
barrier 

separation 
(and frequent 

hits)  

low 

High 
(Germany, 
Finland, 
Sweden, 
Norway) 

High 
(Sweden) 

High 

Channelization of opposing traffic flows by 1-2 m optical medians. 
A recent Norway study indicated that 1 m wide painted medians on 10 m wide two-lane rural roads may 
be effective in separation of opposing traffic flow to prevent overtaking and shifting drivers further away 
from the centreline. Two types of painted medians are being piloted. The first consists of transverse 1m-
long green lines with 1.5 m distance between them. The second consists of two longitudinal lines 1 m 
apart. Both types of painted medians resulted in increased separation between opposing traffic streams. 
The increase of separation between opposing flows varied from 60 to 72 cm, compared to a 
conventional centreline. This countermeasure is currently considered as a cost-effective alternative to 
physical median barriers on low-volume rural roads. Study lead by the Danish Road Directorate also 
found that this countermeasure holds promise in reducing head on collisions on rural roads. In Denmark 
it is used as a red coloured central area (1-2 m in width) flanked by reflectors on selected sections with 
small central islands on sections going through villages Germany started implementing variations of this 
countermeasure on 2+1 designs (with physical rumbles).   

No collision data is currently available. Behavioral 
observations only:  Norway, Denmark, Germany 

n/a medium medium low high high 

expected to 
be high - no 

data 
currently 
exists 

Safety Edge 
An edge drop-off of 100 mm or more is considered unsafe if the roadway edge is at a 90º angle to the 
shoulder surface. Even a drop-off as small as 75 mm can create an unsafe condition when the vertical 
angle is 90 degrees. As an example, once a vehicle crosses from a paved surface onto an unpaved 
shoulder, the driver’s reaction often is to overcorrect to get back on the road. The overreaction can 
cause the rear wheel to catch on the shoulder edge and spin the vehicle around. In many instances, 
drivers attempting to return to the road will veer into the adjacent lane, cross into opposing traffic, or 
leave on the opposite side of the roadway. Applying filled and compacted shoulder material to reduce 
the drop-off depth has proved a viable method to create a safe condition. FHWA currently recommends 
adopting a standard contract specification requiring a “Safety Edge,” an angled asphalt edge, or fillet, 
that slopes 30-35 degrees from the pavement surface to the shoulder, as a contract specification in all 
pavement construction and resurfacing projects. The asphalt fillet provides a safer roadway edge and a 
stronger interface between the roadway and the shoulder. 

Qualitative estimates only n/a 

low - 
additional 
cost is less 
than 1% of  
pavement 
overlay cost 

low low  high high high 

Differential speed limits for cars and trucks 
Since 1987, individual States in the US are permitted to raise rural interstate speed limits from the 
previously mandated national speed limit of 89 kilometres per hour (km/h) to 105 km/h on rural interstate 
highways. Of those that changed their speed limits, some States raised the limits for passenger cars but 
not trucks while other States raised the limits for both passenger cars and trucks. The former category, 
with different speed limits for cars and trucks, is known as differential speed limits (DSL), the latter 
category is known as uniform speed limits (USL). By 2002, several States had experimented with both 
DSL and USL. This study compared the safety effects of a uniform speed limit (USL) for all vehicles as 
opposed to a differential speed limit (DSL) for cars and heavy trucks. No consistent safety effects of 
DSL as opposed to USL were observed within the scope of the study. The mean speed, 85th percentile 
speed, median speed, and crash rates tended to increase over the 10-year period, regardless of 
whether a DSL or USL limit was employed. 

No consistent safety effects of DSL as opposed to 
USL were observed 

n/a low low low not clear not clear high 
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Reduction of Speed Limit on Freeways 
In order to improve safety, the speed limit on approximately 1100 km of rural arterial roads in South 
Australia was reduced from 110 km/h to 100 km/h in July 2003. The crash experience on these roads in 
the two years before and the two years following the change has been compared with other roads where 
the 110 km/h limit was not changed.  

Available evaluations inconclusive, change might 
be anywhere between an increase of casualty 
crashes by 4% and a decrease of 44%. At six 
sites an average speed reduction of 2 km/h was 

found. 

Before-after 
with control 
group.  

Number of 
crashes on 
these roads 
is small - 
estimate is 
uncertain. 

low 

low 
(however, 
the cost for 
enforcement 
of speed 

limits may be 
high) 

low not clear not clear high 

Left Turn around the Block 
Left turn around the block traffic circulation schemes supported by the “Left Turn around the Block” 
signs are used in Germany in situations where the traffic volumes are high in either direction and the left 
turns can be unsafe due to the insufficiency of adequate gaps and presence of conflicting pedestrian 
and bicyclist flows. The implementation of this countermeasure may also be prompted in situations 
where the accommodation of left turning flows is problematic due to the right of way constraints.  
This countermeasure is perceived to be more effective and safe then a pure left turn prohibition which is 
used in Canadian major cities as the latter does not prompt the drivers on the left turn arrangements. 
Not using the “Left Turn around the Block” leads to navigation problems and related traffic conflicts, 
excessive idle mileage (exposure to risk) and driver frustration/aggressive driving behavior. It is 
anticipated that application of the German practice of using the “Left Turn around the Block” sign may 
have both safety and environmental effects (due to the reduction of idle vehicle mileage). 

No data. Effect may be High for the intersection in 
question. Also reduces negative safety effect of 
additional mileage compared to pure left turn 

prohibition 

n/a low low low high high 

Medium. 
With the 

increase of 
in-vehicle 
navigation 
systems the 
effectiveness 

of the 
countermeas
ure may 
decrease 
over time.  

New Jersey Jug Handle Intersection (NJJI) 
New Jersey Jug handles are one-way roadways in two quadrants of the intersection that allow for 
removal of left-turning traffic from the through stream without providing left-turn lanes. All turns-right, left, 
and U-turns are made from the right side of the roadway. Drivers wishing to turn left exit the major 
roadway at a ramp on the right and turn left onto the minor road at a terminus separated from the main 
intersection. 

Results from raw data indicated that conventional 
intersections tended to have more head-on (2.1% 

compared to 1.2%), left-turn (11.8% versus 
3.7%), and fatal-plus-injury (33.8% versus 

30.2%), and relatively fewer rear-end accidents 
(42.7% versus 56.6%) than New Jersey Jug 

Handle Intersections (NJJIs). 

Valid 
(statistical 
analysis 
based on 
performing 
ANOVA test) 

 high  low low medium medium Not clear 

Advanced Green for Pedestrians 
When traffic and pedestrians receive a concurrent green signal and start the movement practically at the 
same time. At the initial phase of left or right turning movements the drivers may overlook the 
pedestrians intended to cross as they are still located on the sidewalk.  
There is a recommended safety countermeasure in Germany to give the pedestrians 2 seconds of the 
advanced green signal so that they start their movement earlier than the drivers and get in their visual 
field by the time the drivers receive their green. 

No data. Effect may be Low to medium, 
depending on the size of the issue at the specific 

location 
n/a 

medium (new 
traffic 

controllers 
should be 

developed or 
purchased) 

low 
(comparable 

to 
conventional 
controllers) 

low high high High 

Channelization of opposing traffic flows by physical dividers and markers 
There is a risk that drivers may not adjust their speeds when entering weaving road sections and 
encroach the opposite traffic lanes. Side-swipe and head on collisions may result. Installation of dividing 
barriers is a common treatment, but sometimes it is not possible on relatively low speed roads in build-
up areas due to the right-of-way constraints. Installation of the dividing barriers is also a high cost 
solution and should be combined with the installation of the crash cushions which are even more 
expensive. In addition, crash barriers are not aesthetically pleasing if installed in built up areas and may 
be negatively perceived by the local community.  
To address this issue, road safety practitioners in Germany use a relatively low cost and more 
aesthetically pleasing longitudinal humps combined with the delineators. The humps are actually glued 
to the road surface. This treatment creates a shy line for the drivers, pushing them further back from the 
centreline. It also creates a visual clue for the drivers approaching the weaving road section. 

No data. Effect may be Low to medium, 
depending on the size of the issue at the specific 

location 
n/a 

medium 
(lower 

compared to 
traffic 

barriers and 
crash 

cushions) 

medium low high high High 

Increase of retro-reflectivity of marking and markers 
Retro-reflectivity of markings and markers on multilane freeways, multilane highways, or two-lane 
highways as a function of the relative retro-reflectivity of either white or yellow pavement markings, or for 
pavement markers 

zero 

valid 
(innovative 
time series 
methodology

) 

low to 
medium 

no low may be high not clear high 
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In-pavement lighting systems 
District 4 of the Florida DOT was experimenting with an in-pavement lighting system. The MUTCD 
allows such systems for pedestrian crossings only, but allowed Florida DOT to pilot it in a different 
application. The site was selected because there was a keen interest in the application of the system in 
high-speed approaches to intersections, like at grade intersections on high-speed expressways. The 
system may be installed along the edge line and the centreline in advance of unexpected or sight-
restricted, high-speed intersections so that in-pavement lights flashed when the speed of a vehicle on 
the major road approach the downstream intersection exceeded a specific threshold. There were 86 
crashes on the pilot site in 1997-1999 and 2001-2003 with the majority being angle and right turns and 
an estimated 77% of crashes attributed to speeding. The results of 6 months evaluation demonstrated 
that the speeding was reduced and no crashes have occurred.  

Preliminary data from one site only (no collisions 
during 6 months on site with high crash history in 

the before period) 
n/a medium can be high 

may be 
susceptible 
to salt, snow 
and snow 
plowing 

operations 

may be high may be high high 

Coloured bike lanes through intersections 
Many European cities use colored markings at bicycle-motor vehicle crossings to reduce conflicts. The 
colors range from red (the Netherlands, Germany, Sweden, Denmark, Switzerland, Belgium and others) 
to blue (Denmark), yellow (Switzerland), and green (Germany and France).  
The City of Portland has been experimenting with blue pavement markings to delineate selected conflict 
areas. The University of North Carolina Highway Safety Research Center (UNCHSRC) — under 
contract to the Federal Highway Administration — analyzed the project data. 

38% reduction in the number of bicycle accidents 
(Denmark), with increase in pedestrian collisions. 
Existing road safety knowledge in North America 

is inconclusive. Study in Portland, Oregon 
showed the decrease in traffic conflicts, but the 
bicyclists paid less attention to the traffic. False 

sense of security can increase the risk of 
collisions. 

No 
description of 
methodology 
is available 
(Denmark) 

low 
low if the 

durable paint 
is used  

paint may be 
susceptible 

to salt 
high 

high 
(promotion of 
bicycle use, 
reduction in 
greenhouse 

gas 
emissions) 

high 

Waving road surfaces 
Rocking and waving road surface on selected road sections are used in pilot projects evaluated by the 
Danish Road Directorate to arouse the attention of drivers by temporary decreasing the high level of 
driving comfort. 

Available evaluations are inconclusive - 
observations of behavioral patterns only.  

n/a medium low low 

may be low - 
waving road 
section is not 
aesthetically 
pleasing 

may be low - 
waving road 
section is not 
aesthetically 
pleasing 

high 

Three-dimensional road marking 
Innovative road markings painted to appear to be three-dimensional are included in the catalogue of 
ideas by the Danish Road Directorate. It is believed that it will cause drivers to decrease their speed in 
the same way as the real three-dimensional road markers. 

Available evaluations are inconclusive - 
observations of behavioral patterns only.  

n/a 

low to 
medium if 

special paint 
is to be used 

low 

medium - 
can be 

susceptible 
to the effect 

of salt 

high - roads 
appear to be 
aesthetically 
pleasing 

may be high 

may be low 
subject to the 
extent of 

"getting used 
effect"  

Danish offsets combined with advanced yield marking 
Split Pedestrian Cross-Overs or Danish Offsets is a staggered configuration of pedestrian crossings at 
uncontrolled or signalized intersections, requiring pedestrians to walk toward traffic to reach the second 
half of the crosswalk. These are useful at skewed intersections or mid-block locations. It enables 
pedestrians to focus on crossing each direction of traffic separately and provides a “refuge” in the middle 
of the street. By requiring pedestrians to walk facing oncoming traffic, the refuge provides them a better 
view of oncoming traffic and allows drivers to clearly see pedestrians. Developed and being used in 
Denmark and were preliminary tested in the US. 

Behavioral observations only (US), no crash data. 
The US study showed that by introducing 

advanced yield markings, the yielding behaviors 
of motorists as well as delays for pedestrians and 
motorists could be improved more significantly for 
Danish offsets than for median refuge islands.  

n/a 
low to 
medium 

low low high high high 

Drowsy driving signs 
This is a sign with yellow background and a warning message of three possible types: "Drowsy Driving 
Causes crashes", "Drowsy Drivers Next Exit 5 miles" or "Drowsy Drivers Pull Over If Necessary".  It was 
anticipated and seems to be corroborated by data that the sign could reduce drowsy driving crashes and 
was statistically significant at an 85% level of significance ranging from 46% to 63%. The westbound 
reduction ranged from 5% to 22%, but was not statistically significant. Additionally, a public opinion 
survey indicated that the drowsy driving signs “definitely” or “somewhat” contributed to the driver’s 
decision to exit the freeway and take a break for 32% of survey participants. 

46% to 63% reduction in drowsy driving crashes 
at 85% level of significance for one direction of 
traffic. 5% to 22% reduction for other direction of 
travel but results were not statistically significant 

Methodology 
is valid, 

Conclusion is 
not intuitive 

low low low high high not clear 
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Dilemma zone protection for trucks 
Providing additional dilemma zone protection for trucks allows reducing the number of trucks in the 
dilemma zone and red-light violations. The concept was tested using the Detection-Control System, 
developed at the Texas Transportation Institute. The use of a truck dilemma zone 1.5 s longer than the 
passenger car dilemma zone produced a 47% reduction in the number of trucks in the dilemma zone 
without a noticeable effect on intersection delay. 

No data on collision reduction - surrogate 
measures only (reduction of the number of trucks 

in the dilemma zone) 
n/a 

medium (new 
controller, 
two loops 
instead of 

one) 

low low high high 

high , 
however 

there may be 
effect of 

getting used 
to the 

extension of 
dilemma 

zone by truck 
drivers if the 
measure is 

used 
universally 

Tiger Tail (or Anti-swooping) Marking 
England has created a special pavement marking pattern for freeway entrance and exit ramps.  This 
marking, separates two entrance ramp lanes by using a wide painted buffer between the two lanes. As a 
result, the merge location for each lane is separated, as is the turbulence due to the two entering 
maneuvers. Although this treatment requires a wider and longer entrance ramp than a side-by-side, two-
lane ramp, it increases capacity and reduces conflicts. Tiger tail markings have also been implemented 
on freeway exit ramps in England.  Evaluations of these markings have found they result in smoother 
traffic flow, less driver stress, and increased exit capacity, all due to a decrease in the number of 
erratic gore maneuvers. 

No crash data - Qualitative estimate only (UK) n/a 

High (wider 
and longer 
ramps are 
required).  

Low, same 
price as 
other 

pavement 
markings 

Negligible, 
would be the 
same as 
other 

pavement 
markings 

High, public 
would not be 

overly 
apprehensive 
of additional 
pavement 
markings 

High, does 
not require 

much 
additional 
capital or 

maintenance 

High, could 
be sustained 

All-White Pavement Markings 
In Europe, white lines are used to separate opposing directions of traffic. Some of the white centreline 
applications included a double white line, a single white line, and a single white broken line. 

Negative.  According to Elvik & Vaa, converting 
white to yellow centreline decreases accidents by 

6%. (Most of Europe) 
Valid 

High, would 
require 

extensive re-
striping of 
roadways 

and 
substantial 
public 

awareness 
training 

Low, once all 
markings 
were 

changed.  
Would 

require less 
variation in 
colour to be 
purchased 

Negligible, 
would be the 
same as 
other 

pavement 
markings 

Low, would 
require 

extensive re-
training of all 

drivers 

Low, would 
require 

extensive re-
training of all 

drivers 

Low 

Countdown Markers for Exit Ramps 
Countdown markers are used in advance of exit ramps to inform road users of the presence of and 
distance to the exit. The first panel was placed 300 metres in advance of the exit and had three closely 
spaced white diagonal stripes. The second panel was placed 200 metres in 
advance of the exit and had two closely spaced white diagonal stripes. The third (and last) panel was 
placed 100 metres in advance of the exit and had one white diagonal stripe. In some countries, the 
distances were also shown within the marker. These markers seem to give the road user a more 
comfortable feeling about the location of the next exit. On freeways, the markers use white lines on a 
blue background. 

No quantitative data. Anticipated to improve 
drivers navigation task and provide positive 

guidance (Sweden, Germany, France, England) 
n/a 

Medium, 
would require 
additional 

signage to be 
manufac-
tured and 
installed on 
freeways 

Low Negligible 

High, drivers 
would likely 
respond well 
to increased 
positive 
guidance 

High High 

Internal Sign Illumination 
In Europe, extensive use is made of internally illuminated regulatory, warning, and guide signs on 
conventional roads and streets in urban areas. These types of signs provide excellent target value at 
night, especially when ambient commercial lighting and advertising signs compete for drivers’ attention. 
The FHWA scanning tour members found these signs to be effective in increasing the conspicuity of the 
signs and messages. Due to the high costs and electrical energy consumption, some of the countries 
are considering reducing the use of internal illumination in favor of brighter retro-reflective sheeting. 

No quantitative data available. Effect may be low 
as compared to the new retro-reflective  signage 

(Sweden, Germany, France, England) 
n/a 

High, signs 
would need 

to be 
manufacture

d and 
installed and 
would require 
power supply 

High, 
electricity to 
power signs 
could be 
costly.  

Alternative 
sources are 
costly to 
purchase 

and maintain 

Low - would 
be same as 
regular 
signage 

Low, drivers 
likely would 
not see 
benefit of 
expensive 
signage and 
extensive 
power 

consumption 

Low, high 
cost plus 

environment
al concerns 
with respect 
to energy 

consumption 

Low 
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Dotted Border for Trailblazing Signs 
Dotted borders or parenthesis are used with a route number to indicate a road that connects to the 
indicated route (a TO or trailblazer message). The practice is usually applied at freeway exit lanes in 
England and Sweden. The benefit of this practice is that it deemphasizes the number of connector 
routes in order to emphasize the route of greater importance. In England, a parenthesis is used to 
indicate the same TO message. 

No quantitative data. Likely safety effect is low 
and attributed to better driver navigation 

(Sweden, England). 
n/a 

Low, signs 
could 

probably be 
retrofit with 
dotted border 

Low, same 
as other 
signage 

Low, same 
as other 
signage 

High, public 
would 

respond well 
to increased 
way finding 

Medium, 
would not 
require 

additional 
maintenance, 

however 
installation 
costs could 
be high due 
to large 

amounts of 
signage 

Medium. 
Better way 
finding is 
always 
useful, 
however, 
over time, 
with the 

implementati
on of in-
vehicle 

navigation 
systems the 
actuality may 
somewhat 
diminish 

Advance Pedestrian Pavement Markings 
In England, special advance pedestrian pavement markings (Zig-Zag) facilitate informing drivers that 
they are approaching a pedestrian crossing. It is considered that Zig-Zag markings give more warning of 
the crosswalk than do the crosswalk markings alone. 

No quantitative data available. The effect can be 
low to medium, depending on the size of the 

safety problem at particular locations 
n/a Low Low 

Low, same 
as other 
pavement 
markings 

High, public 
would likely 
respond well 
to additional 
warning for 
crosswalks 

High, little 
additional 
costs to 
increase 

awareness of 
pedestrian 
areas 

Medium, 
drivers likely 
become used 
to markings 
and not 

notice them 
anymore 

Variable Speed Control 
In Europe, transportation authorities were able to achieve considerable traffic flow and safety benefits on 
freeways by dynamically changing the speed limit based upon real-time traffic speed and flow data.  
Sudden disturbances in traffic flow are detected by loop sensors and appropriate reduced speed limit 
messages are displayed to approaching traffic by variable message signs.  These speed limits are 
regulatory and are enforceable. These variable speed control practices are closely integrated with the 
queue and incident detection technologies to reduce the incidence of secondary accidents (rear-end at 
start of queued traffic). The variable speed control systems are also linked to the weather information 
systems. 

Overall 23%, serious 35% and secondary 46% 
(Sweden, Germany, England) 

No data on 
methodology 

used 

High, 
however BC 
ratio of 35:1 
have been 
identified 
(FHWA 

scanning tour 
1999 - 

location not 
specified) 

High 
compared to 
static speed 

limits 

Negligible 

Low, drivers 
likely would 
not see 
benefit of 
reducing 

speed limits 
during 

certain times 
of the day 

Medium.  
High costs 
would be a 
problem 

Low, unless 
patrolled 

Incident and Queue Detection and Protection Systems 
An innovative real-time traffic control technique. It has documented benefits in accident reduction and 
travel time reduction. It involves instrumenting stretches of freeway with traffic detection equipment for 
determining characteristics of traffic queues as they begin.  With that information the operating authority 
then alerts traffic approaching the back of the queue so that speeds are reduced and rear-end accidents 
are reduced.  Can involve fully automated systems that include variable speed limits, lane control 
signals, and variable message signs.  In some locations accident response vehicles provide additional 
protection with flashing lights or variable message signs that trail the back of the queue from the 
shoulders.  As the queue grows longer, the accident response vehicle backs up on the shoulder. Other 
systems utilize loop detectors and video detection to monitor volume, speed, vehicle classification, 
disabled vehicles and pedestrians. 

According to Elvik and Vaa, Queue Warning signs 
decrease rear-end collisions of 16%, however 
increase less serious PDO collisions by 16% 
while incident warning systems decrease injury 
collisions by 44% . A queue warning system in 
Amsterdam lead to a 23% decrease in overall 
collision rates, a 35% reduction in serious 

collisions, and a 46% reduction in secondary 
collisions at the back of the queue. A German 
autobahn using queue protection and freeway 
lane control showed a 20% decrease in collision 
rates. A queue warning system in England paid 
for itself within a year based on the collision 

savings. 

Valid (Elvic 
and Vaa). 
Naïve or 

control group 
before-after 
studies 
(other 

sources) 

High - 
computer 
room, 

communicati
on system 
and 22 
roadside 
detector 
stations = 
$975,200 
(1996 USD) 

High - 
$300,000 
(1996 USD) 

Substantial.  
Loops and 
cameras 

could require 
high 

maintenance 

High 

Low, due to 
extensive 
capital and 
operating/ma
intenance 
costs.  

High 
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Intelligent Speed Adaptation 
Consists of processes which monitor the relationship between a vehicle's current speed and its suitable 
speed, and instigate a corrective action if the relationship is out of balance.  If a vehicle is being driven 
at too high a speed, a road beacon transmits a signal to a receiver in the car.  The driver is warned by a 
sound or light signal which tells them that they are driving too fast. Other systems are totally automatic. 
In an urban area, a radio beacon at access points turned on/off a function in the vehicle which makes it 
impossible to make the car go any faster than the set limit, even when the accelerator is pressed down 
further. Can also include Intelligent Cruise Control which the car can alter its speed by monitoring 
vehicles in front. Example: LAVIA  (ITS) - is a intelligent speed adaptation project implemented in 
France.  This system has three modes of operation: Advisory Mode - A warning is displayed on the 
dashboard if the speed limit is exceeded; Voluntary Active Mode - The driver can turn on the LAVIA 
system, allowing the vehicle's speed to be controlled per the posted speed limit;  Mandatory Active 
Mode - The LAVIA system is on.  

Intelligent Speed Adaptation, according to Elvik & 
Vaa, can lead to a decrease in rear-end collisions 
of 49% and a decrease in all collision types by 
5.9% in Sweden: an informative or supportive 

system is predicted to reduce injury accidents by 
20% (presupposed that all vehicles are 

equipped). A mandatory system, combined with a 
"dynamic speed limit regime" has the potential to 
reduce overall injury accidents by 36%, fatal and 
serious accidents by 48% and fatal accidents by 

59%. 

Valid (Elvik). 
No data on 
method used 
(Sweden) 

Sweden: up 
to $1000 per 
car, much 
less for the 
simplest 
solutions  

High - the 
digital map 
has to be 

updated with 
correct 

information 
about speed 

limits 

High 

Low - only 
25% agree 
with the 

deployment 
in Europe 

according to 
SARTRE. 

30% 
acceptance 
and 24% 

opposing the 
system 

implementati
on in France 

Low likely 
due to high 
implementati

on and 
operational 

costs 

High 

Self Optimizing Signal Intersection Control 
Especially useful for rural applications, the system consists of a typical actuated signal controller 
working in parallel with a computer.  The software in the computer operates an optimization package 
that can be structured to assess one or all of the following criteria: safety, delay, emissions or fuel 
consumption.  The main function is to decide when to end traffic signal phases, similar to gap reduction 
function in controllers, in a much more sophisticated manner. 

Safety effect is attributed to the reduced 
probability of red light running. According to Elvik 

& Vaa, changed phase development (order 
length) can lead to a decrease of injury accidents 
of 55%, but increase in PDO of 15%. Vehicle 

actuated phase changes can lead to a decrease 
in all collision types of 25% 

Valid 

Medium - will 
require 

equipping of 
controllers 

with 
microcomput

ers 

Higher than 
normal due 
to presence 
of a micro-
computer 

Likely high 
due to the 
higher 

susceptibility 
of the 

computers 

High, likely 
won't notice 

much 
difference 

Medium, due 
to costs of 

microcomput
ers. 

Reduction in 
greenhouse 

gas 
emissions 
may be a 

driving force. 

High 

Elevated Police Patrol Bays 
On the freeways, elevated bays are constructed for police vehicles that place them approximately one 
metre above the roadway surface to provide a better view of the traffic. 

No quantitative data. Safety effect is likely to be 
low as compared to regular police patrolling and 
can be attributed to improved police surveillance.  

n/a Low Low No High High 

Medium - the 
motorists 

may get used 
to it and 

lower speeds 
only on the 
approaches 
to the known 

bays. 

Real-Time Parking Information 
System utilizes detectors or other means of counting vehicles as they enter/exit parking areas and send 
the information to the urban traffic management centres. The system allows the number of vacant 
spaces to be calculated in real-time and displayed by variable message signs at the lot and on 
trailblazers installed on the road network in the area.  Some trailblazers can be even installed at the 
outskirts of the downtown to let drivers know that the downtown area is full and to park outside the city 
or take transit/park and ride. The system is very popular in many European countries  

Quantitative data is not available. The effect can 
be low to high depending on the amount of 
exposure and idle mileage minimized by the 

system. The bigger the problem with the available 
parking space in the city, the more pronounced 

the safety effect can be. 

n/a 

$1.2 million 
USD for 10 
facilities 

(Minnesota) 

High 

Substantial, 
especially 
counting 
equipment 

High 

High (except 
for costs). 

The measure 
would reduce 

the 
congestion in 
the cities and 
contribute to 
the decrease 

of 
greenhouse 

gas 
emissions.  

High 

2 Minus 1 Rural Road 
The centre line of two-way, two-lane rural roads is deleted and the road is converted to two-way, one 3.5 
m wide central driving lane road. The lane is marked by a 0.3 m wide intermittent edge line leaving an 
area of 0.85 m width on both sides for cyclists and for cars when they meet on-coming traffic. The profile 
is supplemented with speed reducers designed as 16 m narrowings edged by side islands. 

Study in Denmark showed that speed are still 
exceeded and mean speeds were still too high. 

Surrogate measures only 
n/a 

Medium, 
would require 
extensive re-
striping of 
roadways 

and 
education of 

drivers 

Low, no 
different than 

normal 
markings 

low 

Low, drivers 
would likely 
be confused 

by 
arrangement 

Low, driver 
confusion 
and need to 
educate 
drivers 

Low 
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Centreline Rumble Strips 
Centreline rumble strips are the same design as shoulder rumble strips, however they are installed 
along the centre of the roadway.  These strips can be milled, rolled, raised or formed. 

0.85 for all types, injury 
0.75 for head-on & opposite direction sideswipe, 

injury 
0.79 for head-on & opposite direction sideswipe, 

all severities (TAC) 

Valid 
$0.26 to 

$9.84 / linear 
meter 

Low Negligible High High High 

Unique Centreline Rumble Strip Pattern 
Implementing a different pattern for left shoulder or centreline rumble strips to indicate to drivers that the 
corrective action should be to turn to the right, and not the left, in order to avoid running out of the 
traveled lane. 

No crash data available. Study of the 
effectiveness was inconclusive and used 

surrogate measures of safety only 
n/a 

No different 
than typical 
rumble strip 

Low Negligible High High High 

Dwell-on-Red 
Alcohol-affected pedestrians are among the highest-risk groups involved in pedestrian casualty crashes 
in Australia. A range of treatments and programs have been implemented to increase safety for 
intoxicated pedestrians, with limited widespread success, including pedestrian fencing, alcohol accords, 
responsible serving of alcohol course, and the use of designated drivers. A new countermeasure uses a 
modified form of traffic signal operation during high-risk periods and at high-risk locations to reduce 
alcohol-affected pedestrian crashes and the severity of injuries that might otherwise occur. The ‘Dwell-
on-Red’ treatment involves displaying red to all vehicle directions during periods when no vehicular 
traffic was detected by the signals, so that drivers approach high-risk intersections at a lower speed than 
if a green signal were displayed as they approached. Once detected, drivers would receive a green 
signal in the normal way, and when vehicle demand has ceased, the signals would revert to red in all 
directions. 

No crash data available. Preliminary results 
reported show that the Dwell-on-Red signal 

operation significantly reduced vehicle speeds 
within the assumed high alcohol hours for 
pedestrians. Lower vehicle speed leads to 

decreased chance of vehicle/pedestrian collision 
resulting in fatality (Australia) 

n/a 
None, same 
as regular 
signal 

None, same 
as regular 
signal 

Low 

Low, means 
that drivers 
will always 
face a red 
indication 
during 

certain hours 

Low Low 

Flashing LED Stop Sign 
This is a stop sign with a series of red LED lights around the perimeter of the sign that flash, alerting the 
approaching driver to the stop signs' presence. 

No crash data. Average speed decrease of 2 - 5 
km/h on approach to the stop sign was registered.  

Indicated raised driver awareness of sign, 
especially at night (VA USA) 

n/a Low Low low High High High 

Hard Shoulder Running 
This measure is used on German freeways to utilize paved shoulders as an additional lane in certain 
sections during high traffic demand times.  Variable message signs can be used to indicate when the 
shoulder can be used, when it can't and when the drivers should re-enter the main traffic lanes. 

No quantitative safety data. The effect may be 
low or negative as additional conflict points are 

created and available clear zone is reduced. Also, 
in case of a collision the emergency crews will 

have difficulties of getting to the scene 

n/a 

High, due to 
sophisticated 
system of 
VMS and 
sensors 

High - 
shoulders will 
deteriorate 

faster  

Medium 

Medium to 
high 

depending 
on the time 
savings 

Low due to 
high price 

and possible 
compromisin
g safety 

n/a 

Home Zone  
Low speed (10-15 km/h) area where vehicles and pedestrians share the same area.  Typically used in 
residential areas but also could be used in town centres.  Low speed is maintained by different physical 
measures and with special road signs.  Benches, flower beds, play areas, lamp posts, fences and trees 
increase the aesthetic experience and give motorists signals to drive carefully. The design of these 
areas shall be such that it is made clear for vehicle drivers that pedestrians may walk anywhere. It is 
important that the lay-out of such streets is such that low speeds are encouraged. The surface shall 
support the impression that pedestrians can appear anywhere.  

In Sweden, the effect is estimated to be 20% 
reduction of collisions, partly due to reduced 

vehicle volumes, especially trucks 

no data on 
methodology 

used 

High costs, 
no data on 
BC ratios 
available. 

may be low - 
should be 
comparable 

to the 
operating 
costs of 
regular 
streets  

Low High (UK) 

Low, due to 
costs and 

little 
extended 
experience 
with measure 

High (UK) 

Freeway Median Cable Barrier Systems 
Median barrier systems using high-tension cable are currently used in many states across the U.S. They 
are designed not only to reduce the number of cross median crashes, but also crash severity. Cable 
barriers can deflect more than other type of barriers such as W-beam barriers to reduce the severity of 
the impact. Cable barriers are also more adaptable to variations in the terrain profile and slopes 
compared to beamguard barriers, may withstand a second hit before repairs, usually require less 
grading and drainage work, and to some people they may be aesthetically more pleasing than other 
barrier systems. 

92 % (Missouri DOT) 

naïve before 
after 

comparison 
of collision 
frequencies 

Varies 
depending 
on barrier 
type. 

$37,500 to 
$62,500 per 
kilometre  
(Missouri)   

$3,750 to 
$6,250 per 
kilometre per 

year 
(Missouri).  

low 

high, a lot of 
news 

coverage 
providing 
information 
on lifesaving 

events 

high (high 
cost 

effectiveness
) 

high 

Variable Message Signs (VMS)  
The acronym VMS stands for Variable Message Sign. It is a sign for the purpose of displaying one of a 
number of messages that may be changed or switched on or off as required. A test study in England resulted in "substantial" 

collision reduction however there is no 
quantitative safety study available. 

n/a     low 
demands 
high 
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The Crossover Displaced Left-Turn (XDL) Intersection and the Upstream Signalized Crossover 
(USC) Intersection 
The XDL intersection eliminates left-turn opposing conflicts by displacing the left-turn lane to the 
opposing traffic direction and crossing the left-traffic to the left side of the road prior to the intersection. 
The USC intersection eliminates left-turn opposing conflicts by crossing both the left and through traffic 
to the left side of the road prior to the intersection. 

No data on safety effect. Possible effect could be 
attributed the eliminating of opposing left-turn 

conflicts.   
n/a high   high 

medium, as 
left turn 

movements 
will be 
serviced 

more safely 
through the 
intersection  

low, much 
land is 

needed for 
construction, 
high costs 

high 

U-Turn bay for vehicles making right turns followed by U-turns (RTUT) 
Drivers desiring to make direct left turns from a driveway onto the major street would, instead, make 
Right Turns Followed by U-Turns (RTUT) at a downstream U-turn bay. No data. Safety effects can be attributed to 

replacing left turns by safer U-turns.   
n/a low low low medium high high 

Non-Traditional Intersection Design: The Superstreet 
The Superstreet design is similar to the median u-turn design but has some additional features that 
allow for perfect progression of through traffic on the major road in both directions by preventing the 
minor road traffic from crossing the major road.  No data on safety effect. Safety effect is attributed 

to replacing left turns by U-turns 
n/a no data 

low, should 
be generally 
the same as 
maintaining a 
standard 4 

leg 
intersection 

low high  high  

medium, 
overall the 
intersection 
generally 

operated well 
(based on 

study), some 
confusion  

In-Roadway “Yield to Pedestrians Signs” 
This treatment consists of “Yield to Pedestrian Signs” placed in the roadway to reinforce pedestrian 
safety at crosswalks. 

No data on safety effect is available.  n/a no data 

high, as 
signage is 
not durable 
enough (in 
current 
status) to 

withstand the 
frequency of 

hits 

low high low low 

Raised road section with intersections 
This countermeasure is extensively used in France for the last 15 years, especially on main roads 
crossing small towns, villages and near schools.  The difference between other raised intersection 
designs is that this countermeasure includes an elevation of the entire road section located between two 
closely spaced intersections.  The goals of the countermeasure is to improve safety by reducing high 
speed and speed differentials, better organizing on-street parking, improving the environment aesthetic 
and preserving pedestrian links.  

100% reduction of accidents (over 5 years or 
more after implementation) for the two data sets 

available (France). 

no data on 
methodology 
- most likely 
naive before-

after  

205 CAD/ m2 

(including 
signs and 
related 

works, 1993 
price)  

low low high 
moderate, 
due to costs 

high 

Traversable median made of ultra-thin synthetic paving slabs 
This measure was successfully implemented in France. It consists in implementation of a traversable 
median made of a coloured resin imitating the appearance of natural stone paving slabs.  This practice 
recommended and encouraged by SETRA Institute for rural main roads in the vicinity of built-up areas 
and is effective in reducing head-on crashes and has an impact on speed as well.  For the case study, 
the traversable median was 0.85 m wide, had a 2 cm coat of resin and the length was 400 metres and 
was accompanied with travel lane width reductions from 3 m to 2.6 m.  

Safety effect could not be measured correctly 
since two countermeasures were introduced at 
the same time. However, two results: 10 km/h 
speed reduction observed and crashes severity 
reduced (as a consequence of less head-on 

crashes)  

n/a 

medium 
(higher than 
paint, but 
lower than 
physical 
dividers 

no data 

Medium - not 
clear how the 
dividers are 
susceptible 
to salt.  

high high high 

Micro-incrustation of pavement surfaces 
Road authorities in France use this countermeasure to address the problem relating to early level of skid 
resistance of some bituminous mixes when the road is opened and until traffic has worn down the 
superficial film of bitumen. Special skid-resisting particles are incrusted in the superficial bituminous 
mastic. The process won the 2005 Grand prix for innovation of the Scientific and Technical Network of 
the French Public Works Ministry.  Testing for the braking force coefficient according to traffic was done. 

No data. Effect may be high at the short post-
opening period and quickly decreases overtime. 

Addresses a temporary problem with skid 
resistance of new surfaces 

N/A no data no data 

High - 
measure 

serves only 
for a short 

post-opening 
period and is 

highly 
susceptible 
to wear 

high 

High. The 
measure is 
currently 
used for all 
new road 

construction 
projects in 
France  

Low - 
measure 

serves only 
for a short 

post-opening 
period and is 

highly 
susceptible 
to wear 
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Guardrail for motorcyclists  
This measure is used in France. It consists of installing a lower rail under the metal guardrail beam to 
reduce accident severity for motorcyclists when they slip on the pavement while negotiating a curve. 
Basically, the lower rail prevents motorcyclists sliding on the road to get underneath the rail. Some 
products passed the impact tests by INRETS. 

no data N/A Low Low low 

High since it 
addresses a 
problem with 

young 
drivers: 

majority of 
motorcyclists 
in France are 
30 years old 
or younger 
with a driving 

licence 
obtained in 
the last 2 
years. 

high high 

Variable Speed Limits at Intersections 
Sweden road authorities are piloting a variation of the conventional variable speed limit system which 
decreases a speed limit on main road when there is a detection of a vehicle from the side road. Six 
intersections were studied in Sweden between 2003 and 2007. These involve three and four leg 
intersections where there is relatively heavy traffic on the primary road (8,000–12,000 AADT), and 
where traffic on the side roads is 4%-52% of the traffic flow on the primary road. Speed limit in the 
before situation was either 70 or 90 km/h (one case: 50km/h). It was reduced by 20 km/h in most cases 
when there was a vehicle detected from the side road. (10km/h where the speed limit was 50km/h). In 
those two cases where the speed limit was 70km/h in the before situation the speed limit was raised to 
90 km/h when there were no vehicles detected from the side road. The preliminary evaluation of the 
system application showed that the average speed, with the odd exception, decreased by 5 to15 km/h 
when variable speeds are used to lower the speed limit at intersections, and by 3 to 6 km/h when the 
speed limit remained unchanged from the former situation. 

No crash data. Based on speed reductions 
achieved, it is anticipated that the measure will 
lead to 15%- 50% reduction of fatalities and 
serious injuries at two intersections that were 

studied  

not valid - 
estimate is 
based on 
speed 

reductions 
only 

$250 000 per 
intersection 

$15 000 per 
year 

low high 

may be low 
due to high 
costs and 
unclear 
safety 
benefits 

high 

Small roundabouts 
Small roundabouts are considered as one of the most effective safety countermeasures in Sweden. 
They began to be widely implemented after a large scale trial was carried out in a medium sized 
Swedish city in 1991 when 21 roundabouts were constructed on a provisional basis. All roundabouts 
had a diameter of 4 to18 metres, all were one lane "everywhere" (entrance, exit, within the roundabout), 
and one of the intersections was signalized in the before situation with 25,000 incoming vehicles per 
day. The trial demonstrated safety and other positive affects such as increased capacity, small decrease 
in emissions and noise. Since then a large number of small roundabouts of similar type have been 
introduced all over Sweden. The smallest roundabouts were all equipped with a "plate turned up-side 
down" central island, with an edge of 4 centimetres and a maximum height of 10 centimetres in the 
middle. Today there are more than 1500 roundabouts in Sweden, resulting in large socio-economic 
savings in addition to the savings in lives and injuries. 

Sweden: 20-40% of all injury accidents, 50-60% 
of fatalities. Normally the effect is on before-after 
studies where the intersection is non-signalized, 
but some results indicate that the effect when the 
intersection was signalized in the before situation 
are similar. The effect on bicyclists is uncertain, it 
seems to depend very much of the design (width, 

design speed etc) 

may be valid 

$434000 per 
intersection 
converted to 

small 
roundabout 

low (less 
than costs for 
signalized 
intersection) 

low high high high 

Safe guarded pedestrian/bicycle crossings 
Used in Sweden to insure that the drivers are slowed down before the crossings. Normally these 
crossings are made by raising zebra crossing and/or bicycle path over the roadway. However, road 
authorities in Sweden sometimes install humps (or bus cushions) in front of the crossing. The Swedish 
"zero vision" claims that speeds when there is an interaction between a motor-vehicle and a car should 
be a maximum of 30 km/h. Because of that more and more crossings are safe-guarded. A raised 
crossing has a flat top with a 10 centimetres height on top and ramps that are 1 to 1.5 metres long. 

30% (collisions with pedestrians) 
no data on 
methodology 

approx 
$10000per 
crossing 

approximatel
y $150 per 
year (mainly 
repainting) 

low high high high 

Bus cushions 
As more and more humps are used in Sweden the more often they are placed on main roads with bus 
traffic. The result is that bus drivers are complaining a lot because after driving a couple of hours they 
get back pain. After some research being done it is concluded that the best - and most accepted by bus 
drivers is a so called "bus cushion", where the principle is that the cushion does not cover the whole 
lane width, so that buses partly ride on the sides of the hump, while private cars have to negotiate the 
cushion either with one pair of wheels or both. The speed reducing effect is more or less the same. 
There is a flat top with short ramps on all four sides. The height of the top is 10 centimetres. 

No data n/a       
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Negative hump (in Swedish: road hole) 
This is a quite effective way of reducing speeds used in Sweden. It is not very common probably most 
because of the rather high costs compared to other speed reducing measures. The "hole" is limited in 
width, exactly made so that a bus can avoid driving in the "hole" while car drivers have to negotiate the 
"hole" with either 2 or 4 wheels (more or less the same speed reducing effect). It works well for bus 
drivers and is rather popular among them, but it only exists in just a few cases so far. The hole is made 
like a negative hump with the same measures as Watts hump (3,6 metres long, 9 centimetre at its 
deepest point. The width of the "hole" is around 1.85 metres.  

no data n/a 
$4000 per 
negative 
hump 

on average, 
$ 200 (mainly 
repainting) 

low 
high for bus 
drivers 

low due to 
likely 

problems 
with snow 
plowing 

operations 

high 

Bicycle "box" 
At signalized intersections there is a difficult conflict between right turning vehicles (especially trucks and 
buses) and bicycles coming in the same direction going straight on. Swedish road authorities widely use 
a bicycle "box" produced by pulling the stop line for motor vehicles backwards 5 metres while at the 
same time bicycles - who approaches the intersection on a bicycle lane to the right of the cars - can use 
the whole area in front of the vehicles for waiting at red lights. This makes bicyclists much more visible 
and prevents them from being hit by a turning vehicle. A similar measure is to just put a stop line for 
cyclists some metres in front of the cars.(only in the bicycle lane in opposite to the bicycle "box" where 
the bicycles are free to use the whole area in front of the cars).  

The effect of bicycle "box" is estimated to 35% of 
all injury accidents. (Sweden) 

Invalid - 
small sample 
size used, 
naïve before-
after study 

low. 
Adjustments 
to signal 
plans are 
typically 
required 

low low high high high 

Shared Space 
This is the new original concept introduced by the traffic engineer Hans Monderman in the Netherlands. 
The basic principle is to use as little as possible of regulations, physical measures, but to leave the 
responsibility for the interaction to the road users themselves. Most common in practice is to re-build 
ordinary signalized (or non-signalized) intersections into a "square" without special lane markings for 
cars or any markings for pedestrians or cyclists. So far it seems to work quite well, but it is only used at 
specific places with specific characteristics (fairly many pedestrians and cyclists, a high potential for 
producing an "intimate" atmosphere). There is one big problem and that is how to design with regard to 
visually disabled and - partly for other dysfunctions. That issue is not solved yet.   

50% (Sweden) of All locations that are evaluated 
demonstrate quite low speeds - around 15 km/h. 
As long as that is the case strong safety effects 

are to be expected 

Invalid - 
approximate 
indication 
only. 

may be very 
high 

no data no data no data no data no data 

1+1 design with dividing cable barrier 
Australia is piloting the implementation of 1+1 design (one lane in each direction with some overtaking 
lanes, generally at a greater spacing than in the Swedish case). The median width of 1.6 metres might 
eventually be adopted as the minimum width for installation of wire rope safety barriers in narrow 
medians. The design will be implemented for the Pacific Highway in NSW. The safety barrier will be 
installed as part of pavement widening works.  It shows the method used to quantify the predicted risk 
reduction after implementation of the proposed upgrade program, and compares the predicted results 
with those of 5-years’ experience with median wire rope safety barriers in Sweden. It also shows the 
process used to determine the minimum median width for installation of median wire rope safety 
barriers.  It is expected that installing wire rope safety barriers on 1+1 lanes instead of 2+1 lanes may 
increase the risk of accidents caused by driver impatience when queuing behind slow vehicles for longer 
periods of time. However, confining vehicles in a single lane will reduce lane change and head on 
crashes.  

No CRF data available - predicted risk reduction 
after implementation of the proposed upgrade 
program only. It gives following estimates: 35-

50% reduction in the number of fatalities; 30-45% 
reduction in the number of fatalities and severely 
injured; No increase or slight increase in the 
number of mild injuries; 30% increase in the 

number of vehicle damage / non-injury accidents 

Invalid - 
approximate 
indication 
only. 

medium 
(much lower 
than four-
lane 
widening) 

can be high if 
the 

frequency of 
barrier hits is 

high 

low 

low - or 
medium: 

many drivers 
will be 

frustrated by 
long drivers 
without the 
possibility to 
overtake  

no data high 

Optical Curve Tightening 
This measure involves an enhanced curvature treatment comprising variable height posts and increased 
curvature spacing. Treatments were piloted in several sites in Victoria and New South Wales (Australia) 
where similar control sites were available. Data were collected before installation, immediately after and 
12 months after installation and comprised of speed measures every 20m in the approach to the curve 
and at intersection as well as braking performance and lateral placement.  

Surrogate measures only (speed, lateral 
placement, braking performance) Speed results 
were quite mixed where speed reductions and 

speed increases were observed immediately after 
and 12 months later.  

n/a Low Low low high high 

medium to 
high - data 
suggest that 
effect if any 
may even 

increase over 
time  
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Continuous Flow Intersections 
Available research shows that the advantages of the CFI are most pronounced when the demand 
approaches exceed the capacity of conventional designs and when heavy left turn movements require 
protected phases. Safety may improve due to removal of left turns at the major intersection. CGI may 
improve pedestrian safety as they cross at times when there are no conflicts with turning vehicles and 
people in the crosswalk. Also, expanded green bands along the arterial can be achieved. The 
construction cost of a CFI intersection may be 2-3 times the cost of a standard intersection design due 
to increased right-of-way costs, and the need for additional, coordinated signal controllers.  Additional 
potential roadblocks to CFI’s include: Pedestrian acceptance (cross only at main intersection – no mid-
block crossing); Driver acceptance (vehicles may be opposed by traffic on both sides); Snow removal 
issues; Breakdown of vehicles; Providing access to adjacent streets 

No crash data available. Safety may improve due 
to removal of left turns at the major intersection. 
CFI may improve pedestrian safety as they cross 
at times when there are no conflicts with turning 
vehicles and people in the crosswalk. Also, 

Expanded green bands along the arterial can be 
achieved  

n/a 

Construction 
cost of a CFI 
intersection 
may be 2-3 
times the 
cost of a 
standard 

intersection 
design due to 
increased 
right-of-way 
costs, and 
the need for 
additional, 
coordinated 

signal 
controllers. 

Snow 
plowing 

operations 
are more 
difficult. 

Breakdown 
of signal 

system leads 
to major 

disruption of 
the operation  

medium - 
more 

sophisticated 
controllers 

may be more 
susceptible  

to 
environment 

than 
conventional 

system 

not clear. 
Drivers may 
be confused 
by unusual 
layout 

low - the 
intersection 
is costly 

high 

Single-Point Interchange (SPUI)  
The SPUI can be constructed in a relatively confined right-of-way while serving high traffic demand 
volumes.  The primary disadvantage of a SPUI is the high construction cost associated with the 
structure.  This is a concern with both an overpass and underpass design for a SPUI.  Long, deep span 
lengths are required in both instances. The inability of the structure to be modified to meet future needs 
is also a drawback of the SPUI. Pedestrian issues are also sensitive at a SPUI.  At a SPUI, there is no 
phase to provide for pedestrian movements.  Pedestrians will need two phases to cross the roadway 
(and require an adequate refuge area).  Addition of an exclusive pedestrian phase would decrease the 
overall efficiency of the interchange.  A SPUI combined with a frontage road would decrease the overall 
efficiency of the interchange, as additional phases are required at the signal to serve traffic movements. 

none to negative (qualitative estimates only) n/a high 

comparable 
to 

conventional 
interchanges 

low no data 

Depends on 
ROW 

constraints. 
SPUI may be 
acceptable if 
there are 
ROW 

constraints 

high 

Wildlife Fencing with Escape Opportunities (Jump-outs or Escape ramps) 
Jump-outs or “escape ramps” are sloped earthen mounds that lead up and away from the right-of way, 
allowing animals to jump out from between roadway fences. In order to be safe and usable for the 
animal, standard 2.4 m (7.8 ft) wildlife fencing must be lower at the ramp site. The vertical nature of the 
non-highway side of the fence is designed to preclude animals from gaining access to the right-of-way. 
Jump-outs were effective in allowing deer to escape the right-of-way and in reducing deer-vehicle 
collisions. Installing jump-outs or “escape ramps” along two fenced road sections reduced deer-vehicle 
collisions. 

Northern Utah, US 91 and US 40 USA: 29% 
reduction in collisions of average after an Jump-

outs or Escape ramps was installed 
Not known 

Costs: $ 
6250 to 

11,000 per 
jump-out 

low low no data no data high 

Infrared detection systems 
Infrared detection systems can be installed to reduce collisions with roe deer (Capreolus) and red deer 
(Cervus elaphus). In Switzerland, seven area-covers were installed infrared detection system. Animal 
detectors have typically used infrared technology. Vehicle-mounted sensors detect when a large animal 
(or human being) is within a certain range of the vehicle giving the driver time to slow down or stop. 
Despite substantial installation costs these systems are somewhat portable compared to wildlife 
underpasses or overpasses, and could be moved if/when animals select new crossing sites because of 
changes in the surrounding landscape. 

Switzerland: 82% reduction in collisions of 
average after an animal detection system was 

installed.(Infrared detection systems) 
 

Not known 

Costs: 
$40’000- 
96,000 
(Excluding 
installation 
costs) per 
(km) 

Not known high no data no data medium  

Vegetation Removal 
White-tailed deer (Odocoileus virginianus)-vehicle collisions are associated with wooded areas with 
canopy vegetation and are negatively correlated with the distance between the roadway and forest. 
Removal of vegetation from the surroundings of the road to a certain extent can decrease the number of 
collisions between vehicles and some types of animals. 
 

Sweden: 20% reduction in moose-vehicle 
collisions clearing vegetation 20-30 m. 

 
Norway: 56% reduction in moose-vehicle 
collisions clearing vegetation 20-30 m. 

 

Not known Not known Not known low no data no data low 
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Reflectors and Mirrors 
Deer mirrors and reflectors are intended to visually repel wildlife from the roadway. Mirrors direct vehicle 
headlights off the roadway and into the surrounding right-of-way. Mirrors and reflectors, which reduce 
wildlife-vehicle collisions, might be a result of driver behavior, rural versus suburban landscapes or 
particular site characteristics.  
 

Minnesota, USA: 50-97% reduction in wildlife-
vehicle collision 

 
Wyoming, USA, 39% reduction in wildlife-vehicle 

collision 
 

Not known 

Costs: 
$4,400 –
$6,250 

 (including 
installation 

with 
reflectors, 
posts, 

equipment, 
and labour ) 

per km 
 
 

Low  
$500-
$1000/km 
per year. 
Average 
reflector 
lifespan is 
12.5 years 

high 
no data may 
be high 

no data may 
be high 

medium 



 

Appendix C 

Methodology to Evaluate Statistical Validity of 
CMF/CRF 
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STATISTICAL VALIDITY DECISION TREE

LEGEND
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Yes No Yes No
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No
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No No 
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No 
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No 

No
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SCREENING CRITERIA FOR EVALUATING THE STATISTICAL VALIDITY, PRECISION AND ACCURACY                                                                                      
OF QUANTITATIVE EVALUATION OF EFFECTIVENESS OF COUNTERMEASURES (CMFs or CRFs)

Simple or Multiple B/A 
design?

Comparison Group (C-
G) study

Simple B/A design Multiple B/A design Simple B/A, yoked/ 
comparison group 

design

Multiple B/A,  yoked/ 
comparison group 

design

Is "regression to the mean" accounted for, i.e., 
if required, have Emperical Bayes (E-B) 

methods been used for estimating CMF(s)?

 Is the Comparison Group "valid" for use in 
estimating reliable CMF(s) or CDFs from the 

treatment group?

INVALID CMF/CRF 

Are error level(s) 
estimated for CMF(s) 
or CRF(s) available? 

Have exposure (to risk) 
differentials between B/A 
periods been accounted 

for?

If Multiple B/A design:  
Have appropriate 
statistical methods 
been used for 

combining study result 
CMF(s), e.g., Meta 
Analysis Methods?

Is the differential in 
exposure (to risk) 

between B/A periods 
significant?

Disregard comparison group.  Can only use 
treatment group for estimating CMF(s) or 

CRF(s)

Before-After (B/A) Study Design

What Study Design Approach/Methodology Was Used for Deriving CMF(s)?

Valid CMF(s)--subject to all limitations, 
restrictions documented.

INVALID CMF/CRF

Estimated Validity :
Low

Multivariate collision 
"causation" model

Multivariate collision 
"prediction" model

Are the traits/characteristics of treated and comparison group locations 
sufficiently similar except for the treatment for which the CMF(s) are being 

estimated?

Cross-Sectional Study Design

Is "regression-to-the-mean" a 
significant biasing factor?

Have coefficients for all model 
parameters been estimated?

Have the error levels for all model 
parameter coefficients (i.e., 

variance/se and relative dispersion -- 
cv) been estimated? Are the relative 

dispersion levels on parameter 
coefficients within acceptable 

bounds?

 Has an assessment of the 
"expected" effects of the parameters' 
coefficients on collision prediction 

been done?

Has the multicollinearity/correlation 
among parameters in the model 

been assessed? 

Has the model's "power of prediction" 
been evaluated, i.e., have the results 
of the model's prediction(s) been 

compared to changes in safety in the 
real world, e.g., prediction(s) 

corroborated by before-after study 
data?

Have appropriate computer software 
program(s) been used for estimating 

model coefficients?

CONDITIONALLY VALID CMF/CRF 
Evaluation should be regarded as 
"uncorroborated" , however may be 

indicative of the effectiveness

CONDITIONALLY VALID CMF/CRF 
Evaluation should be regarded as 
"uncorroborated" , however may be 

indicative of the effectiveness

CONDITIONALLY VALID CMF/CRF 
Evaluation should be regarded as 
"uncorroborated" , however may be 

indicative of the effectiveness

Valid CMF(s)--subject to all limitations, 
restrictions documented.

Simple comparison of 
collisions and/or rates

Have 'Overall' dispersion/error 
estimates been computed for 

collision predictors?

Is comparison group "valid" for use 
in estimating reliable CMF(s) from 

treatment group?

If simple B/A design

Is "regression to the mean" a significant 
biasing factor?

Are error level(s) 
estimated for CMF(s) 
or CRFs available? 

Have exposure (to risk) differentials 
between B/A periods been 

accounted for?

Have appropriate statistical analysis 
method(s) been used for esimating 

the CMF(s)/CRFs

Is the differential in exposure (to 
risk) between B/A periods 

significant?

INVALID CMF/CRF 

Estimated Validity :
Low

If Multiple B/A, yoked 
comparison group 

design: Have 
appropriate statistical 
methods been used 
for combining study 
result CMF(s), e.g., 

Meta Analysis 
Methods?

Valid CMF(s)--subject to all limitations, 
restrictions documented.

If Simple B/A, yoked 
comparison group 

design

Green:  Quantitative evsaluation (e.g., CMF or 
CRF) is Valid. Estimated Validity is "high"

White:  Screening criteria test.

Light green:  Quantitative evsaluation (e.g., 
CMF or CRF) is conditionally Valid. Estimated 
Validity is "medium"

Red: Quantitative evsaluation (e.g., CMF or 
CRF) is invalid. Estimated Validity is "low"

Yellow:  Estimated level of validity of 
quantitative estimate of effectiveness.

Estimated Validity :
medium

Estimated Validity :
medium

Estimated Validity :
medium

Estimated Validity :
high

Estimated Validity :
High

Estimated Validity :
High

Estimated Validity :
Low

CONDITIONALLY VALID CMF/CRF 
Evaluation should be regarded as 
"uncorroborated" , however may be 

indicative of the effectiveness

Estimated Validity :
medium

 




