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1 Background and objectives 

1.1 Background 
This technical memorandum documents the findings of a risk-based road safety and human 
factors analysis of a proposed pedestrian crossing facility at the northern end of King Edward 
Avenue at Cathcart Street in Ottawa, Ontario. It has been carried out at the request of the 
City of Ottawa in response to various discussions that have taken place with respect to 
concerns regarding the road safety implications of placing a crosswalk at the location 
proposed. 

1.2 Objectives of the review 
This report documents the findings of our risk-based road safety and human factors analysis 
of the proposed pedestrian crossing facility, the objective of which was threefold:  

• To review in detail the proposed crossing and its context from a road safety 
risk and human factors standpoint; 

• To assess the suitability of the location for the crossing;  and, 

• If found unsuitable, to determine if any engineering adjustments or 
countermeasure could be found to sufficiently mitigate the risks that render the 
proposed crossing inappropriate at its suggested location.  

1.3 Focus of the review 
Our analysis addresses road safety and human factors issues only. In carrying out the work, 
we have reviewed plans, documents, and previous reports supplied by City of Ottawa, 
assessed relevant background literature, and executed a variety of quantitative and 
qualitative analyses. 

We have carried out this examination with respect to road safety and human factors issues 
only. While we have examined a number of critical aspects of compliance of the proposed 
design with current practices, we have not performed a detailed standards compliance check 
on all aspects of the work. Rather, we have approached our analysis from the standpoint of 
an explicit, but not always quantitative, review of safety-related design and operations factors 
of interest and concern. In reviewing the proposed design options from a road safety and 
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human factors perspective only, we do not attempt to deal with the question of cost-
effectiveness. Readers of this memo should recognize that road design decisions necessarily 
encompass and must be influenced by the need to provide cost-effective overall solutions to 
design problems. While it is essential that safety be considered explicitly during this process, 
it is not the only factor that will influence the final overall resolution of the design challenge 
under consideration. 

1.4 The study area 
1.4.1 Location 

The study area is located at the southwest end of the McDonald Cartier Bridge crossing of 
the Ottawa River where that facility meets and becomes King Edward Avenue. The general 
area is shown in Figure 1. 

Figure 1: Overview of the study area 
 

 
  

1.4.2 The character of the area 
The area is highly heterogeneous – with the competing land use demands of the major King 
Edward Avenue arterial flowing through what are primarily residential neighbourhoods on its 
east and west sides. King Edward Avenue provides the Ontario landside connection to the 
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most easterly of the major Ottawa River Bridge crossings: the MacDonald Cartier Bridge. 
That crossing is freeway in character, representing as it does in the southbound direction, the 
termination of the Autoroute de la Gatineau (Quebec Route 5)  

A number of schools, churches, and neighbourhood parks permeate the neighbourhoods on 
either side of King Edward Avenue, and on its northeast boundary, the Rideau River creates 
a strip of inviting parkland that is served by a multi-purpose recreational path. To the 
northwest lies Sussex Drive – a ceremonial way that is primarily arterial in nature, and the 
imposing office complex that is the home of Canada’s Department of Foreign Affairs and 
International Trade.  

1.4.3 The need to manage risk 
Not surprisingly, the heterogeneity of this area proves to be the root of one the greatest 
challenges that it presents: the conflicting requirement to balance the needs of a long-
established inner city residential neighbourhood, with those of an equally well-established 
network of arterial roadways which form both the boundary of and a bisector through the 
area.  

We mention this fact specifically to emphasize the need for extraordinary prudence in 
reaching road design and traffic operations decisions that must necessarily balance the 
competing needs of high-speed, high-volume traffic generated on the arterial system, versus 
the desire to link the key active transportation elements of the community across the divide 
created by King Edward Avenue. Such linkages are critical to the communities involved, but 
their locations and designs must necessarily recognize and deal appropriately with the 
overriding concern of the safety of those using such facilities. 

Finally, we underlined the challenges that road designers and traffic engineers face in dealing 
with the connection points of any large-scale, freeway-type facility to a local arterial network. 
In addition to coping with the usually constrained nature of the space available (as is the case 
here), there is a need to recognize that a substantial portion of the drivers moving from the 
freeway to the arterial system will in all probability be speed adapted from the time they have 
spent travelling the freeway. We discuss this topic to advantage in a later section of this 
technical memorandum. 
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2 Our approach 

The brief flowchart in Figure 2 outlines our approach to this assessment. 

Figure 2: Project approach 
 

 
 

We started our work by reviewing the design drawings for the project. These form the basis 
for our plan-based road safety audit and the subsequent risk analysis that builds upon that 
work. In preparing for the plan-based audit, we also reviewed related operational information 
including the results of speed studies and a ball-bank safe curve speed study on the critical 
approach to the proposed pedestrian crossing location.  

With this background, we undertook a plan-based road safety audit of the relevant approach 
portions of King Edward Avenue, the King Edward/Cathcart intersection, and the specific 
crossing area. This road safety audit had two purposes: 

1. It allowed us to identify potential risk elements that were present in the design 
in, around, and on the distant approaches to the proposed crossing area. 

2. To provide the foundation for the quantitative risk analysis process used in the 
next stage of our assessment. 

After building and applying the risk analysis model, we prepared a synthesis and 
interpretation of the findings of both that model and the plan-based road safety audit, verified 
the consistency of the outputs from these analyses, assessed the potential for mitigating 
measures for identified risks, and prepared our recommendations. 

3 The plan based road safety audit 

3.1 Risk elements and collision vectors 
The plan-based road safety audit follows well-established procedures for such efforts. 
Essentially intended to help develop an understanding and expert-based commentary of how 
various elements of a design work together and interact to create risks for all users of a 
roadway (pedestrians, cyclists, transit users, heavy vehicles, and passenger cars/light 
trucks), we also use the outputs of this process to define a series of “collision vectors” that are 
then used to structure our risk analysis. 
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A collision vector is a design, operational feature, or human behaviour phenomenon which is 
associated with the risk of collisions. An inconspicuous traffic signal in an isolated rural 
environment is unexpected by drivers in the absence of other visual cues and represents a 
collision vector. A lack of effective access management can also represent a collision vector 
by introducing turning conflicts and speed differentials in critical locations when drivers’ focus 
is diverted elsewhere. Other examples of collision vectors might include inadequate or 
improper signage, poor quality pavement markings, a lack of illumination, or other missing 
positive guidance elements. Any of these may represent collision vectors with varying 
degrees of consequence for collision severity and likelihood. 

Collision vectors represent groupings of risk elements into sets of categories with similar 
influences. As such, they are useful both as the basis for grouping our road safety audit 
commentary into logical sets of risk elements, and as the basis for the framework of our risk-
based evaluation process. Rather than rank each risk element individually, the results of the 
analysis are more logical and transparent when grouped into collision vectors. 

3.2 Collision vectors identified 
For the purposes of the analysis of the King Edward Avenue/Cathcart pedestrian crossing 
and its context, we identified the following collision vectors as being present. These 
descriptions are not intended to be comprehensive – but provide a generic outline of the 
kinds of risk elements considered within each vector. Section 3.3 of this report provides the 
commentary on the proposed crossing that flowed from our plan-based road safety audit 
using this collision vector framework. 

• Sight distance available: The provision of stopping sight distance and in the 
case of intersections, crosswalks, or similar facilities where vehicles may have 
to yield the right-of-way to vulnerable road users – decision sight distance - is 
critical to the safety of all users of such facilities. Failure to provide adequate 
sight distance in such circumstances jeopardizes public safety and, in the 
event of litigation flowing from a collision where lack of sight distance was a 
contributing factor, would in all probability be interpreted by the courts as a 
failure on the part of the Municipality to meet the standard for their required 
duty of care. 

• Speed: Absolute speed choice by drivers and the presence of situations that 
create speed differences between drivers in the traffic stream are known to be 
correlated to a higher probability of collisions. Excessive speeds are common 
in areas where drivers are transferring from a freeway facility to the arterial 
system, as is the case here. In addition, when such transitions involve drivers 
moving through a series of curves in the road, driver speed choices tend to 
differ significantly and overall differences in speeds between vehicles tends to 
increase – thus creating the opportunity for increased conflicts and collisions. 

• Commercial vehicles: Heavy trucks require greater stopping sight distances 
than automobiles. While they may have some sight distance advantage in 
terms of the higher seating position of the driver, that advantage may be 
eliminated when the driver has to move through a series of curves in the 
roadway where obstructions at the side of the road eliminate the possibility to 
see “through” the curve. Commercial vehicles also tend to be more susceptible 
to rollover when traversing multiple successive horizontal curves. As well, 
when involved in a collision, the greater mass of trucks tends to result in a 
collision of higher severity (i.e. a personal injury or fatality, rather than a 
property damage only crash). Finally, we note that commercial vehicles using 
this corridor are permitted to transport dangerous goods – thus giving rise to 
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the potential for serious and large-scale incidents involving hazardous 
materials. (e.g. chemical spills etc.) 

• Alignment: Sudden and dramatic changes in the alignment of a road through 
the introduction of multiple curves after a long straight section, or a relatively 
tight curve after a series of gentle curves, have been shown to increase the 
risk of collisions for all vehicles using a roadway. Combinations of horizontal 
curves (bends in the road) and vertical curves (hills and slopes) can also 
create situations where drivers may have trouble dealing with both sets of 
changes at one time: thus increasing the chance for driver error and a resulting 
collision. 

• Vulnerable road users: The potential for the presence of significant numbers 
of vulnerable road users (pedestrians, bicyclists, young children, etc.) crossing 
a potentially high-speed, high traffic roadway, is a signal to the road designer 
and traffic engineer for the need to exercise extraordinary prudence in their 
choice of locations and design approaches to such situations. Crashes 
between vehicles and vulnerable road users (VRU) most frequently result in 
serious injury or a fatality for the VRU party. When VRU at-grade crossings are 
located in areas where multiple other collision vectors are present, the risks to 
the users of the crossing increase substantially. Such practices must be 
avoided.  

• Driver behaviour: Drivers develop expectations about the kinds of design 
features that they will encounter on different road types, and make behavioural 
choices in accordance with those expectations. The presence of unexpected 
features on a facility or a feature in an unexpected location (such as a 
crosswalk in the termination/transition of a freeway to an arterial road 
immediately after a series of curves) can create situations where drivers are 
much more likely to make errors that can lead to collisions of various types. 

• Maintenance: Road maintenance is always an important element in the safety 
performance of a facility. The presence of bridges that freeze before the road 
in winter must be recognized in deliberate maintenance resource allocation 
decisions, as must the presence of horizontal curvature and sections of 
straight road that lead to a location where a driver may be required to stop. 
The presence of roadside vegetation (trees) that may obscure critical signing 
at long and intermediate distances will require regular verification of visibility 
(and if necessary, maintenance action), and the need to ensure that pavement 
markings that are essential to driver decisions are clearly visible in winter can 
also pose challenges. 

• Junctions: The presence of intersections and ramp terminals along a section 
of approach roadway to a critical crossing area can significantly influence 
where driver attention is focused, and consequently, the conspicuity of the 
crossing and the people attempting to use it.  

• Queuing: Any time that traffic must stop for a pedestrian crossing on a high 
volume facility, traffic will begin to spill back up the roadway towards the 
incoming traffic. This can have important implications on the need for 
continuous stopping sight distance to the end of variable length queues, and 
the potential for high-speed, high severity rear end collisions on the 
approaches to such a site.  
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• Driver workload: Complex situations that require a driver to adjust to changes 
in the basic design of a roadway and the presence of multiple elements of road 
curvature and associated traffic engineering features that may accompany 
them create a geometric driver workload that can be very substantial. 
Situations that create high levels of geometric driver workload are often 
associated with a higher potential for collisions. 

• Roadside: In urban areas, roadside features such as gateways, retaining 
walls, non-frangible illumination masts, and similar elements can present a 
significant risk when present in areas where operating speeds may be higher 
than normally expected in such situations. If such objects cannot be moved to 
a sufficient distance from the travelled lanes, or furnished with breakaway 
mounts, then wherever possible, they should be shielded with roadside barrier 
or similar installations. 

3.3 Observations from the road safety audit 
3.3.1 General commentary and speed observations 

Our road safety audit was carried out by a team of 2 persons: one individual with Road 
Safety and Traffic Engineering expertise, as well as a background in applied human factors, 
and one individual with specific expertise in roadway design and forensic collision 
investigation. In addition, the team sought advice on some specific issues from a Human 
Factors specialist. We have grouped the road safety audit commentary in bullet form under 
the individual collision vector headings outlined in Section 3.2 of this memorandum.  

In preparing this commentary, we based many of our speed-related observations on data 
provided by the City of Ottawa1 that indicated that the 85th percentile speed (defined as the 
speed at or below which 85% of the observed vehicles were travelling, and also referred to 
as the “operating speed”) on the bridge in the southbound direction approaching the 
Dalhousie-Boteler off ramp was 92km/h. The 85th percentile speed then reduces to 79km/h in 
the area of the gore at the Dalhousie off-ramp. The operating speed recorded at the entry 
curve to King Edward Avenue was 62km/h. These speeds are illustrated in Figure 3. 

 

 

This space deliberately left blank

                                                      
1 E-mail from John Buck (City of Ottawa) to John Robinson (Delphi MRC). Dated May 20th, 2008. 
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Figure 3: Operating speeds on southbound approach 
 

 
 
 
It is important to recognize the need to design for actual operating speeds in situations such 
as this where it is highly likely that approach speeds will exceed the design speed for certain 
elements of the roadway. Such violations are not uncommon; particularly when drivers have 
been driving on a freeway type controlled access facility for some distance and have had the 
opportunity to become speed adapted. Dewar makes the following observations regarding 
speed adaptation: 

When slowing from a high speed the vehicle seems to the driver to be going 
especially slowly. This is a natural adaptation phenomenon experienced by all 
drivers. Speed adaptation can lead to dangerously high speeds when leaving a 
freeway or approaching a toll booth.2

The commentary applies equally well to the situation of interest here, where vehicles leaving 
a high-speed facility may have the need to stop for the proposed crossing if someone is 
present in, or about to use that facility.  

3.3.2 Sight distance available 
• The stopping sight distance (SSD) available on the approach curve to Cathcart from 

the north has been noted by others3 as being compliant to current Transportation 
Association of Canada requirements for a 50km/h design speed for automobiles and 
trucks with antilock braking systems, but inadequate for trucks with conventional 
braking systems. 

• While the SSD may be compliant with theoretical design speed requirements, it is not 
sufficient for the actual operating speeds of traffic as observed in the field by the City of 
Ottawa, with the various speed management measures in place.  

                                                      
2 Dewar, R. Olson, P. “Human Factors in Traffic Safety”. 2nd Edition. Lawyers and Judges Publishing 
Company. Tucson, AZ. 2007. p.20 
3 Memo to J. Buck (City of Ottawa) from M. Mascioli (Delcan). Re: King Edward Avenue Contract 2 – 
Stopping sight Distance. Dated March 5th, 2007.  

 Page 8 
 



• The design situation for the placement of a crosswalk in this location fits within the 
definition of situations in which the application of Decision Sight Distance (DSD) 
Requirements is desirable. Such situations are intended for use where unusual, 
unexpected, or complex features may be present on a facility. For a 70km/h design 
speed (appropriate given the actual 62km/h operating speed) the DSD requirements to 
the proposed crosswalk would be 250 to 275 m for Conditions B and E respectively as 
defined in the Geometric Design Guide for Canadian Roads4. This figure is vehicle 
independent. Placement of a crosswalk in the proposed location would grossly violate 
this fundamental safety related design requirement. 

• Stopping sight distance for intersections and crosswalks is a basic design requirement 
and should never be violated.  

• The decision to meet decision sight distance requirements to the proposed crosswalk is 
up to the designer, but this situation meets the conditions prescribed in the TAC 
Geometric Design Guide for Canadian Roads5, and in our view is another basic 
requirement – particularly because of the potential for VRU involvement in any 
collisions that might occur.  

• The presence of a horizontal curve and lateral sightline obstructions on the approach to 
Cathcart appear to further limit available sight distance on the approach to the 
proposed crosswalk location. 

• The potential for the presence of queued vehicles stopped on King Edward for persons 
crossing at the proposed location would require approaching vehicles to stop behind 
the queued vehicles, and not only at the crosswalk. Depending on the length of the 
vehicle queue at the crosswalk, this could further shorten the available basic stopping 
sight distance below its already non-compliant level.  

• Vehicles approaching King Edward on Cathcart eastbound appear to have limited 
departure sight distance to approaching vehicles on King Edward southbound and 
those approaching on the MacDonald Cartier ramp to King Edward southbound. This 
should be checked. The minimum departure sight distance for this case would normally 
be 200m for a vehicle turning right from Cathcart onto King Edward southbound6. 

• In the presence of the curvilinear approach to the crosswalk on the MacDonald Cartier 
ramp drivers will tend to split their focus between the road edge closer to the vehicle 
and the position of the road ahead, rather than concentrating on upcoming events 
further downstream. This known driver behaviour in curves may increase the risk of 
collisions both on the approach to and at the proposed crosswalk. 

3.3.3 Speed 
• Approach speeds on the MacDonald Cartier ramp to King Edward southbound are well 

in excess of posted and advisory speeds (see Figure 3). As noted in Section 3.3.1, the 
various 85th percentile operating speeds were recorded with the new design and 
various speed management features in place. 

• The curvilinear approach to the Cathcart intersection is likely to result in a spreading of 
speed differentials within the traffic stream through the horizontal curves. As the 
variance of speed within a traffic stream increases it increases the likelihood for drivers 
to take some form of evasive action (e.g. breaking, lane change). This in turn increases 
the risk of collisions.  

• The elevated speeds observed on the MacDonald Cartier approach to King Edward 
southbound not only increase collision likelihood, but also increase the probability that 
collision outcomes will tend to be more severe. 

                                                      
4 “Geometric Design Guide for Canadian Roads”. Transportation Association of Canada. Ottawa, ON. 
1999. p. 1.2.5.8 
5 “Geometric Design Guide for Canadian Roads”. Transportation Association of Canada. Ottawa, ON. 
1999. p. 1.2.5.7 – 1.2.5.8 
6 “Geometric Design Guide for Canadian Roads”. Transportation Association of Canada. Ottawa, ON. 
1999. p.2.3.3.8 
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• The combination of higher approach speeds from the MacDonald Cartier approach to 
King Edward southbound and the curvilinear alignment increases the likelihood of run-
off-the-road collisions. 

• Given the results of the speed survey cited earlier, and the comprehensive nature of 
the speed management measures already in place when those measurements were 
taken, in our opinion it is highly unlikely that any additional speed management 
measures short of photo radar (which we understand is not permitted in Ontario) will 
add any additional noticeable increment of speed reduction to that which is already 
being achieved. 

 
3.3.4 Commercial vehicles 

• We are given to understand that heavy trucks represent about 7% of the traffic flow on 
King Edward Avenue in this area; 

• As noted earlier, heavy trucks require greater stopping sight distance than regular 
automobiles, and the basic SSD requirement for the observed operating speeds is not 
present for even this basic requirement; 

• Given the curvilinear alignment of the MacDonald Cartier to King Edward southbound 
approach to the proposed crosswalk location and the observed operating speeds 
through that area, the greatest potential for heavy truck collisions appears to be for 
vehicle rollovers. 

• Heavy truck collisions tend to be of higher severity, and those carrying dangerous 
goods present additional risks that could precipitate major unplanned traffic incidents. 

• While others have mentioned that the increased height of eye for truck drivers may 
provide a sight distance advantage on the approach to Cathcart, we remain 
unconvinced that in the long term, the lateral obstructions to visibility created by the 
planned roadside vegetation or new development in the now vacant area that used to 
be occupied by the entry curve to King Edward, will not eliminate this advantage. In 
essence, it becomes impossible to see “through” the curve on the approach to Cathcart 
because of these obstacles. 

 
3.3.5 Alignment 

• The horizontal alignment of the MacDonald Cartier to King Edward southbound ramp is 
dramatically inconsistent with the preceding alignment: a 40km/h safe speed curve 
follows a long straight section of freeway where speeds exceed 90km/h. Such 
situations are known to be correlated to substantially higher risks of collisions. 

• The combination of both horizontal and vertical curves around the final ramp approach 
to the proposed crossing location contributes to increased driver workload. As noted 
earlier, the need for drivers to exercise greater caution and focus their attention 
specifically on navigating these alignment changes, may affect their ability to perceive 
and react to events taking place within the proposed crossing area just downstream 
from the curves.  

 
3.3.6 Vulnerable road users 

• The proposed crossing is very wide (6 lanes + a narrow median buffer). This results in 
lengthy crossing times and significant pedestrian exposure. 

• If a truck is present in front of a car the driver of the car may not be able to see a person 
in the crosswalk. In multilane situations this can result in particularly risky situations for 
persons using the crosswalk. 

• The residential nature of the surrounding neighbourhoods, the presence of a school on 
Boteler, and the presence of parkland and a recreational trail on the east side of King 
Edward Avenue suggest that usage levels at the crosswalk may be quite significant – 
thus further increasing the risk of vehicle/pedestrian collisions at the proposed location.  

• The complexity and length of the proposed crosswalk location suggest that its use by 
children and by older or mobility impaired individuals may be particularly hazardous. 
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• Transit facilities appear to be present on the King Edward southbound connection from 
Sussex Avenue. The presence of transit in and around the area of the crosswalk 
increases the complexity of both traffic and pedestrian operations in the area, thus 
adding further risk to vulnerable road users attempting to use the proposed crossing.  

• We note that despite the obvious risks involved, there is a substantial likelihood that 
pedestrian crossings of King Edward Avenue are likely to occur regardless of the 
presence of any crossing markings or device of any kind at Cathcart. It is imperative 
that measures be considered to mitigate the attendant risks of such unprotected 
crossings. Experience in both Ottawa and other municipalities has shown that 
pedestrian barriers, median fencing, or similar measures that provide a physical 
deterrent to crossing throughout the limits of a risk area such as exists here, represent 
a strong disincentive to crossing activities. 

 
3.3.7 Driver behaviour 

• King Edward Avenue is a major commuter route. During peak hours there may be a 
greater likelihood of aggressive driving and driver frustration at delays. Such behaviour 
would further increase risks at the proposed crosswalk location, since this will be a 
source of delay if it is put into operation.  

 
3.3.8 Maintenance 

• Effective winter maintenance will have to be a priority activity on structures on the 
approach roads, where bridge decks can be expected to freeze before the roadway.  

• Priority winter maintenance actions will also be required in the horizontal curve 
approach on the MacDonald Cartier to King Edward connection and on the King 
Edward southbound connector from Sussex Avenue. 

• One significant part of the speed management measures on the MacDonald Cartier to 
King Edward connection is the presence of the length of transverse pavement 
markings prior to the 40km/h entry curve into the proposed crosswalk area. Ensuring 
the visibility of these transverse markings will be vital during the winter. 

• The plans reviewed show some type of vegetation planned for placement along the 
west roadside. The nature of these plantings is difficult to discern, but we note that 
caution should be used as to the type and placement of these plantings, since some 
plant types and placements could create visibility obstructions either immediately, or as 
they grow to maturity.  

 
3.3.9 Junctions 

• The Cathcart right-turn-only junction with King Edward Avenue is introduced at the 
same location as the King Edward southbound connector from Sussex Avenue. This 
creates additional complexity and traffic turbulence in the immediate area of the 
proposed crosswalk and increases the likelihood for driver error in this critical location.  

• There appears to be some likelihood that vehicles entering King Edward Avenue at 
Cathcart from the Sussex connector may want to make an early lane change to avoid 
the side friction created by driveways immediately to the south of that point. We note 
the presence of the continuous lane southbound along that section of King Edward, but 
remain unconvinced that it will necessarily function effectively with the number of 
abutting driveways that appear to be serviced therefrom. 

• The complexity of the situation created by the coincidence of multiple junctions 
(Cathcart and the Sussex connector) exactly in the area of the proposed crosswalk 
location contributes significantly to its unsuitability for a pedestrian crossing.  

 
3.3.10 Queuing 

• The possibility of queue spillbacks from the proposed Cathcart pedestrian crossing 
when vehicles are stopped for pedestrians, increases likelihood of queue end collisions 
– particularly given the already noted restricted sight distance available on the 
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approach to the crossing. Queue end collisions at speed can result in very severe 
collision outcomes.  

• The width of King Edward Avenue at Cathcart would require that crossing intervals of at 
least 30 seconds in length be provided to enable pedestrians to safely traverse the road 
at that point. The corresponding substantial delays to stopped motorists would increase 
the likelihood of both driver frustration and the potential for traffic violations of various 
types at that location. 

 
3.3.11 Driver workload 

• The approach to the crossing is highly complex and presents a significant geometric 
workload particularly to the driver approaching on the MacDonald Cartier to King 
Edward southbound ramp. 

• The transition zone to King Edward avenue contains multiple traffic control devices, 
including changes in posted speed limits, curve warning signs with flashers, a concrete 
gateway structure, roadside “Welcome to Ontario” signing, and a lengthy series of 
transverse, decreasing interval pavement markings – all in a relatively short space of 
time. The effects of these measures will be highly variant across the road user 
community, will tend to increase speed differentials, and – if the speed data provided by 
the City is any indication – will not effect sufficient speed reductions to render the sight 
distances on the final approach curve to Cathcart compliant with actual driver needs.  

• The presence of a pedestrian crosswalk in the proposed location will represent a 
violation of driver expectations. 

• The connection between King Edward Avenue, Sussex Drive, and the MacDonald 
Cartier Bridge is unusual, constrained in nature, and is highly complex. The addition of 
the proposed crosswalk in its suggested location will add substantial and unexpected 
complexity to an already difficult situation. In our view, this would not be prudent. 

 
3.3.12 Roadside 

• There is a concrete gateway present on the MacDonald Cartier to King Edward 
southbound ramp that lies within 1.8m to 2.5m of the roadside. This represents a 
significant hazard located within the required clear zone for the roadway, on a 
horizontal curve, at a point where we know that operating speeds are elevated and 
distinctly non-compliant with the posted speed limit.  

• The horizontal alignment through the approach to Cathcart on the MacDonald Cartier to 
King Edward southbound ramp increases likelihood of run-off-the-road collisions 

• The section of roadway noted immediately above has a 150mm barrier curb which 
does nothing to prevent vehicle run-off-the-road collisions, and in fact may increase the 
potential for the tripping of trucks7 as they progress through the series of horizontal 
curves on this section of the approach to Cathcart. 

• The first curve from the bridge into the ramp connection to King Edward southbound 
directs drivers directly toward the right side concrete "gateway feature". 

• We assume that roadside barrier is present on the MacDonald Cartier to King Edward 
southbound ramp. Placement of any such barrier must be carefully coordinated with the 
location of the face of any barrier curb that may also be present. Desirably, no barrier 
curb would be present in any area where roadside barrier is being used. 

 
3.4 Summary of the road safety audit finding with respect to proposed crosswalk 

The findings of the road safety audit process have identified a significant number of risk 
factors that are present on the approaches to and within the immediate area of the proposed 
pedestrian crossing at Cathcart Avenue. In the best of circumstances, the use of pedestrian 

                                                      
7 The “tripping” of trucks may occur when the wheels of an off-tracking trailer on an articulated vehicle 
accidently come in contact with a vertical barrier curb and the resultant force has the potential to create a 
vehicle rollover situation or to cause a driver loss of control. 
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crossings on six-lane arterials presents significant design and operations difficulties. The 
location proposed for this crossing lies within a zone where multiple layers of significant risk 
coincide to create a zone which in our view is completely inappropriate for such a facility.  

4 Risk analysis 

4.1 An introduction 
The structure of this risk analysis is based on the use of the expert opinions expressed in the 
plan-based review documented in the previous section of this technical memorandum, to 
help develop a quantitative, collision vector oriented analysis that provides risk index 
measures for both the individual collision vectors, and at an overall safety performance level. 
The technique is based on an initial deterministic model structure that may  then applied (if 
desired) in a probabilistic analytical framework to provide probability estimates of the various 
risk measures obtained from the analysis. Such probability distributions provide an important 
glimpse into the potential variability associated with each assessment.    

We call this analysis approach a risk-based estimation of safety performance.  

4.2 The need for informed engineering judgement 
Our risk-based evaluation of the relative safety performance of the proposed crosswalk has 
been done by assessing the two basic aspects of risk associated with each collision vector8 
identified in a common analysis framework: 

• The magnitude of the potential impact of the risk feature; and 

• The likelihood of that impact actually happening; 

It is important to understand that while this general structure can be preserved in a “relative 
risk assessment” tool, the information which was used to generate estimates of the needed 
probability factors had to rely on a combination of both statistical facts  (where available) and 
what Vick9  terms “subjective, degree-of-belief probability” rooted in experience and 
engineering judgment. 

In the world of road safety, where reliable and robust historical data is generally difficult to 
find, and quantitative safety performance models do not necessarily transfer easily from 
jurisdiction to jurisdiction, this is a readily and broadly accepted truth. While it does not 
eliminate the need for rigor in the analysis, nor release the analyst from the obligation of 
justifying his or her judgements, it can provide the well-experienced road safety engineer with 
a reasonable, practical, cost effective, and defensible basis for identifying road safety risk 
mitigation opportunities. The application of informed engineering judgement is a fundamental 
element of the approach used in assessing the relative contributions of the various collision 
vectors identified in this review, to the overall safety performance of the facility. 

4.3 Calculating a risk outcome value 
The risk modeling process used in this assessment approach begins with a quantitative, but 
subjectively based technique that requires the user to go through a two-step process: 

• Estimating the magnitude of the potential impact of each collision 
vector: To do this, the likely magnitude of impact of each risk element is rated 
based on a subjective assessment of the performance of the risk element in a 
collision situation. These “impact” evaluations are expressed as a value 

                                                      
8 The concept of collision vectors is discussed in Section 3.2 of this report. 
9 Vick, Steven G. Degrees of Belief: Subjective Probability and Engineering Judgement. ASCE Press. 
Reston, Virginia. 2002. 
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between 0 and 1. At the low end of the scale, collisions that result from this risk 
element will generally generate low severity collisions – primarily property 
damage only. The choice of higher values within the range is intended to 
reflect the likelihood that collisions resulting from the risk element will usually 
involve personal injury or – at the highest end of the scale – death. 

• Estimating the likelihood that the collision event associated with each 
collision vector will actually occur. Again, in this instance, a scale of 0 to 1 
is used, with lower values reflecting the fact that the likelihood of this risk 
element actually creating collisions is relatively low. While a probability-like 
scale is used for this effort, the actual values assigned are not expected to 
reflect the actual likelihood of a specific single event occurring, but rather 
should be interpreted as being indicative of the average long-term contribution 
of the risk element when it is present on the road or intersection segment being 
examined. 

For every collision vector, an outcome result can then be calculated in which the likelihood 
factor is multiplied by the impact factor for each vector. For convenience, this measure is 
called a Risk Index (RI). The higher the value of this measure, the greater the degree of risk, 
since higher values of the final index reflect elements associated with a combination of a 
greater likelihood for a high severity event, and a higher likelihood of the impact actually 
occurring. In general, higher values of Risk Index indicate the need to assign a higher priority 
to the mitigation of the collision vector of concern. An overall measure of risk can also be 
calculated simply by taking the average of the Risk Indices for each collision vector. This 
overall measure of risk – which is most commonly used in comparing alternatives – is called 
the Mean Value Risk Index (MVRI). 

4.4 Risk analysis results 
4.4.1 Use of the risk analysis outputs 

In this report, we focus on the results of the deterministic process as the primary means of 
interpreting our risk analysis. In essence, exercising this model provides us with confirmation 
of, and a quantitative framework for ranking the relative risk contributors. It also helps us 
identify layers of risk and the likelihood that compound risks are present at the crossing 
location. 

4.4.2 Findings from the deterministic analysis 
Table 1, on the page following, summarizes the results of the deterministic risk analysis of the 
proposed crosswalk. The table identifies the individual risk indices for each collision vector 
under each design alternative. By setting an arbitrary risk threshold – in this case 0.30 – the 
more significant “risk contributor” collision vectors can be identified (highlighted in red in Table 
1) for each alternative.  

 

This space deliberately left blank
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Table 1: Summary of deterministic road safety analysis 
 

Risk Indices

Sight distance available 0.64
Vulnerable road users 0.60
Alignment 0.53
Speed 0.46
Driver workload 0.42
Junctions 0.39
Queuing 0.25
Commercial vehicles 0.18
Roadside 0.15
Maintenance 0.11
Driver behaviour 0.08

Mean Value Risk Index (MVRI) 0.34

Risk element Cathcart 
Crosswalk

 

 

The collision vectors and their individual risk indices are listed in Table 1 in rank order from 
greatest level of risk contribution to lowest level of risk contribution. The risk analysis 
accurately reflects the commentary from our road safety audit. As might be expected, the 
lack of sight distance and the presence of vulnerable road users are the two most significant 
risk elements contributing to the likely safety performance of the crosswalk.  

Not surprisingly, the approach road alignment also figures prominently in the overall risk 
picture. It this instance, the risks involved not only reflect the potential for the alignment to 
have a direct effect on the workload with which drivers must cope while within that road 
section, but their consequent ability to perceive and respond to the crosswalk appropriately, 
and the risks involved in traversing the changes in horizontal alignment and the potential for 
those alignment characteristics to generate collisions in and of themselves. 

The next group of three risk elements – speed, driver workload, and junctions – all have 
direct impacts on the risk environment created at the crosswalk. The impacts are significant, 
and more importantly, when considered in the context of the first two contributors in Table 1, 
represent a combination of layered risks consisting of 5 levels of collision vectors that are 
essentially present at the proposed crosswalk location, and reinforce one another in terms of 
building additional layers of risk for its potential users. 

The remaining collision vectors, while present within the overall risk environment, contribute 
substantially less to the overall risk picture at the crosswalk.  

5 Concluding thoughts 

Our analysis has approached the assessment of the proposed Cathcart crosswalk using the 
rigorous and proven technique of a plan-based road safety audit. That assessment clearly 
identified multiple risk elements that are present in and on the approach to the crosswalk 
area. A number of these risk elements were present by virtue of the fact that the constrained 
and complex design environment simply did not allow sufficient flexibility to develop a 
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crossing environment that was compliant with geometric design features appropriate to the 
traffic operations at the location. This represents a fundamental violation of engineering 
practice and cannot be supported either from a public safety standpoint, or from the viewpoint 
of the liability to which the City of Ottawa would be exposed if the proposed crosswalk were 
to be built at this location.  

Our risk analysis confirmed the findings of the road safety audit and provided us with a 
quantified and ranked list of the collision vectors present and their relative contributions to the 
overall risk environment of a crosswalk constructed in this location. The risk environment is 
highly complex, with multiple overlapping collision vectors compounding its hazardous nature 
and reinforcing our view that the construction of the proposed crosswalk would not only be 
highly undesirable but would also be irresponsible. 

In the course of our evaluation we observed that the City already has in place multiple speed 
management measures on the approach to King Edward Avenue southbound from the 
critical MacDonald Cartier southbound ramp. These measures reflect good engineering 
practice and the acknowledgement of the fact that the design is constrained, complex, and 
requires the supplementary driver guidance provided by these measures simply to effect a 
successful transition from the freeway environment to the arterial nature of King Edward 
Avenue. In essence, the measures are required simply to make the design work properly in 
the absence of a crosswalk.  

In our view the complex and layered nature of the risk environment that would be present 
should a crosswalk be constructed makes it impossible to develop cost-effective mitigation 
measures which could overcome the hazards present in this risk environment. In the 
strongest possible terms we recommend against proceeding with the proposed pedestrian 
crosswalk. 

 

John B. L. Robinson, Ph.D., P.Eng. 
PEO Registration # 39342019 
Senior Partner 
McCormick Rankin Corporation 
August 11th, 2008 
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