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ABSTRACT
All too often, engineering strategies aimed at improving roadway safety are reactions to
existing problems that are brought to light by collisions which have occurred after the road
has been designed and built. Targeting problem locations or “black-spots” and developing
plans to reduce collision potential is vital and has proven to be very successful.  However,
transportation professionals should also take a proactive approach that addresses road
safety before problems emerge.  A new approach to road safety will enable engineers and
planners to apply proactive strategies when planning for new roadways or when planning for
major improvements to the existing road infrastructure. This paper addresses an evolving
need of how to deal with road safety in a proactive manner.

Although a proactive approach to road safety planning should improve the overall road safety
performance, there is currently a poor understanding of how to proactively address road
safety.  Several logistical and technical obstacles hinder the effective planning for road
safety. These obstacles include a lack of an opportunity within the traditional transportation
planning process to explicitly consider road safety issues, a lack of methodology and tools to
proactively evaluate road safety, and the lack of a systematic process or framework to
explicitly consider road safety.  Each of these obstacles will be expanded and described in
detail, followed by a description of the opportunity to overcome each of these obstacles. The
paper also includes a review of other initiatives undertaken to promote proactive road safety.

A proactive approach to road safety complements the more traditional, reactive methods
currently in use. Significant progress will be realised once safety professionals shift their
focus from fixing existing road problems, to helping plan roads that will be problem free. The
net result should be a safer road system.

1. INTRODUCTION
All too often, engineering strategies aimed at improving road safety are reactions to existing
problems that are brought to light by collisions which have occurred after the road has been
designed and built.  Targeting problem locations and developing plans to reduce collision
potential is vital and has proven to be very successful.  However, transportation
professionals should also take a proactive approach that addresses road safety before
problems are allowed to emerge.

This paper addresses an evolving need of how to deal with road safety in a proactive
manner.  Notable improvements can be made by explicitly addressing safety concerns early
in the planning stage.  Moreover, the earlier that road safety is considered, the more cost-
effectively it can be accommodated. A proactive approach to deliver road safety
complements the more traditional, reactive methods currently in use.  Significant progress
will be realised once safety professionals can fix existing road problems as well as help plan
roads that will attempt to be problem free.
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Although a proactive approach to road safety planning should improve the overall road safety
performance, there is currently a poor understanding of how to proactively address road
safety.  A proactive approach to road safety suffers from several obstacles.  Each of these
obstacles is described in detail together with the opportunity to overcome each obstacles.
The obstacles to proactively address road safety planning include:

1. a lack of opportunity within the traditional transportation planning process to explicitly
consider road safety issues

2. a lack of the necessary methodology and reliable tools to evaluate road safety in a
proactive manner, and

3. a lack of a systematic process and framework to explicitly consider road safety issues

2. A REVIEW OF PROACTIVE ROAD SAFETY INITIATIVES
As a commitment to road safety, the government of the Netherlands set a series of optimistic
road safety targets in the early 1990s, including a 50% reduction in the annual number of
fatalities and a drop of 40% of the total injury collisions by the year 2010 (Wegman, 1997).  It
was concluded that these road safety targets could not be achieved with traditional
approaches to road safety, even if the scope of these traditional approaches were greatly
intensified. A new and innovative approach was necessary to increase safety performance to
achieve the desired levels.

By working in co-operation with other road safety institutes, the SWOV Institute for Road
Safety Research developed a new policy vision for the systematic improvement in road
safety, referred to as a ‘sustainably safe traffic system’ or ‘sustainable road safety’
(Hamelynck, 1994).  The starting point for the concept of ‘sustainable safety’ is to
significantly reduce the probability of collisions and to prevent collisions by means of
infrastructure design.  In addition, when collisions do occur, the severity of these incidents
should be managed such that serious injury is virtually eliminated (Koornstra, et al., 1990).

Researchers concluded that the key to achieve a sustainably safety road system lies in the
systematic and consistent application of three safety principles:

1. Rationalise and deploy the functional use of the road network with the objective of
preventing the unintended use of a roadway.

2. Ensure the homogeneous use of the road network by preventing large differences in
vehicle speed, vehicle operating characteristics, and vehicle travel direction.

3. Build predictability into the road system to prevent uncertainties among road users
thereby improving driver reaction and judgement and the overall behaviour of all road
users.

The concept of a sustainably safe road can be expressed by removing all road function
combinations and make each roadway mono-functional, or pure roads (i.e., a pure flow
function).  With an understanding of the functional requirements for each road category, a set
of planning criteria and/or principles have been suggested to develop a sustainably safe
traffic system (van Minnen & Slop, 1994). Twelve guiding principles are suggested as listed
below.

• create residential areas that are as large as possible but compact,

• for any trip, utilise the safest type of road as much as possible,

• make the length of trips as short as possible,

• combine short trips with safe roads,
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• prevent driver ‘search behaviour’ for destinations,

• make sure that a road function (type) is clearly recognisable,

• ensure uniformity in road design characteristics,

• prevent conflicts between on-coming traffic,

• prevent conflicts with crossing traffic,

• explore opportunities to separate different transport modes,

• reduce vehicle speeds at locations were conflicts occur, and

• ensure roadside hazards are removed or protected for errant vehicles.

Within the context of transportation planning, it is important to present the impact and
relationship between mobility and safety.  It would seem that mobility is the prerequisite for
collisions, understanding that a few collisions occur when there is low traffic volume and
many collisions occur when there is high traffic volume. As such, road planning has involves
the trade-off between two competing values: mobility and safety.  Mobility is valued for what
it permits us to obtain; our economic and social goals while safety is valued for what it
permits us to avoid; the human and economic costs associated with traffic collisions
(Campbell, 1992).

Recognizing this conflict, it has been stated (Ogden, 1996) that collision losses can be
controlled or reduced by managing mobility and ensuring that safety is appropriately
accommodated.  In attempting to accommodate and resolve the conflict between mobility
and safety, Haight (Haight, 1992) suggests that there is little value in recommending
solutions that contradict normal human behaviour or lack an acceptable political reality.
Rather, it is useful to investigate mechanisms that could be deployed to achieve an ideal
transportation system, including the following:

 Provide infrastructure to support traffic demands and attempt to isolate
different road users (i.e., separate trucks from passenger vehicles).

 Encourage the use of transit systems by making the system quick, cheap
and convenient.

 Design a compact urban form that allows for walking and cycling trips to
replace non-work automobile trips.

 Encourage alternate modes of transportation (rail, air, etc.) for lengthier
travel requirements.

 Impose positive regulation that controls high-risk system users, but provide
suitable and attractive alternatives.

 Employ intelligent transportation systems to improve the safety and mobility
for all road users.

 Implement these initiatives in a cost-effective manner, by examining the
benefits versus the costs and make decisions accordingly.

One somewhat common proactive road safety initiative is the road safety audit.  A road
safety audit is a tool that can be used by safety professionals to proactively ensure that road
safety needs are adequately addressed before a road is opened to the motoring public.
There are two basic objectives of a road safety audit. Firstly, the audit teams should identify
the potential for road safety problems, both for motorists as well as for all other system users.
Secondly, the audit team should ensure that all measures that have the potential to reduce or
eliminate the safety problems are adequately considered.
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From these objectives, several beneficial outcomes are expected from a road safety audit.
First, the frequency and/or severity of collisions on the system can be reduced.  Second,
road safety concerns become more important or are given greater prominence in the minds
of road planners, designers and traffic engineers.  Third, the need for subsequent
rehabilitation work to ‘fix’ the problems can be greatly reduced.  Finally, the total cost of a
project to the community, including the trauma, cost and disruption caused by collisions can
be minimised (Austroads, 1994).

The value of a road safety audit is evident even though the inclusion of a road safety audit
represents another component of the planning and design stage of a project.

3. OPPORTUNITY FOR PROACTIVE ROAD SAFETY PLANNING

3.1. Obstacle to Overcome

It has been stated that significant improvement to the safety performance of a road is not
automatically achieved through a typical planning and design project (TRB, 1987).
Historically, the road planning process rarely allows planners to consider the impacts of
planning decisions on road safety. Instead, planners think that specific safety issues will be
addressed in the design stages.  At the design stage, road designers rarely explicitly
consider road safety objectives, thinking instead that road safety requirements will be
addressed implicitly through the application of road design standards.  Therefore, the first
step in developing a systematic framework for proactive road safety planning is to
understand the opportunities to provide safety input into the process.

In reviewing the literature regarding the traditional approaches to road and highway planning,
it becomes evident that explicit consideration of road safety issues and concerns is sadly
lacking.  Stepping through the traditional process shown in Figure 1, safety is rarely, if ever,
explicitly considered. For example, a measure of road safety performance may be listed as a
goal of an organisation, but often this measure of safety is ambiguous or loosely defined as
to “improve” or “maintain” road safety performance.

Organization

Inventory
    Data

Analysis
 of Data

   Forecast
Future Needs

         Develop
Alternatives /  Plans

  Evaluation
Of Alternatives

Plan Recommendation
  and Implementation

  Define Goals
and Objectives

Monitoring

Figure 1 Major Steps in a Transportation Planning Process (ITE, 1982)
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The planning process associated with data inventory, analysis and forecasting stages (Figure
1) normally only involve the presentation of an aggregate safety statistic that often is not too
meaningful to the planning process.  For example, planners developing a roadway to operate
as an urban freeway may specify a target safety performance measure of 0.8 collisions per
million vehicle miles. This objective is based the average safety performance of on similar
roadways, but is meaningless in the development of safe planning options.

In the option generation and evaluation stages, road planners have difficulty in assessing the
impact on safety performance between options and as such, safety considerations are often
ignored.  Options are usually generated based on mobility needs (minimising travel time),
avoiding environmentally sensitive areas,  the ease of construction, or other tangible
objectives. Specific consideration of important safety issues often does not surface within the
option generation stage of planning.

3.2. Proposed Improvement

The evolution of a roadway from before a road exists through the planning, design,
construction and operation is presented schematically in Figure 2.  The opportunity to
provide safety inputs into the planning process is also presented in Figure 2.  The opportunity
to provide safety input into the process is from the start of the process (when no road exists)
through to the design stage.  At the design stage, there is also an opportunity to address
road safety in a proactive manner.  After design and construction, the safety inputs are
comprised of reactive actions, responding to emerging problems on the newly constructed
facility.
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Figure 2 Evolution of a Road and Opportunity for Safety Input

The first opportunity to provide explicit safety influence within the planning process is by
influencing the planning decisions used to develop potential solution options (number 2 in
Figure 2).  There are several guiding principles that will be described in a subsequent section
on the process and framework that will enable decisions to be influence by safety
requirements.  The value of this opportunity is that safety is built-into as each planning option
is formulated.

Another opportunity to influence the road safety performance within the planning stages is to
evaluate the planning options that are generated by the planning team (number 3 in Figure
2).  This opportunity is characterised by an ‘auditing’ or ‘checking’ function that ensures that
safety performance is optimised. This provides a valuable input to the process and can result
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in the modification of proposed planning options.  The methodology and framework for this
proactive road safety function is described in subsequent sections.

4. METHODOLOGY TO EVALUATE ROAD SAFETY IN A PROACTIVE
MANNER

4.1. Obstacle to Overcome

There is also a lack of the necessary tools to evaluate road safety in a proactive manner.
This obstacle can be characterised by a lack of a credible and consistent method to estimate
the impact on road safety performance arising from a planned improvement.  This may be
due in part, to a lack of guidance for practitioners and inadequate knowledge in terms of how
to quantify or estimate the road safety performance.  For road safety decisions to be made
early in the planning or design stage, it is important to understand the impact of an action on
safety performance.  Unfortunately, a reliable and systematic approach to evaluate the
impact of road improvements is not currently in use by planners and as such, the ability to
comment on the pre-implementation success of many road safety initiatives is inhibited.  This
has lead to great criticism of such initiatives.

4.2. Proposed Improvement

In formulating a methodology to assist is proactive road safety planning, it was necessary to
consider the fundamental elements that can describe road safety in a quantifiable manner.
Many road safety-engineering researchers (Hadden, 1980, Hauer, 1982, and Koornstra,
1992, among others) have isolated three elements that can be used to define safety risk.
Although there is some ambiguity over the terminology, the three fundamental elements used
to describe road safety risk include exposure (exposure to hazards), probability (likelihood of
encountering hazard) and consequence (severity of hazard if encountered).  A relationship to
describe road safety risk can be formulated to include these three concepts as follows:

RISK = Function of {Exposure, Probability, and Consequence}

where:

exposure: - represents a measure to quantify the “exposure” of road
users to potential hazards.

probability: - represents a measure to quantify the chance of a vehicle
being involved in a collision.

consequence: - represents a measure to quantify the severity level resulting
from potential collisions.

Understanding the three fundamental elements that are used to quantify road safety risk, it is
important to identify the specific elements that are relevant to a road planning exercise.
These elements will form the basis to establish the systematic process and framework for
safety inputs into the planning of a new road.
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5. SYSTEMATIC PROCESS AND FRAMEWORK FOR ROAD SAFETY
PLANNING

5.1. Obstacle to Overcome

Currently, there is a lack of a systematic process and the necessary framework to explicitly
consider road safety issues for proactive road safety planning.  Given the opportunities to
provide input into the process and the proposed methodology to quantify safety impacts of
planning decisions (as described previously), it is necessary to develop a systematic
framework to assist planners to effectively address road safety while formulating planning
alternatives.

5.2. Proposed Improvement

In describing the proposed framework for proactive road safety planning, the specific
elements relevant to a road planning exercise are categorized according the three
fundamental elements that are used to quantify road safety risk (namely exposure,
probability and consequence). Several guiding principles are established to facilitate the
consideration of proactive safety planning associated with each specific element.  In addition,
a means to measure or quantify the relative impact on road safety is recommended for each
guiding principle.

5.2.1. Planning Decisions Affecting Exposure (Road Safety Risk)

In order to evaluate these measures of exposure at the planning level, three specific planning
elements have been identified. The three specific elements of exposure include land use
shape, road network shape / efficiency, and mode choice.  A description of each element and
the methodology used to evaluate each element is listed in point form below.

  Land Use Shape:

Land use should be shaped to minimize the distance between origins and destinations and to
reduce the need for travel. Influencing the land use is accomplished by understanding the
existing and future traffic demands on the system.

1. Attempt to create compact urban form, thereby reducing the travel distance and time
requirements. Measure the safety impact by summing the products of the traffic volume
and the travel distance between origins and destinations, attempting to minimize this
value while still serving mobility demands.

2. Land use shape can be established to encourage the use of alternative transportation
modes.  This may involve developing land-use plans to create higher population densities
on routes where transit or cycling may be a preferable option or where industrial traffic
may have greater access to rail or water transport options.  Measure the safety impact by
estimating reduced traffic caused by mode shift resulting from land use assignment.

3. Land use plans should be developed to minimize the traffic interaction and exposure
between conflicting land use types such as industrial and residential areas.  Measure the
safety impact by the physical separation and connectivity between the conflicting land
use types.

4. Land use controls can be established to restrict commercial development in areas where
the traffic from commercial development would be considered a detriment to road safety.
Measure the safety impact by the degree and compactness of commercial development,
as well as the access control requirements for commercial development.

  Road Network Shape and Efficiency:
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Similar to land use shape, the safety impact of network shape and efficiency relates to the
amount of traffic and the travel distance on the network.  The distinction is that rather than
altering land use assignment, the road network is reviewed to determine the opportunities to
minimise the amount or distance of travel.  Influencing the network shape is accomplished by
understanding the existing and future traffic demands on the system and several guiding
principles are established to assist planners consider safety in determining network shape.

1. Address the travel demands by ensuring that efficient routes serve the significant travel
movements.  Measure the safety impact by summing the products of the traffic volume
and the travel distance along all routes.  A collision (accident) prediction model, if
available, could also be used to predict the safety performance such as the collision
frequency for different types and classifications of roadways.

2. Network and routing options may be developed to minimise the amount of traffic that may
utilise a facility or to encourage alternate modes of travel.  The safety impact can be
measured by determining the increased difficulty in reaching destinations (increased
delay, distance, cost) or estimating the potential increase in rider-ship on alternate
modes.

  Mode Choice:

Perhaps one of the best methods to reduce the exposure parameter in the safety risk
function is to encourage and facilitate high occupancy vehicle transportation modes such as
transit operations, HOV lanes, and light-rail transportation.

1. Consider the construction of facilities to accommodate HOV modes, thereby providing
more efficient and attractive HOV service.  The safety impact can be measured by
estimating HOV facility usage and the reduction in traffic volume or time delay on the
system between SOV and HOV traffic.

2. Provide safe, secure and convenient infrastructure to accommodate non-motorised
transportation modes such as pedestrian and cyclists. Measure the safety impact by
estimating the usage of the facilities and the corresponding net reduction in motorised
traffic on the system.

5.2.2. Planning Decisions Affecting Probability (Road Safety Risk)

The second factor that determines the road safety risk is the probability of a system user
becoming involved in an incident.  There are several specific factors that control the
probability of an incident that must be quantified in formulating the framework.  Six specific
elements of probability are suggested to consider safety in the planning of a roadway.

  Manoeuvrability:

Guide the development of planning options to ensure vehicle manoeuvrability is not
constrained.  Generally, a system that provides for the ease of vehicle manoeuvrability is
considered safer than a system that is constrained (traffic calming may be an exception to
this). An unconstrained system is considered safer since the probability of becoming involved
in an incident is reduced by lower traffic density, less vehicle conflict, less delay and less
driver frustration.

1. Provide facilities to ensure that the traffic demand is met, thereby ensuring that an
adequate level of capacity is available on a system. This includes elements such as the
number of lanes, the number and timing of signals, or the provision for passing lanes.
The safety impacts can be measured by conducting a level of service analysis,
measuring the delay, speed or traffic density on the system.

2. Explicit attention should be focused at the accommodation of commercial vehicles and
the interaction with other vehicles.  This includes any roadway feature that may limit a
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commercial vehicle’s manoeuvrability such as steep grades or tight curves. Measure the
impact by estimating the magnitude of manoeuvrability restrictions in terms of time delay
or level of interference.

3. Attempt to minimise the number and severity of required vehicle movements within the
road system.  This includes the need for motorists to change lanes, merges, and weaving
manoeuvres. The number of required vehicle manoeuvres multiplied by the traffic volume
determines the safety impact.

  Geometric Design Elements:

Influence the safety performance of planning options by providing an opportunity at the
design stage for generous or favourable geometric design elements.  Although the details of
many geometric features are not available until the design stage, what can be achieved at
the design stage is often pre-determined by the options developed in the planning stage.

1. Favour routing options that offer the least amount of topographic constraints such that
obtaining cross-sectional dimensions (lane width, shoulder width, clear zone, etc.) can be
easily achieved.  The safety impact can be measured by the physical constraints
associated with each option.

2. Attempt to develop route options that avoid curvilinear alignments and locations of steep
grades.  The safety impact can be measured by comparing the frequency and degree of
horizontal / vertical curves between the various options being generated.

  Roadway Functionality:

Great opportunities exist at the planning stage to ensure that road function is properly
assigned, thereby avoiding the unintended use of a roadway and ensuring predictability of
the system by the user. This item is derived from the recommendations from the Dutch
experience (SWOV, 1996), who state that it is important to ensure road function is
homogeneous.  The following principles attempt to achieve the desired road function, thereby
reducing the probability of a system user becoming involved in a collision.

1. By understanding the travel demands on the system, attempt to match the travel
characteristics with the appropriate facility.  For example, inter-regional trips should be
serviced exclusively by a through-road with limited access.  Alternatively, local trips
should be confined to roadways that only serve local needs and deviation from this
function would result in a time or distance penalty to the trip maker.  The safety impact
can be measured by estimating the opportunity for unintended use of the desired function
of a facility.

2. Attempt to plan the road system to maximise the use of the safest roads in the network,
including the highest road function (freeways) and the lowest road function (local).  The
least safe road forms such as a mixed-use road (access and distribution roads) are
necessary but their usage should be minimised.  The safety impact can be measured by
determining the length of different road types and then calculating the expected collision
frequency using collision prediction models developed for the different road categories.

3. Provide consistency in the homogeneity of road character, thereby ensuring the proper
use of each roadway.  Roads that do not maintain consistent character along the length
of the roadway may encourage non-intended trips.  The frequency and severity of
deviations from consistent road character can be used to measure the safety impact.

  Conflicting Traffic:

Safety performance can be influenced by attempting to minimise the total number of
conflicting-traffic movements.  In general, greater safety performance is realised with fewer
conflict points, although it is the conflicting traffic volumes that should be evaluated.  Three
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principles are described to measure the ability to influence planning decisions with respect to
conflicting traffic.

1. Minimise the number of conflicting-traffic movements, including the conflict points at
intersections and interchanges.  Measure the safety impact by summing the total number
of conflict points.

2. Collision prediction models can provide a reliable estimate of the safety performance of
different facilities. Therefore, to measure the impact on safety, calculate the expected
collision frequency at intersections or interchanges by using collision prediction model for
the facility under investigation.

3. Gauge the safety implications of each conflict point in terms of the potential for excessive
probability or consequence of collision (consequence is included here for convenience).
Not all conflict points are ‘equivalent’ and thus, this issue meant to give greater emphasis
to those conflict points that have the potential to be most problematic due to vehicle
speed, sight-distance restrictions or potential for driver confusion.  The safety impact is
determined by identifying the number conflict points that may be excessively problematic.

  Roadway Friction:

Planners should be made aware of the potential for roadway friction and the impact on safety
performance.  Road friction can occur when the features of a road cause hesitation and
uncertainty by the road user, resulting in unnecessarily hasty or hazardous manoeuvres.
Consideration should be given to the following road friction issues that can influence the
development of planning options.

1. Determine the amount of roadway that has confining geometric elements that may
increase roadway friction.  These include sections of very curvilinear alignment, areas of
severe rock cuts, or any roadway narrowing (i.e., at bridge structures).  The number and
severity of confining elements that create road friction can measure the safety impact.

2. Gauge the magnitude of road friction caused by traffic elements such as differential
vehicle speeds, the presence of on-street parking, and the interaction with alternate
modes.  Measure the safety impact by estimating the speed differential, the amount of
on-street parking or any other traffic feature creating friction, with less friction considered
safer.

  Predictability of the Roadway:

Guide the planning process to ensure that a roadway conveys a clear message to the driver
thereby ensuring predictability. It is important to identify any road feature that may violate
driver expectation, creating a hazardous situation. As considerable judgement is required, it
is impossible to provide guidance for all conditions that may violate road predictability,
however some common principles have been formulated.

1. Identify locations where road elements are contrary to driver expectation or are
inconsistently applied throughout a corridor / area, such as a left-side exit ramp on a
corridor that normally has all right-side exit ramps.  Measure the safety impact by
determining the number of unpredictable locations.

2. Complex roadway geometry can create confusion and lead to unpredictability within a
roadway system.  Although it is often difficult, efforts should be made to ensure that
planning options are not complicated and consistent with driver expectations.  It is difficult
to measure the complexity of planning options and thus, this principle is listed to identify
locations of complex geometry and to attempt to simplify if possible.
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5.2.3 Planning Decisions Affecting Consequence (Road Safety Risk)

Consequence is the third factor that determines the road safety risk and relates to the
outcome of an incident once it occurs on the system.  There are three specific factors that
have been identified to measure the consequence of planning options: protecting vulnerable
system users, reducing speed in areas of high risk, and reducing roadside risk.  Each factor
is described below with a listing of some guiding principles used to influence the planning
process.

  Protecting Vulnerable System Users:

In the planning of a road system, it is important to consider all users of the system and their
corresponding safety requirements.  Vulnerable system users, such as pedestrians (including
pedestrians with disabilities) and cyclists, should be explicitly considered and facilities should
properly accommodate these users.

• Understand the study area, ensuring that vulnerable user’s needs are met and that
appropriate and convenient facilities are planned to meet these needs, such as
pedestrian crossings, safe routes to schools, and cycling infrastructure.  It is difficult to
quantify the protection of vulnerable road users, but the safety impact of this guiding
principle can be measured qualitatively by the explicit accommodation of vulnerable
user’s needs.

  Reduce Speed in High Risk Areas:

High travel speeds can have a detrimental impact on the consequence on an incident should
it occur.  Therefore, it is important in the planning process to identify areas where high speed
may be a problem and to implement mitigative actions to restrict speed at these locations.

1. Identify locations where excessive speed may result in severe damage or injury should
an incident occur. This includes locations where roadway character may not
accommodate high speeds (i.e., a sharp curve at the end of a tangent section).  The
safety impact may be measured by the number of the locations where excessive speed
may be problematic and by multiplying by the affected traffic volume.

2. Identify locations where excessive speed may result in a higher likelihood of becoming
involved in a collision. This includes locations with high-speed differential, curves
requiring speed warnings, sight distance restrictions, or at-grade intersections or
crossings.  The road safety impact may be measured by the expected difference in
vehicle operating speeds between conflicting traffic or the frequency and magnitude of
necessary reductions in speed (of the affected traffic volume).

  Roadside:

The nature of a roadside environment will govern the consequences of an incident involving
an errant vehicle leaving the roadway.  Therefore, the roadside environment is an important
consideration in the planning of a roadway within a rural environment, but it should also be
considered within an urban setting.  Several guiding principles are listed below to assess the
safety consequence of roadside areas and to influence road planning.

1. Favour planning options that allow for the easy accommodation of roadside clear-zone
standards.  These planning options, characterised by few topographical constraints,
should be favoured over those options with severe constraints.  The safety impact can be
measured by the amount of cut and fill associated with the various planning options.

2. Place a greater safety benefit on those planning options that have gentler horizontal and
vertical alignment.  Better alignment affects the probability of an off-road incident, and the
consequence since it impacts the encroachment angle and thus, the speed into the
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roadside area.  Measure the safety impact by favouring those options with the less
horizontal and vertical curvature.

3. Investigate the potential of other factors that may contribute to a roadside encroachment.
Many factors may contribute to an encroachment, ranging from the likelihood of animals
on the roadway (a need to determine animal migratory patterns), to the opportunity for ice
to form on the roadway (occurring at higher elevations or as a result of roadway shading).
The safety impact can be measured by qualitatively assessing the potential for roadside
encroachment and ensuring that roadside areas are forgiving.

4. Study the roadside area to identify hazards that cannot be removed and thus, must be
shielded to protect the occupants of an errant vehicle.  The number of hazards requiring
protection and the ease in which these hazards can be protected determine the safety
impact and can influence the planning options.

6. PROACTIVE ROAD SAFETY PLANNING IN THE POST PLANNING
STAGE
The output from the planning stage (number 3 in figure 2) is the development of a series of
planning options that achieve, in varying degrees, the objectives set out at the outset of the
planning project. In the post-planning stage, there are two distinct opportunities to influence
safety performance in a proactive manner.

The first opportunity is an optimisation process, known in British Columbia as a multiple
account evaluation (MAE) process. The MAE process evaluates competing options from the
perspective of a number of ‘accounts’, namely financial, customer service (including safety),
environmental, urban development and system operations.  The process allows for the
altering of proposed plans to optimise the project objectives.  The second opportunity to
influence safety within the planning stages is to complete a road safety audit of the preferred
planning option. Road safety audits were described in a previous section and the
recommended practice should follow the work completed by others.  It should be noted that if
all of the safety processes were given appropriate attention during the planning process then
this final step of auditing the optimal plan might not yield many improvement
recommendations.

7. CONCLUSIONS
This paper describes a proposed a framework for proactive road safety planning. The paper
addresses the obstacles in the current process of considering road safety within the
traditional planning process.  A proactive approach to road safety is intended to complement
the more traditional, reactive methods currently in use. The new approach proposed herein
will enable engineers and planners to apply proactive strategies when planning for new
roadways or when planning for major improvements to the existing road infrastructure.

Three components were used to define road safety risk, namely exposure, probability and
consequence.  Under each, were a number of specific elements with several guiding
principles formulated to explicitly consider road safety.  This provides the framework for
proactive road safety at the first opportunity within the planning process: during the
formulation of planning options.  At the post planning stage, proposed planning options can
be further improved by deploying an optimisation process known as an multiple accounts
evaluation process and/or by deploying a road safety audit process. The different elements
are represented schematically in Figure 3.



13th ICTCT workshop Proceedings
Traffic Safety Measures

19

Planning for a 
   New Road

 Assess
Planning
 Options

Apply Guiding
Principles

Exposure

Probabiliy

Consequence

Land Use Shape

Network Shape

Modal Choice

Maneuverability

Geometric Design

Functionality

Conflicts

Friction

Predictability

Vulnerable Users
Reduce Speed

Roadside

Develop
Planning
Options

MAE Audit

Planning Stage Post-Planning Stage

Design 
Stage
Begins

Audit
Final
PlanPreffered

Option
Optimal
  Plan

Safety MAE Audit Plan

Figure 3: Proposed Framework for Proactive Road Safety Planning

Significant progress will be realised once safety professionals shift their focus from fixing
existing road problems, to helping plan roads that will be problem free. The net result should
be a safer road system.



13th ICTCT workshop Proceedings
Traffic Safety Measures

20

REFERENCES
1) Austroads, Road Safety Audit, Austroads Publication Number AP-30/94, Printed by

Currency Productions, Austroads, Sydney, Australia, 1994.

2) Campbell, B. J., Safety Versus Mobility, IATSS Research Volume 16, Number 2, pp. 149
– 156, 1992.

3) Hadden, W., Advances in the Epidemiology of Injuries as a Basis for Public Policy, Public
Health Reports, 95(5), pp. 411-421, 1980.

4) Haight, F. A., The Future of Mobility: An optimistic View, IATSS Research Volume 16,
Number 2, pp. 175 – 178, 1992.

5) Hamelynck, P., Sustainable Traffic Safety: The Marketing of Traffic Safety, VIth PRI World
Congress, Cape Town, October, 1994.

6) Hauer, E., Traffic Conflicts and Exposure, Accident Analysis and Prevention, Volume 14:
pp.352 – 362, 1982.

7) ITE 1982, Transportation and Traffic Engineering Handbook, Institute of Transportation
Engineers, Second Edition, Prentice Hall pp. 344 - 345, 1982.

8) Koornstra, M. J., National Opportunity for a Sustainably Safe Road System in the
Netherlands, SWOV Institute for Road Safety Research, Leidschendam, the
Netherlands, 1990.

9) Koornstra, M. J., The Evolution of Road Safety and Mobility, IATSS Research Volume 16,
Number 2, pp. 129 – 148, 1992.

10) Ogden, K. W., Safer Roads: A Guide to Road Safety Engineering, Avebury Technical,
Ashgate Publishing limited, University Press, Cambridge, p. 14, p. 41, 1996.

11) SWOV, Towards Safer Roads: Opportunities for a Policy to Bring About a Sustainably
Safety Traffic System, SWOV Institute for Road Safety Research, Leidschendam,
the Netherlands, 1996.

12) TRB, Transportation Research Board, Designing Safer Roads, Special Report 214,
Washington DC, 319 pages, 1987.

13) Van Minnen, J., Slop, M., Draft Design Criteria for Sustainably Safe Road Network,
SWOV Report R-94-11, SWOV Institute for Road Safety Research, Leidschendam,
the Netherlands, 1994.

14) Wegman, F., The Concept of a Sustainably Safety Road Traffic System, SWOV Report
d-97-2, SWOV Institute for Road Safety Research, Leidschendam, the Netherlands,
1997(1).


