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Executive summary

This report surveys current practice in a sample of European countries with respect to the
use of ten different tools for safety management of road systems. The report also proposes
steps that can be taken to bring the use of these management tools closer to their state-of-
the-art versions. These tools and their intended functions include:

1. Road safety audits, to help incorporating the best knowledge about how to design a
safe road into decisions about the design and construction of new roads, thus making
new roads safer than existing roads,

2. Safety inspections, which are ordinary periodical verification of the characteristics and
defects that require maintenance work for reasons of safety,

3. Network screening, to survey road safety on the entire road system and identify those
parts of the system that have a higher expected number of accidents, or a higher
severity of accidents, than the rest of the system,

4. Accident modelling, to help identify and assess the importance of various factors that
contribute to accidents and injuries,

5. Road protection scoring, to help identify roads which offer substandard protection
from injury in case of an accident,

6. The identification and analysis of hazardous road locations, i.e. road locations that
have an abnormally high number of accidents due to deficiencies of road design
and/or traffic control,

7. Road safety impact assessment, which estimates the safety benefits expected from
various road safety measures before these measures are introduced,

8. Monitoring of road user behaviour, to help detect unwanted changes in behaviour that
may have an important effect on road safety,

9. Traffic conflict studies and naturalistic driving behaviour studies, which is the study of
events that nearly lead to accidents or of driver behaviour in a natural setting,

10. In-depth accident studies, in order to learn more about the factors that precipitate
accidents and the opportunities for controlling or removing these factors.

A questionnaire survey was conducted in order to describe current use of these tools and
assess the applicability, or ease of use, of the tools. The survey found that all countries use
several of the tools listed above, but few countries use all of them.

A total of 18 countries answered the questionnaire. Between 15 and 17 of these countries
were included in statistical analyses designed to uncover the relationship between use of the
safety management tools and road safety performance. Use of the management tools was
described in terms of an index with a range from 0 to 32 points. Country scores ranged from
12 to 31 points. Four indicators of road safety performance were used:

1. Fatality rate per billion km of travel in 2008.

2. Mean annual percentage reduction of the number of road accident fatalities between
1990 and 2009.

3. Mean annual percentage reduction of fatality rate per billion km of travel from 1990 to
2008.

4. Change in the mean annual percentage reduction of fatality rate from the period
1990-2000 to the period 2000-2008.

Two models of analysis were applied. In the first model, each country had the same stat-
istical weight. In the second model, countries were assigned different statistical weights
depending on the number of fatalities in 2008 or on the goodness-of-fit of an exponential
trend curve fitted to annual fatality counts from 1990 to 2009. The weighted analyses are
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Two variables were used to control for other factors that may influence safety performance.
The first of these was governance performance, assessed according to worldwide govern-
ance indicators developed by the World Bank. The governance indicators measure how well
a country is governed. It was assumed that a high quality of government would be associated
with a good road safety performance. The governance indicator was used in the analysis that
used the fatality rate in 2008 as indicator of safety performance and in the analysis that used
the mean annual decline in fatality rate from 1990 to 2008 to indicate safety performance.
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regarded as statistically most appropriate.

The second potentially confounding variable used in the analyses was mean annual traffic
growth (percent) from 1990 to 2008, or the change in the mean annual rate of traffic growth
from the period 1990-2000 to the period 2000-2008. This variable was used in the analysis
that used the mean annual decline in the number of fatalities from 1990 to 2009 as indicator
of safety performance and in the analysis that used the change in the mean annual reduction
of fatality rate from the period 1990-2000 to the period 2000-2008 as indicator of safety
performance.

The findings were mixed and highly uncertain. No clear relationship was found between the
use of the safety management tools and safety performance. It is not the case that a more
extensive use of these tools automatically ensures a superior road safety performance. It is
likely that the findings of the study are primarily related to methodological weaknesses.

The main conclusions of this study highlight the opportunities for further development of the
tools for road safety management:

1. Road safety audits, safety inspections and road protection scoring can be further
developed by evaluating their effects on safety and their performance in identifying
safe and less safe solutions.

2. Network screening should be based on accident models and should apply the tech-
niques developed in the Safety Analyst approach in the United States.

3. Road accident modelling needs to be developed by testing models empirically and by
incorporating in them variables describing road user behaviour.

4. The identification and analysis of hazardous road location should employ the Empiri-
cal Bayes (EB) approach for identification of hazardous locations and the matched-
pair approach for the analysis of factors that may contribute to accidents at
hazardous road locations.

5. The state-of-the-art of road safety impact assessment is described in the Highway
Safety Manual recently published in the United States. Changes made in current
practice should try to bring it closer to the state-of-the-art.

6. Monitoring of road user behaviour should be targeted at about five types of behaviour
that make the largest contributions to road accidents and injuries. In most countries,
this would include speeding, not wearing seat belts and drinking and driving.

7. Conflict studies, naturalistic driver behaviour studies and in-depth studies of accidents
are tools that road authorities may choose to include in their safety management
toolbox; none of these tools is essential.
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1 Introduction

“ERA-NET ROAD - Coordination and Implementation of Road Research in Europe” was a
Coordination Action funded by the 6th Framework Programme of the EC. The partners in
ERA-NET ROAD (ENR) were United Kingdom, Finland, Netherlands, Sweden, Germany,
Norway, Switzerland, Austria, Poland, Slovenia and Denmark (www.road-era.net). Within the
framework of ENR this joint research project was initiated. The funding National Road
Administrations (NRA) of this joint research project are: United Kingdom, Germany, the
Netherlands, Norway and Portugal. The results of the project are, however, of interest for all
member states of the European Union. The topic of the project is the use of road safety
management evaluation tools. The European Union has adopted a Directive (2008/96/EU)
requiring countries to use four of the management tools covered by this report in order to
make road safety policy more effective in contributing to the target set for reducing road
accident fatalities by 50 percent before 2020.

The RISMET project (Road Infrastructure Safety Management Evaluation Tools), for which
this report documents work package 3, was established in order to assess the state-of-the-
art with respect to a set of formal techniques of analysis that road administrations can apply
in order to identify safety problems and develop effective safety measures. RISMET consists
of four work packages, in addition to a work package for project management. Work package
2 deals with data systems and requirement for safety management tools. Work package 3
assesses the applicability of existing road safety management evaluation tools. Work
package 4 will consider development of evaluation tools for the future, and work package 5
will provide guidelines and codes of practice. This report gives a description of current prac-
tice and an assessment of the state-of-the-art with respect to tools for the safety manage-
ment of roads. The elements and objectives of safety management are outlined. A set of
tools for road safety management are described. Current use of these tools in a sample of
European countries is surveyed. State-of-the-art techniques are described for each of the
tools. The project may in some respects be viewed as a follow-up of RIPCORD-ISEREST.
However, it goes further than that project with regard both to the set of management tools
covered and with respect to the assessment of the state-of-the-art. The project is aimed
primarily at rural main roads.

Safety management denotes all activities undertaken for the purpose of monitoring the safety
of a specific system, such as a road system; detecting unfavourable trends in safety as
quickly as possible; gaining an overview of variation in the level of safety between elements
of the system; identifying locations that are particularly hazardous, and systematically
planning and assessing the impacts of road safety measures. Figure 1 presents an analytical
model of road safety policy making, in which the activities that constitute the formulation and
implementation of road safety policy are laid out in a logical sequence (Elvik and Veisten
2005).

1.1 Safety management as a part of safety policy

Monitoring safety and assessing the contribution of various factors to accidents and injuries
is a management activity that forms part of stage 1 of the model in Figure 1. Analysis of
potentially effective road safety measures is an important part of road safety management
and contributes to stage 3 of the process of policy development. Activities such as network
screening and monitoring of road user behaviour (see chapter 2) can be viewed as contrib-
utions to stage 4 of policy development, as these tools enable a description of systems and
an assessment of the opportunities for intervention. Road safety impact assessment refers to
the systematic estimation of the contributions that different road safety measures may give in
improving road safety and is a key element in any road safety programme. Impact assess-
ment is placed at stage 6 of the process of policy development.

Safety management is an analytic and politically neutral activity. It is, ideally speaking, based
on knowledge and research exclusively and should not be influenced by political consider-
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ations. The more politically oriented stages of policy development, such as the setting of
safety targets (stage 2) or the determination of the size of safety budgets, are therefore not
treated as part of safety management and will not be further discussed in this report. More-
over, determining the priorities between different road safety measures tends to be influ-
enced by multiple factors, some of them analytical, others more political (stage 8). This report
will not discuss how to determine priorities between road safety measures, nor will it discuss
the constraints that policy makers often take as given when deciding on road safety policy.

Stage 1 Describe current road safety problems and assess their relative
importance in contributing to fatalities and injuries
G
Stage 2 Develop road safety targets and decide on quantification of these as
well as other policy objectives
G
Stage 3 Survey potentially effective road safety measures and decide which
measures still have a potential for improving safety
&
Stage 4 Describe the current road transport system and establish a
framework for analysis of alternative policy options
@
Stage 5 Develop alternative road safety policy options, showing the main
directions for road safety policy
@
Stage 6 Estimate the effects of each policy option on the number of killed or
injured road users, as well as effects with respect to other policy
objectives
@
Stage 7 Assess sources of uncertainty in estimated effects and discuss the
treatment of uncertainty in road safety policy making
&
Stage 8 Determine considerations relevant to the choice of road safety policy
and choose preferred policy
@
Stage 9 Implement preferred road safety policy and evaluate effects of that
policy

Source: T@I report 785/2005

Figure 1: An analytical model of road safety policy making

1.2 Research problems
The following questions are the main focus of interest in this report:

1. What are the principal analytic tools that can be applied in order to assess the safety
of a road?

2. How easy is it to apply these analytic tools?

3. To what extent are the various analytic tools currently used in Europe?

4. Is road safety performance associated with the use of the safety management tools
included in this report?

5. How can the tools for assessing the safety of roads be developed in order to further
improve the efficiency of road safety management?

Short descriptions of the principal road safety management tools are given in Chapter 2.
Criteria for assessing their applicability are discussed in Chapter 3. Current use of the tools is
surveyed in Chapter 4. This chapter also reports the results of study intended to evaluate the
effects on safety performance of the use of the various management tools. The state-of-the-
art and possibilities for improving the tools are discussed in Chapter 5.
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1.3 Objective of this report

The first objective of this report is to assess the applicability of existing state of the art
analytic tools for evaluating the safety of roads as part of road safety management. For this
purpose, current use of the tools has been surveyed and potential barriers to the use of the
tools have been identified.

The second objective of the report is to outline steps that can be taken in order to improve
the efficiency of the safety management tools, i.e. bring current practice closer to the state-
of-the-art.

1.4 Context of the report

This report is part of a recent growth in research regarding road safety policy and tools for
safety management that can inform road safety policy and make it more successful.
Increasing ambitions for improving road safety, as manifested in the quantified target adop-
ted by the European Union, and concepts of Vision Zero (Vagverket 1997) and Sustainable
Safety (Wegman, Aarts and Bax 2005), has stimulated interest in research designed to
assess how countries can enhance their road safety performance, i.e. realise important gains
in road safety more quickly, preferably without having to spend very much more resources on
road safety measures than before.

A collection of 16 scientific papers dealing with road safety management, plus an editorial,
was recently published as a Special Issue of Safety Science (Wegman and Hagenzieker
2010). The papers discuss various aspects of road safety management, including:

1. How to compare the safety performance of different countries (Wegman and Oppe
2010).

2. The need for adopting a systems theory perspective and a broad view of factors
influencing road safety when developing a targeted road safety programme (Larsson,
Dekker and Tingvall 2010, Johnston 2010).

3. How to predict future developments in road safety (Hauer 2010A, Wesemann, van
Norden and Stipdonk 2010).

4. How to establish a rational framework for deciding on numerical targets for improving
road safety, in particular determining the “right” level of ambition for such targets
(Broughton and Knowles 2010).

5. Whether the effects on road safety performance of a quantified road safety target are
sustained in the long run (Wong and Sze 2010).

6. How to set efficient priorities for road safety measures, and how to strengthen incen-
tives for efficient priority setting (Elvik 2010A).

Recently, a large study was reported in the United States concerning what the country may
learn from other countries with respect to improving road safety (Hauer 2010B). A fairly
detailed discussion of lessons to be learnt from France, Norway, Sweden, the Netherlands
and the United Kingdom was presented.

These topics are not discussed in this report. This report focuses on the details of continuous
road safety management, i.e. on the analytic tools that help government detect emerging
safety problems early, that help in locating the most hazardous parts of the road system, that
identify the most important road infrastructure related factors contributing to road accidents
and injuries and that help to estimate the likely effects of specific road safety measures or a
road safety programme consisting of several measures.
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2 An overview of evaluation tools

The evaluation tools that are described in this chapter are elements of road safety manage-
ment. Their chief purpose is to help highway agencies monitor the safety of roads, identify
safety problems and identify promising ways of improving safety. The following evaluation
tools will be briefly presented:

Road safety audits

Safety inspections (as per the EU Directive)

Network screening (referred to as network safety management in EU Directive)
Accident modelling

Road protection scoring

Identification and analysis of hazardous road locations

Impact assessment of investments and road safety measures (referred to as road
safety impact assessment in EU Directive)

8. Monitoring of road user behaviour

9. Conflict studies

10. In-depth analyses of accidents

11. Other tools for road safety management

Nooh~wnNE

Each of these tools will be briefly described and references given to more extensive descript-
ions. Key elements of state-of-the-art versions of each tool are described. The concept of
state-of-the-art implies the highest level of development of a given tool at the time of public-
ation and as recognised by international literature. Certain countries may have country
specific tools which for that country are state of the art, but these tools are in the context of
this report, not regarded as state of the art.

2.1 The European Union Directive on road safety management

Some of the road safety management tools listed above became mandatory for EU member
countries from December 19, 2010. In particular Directive 2008/96/EC of the European Union
requires member states of the Union to perform road safety audits, safety inspections,
network screening (termed network safety management in the Directive) and road safety
impact assessment as a basis for implementing investments on the Trans European Road
Network (TERN roads). These are tools 1-3 and 7 on the list above.

The directive defines the tools in the following terms. A road safety audit is defined as an in-
dependent detailed systematic and technical safety check relating to design characteristics of
a road infrastructure project and covering all stages from planning to early operation. A road
infrastructure project is in turn defined as a project for the construction of new road infra-
structure or a substantial modification to the existing network which affects the traffic flow.

Safety inspection is defined as an ordinary periodical verification of the characteristics and
defects that require maintenance work for reasons of safety. Management of road network
safety is not defined in the Directive, but two activities that constitute network safety manage-
ment are mentioned. These are network safety ranking and ranking of high accident con-
centration sections. Network safety ranking is defined as a method for identifying, analysing
and classifying parts of the existing road network according to their potential for safety
development and accident cost savings. The ranking of high accident concentration sections
is defined as a method to identify, analyse and rank sections of the road network that have
been in operation for more than three years and upon which a large number of fatal acci-
dents in proportion to the traffic flow have occurred. Finally, a road safety impact assessment
is defined as a strategic comparative analysis of the impact of a new road or a substantial
modification to the existing road network on the safety performance of the road network.

The Annex to the Directive provides further details regarding the specific requirement for
each tool and how to implement the use of the tool.
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2.2 Road safety audits

A road safety audit is a systematic assessment of plans for new road schemes, intended to
ensure that new roads have the lowest attainable accident potential for all kinds of road
users. The audit process aims to avoid future crashes by removing unsafe features before
they are actually constructed. Thus it is a proactive measure. State-of-the-art road safety
audits are:

1. Performed by a team of approved (in some countries formally licensed) auditors who
have been formally trained and authorised for the role,

2. Performed in a standardised way according to checklists that are applied consistently
and which permit the compilation and comparison of the results of several audits,

3. Organised to ensure that the auditors are independent and have not been involved in
the design or planning of the road they are asked to audit,

4. Documented in the form of a report written by auditors, containing specific
recommendations indicating changes necessary to ensure a road design will be safe
when implemented,

5. Requiring the agency commissioning the audit to give a point-by-point response to
auditor recommendations and justify in writing any decision not to comply with the
advice of the auditors.

The first road safety audits were performed around 1990 in Great Britain, Australia and
Denmark. Road safety audits have now become a standard procedure in road planning in
many countries. Detailed guidelines have been developed for road safety audits in many
countries. Guidelines for Norway can be found in a handbook issued by the Public Roads
Administration (Statens vegvesen, Handbok 222, 2005). Similar guidelines have been issued
in many countries.

In principle, the effects of road safety audits on safety can be evaluated by assessing acci-
dent occurrence during the first years of operation on roads that have undergone the process
prior to their opening compared with similar roads that did not undergo road safety audits.
The European Transport Safety Council (1997) refers to a study that evaluated the safety
effects of road safety audits by applying such a study design. The study was performed in
1994 by the Surrey County Council in Great Britain and indicated that audited road safety
schemes saved about 1 accident per scheme compared to schemes which were not audited.
This saving was considerably greater than the cost of the road safety audit and the
modifications of the road schemes resulting from the audit. Unfortunately, similarly designed
studies have not been replicated. In general, however, the costs of an audit and the resulting
modifications to a road scheme tend to be quite small. Thus even accident reductions that
are too small to be statistically detectable may provide societal benefits that are greater than
the added costs.

2.3 Safety inspections

A safety inspection is a systematic assessment of the safety of an existing road. The aim is
to identify problem features which are not yet apparent from the accident history, or new
problems introduced by engineering changes to the road or by modifications in the way it is
used. Safety inspections are therefore performed according to the same procedures as road
safety audits.

Safety inspections can be organised as thematic inspections, for example, an inspection of
guard rails only. Thematic inspections will often cover a larger proportion of the road system
than general inspections will.

The selection of roads for inspection can either be based on the results of network screening
or a programme of periodic inspection, in which each section is inspected at fixed intervals.
An overview of best practice is given by Cardoso et al. (2008).
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2.4 Network screening (network safety ranking)

Network screening is a process where variation in the number of accidents between sections
of a road network is analysed statistically. The objective of network screening is to identify
road sections that have safety problems — either in the form of an abnormally high number of
accidents, a high share of severe accidents or a high share of a particular type of accident.
Screening may comprise the entire road system within a jurisdiction or be limited to a partic-
ular type of road or traffic environment.

WP3 Evaluation tools, Final report

There are several versions of network screening, ranging from simple rankings of road
sections according to the recorded number of accidents to statistically advanced techniques
based on accident prediction models. The method of network screening implemented in
Safety Analyst, which is recommended in the recently published Highway Safety Manual,
represents the state-of-the-art (Harwood et al. 2002A, 2002B, 2002C, 2002D).

Scoring roads by risk according to the protocol developed by the European Road
Assessment Programme (EuroRAP) can be viewed as a form of network screening.
EuroRAP is, however, not an official body and the risk rating does not have any official status
(EuroRAP 2005).

2.5 Accident modelling

Accident models are developed by statistically assessing how variation in the number of
accidents is explained by a range of measured variables and factors, generally using ad-
vanced regression techniques. The purpose of accident modelling is to identify factors which
significantly influence the number of accidents and estimate the magnitude of their effects.
Accident modelling has been a very active field of research in recent years and important
progress in the statistical methodologies has been made. A state-of-the-art approach to
accident modelling is characterised by the following elements (Lord and Mannering 2010,
Elvik 2011):

1. The development of a model is based on a data set that predominantly contains
systematic variation in the number of accidents. Models should not be based on small
samples with a low mean number of accidents (Lord 2006, Lord and Miranda-Moreno
2008).

2. Data are recorded at the lowest available level of aggregation and homogeneous
road sections formed on the basis of key explanatory variables to ensure maximum
between-section variation and minimum within-section variation (Cafiso et al. 2010).

3. If variables representing safety treatments are included, analysis should be designed
to control for a potential endogeneity bias attributable to such variables. Endogeneity
refers to a statistical tendency according to which abnormal values on the dependent
variable, i.e. accidents, influences the use of safety measures. The problem is
analogous to regression-to-the-mean bias in before-and-after studies, but the
direction of bias can often go in the other direction, suggesting that a road safety
measure is ineffective or has adverse impacts when it is in fact effective. For an
instructive example, see Kim and Washington (2006).

4. The functional form used to describe the relationship between an explanatory variable

and the dependent variable is explicitly chosen based on an exploratory analysis.

Guidelines for choosing functional form are given by Hauer and Bamfo (1997).

Potential bias due to co-linearity among explanatory variables is addressed.

Potential bias due to omitted variables is addressed.

Potential bias due to outlying data points is addressed.

The structure of systematic variation in the number of accidents and in residual terms

is specified as accurately as possible. Residual terms are described statistically in a

way that permits using model output in the empirical Bayes approach to road safety

estimation.

9. Accidents at different levels of severity are modelled separately. If possible, different
types of accidents should also be modelled separately.

©ONo O
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10. The choice of model form is made explicitly. A dual-state model should only be
chosen if prior knowledge suggests that it is superior to a single-state model, given
the purpose of developing the accident prediction model.

11. The dependent variable should preferably be the number of accidents at a given level
of severity.
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Accident modelling forms the basis of network screening in some countries. In other
countries, network screening is not model-based.

2.6 Road protection scoring

Road protection scoring is an assessment how forgiving a road is. Several road protection
scoring systems have been developed. In Europe, the best-known system is the EuroRAP —
The European Road Assessment Programme, which was inspired by the success of the
European New Car assessment Programme (EuroNCAP). Similar scoring systems have
been developed in Australia (AusRAP), New Zealand (KiwiRAP) and the United States
(usRAP) and International Road Assessment Programme (iRAP).

Road features that are relevant to safety are recorded along a road, and a score is assigned
that reflects risk. Roads scored according to EuroRAP are assigned a star rating, analogous
to the star rating assigned to cars in EuroNCAP. Star Rating results are presented carto-
graphically and are published by motoring organisations, thus informing road users about the
relative safety levels of different road sections.

As an example, a road is scored as safe with respect to running-off-the-road accidents if it
(Stigson 2009):

1. Has a speed limit not higher than 50 km/h, or
2. Has a safety zone of at least 4 meters and a speed limit not higher than 70 km/h, or
3. Has a safety zone of at least 10 meters and a speed limit higher than 70 km/h.

A safety zone is a level area beside the running lane which does not contain fixed obstacles
that may cause injury in case of an accident. Examples of fixed obstacles include rocks,
trees, bridge supports or lakes. Similar criteria for assessing the protection score have been
developed for head-on crashes and accidents at junctions. Road protection scoring
according to EuroRAP considers the safety of car occupants only. It also assumes that cars
have a rating of at least four stars according to EuroNCAP and that occupants wear seat
belts.

2.7 Identification and analysis of hazardous road locations
(ranking of high accident concentration sections)

All countries have a system for identifying hazardous road locations (sometimes referred to
as black spots, hot spots or sites with promise) and analysing accidents that occur at such
locations. However, few, if any, of these systems are close to the state-of-the-art. Key
elements of the state-of-the-art are (Elvik 2008A):

1. Hazardous road locations should be identified from a population of sites whose
members can be enumerated. This permits the formulation of precise statistical
criteria for the identification of hazardous locations.

2. Hazardous road locations should not be identified by applying a sliding window
approach. A sliding window will inflate the number of false positives, i.e. sites that are
erroneously identified as hazardous.

3. Hazardous road locations should be identified in terms of the expected number of
accidents, not the recorded number of accidents. This is best done by identifying
hazardous road locations according to the Empirical Bayes (EB) estimate of safety at
each site (Elvik 2008B).
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4. Hazardous road locations should belong to the upper percentiles of a distribution of
sites with respect to the expected number of accidents.

5. A suitable period of data for identifying a hazardous road location is 3-5 years. This is
a compromise between the need for detecting hazardous road locations quickly and
the need for accumulating a sufficient number of accidents to permit analysis.

6. Accident severity can be considered when identifying hazardous road locations,
provided the expected number of accidents can be reliably estimated at each level of
severity.

7. Specific types of accident can be considered when identifying hazardous road
locations, provided reliable estimates of the expected number of accidents by type
are available.

WP3 Evaluation tools, Final report

As far as analysis of accidents at hazardous road locations is concerned, there are indic-
ations that the techniques currently regarded as state-of-the-art fail to discriminate effectively
between false positives and correct positives. Ideas for a more rigorous approach have been
put forward, but this approach is, as far as is known, not used anywhere (Elvik 2006A).

2.8 Impact assessment of investments and road safety measures

Impact assessment denotes the estimation of the expected effect on accidents and/or
injuries of investments or road safety measures, performed as part of the planning process.
In many countries, computer software has been developed for performing impact assess-
ment and cost-benefit analyses for road investments. This software is in most cases applied
only when major capital investments, like building new roads or major upgrading of an
existing road, are planned. Many infrastructure related road safety measures are small scale
and low-cost interventions. These are not always subjected to impact assessment.

Tools that can make impact assessment of minor projects easier should be developed. The
Handbook of Road Safety Measures provides information regarding the effects of many
minor road improvements. The Highway Safety Manual (2010) also provides guidance about
how to plan and assess the impacts of minor road safety measures. The TARVA tool for road
safety impact assessment applied in Finland is virtually identical to the method
recommended in the Highway Safety Manual, and should therefore be regarded as a state-
of-the-art approach (Peltola and Kulmala 2006, Peltola 2007, 2009). For an example of a
road safety impact assessment at the national level, see Elvik (2007A).

2.9 Monitoring road user behaviour

One of the most important factors influencing road safety is road user behaviour. Highway
agencies are therefore taking an increasing interest in monitoring road user behaviour in
order to assess how it changes over time. Several national road safety programmes contain
a number of safety performance indicators that are based on road user behaviour. The most
frequently monitored forms of behaviour include:

1. Speed

2. Seat belt wearing

3. Cycle helmet wearing

4. Driving when fatigued (in general based on self reports)

A potentially very important form of behaviour is drinking and driving or driving under the
influence of drugs. These forms of behaviour are rarely monitored systematically, and data
available on their prevalence are unreliable and incomplete. Other potentially important types
of behaviour that are rarely monitored systematically and reliably include use of mobile
phones and driving when fatigued (self-reports should not be treated as reliable). Great
Britain has run a sophisticated programme for monitoring the use of mobile phones for many
years (Department for Transport 2010).

Ideally speaking, the choice of which types of behaviour to monitor ought to be based on the
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risk attributable to the specific form of behaviour. It is, for example, important to monitor
speed and speeding, because this behaviour is known to be of major importance for road
safety. It may be somewhat less important to monitor cycle helmet wearing, because it
makes a smaller contribution to the total number of accidents or injuries than speeding.

WP3 Evaluation tools, Final report

It is, however, not possible to base the monitoring of road user behaviour strictly on the risk
attributable to it, because this risk is sometimes unknown. As an example, there are few — if
any — good estimates of the risk attributable to fatigue. As far as mobile phones are
concerned, a few estimates of risk can be found, but these are inconsistent, both with
respect to the methods used to estimate risk and the size of the estimated contribution. For
some types of behaviour, like internal distractions (i.e. drivers do not concentrate fully on
driving, but think about other things), unobtrusive monitoring is impossible.

2.10 Conflict studies and naturalistic driving studies

A traffic conflict is any event that would have resulted in an accident if road users had contin-
ued travelling without changing direction or speed. Conflicts can be rated according to their
severity. A serious conflict is one that nearly results in an accident, in which the road user
makes evasive manoeuvres at the last moment.

Recent progress in software for analysing video images has transformed the study of traffic
conflicts. It used to be a somewhat subjective technique, which relied on manual coding by
human observers. Although these observers were able to make reliable observations when
properly trained, a subjective element remained. Modern techniques for processing video
images allow for the objective estimation of time to collision by estimating the speed and tra-
jectories of the road users involved (Laureshyn 2010). It is then possible to classify conflicts
more accurately and consistently than before and thereby study their relationships to acci-
dent occurrence more rigorously.

Another technique that permits an objective assessment of the severity of traffic conflicts and
their relationship to accidents is naturalistic driving studies. The results of the 100-car
naturalistic driving study in the United States have been analysed in order to determine the
relationship between serious traffic conflicts and accidents (Klauer et al. 2006, Guo et al.
2010). The ongoing 1000-car naturalistic driving study will permit more analyses.

2.11 In depth analysis of accidents

Official road accident statistics are, in most countries, not sufficiently detailed to enable an in-
depth analysis of accidents. In-depth studies try to reconstruct in detail the events that lead
to an accident and identify the factors that produced injuries. In-depth studies often focus on
human factors, as these are normally only recorded in fairly crude terms in official accident
statistics.

Important elements of in-depth studies, that are not always part of official accident statistics
include the reconstruction of pre-crash speed, the estimation of impact speed, the identi-
fication of technical defects in vehicles and a comprehensive assessment of the role of
human factors, such as blood alcohol content, traces of illicit drugs, seat belt wearing (which
is often incompletely or inaccurately reported in official statistics), the sudden onset of illness
immediately before the accident, indications that the driver had fallen asleep before the
accident or indications of driver distraction.

The purpose of doing in-depth analyses of accidents is both to understand factors leading to
accidents and to identify how best to prevent accidents. In-depth studies of fatal accidents
have a long history in Finland and the United Kingdom, but have more recently been
introduced in Sweden and Norway. In-depth studies in Finland have in recent years focused
on factors that influence injury severity (Toivonen 2006). Germany and the Netherlands also
perform in-depth studies of accidents. Research reports based on in-depth studies include
Sagberg and Assum (2000), Stigson (2009) and Assum and Sgrensen (2010A).
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2.12 Other safety management tools

The ten tools listed above are all used in more than one country in Europe. Four of them are
included in the EU-directive on the safety management of TERN-roads. Assessing the
applicability, use and potential effects on road safety of the use of these tools therefore has
interest in several countries. However, in addition to these ten analytic tools, other safety
management tools that are still not widely used have been developed. One of these tools
deserves a brief description, since it deals with a very important aspect of road safety.

A tool for setting safe and credible speed limits has been developed in the Netherlands
(Aarts et al. 2009). This is important, since the speed of traffic is one of the most important
factors influencing road safety. The Dutch algorithm is based on actual driving speed, but
also considers road design and police enforcement. The objective is to set speed limits that
are both safe and credible, i.e. accepted by road users as reasonable and therefore eliciting
a high level of compliance. The algorithm is fairly complex, and will therefore not be
described in detail in this report.

2.13 When are safety management tools applied?
The history of a road can be divided into a number of distinct stages:
Planning and construction

Opening to traffic and initial adjustment phase

Normal operation

Periodic inspection, maintenance and renewal of equipment

o s~ DN PRE

Correction of errors and treatment of hazardous locations
6. Major upgrading and renewal

Figure 2 presents these stages and indicates at which stage the various tools for evaluating
the safety of the road for the purpose of improving it are relevant.

Planning and Road safety audit
construction

v

Opening to traffic,
adjustment

v

Normal operation ~ Network screening Accident modelling

v

Maintenance and
renewal >

v

Error correction, D,
hazard elimination

Road safety inspection Behaviour monitoring

Identification and analysis of hazardous road locations

¢ Conflict studies, naturalistic driving studies Protection
scoring

Maintenance and

renewal In-depth studies Impact assessment

Figure 2: Sages when tools for safety management are applied
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Road safety audits are applied during the planning and construction of a road. Audits can be
carried out several times during planning and construction. The final stage of auditing is often
a test drive of the road a short time before it is opened to traffic, permitting last-minute
corrections to be made.

WP3 Evaluation tools, Final report

Safety inspections are applied both during the normal operation of a road, i.e. when the road
is open to traffic and no major maintenance or upgrading works are in progress and when
normal or extraordinary maintenance is planned. Safety inspections may also contribute to
error correction and hazard elimination.

Network screening and accident modelling are usually based on the entire road system. No
roads are selected for a particular reason, and the objective of both network screening and
accident modelling is to describe normal variation in safety on roads that are in normal
operation.

The monitoring of road user behaviour also has several purposes. It is both intended to give
a representative picture of normal road user behaviour and help identify risky behaviour that
may be a target for interventions. It therefore represents both roads in normal operation as
well as the identification and correction of errors or departures from normal operation.

The identification and analysis of hazardous road locations, as well as road protection
scoring, are intended to identify factors related to road design or traffic control that may lead
to accidents or make the accidents more severe. Ideally speaking, there should be no need
for these procedures if the road has been properly audited before it was built, and if regular
inspections have kept emerging problems under control. However, many roads were built
according to other design standards than those that apply today and long before road safety
audits or safety inspections were invented. Moreover, changes in traffic patterns that were
not foreseen when a road was built can lead to the development of hazardous road locations
even if a road complies with design standards. One must therefore expect accidents to occur
even on the safest roads and try to detect patterns in accidents as early as possible in order
to develop remedial measures.

Conflict studies and naturalistic driving studies also mainly shed light on actual or potential
accident problems. These tools are therefore most useful in analysing problems that have
not been successfully prevented, in particular problems that are the result of interactions
between human factors and infrastructure elements.

In-depth studies of accidents have several applications. Such studies may obviously identify
problems of road design or traffic control, but they can also identify problems related to
vehicles. The assessment of the impacts of road safety measures is important when
choosing the most effective measure to reduce a certain road safety problem. There will
usually be more than one measure that can help reduce a given road safety problem. Impact
assessments should therefore be based on a broad survey of all potentially effective road
safety measures.
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3 Criteria for assessing the applicability of evaluation
tools
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The tools for road safety management that were presented in Chapter 2 differ in terms of
their complexity. Not all of them may be readily applicable. This chapter proposes criteria for
assessing the application of the tools for road safety management.

3.1 Datarequirements

As far as data requirements are concerned, a distinction can be made between three levels
of data requirements for using the evaluation tools presented in Chapter 2:

1. Tools that can be applied by using available data and standard analyses or
tabulations of these data (low data requirements),

2. Tools that require a combination of available data and data that are collected
specifically for the purpose of using a specific evaluation tool; customised analyses of
these data will normally be required (intermediate data requirements),

3. Tools that require the exclusive use of data collected specifically for the use of an
evaluation tool and that require analyses tailored to the tool (high data requirements).

The evaluation tools presented in Chapter 2 differ with respect to data requirements. Road
safety audits have low data requirements, as they are based on documents and checklists
only, although one could argue that no audit is complete unless it includes accident studies
after a road scheme has been opened. Such follow-up studies are, however, not routinely
made. Safety inspections may require more data, in particular if accident data and field visits
are to be included. Network screening is intermediate with respect to data requirements; in
general no new data are collected specifically for the purpose of performing a network
screening, but several existing sources of data may be combined. Accident modelling is
intermediate or high in data requirements; sometimes new data are collected, but it is more
often the case that data from several sources that form a road data bank are combined.
Road data banks will usually contain a number of specialised registries, such as the accident
record, a traffic volume record, a speed limit record, a road surface record, a record of
geometric data, etc. These registries need to be combined when developing accident
models. In some cases, new data will be collected by driving along the roads whose safety is
to be modelled (see e.g. Cafiso et al. 2010).

Road protection scoring is intermediate or high in data requirements; it relies on taking
careful notes while driving along roads with an instrumented vehicle. The identification of
hazardous road locations as currently practised is low in data requirements, but would
require more data if more sophisticated techniques are adopted. Impact assessment, moni-
toring of road user behaviour, conflict studies and naturalistic driving studies, and in-depth
accident analyses are all high in data requirements. These are tools that rely on extensive
data collected specifically to enable the use of the tools.

3.2 Availability and use of standard procedures

Some evaluation tools rely on standardised procedures, some do not. In general, it is easier
to use a tool when a standardised procedure for using it has been developed than when the
user has to invent his or her own procedure.

Most of the evaluation tools presented in Chapter 2 employ standardised procedures. In the
case of road protection scoring according to EuroRAP, the assessment protocol is not public,
but it is standardised and applied uniformly in order to be able to compare roads in terms of
their protection score. This is not the case for accident modelling. Accident modelling can be
done in many ways, and although researchers working close to the research frontier may
discourage some approaches and recommend other approaches, highway agencies cannot
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always afford the luxury of doing state-of-the-art accident modelling, but may have to settle
for cruder approaches. Likewise, impact assessment of road safety programmes can be
done in a very detailed and systematic way or in a more informal and judgmental way.

WP3 Evaluation tools, Final report

Monitoring of road user behaviour is usually based on protocols specifying how to measure
speed, how to observe seat belt wearing, etc. The times and locations of monitoring may be
selected to ensure that data are statistically representative of traffic in general, but this is not
always the case.

Standard procedures will normally exist for conflict studies and naturalistic driving studies. In-
depth studies also tend to be based on detailed protocols specifying how to perform such
studies. However, the protocols used may not be the same in all countries. It is therefore not
necessarily meaningful to compare, for example, the results of in-depth accident studies
made in Sweden to those made in Norway. It has been found that the findings of in-depth
accident studies are strongly influenced by the perspective adopted, as reflected in the
guidelines serving as the basis of in-depth studies (Lundberg, Rollenhagen and Hollnagel
2009).

3.3 Reporting requirements

All evaluation tools are based on the assumption that the results of their use are docu-
mented. Documenting the use of the tools is essential to enable learning. If, for example, a
road safety auditor simply told a planner orally that he had to change a certain design, this
knowledge might remain private and the same inappropriate design be proposed again.

Reporting may be more or less systematic. Results of road safety audits and safety in-
spections are often entered into large databases to permit effective learning. These data-
bases expand as new audits or inspections are reported. This practice is likely to be less
common for network screening and identification of hazardous road locations. Ideally
speaking, impact assessments should also be entered into a database to enable subsequent
evaluation of their accuracy. However, it is still not common that the effects of road safety
measures are routinely monitored and compared to ex-ante impact assessments.

Annex IV of the EU Directive on road safety management specifies what an accident report
should contain. The specification is quite detailed, and it seems clear that current accident
reporting does not always fulfil the requirements of the Directive. Article 10 of the Directive
calls for an exchange of best practice with respect to the use of the management tools and
the experiences gained by using the tools. Such an exchange implies that member countries
systematically draft reports regarding their use of the tools comprised by the Directive.

3.4 Need for training and specialised skills

All evaluation tools require specialised knowledge and skills. However, there is some
variation with respect to the needs for training and specialised skills. Arguably the most
highly specialised tool is accident modelling. It is a rapidly evolving field, in which not even
leading researchers are able to keep pace with the research frontier. The identification of
hazardous road locations, on the other hand, is done by computers applying quite simple
criteria.

A rough distinction can be made between tools that require extensive training and highly
specialised skills, tools that are at an intermediate level with respect to the expertise needed
to use them, and relatively simple tools. Tools that require a high level of expertise include
road safety audits, safety inspections, network screening, accident modelling and in-depth
analyses of accidents (Vaneerdewegh and Matena 2007). Expertise at an intermediate level
is required for identification and analysis of hazardous road locations, road protection
scoring, impact assessment, monitoring road user behaviour and conflict studies.

Article 9 of the EU Directive concerns the appointment and training of safety auditors and
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instructs member states to develop training curricula for auditors. Training is to be completed
by a certification of competence. Periodic retraining is recommended. It is recommended that
safety auditors have relevant experience and training in road design, road safety engineering
and accident analysis.

WP3 Evaluation tools, Final report

3.5 Objectivity and transparency

The objectivity of an evaluation tool refers to its between- and within-subject reliability. The
“subject” is the analyst, or team of analysts, using a certain evaluation tool. A tool is objective
when different analysts or teams of analysts, or the same analyst on different occasions,
obtain the same findings when relying on the same data. If findings differ, then something
other than the data or the procedure embodied in the tool must have influenced the findings.
The tool is then not one hundred percent objective.

An evaluation tool is transparent if all steps in its use are explicit. If the progression from one
step to the next is made without justification, or is implicit, it is difficult for others to replicate
it. This has been a problem in accident modelling. Analysts rarely justify why they included
certain explanatory variables. The result is that different accident models include different
variables, making their results impossible to compare. The models lack transparency, be-
cause no reasons are given for many of the analytical choices that have to be made in
developing a model. Indeed, one may suspect that the widespread availability of powerful
statistical software has tempted many researchers to simply run a standard model, without
reflecting on whether such a model is the best for the data at hand.

Lack of objectivity and transparency is likely to be a problem in accident modelling, analysis
of accidents at hazardous road locations, impact assessment and in-depth studies of
accidents. It is less likely to be a problem in road safety audits and inspections and road
protection scoring, although as already noted the EuroRAP protocol used in road protection
scoring is not public and the scores are therefore not easy to replicate.

3.6 Ease of updating tool and results based on it

Safety management of roads is a continuous activity. The evaluation tools that support road
safety management therefore have to be used repeatedly in order to keep track of emerging
road safety problems to enable these to be treated effectively. There is, accordingly, a need
for updating the tools and the results based on them.

Evaluation tools that rely on data kept in road data banks are likely to be more difficult to
update than tools that do not rely on such data. Consider, as an example, network screening.
In its most advanced form, network screening relies on the output of accident prediction
models. These models, in turn, rely on data in road data banks. These data are not always
updated regularly. In Norway, a detailed inventory of access points (driveways) along
national roads was made in 1977. It has since not been updated systematically, and now the
registry must be regarded as outdated and too unreliable to be used as a source of data in
accident modelling. This is clearly a problem, as several analyses based on the registry,
made shortly after it was created, found that access point density (number of access roads
per kilometre of road) had a major effect on road safety. Thus, not including this variable in
an accident prediction model could create a substantial omitted variable bias.

Accident prediction models tend not to be updated systematically. Outdated models are a
problem (Hirst, Mountain and Maher 2004).

3.7 Benefit-cost ratio of evaluation tools

Use of the safety evaluation tools may be influenced not just by their complexity and data
requirements, but also by costs and benefits associated with use of the tools. There are few
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cost-benefit analyses of the safety management evaluation tools included in this report, but
Elvik, Hgye, Vaa and Sgrensen (2009) quote some analyses of road safety audit and road
safety inspections. The following is a summary of these analyses.

WP3 Evaluation tools, Final report

Cost-benefit analyses of road safety audits have been reported in Denmark, Germany,
Norway and Australia. The benefit-cost ratios vary from about 1.34 in Norway to up to 242 in
Australia. In Australia the benefit-cost ratio was found be greater than 10 for approximately
75% of all implemented recommendations (Macaulay and Mcinerney, 2002).

In Australia the benefit-cost ratio for road safety inspections has also been estimated. It is
between 2.4 and 84. About 47% of all the recommendations had a benefit-cost ratio over five
(Macaulay and Mcinerney, 2002).

Page 21 of 69



road @ﬂ net

4 Current use of evaluation tools in Europe
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This chapter presents a survey of the current use of evaluation tools for safety management
of roads in Europe. The survey was conducted by means of questionnaire (Appendix 1). The
questionnaire is first presented and briefly discussed. Then the answers to the questionnaire
are presented. The questionnaire was distributed by the CEDR working group on road
safety, whose assistance is gratefully acknowledged.

4.1 The questionnaire

The questionnaire consisted of two main parts. The first part was intended to collect in-
formation regarding current use of the ten safety evaluation tools presented in Chapter 2.
The second part was intended to help assess the applicability of evaluation tools in terms of
six criteria that describe the ease of use. These six criteria were discussed in Chapter 3
(benefit-cost ratio was not one of these criteria).

In part 1, each country provided information about whether it currently uses any of the ten
evaluation tools described in Chapter 2 (the Dutch algorithm for determining speed limits was
not listed explicitly). Additional questions were asked to provide more detail regarding the
use of accident modelling, road protection scoring, road safety impact assessment and moni-
toring of road user behaviour. These tools have been developed recently, and the additional
guestions were intended to probe what level of ambition countries have in applying these
tools.

In part 2, each country rated the demands for using each of the evaluation tools in terms of
need for original data, need for standard procedure, reporting requirements, need for training
and specialised skills, objectivity and transparency and ease of updating.

4.2 Coding answers to the questionnaire
Responses were received from the following eighteen countries:

Austria, Cyprus, Denmark, Estonia, Finland, France, Germany, Great Britain, Hungary,
Iceland, Ireland, Luxembourg, Netherlands, Norway, Portugal, Slovenia, Spain and Sweden.

These countries can be considered as a representative cross section of Europe, including
both small and large countries, countries in the north and south of Europe, as well as central
and eastern European countries. The sample, although small, does permit exploratory
analyses of the relationship between the use of the safety management tools and safety
performance.

For the purpose of these analyses, the responses to the questionnaire were coded. A Table
providing the detailed response of each country is included as Appendix 2. With respect to
the use of the ten listed evaluation tools, a code of 2 was assigned if a country reported that
it performed road safety audits, safety inspections, network screening or impact assessment.
These four tools are mandatory according to the EU-Directive on road infrastructure safety
management. A maximum of 8 points could be attained if all these tools were used. For the
other six tools, a code of 1 was assigned if a tool was used (maximum score = 6). If a
country reported using any additional tool, in addition to the 10 tools listed in questionnaire,
an additional point was earned. Based on this coding, use of the safety management tools
was measured on a scale ranging from 0 to 15.

Answers to the supplementary questions regarding the use of four of the tools were coded as
follows.

1. Accident models: If accidents models were updated regularly, a code of 1 was as-
signed; if models were not updated regularly, a code of 0 was assigned. Models
including multiple independent variables were coded as 2; models including only
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traffic volume as an explanatory variable were coded 1. Thus, countries could earn 3
points if they used comprehensive accident models that were updated regularly.
Countries not using accident models scored 0 on the supplementary question re-
garding the use of accident models. The scores are ordinal only and indicate whether
accident models are used or not, and, if used, the range of variables included in the
models.

Road protection scoring (RPS): A score of 1 was assigned if road protection scoring
was reported to influence the use of safety measures; otherwise a score of 0 was
assigned.

Road safety impact assessment: With respect to road safety impact assessment, a
score of 2 was assigned if these assessments comprised both large investments and
minor treatments; if impact assessments were made only of major projects, a score of
1 was assigned. A score of 1 was assigned if road safety impact assessments were
updated regularly; if not a score of 0 was assigned. A score of 1 was assigned if the
validity of road safety impact assessments was evaluated; otherwise a score of O was
assigned.

Thus countries could earn 8 points in total depending on their use of accident
modeling, road protection scoring and road safety impact assessment: 3 for accident
modeling, 1 for road protection scoring and 4 for road safety impact assessment.

The monitoring of road user behaviour was coded as follows: 2 if speed was
monitored, 1 if the use of crash helmets was monitored, 2 if the use of seat belts was
monitored, 1 if the use of mobile phones was monitored, 1 if the following distances
were monitored and 2 if drinking and driving was monitored. Drinking and driving was
not listed in the questionnaire, but countries had the option of reporting whether they
monitored other types of behaviour than those listed. Some countries answered that
drinking and driving was monitored. A score of 2 was assigned to speed, seat belt
wearing and drinking and driving because these types of behaviour are known to
contribute more to road accidents than the other types of behaviour listed in the
guestionnaire.

In total, countries could earn 9 points with respect to the monitoring of road user
behaviour.

An index for the use of safety management tools was thus developed with a maximum score
of 32. The components of the index were:

1.

3.

Use of the ten listed safety management evaluation tools plus any other tool
mentioned explicitly (maximum 15 points).

Use of accident modelling, road protection scoring and road safety impact
assessment (maximum 8 points).

Monitoring of road user behaviour (maximum 9 points).

Table 1 reports the scores each country obtained with respect to the components of the

index.

The total score obtained ranges from 12 (Luxembourg) to 31 (Netherlands). Some of the
scores are as expected, like the high score of the Netherlands. Other findings are somewhat
more surprising, like the comparatively low score Sweden, which is among the safest
countries in Europe. Germany scored rather low — 17 — while France scored 25. Both these
countries have accomplished substantial improvements in road safety in recent years,
although the progress made in France has attracted a greater international interest than the
progress made in Germany.
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Table 1: Use of road safety management evaluation toolsin a sample of European countries
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Accident
modelling, road
protection Total score for
Use of ten tools scoring, road use of road safety
for road safety safety impact Monitoring of road management

Country management assessment user behaviour tools
(alphabetically) (max = 15) (max = 8) (max =9) (max = 32)
Austria 13 3 7 23
Cyprus 8 1 6 15
Denmark 12 4 5 21
Estonia 7 0 7 14
Finland 13 7 9 29
France 13 5 7 25
Germany 14 4 3 21
Great Britain 14 6 5 25
Hungary 10 0 8 18
Iceland 12 3 5 20
Ireland 11 4 5 20
Luxembourg 7 0 5 12
Netherlands 15 7 9 31
Norway 13 8 4 25
Portugal 10 6 5 21
Slovenia 13 0 8 21
Spain 14 6 5 25
Sweden 9 7 4 20

4.3 Framework for statistical analysis

Statistical analysis of the answers was based on a simple causal model, shown in Figure 3.

Perceived ease of Actual use of Road safety
using evaluation tool evaluation tool performance

A 4
A 4

Figure 3: Causal model underlying statistical analysis

It was assumed that the likelihood of a country using a specific road safety management
evaluation tool depended on the perceived ease of using the tool. If a tool was rated high
with respect to data requirements, high with respect to the need for specialised skills and
training, etc., it was judged to be less likely to be used. Part 2 of the questionnaire was
intended to elicit the perceived level of difficulty of using the various evaluation tools.
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Unfortunately, most countries have not interpreted the questionnaire as intended. Most
countries not using a certain evaluation tool have not answered part 2 of the questionnaire,
and have thus not provided any information regarding their perception of how easy it is to
use a certain tool. Besides, for the countries that did answer this part of the questionnaire,
the answers display very limited variation. It was nevertheless decided to exploit whatever
information could be extracted from the answers to questionnaire in order to assess the first
part of the causal chain in Figure 3.

WP3 Evaluation tools, Final report

Seven countries — Austria, Germany, Great Britain, Hungary, Luxembourg, Portugal and
Slovenia — gave answers that could be used for further analysis. The applicability of the tools
was scored on a scale ranging from 1 (easy) to 3 (difficult). A score close to 3 would indicate
that a tool was rated as difficult to use; a score close to 1 would indicate that a tool was rated
as easy to use. The hypothesis is that the higher the score, the less likely a tool is to be
used. A total of 50 mean scores were obtained for tools that were used. A total of 15 mean
scores were obtained for tools that were not used.

The overall mean of the applicability score for tools that were not used was 2.42. The overall
mean of the applicability score for tools that were used was 2.19. Tools that were used were
therefore rated as easier to apply than tools that were not used. Figure 4 shows the distri-
bution of applicability scores for tools that were used and tools that were not used.

Applicability score for tools in use and tools not in use
60 %

53%

50 %

N = 50 for tools in use

40 %

ch N = 15 for tools not inuse
.E
k]
¢ 30%
.E M Tools in use
§ M Tools not in use
&

20% 18%

10 % 8%

0% T
1.0to 1.49 1.5t01.99 2.0to 2.49 2.5t03.0

Applicability score (range from 1 to 3)

Figure 4: Applicability scores for tools that were used and tools that were not used

It is seen that tools that were not used, were rated higher according to the applicability score,
i.e. they were regarded as more demanding to use. A Chi-square test of the difference in
applicability scores between tools in use and tools not in use was, however, not statistically
significant (Chi-square = 4.895; degrees of freedom = 3; p = 0.1796).

The basic hypothesis regarding the relationship between use of the road safety management
tools and road safety performance is that the more extensive use a country makes of the
road safety management tools, the better will be its road safety performance. The extent of
use of the tools is measured by the index values given in Table 1. Road safety performance
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can be measured in a number of ways. The following four indicators of road safety per-
formance (dependent variable) were used in the analysis:

WP3 Evaluation tools, Final report

1. Fatality rate in 2008. This was measured as the number of road accident fatalities per
billion km of travel performed by means of cars and buses. Data were taken from
Eurostat (European Union 2010).

2. Trend in the number of fatalities between 1990 and 2009. For each country, the count
of road accident fatalities each year from 1990 to 2009 was plotted and an
exponential curve, showing the mean annual percentage change in the number of
fatalities, was fitted to the data. Figure 5 shows an example of such a curve.
Appendix 3 contains similar curves for all countries included in this study.

3. Trend in fatality rate from 1990 to 2008. Fatality rate was defined as the number of
fatalities per billion km of travel performed by means of cars and buses. The trend in
fatality rate was indicated by the mean annual percentage decline in fatality rate
between 1990 and 2008.

4. Change in trend in fatality rate from 1990-2000 to 2000-2008. The annual percentage
decline in fatality rate during 2000-2008 was compared to the annual percentage
decline in fatality rate between 1990 and 2000 to determine if the rate of progress in
improving road safety has slowed down or speeded up.

With respect to the first indicator, it was expected that an extensive use of safety manage-
ment tools is associated with a low fatality rate. This indicator is rather weak, however, as
fatality rates are influenced by very many factors and there are historical differences between
countries that have not been fully eliminated, although the differences in fatality rate between
countries have tended to become smaller over time.

All countries, except Iceland, have experienced a decline in the number of road accident
fatalities between 1990 and 2009. For Iceland, the annual number of fatalities, varying
roughly between 10 and 30, was too small to reliably determine any trend. Figure 5 shows a
typical example of the trend between 1990 and 2009.

All long term trends were summarised in terms of an exponential function showing the mean
annual percentage reduction of the number of fatalities. Although it is clear that other
functions, such as polynomials, would often fit the data points better than an exponential
function, the exponential function was preferred because it is simple and can be interpreted
as a learning curve, with the annual percentage change indicating how fast learning takes
place. Progress in reducing accident rates can often be adequately modelled in terms of an
exponential function (Duffey and Saull 2003, Evans 2003).

It was assumed that an extensive use of road safety management tools is associated with a
larger annual percentage reduction of the number of fatalities than a less extensive use of
road safety management tools.

In nearly all countries, traffic is growing. The faster the growth in traffic, the more difficult it is
to reduce the number of fatalities. In Figure 5, for example, it is seen that the decline in the
number of fatalities in Sweden stopped in 1998. It was not until 2003 that a lower number of
fatalities was recorded. Similar periods of stagnation are seen in many countries. To describe
the long term trend in fatality rate (fatalities per billion km of travel), the fitted values for the
number of fatalities according to the exponential function were used as numerator of the rate,
rather than the recorded number in a particular year. Thus, for Sweden the recorded number
in 1990 was above the fitted value. The same applied to the year 2000, whereas in 2008, the
recorded number of fatalities was below the fitted value according to the exponential
function. Most of the differences between the annual recorded numbers and the fitted
numbers are the result of random variation. To minimise the influence of random variation on
the statistical analysis, change in fatality rate was calculated on the basis of the fitted number
of fatalities in the years 1990, 2000 and 2008, rather than the recorded numbers for those
years. There was a tendency in all countries for fatality rate to be reduced. This trend was
summarised in terms of the annual percentage reduction of fatality rate.

Page 26 of 69



road @f\ net

WP3 Evaluation tools, Final report

Road accident fatalities in Sweden 1990-2009
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Figure 5: Road accident fatalitiesin Sveden 1990-2009

It was expected that the more extensive use a country makes of the safety management
tools, the larger will be its annual reduction of the fatality rate. It is, of course logically
possible for the fatality rate to be reduced even if the number of fatalities is not reduced.
Since fatality rate indicates how safe travel is per kilometre travelled, it is still possible to say
that safety has been improved.

However, not all the safety management tools have come into use at the same time. Thus,
the identification and treatment of hazardous road locations — traditionally referred to as
black spot treatment — started to be done systematically in Norway around 1970. Road safety
audits started to be performed in the 1990s and safety inspections were only performed to
any significant extent after 2000. Accident modelling was also adopted as an element of road
safety management in Norway after 2000. Similar stories could be told for many of the other
countries included in this study.

If the use of the safety management tools has expanded over time, one might also expect
that the rate of decline in fatality rate has increased over time. To test whether this is in fact
the case, the annual decline in fatality rate between 2000 and 2008 was compared to the
annual decline in fatality rate between 1990 and 2000. It was expected that the more
extensive use a country currently makes of the safety evaluation tools, the more likely it is to
have improved its performance over time, by accomplishing a higher annual decline in fatality
rate after the year 2000 than before the year 2000.

To summarise, if using road safety management evaluation tools helps improve road safety
performance, it is expected that:

1. The more extensive the use of the management tools, the lower the current road
accident fatality rate (a negative relationship).

2. The more extensive the use of the management tools, the larger the annual reduction
of the number of fatalities (a positive relationship).
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3. The more extensive the use of the management tools, the larger the annual reduction
of fatality rate after the year 2000 (a positive relationship).

WP3 Evaluation tools, Final report

4. The more extensive the use of the management tools, the more the rate of decline in
fatality rate has increased from before the year 2000 to after the year 2000 (a positive
relationship).

Annual reductions of fatalities and fatality rate are stated as positive numbers — the larger the
number, the larger the rate of decline. Hence, a positive relationship is expected between
use of the safety management tools and these rates. Similarly, if a country had a 3.5 percent
annual decline in fatality rate between 1990 and 2000 and improved this rate to 3.9 percent
per year after 2000, the ratio between these numbers, i.e. 3.9/3.5 shows the rate of improve-
ment. If the ratio is greater than 1, progress is now faster than it was before the year 2000. If
the ratio is less than 1, progress is now slower than it was before the year 2000.

Statistical analysis has been performed both for un-weighted data and weighted data. In the
analysis of un-weighted data, each data point is treated as equally reliable. In other words,
the 2008 fatality rate in a small country is treated as being equally reliable as estimates of the
fatality rate in a larger country. This is clearly not correct, as a fatality rate based on, say, 200
fatalities has a considerably larger uncertainty than a fatality rate based on, for example,
4000 fatalities. Fatality rates for 2008 have, accordingly, been weighted in proportion to the
number of fatalities used when estimating them. Countries recording less than 100 fatalities
in 2008, i.e. Cyprus, Iceland and Luxembourg were omitted from the analysis using fatality
rate in 2008 as the dependent variable. Cyprus and Luxembourg were included in the
analyses using trend in the number of fatalities and fatality rate as the dependent variable.
Iceland was omitted from all analyses.

For the analyses relying on trend data, the same set of statistical weights was applied to all
analyses. These weights were defined as follows:

Statistical weight = 1/(1 — R?)

R-squared is the squared correlation coefficient showing the goodness-of-fit of the expo-
nential trend line to the actual fatality counts between 1990 and 2009. In figure 5 above, this
was 0.8299 for Sweden. The statistical weight for Sweden thus becomes 1/0.1701 = 5.88.
The statistical weights are thus inversely proportional to the residual variance surrounding
the fitted trend line. The smaller this variance, the more closely data points for each year will
be to the trend line. In general, optimal statistical weights are proportional to the precision of
data points.

The analyses are based on either 14 countries (fatality rate in 2008) or 17 countries (all other
analyses). It is clear that in such a small sample, it is difficult to obtain very precise estimates
of the statistical relationships between variables. Moreover, road safety performance is
influenced by many factors, not just use of the safety management tools that are the focus of
this report. Unfortunately, it is difficult to control for very many potentially confounding
variables in a small sample. As a rule-of-thumb, the ratio of the number of observations to
the number of variables should not be less than 10. Hence, in a sample of 17, at most 2
independent variables can be used in a regression analysis. To obtain some degree of
control for confounding, the analyses therefore included one independent variable in addition
to the score for use of the evaluation tools. Thus, the general model was:

Safety performance = constant term + score for use of tools + confounding variable + error

Standard least squares linear regression was used, as all variables involved can be treated
as approximately continuous, measured at the interval- or ratio level of measurement. The
following two potentially confounding variables were used, each in two of the four analyses
that were made:

1. Governance indicator
2. Traffic growth
The governance indicator was used in the analyses that used fatality rate in 2008 as
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dependent variable and in the analyses that used mean annual percentage decline in fatality
rate from 1900 to 2008 as dependent variable. The governance indicator has been
developed by the World Bank (Kaufmann, Kraay and Mastruzzi 2010). It is intended to show
how well the government of a country functions. Governance is defined as: The traditions
and institutions by which authority in a country is exercised. This includes (a) the process by
which governments are selected, monitored and replaced; (b) the capacity of the government
to effectively formulate and implement sound policies; and (c) the respect of citizens and the
state for the institutions that govern economic and social interactions among them. There are
six indicators of governance:
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1. Voice and accountability (free elections, free media, freedom of speech)

2. Political stability and absence of violence or terrorism (no civil strife, acts of terrorism,
military involvement in politics, etc.)

3. Government effectiveness (quality of public services)

4. Regulatory quality (regulations that promote private sector development)
5. Rule of law (quality of enforcement, independence of courts, etc.)

6. Control of corruption (absence of corruption)

Each country is assigned a score on each indicator. Countries are then ranked and their
scores converted to the percentage of the best score. Thus a country that scores best on any
indicator gets the value of 100 for that indicator. The closer to 100, the better the govern-
ance. In this report, the mean of the scores for the six indicators was used.

Traffic growth was estimated based on data provided by Eurostat. Traffic growth was stated
as the mean annual percentage growth in vehicle kilometres driven for the periods 1990-
2008, 1990-2000 and 2000-2008. Traffic growth was positive in all countries except Hungary,
where, according to Eurostat, traffic declined both from 1900 to 2000 and from 2000 to 2008.
Mean annual percentage traffic growth was used in the analysis using mean annual
percentage decline in the number of fatalities as dependent variable. Change in mean annual
traffic growth from 1990-2000 to 2000-2008 was used in the analyses that used change in
the annual percentage decline in fatality rate as dependent variable. Thus, if traffic grew on
average by 1.5 percent per year from 19900 to 2000, and by 1.2 percent per year from 2000
to 2008, this variable took the value of 1.2/1.5 = 0.8. Values less than 1 indicate that traffic
growth slows down; values greater than 1 indicate that traffic growth speeds up.

4.4 Results of analysis

The results of the analysis are reported in Table 2. All analyses were performed using SPSS
version 18.
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Table 2: Results of analysis of relationship between use of road safety management tools and road
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safety performance
Dependent
variable (Y) Type of model Variable Coefficient Standard error P-value
Fatality rate Not weighted Constant term 33.804 8.031 0.001
(R2=10.537) Score for tools -0.248 0.183 0.200
Governance score -0.241 0.104 0.038
Weighted Constant term 32.602 2.469 0.000
(R2=0.476) Score for tools -0.336 0.065 0.000
Governance score -0.216 0.032 0.000
Fatality trend Not weighted Constant term 3.657 2.264 0.128
(R?=0.038) Score for tools -0.002 0.089 0.984
Traffic growth 0.200 0.192 0.539
Weighted Constant term 4.181 0.911 0.000
(R2=0.179) Score for tools -0.007 0.037 0.840
Traffic growth 0.447 0.123 0.000
Rate trend Not weighted Constant term 17.559 5.646 0.008
(R2=0.273) Score for tools -0.094 0.100 0.360
Governance score -0.112 0.067 0.116
Weighted Constant term 22.171 2.646 0.000
(R2=0.334) Score for tools -0.091 0.049 0.064
Governance score -0.157 0.032 0.000
Trend change Not weighted Constant term 0.884 0.145 0.000
(R2=10.590) Score for tools -0.004 0.007 0.594
Change in growth 0.150 0.035 0.001
Weighted Constant term 0.945 0.062 0.000
(R2=10.642) Score for tools -0.005 0.003 0.087
Change in growth 0.124 0.011 0.000

In general, there are small differences in results when the non-weighted analyses are
compared to the weighted analyses.

The results of the analysis using fatality rate as dependent variable are consistent with the
hypotheses. The higher the score for use of tools, the lower the fatality rate (negative
coefficient). Likewise, the better the governance, the lower the fatality rate.

The results of the analyses using trend in the number of fatalities (fatality trend), trend in
fatality rate (rate trend), and change in the trend in fatality rate (trend change) are all in-
consistent with the hypotheses. All the coefficients have the opposite sign of what was
expected. It should be noted, though, that the coefficient for score for use of tools is in most
cases not statistically significant at conventional levels. It is therefore not correct to claim that
there is an adverse effect on safety of using the safety management tools. At best, one can
conclude that this analysis has not succeeded in reliably estimating the relationship between
use of the safety management tools and safety performance.
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4.5 Discussion of findings

The main impression from the analysis made is that only a weak and noisy relationship can
be found between the use of road safety management evaluation tools and road safety
performance. Most of the findings were contrary to prior expectations, apparently suggesting
that the more road safety management tools a country uses the worse it performs in terms of
road safety.

It is difficult to interpret these findings. There is no strong support for the general hypothesis
that the more extensive use a country makes of formal road safety management tools, the
better it will perform in improving road safety. However, the results of analysis do not amount
to a clear refutation of this hypothesis. It is a mixed picture: some results support the
hypothesis, others go against it.

In general, there are two main interpretations of research results: methodological and
substantive. A methodological interpretation usually points to weaknesses in data and
method and often concludes that findings must be rejected for these or other methodological
reasons. By contrast, a substantive interpretation often argues that findings represent true
causal relationships.

It is difficult to see how a substantive interpretation of the findings can be defended. The
relationships are weak and noisy and point in different directions for the different indicators of
road safety performance. This hardly suggests that the analysis has uncovered any
meaningful causal relationships.

As for methodological interpretations, the three most obvious weaknesses of the study are:

1. The variable indicating the use of the safety management tools may be too crude. It
merely counts the number of tools used and does not address whether the tools are
used in a rudimentary form or in a version closer to the state-of-the-art. It is
reasonable to assume that applying the tools in a form that is close to the state-of-
the-art could have a greater influence on road safety performance than using simpler
versions of the tools.

2. The sample of countries is small. The analyses were based on data referring to
between 15 and 17 countries. Clearly, any statistical relationship would have to be
very strong to attain statistical significance in such a small sample. Moreover, the
possibility of self-selection bias cannot be ruled out. This means that the use of the
safety management tools is related to prior interest in and performance in improving
road safety. In other words: The tools tends to be used by those countries that took a
strong interest in improving road safety even before all the tools had been developed
to their current state-of-the-art. These countries would probably have continued to
perform well in improving road safety even if they did not apply all the safety
management tools included in this study.

3. The study did not control very well for potentially confounding variables. Due to the
small sample, only one potentially confounding variable was included in each of the
analyses. Road safety performance is likely to be related to very many influencing
factors. In international comparisons, one quickly runs into identification problems
(Manski, 1995), i.e. there are too many variables and too few units of observation to
permit the effects of the variables to be meaningfully estimated.

The analyses reported in this chapter should not be interpreted as supporting less use of the
safety management tools. On the contrary, it is likely that these tools can become more
useful if the use of them is developed to become closer to the state-of-the-art. How to
develop the tools to bring them closer to the state-of-the-art is the topic of the next chapter.
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The state-of-the-art and steps to improve road safety
management evaluation tools in Europe
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This chapter briefly surveys the state-of-the-art for the different road safety management
evaluation tools and outlines steps that can be taken to bring current practice in Europe
closer to the state of the art.

5.1 Improving road safety audits

Road safety audits are applied in many countries, but not all. Interestingly, Sweden — which
is generally regarded as a leading country in road safety — does not carry out road safety
audits for national roads. Such audits are used for municipal roads, but they are voluntary
and their use depends on local discretion.

Current guidelines for road safety audits are often fairly detailed. These guidelines embody a
broad perspective on road safety, that goes beyond merely checking whether a certain road
design conforms with current design standards. As an example, the Norwegian guidelines for
road safety audits calls on auditors to check if the width of driving lanes and shoulders is
“sufficient” (Statens vegvesen, Handbok 222, 2005). The answer to this question should
depend not only on design standards, but also on a consideration of what the actual
conditions for operating the road will be. Design standards will normally specify a certain lane
width, but there is no well-established scientific basis for claiming that slightly wider, or
slightly narrower, lanes will have a major impact on safety.

However, in several countries, design standards are not defined on the basis of road safety
criteria alone. Quality measuring of a road itinerary involves other aspects besides safety,
such as adequacy to its purpose (which is related to road function), aesthetics, economy,
environmental impact, durability, ease of construction and maintenance, and overall whole
life cycle costs. Road design standards result from a compromise between those various
(sometimes mismatching) aspects. Furthermore, road design standards are stated as
general rules of thumb intended for application in diverse situations; in some countries
deviations to these criteria are allowed, when local conditions do not permit full compliance
with design standards. It also happens that some safety criteria included in road design
standards are not explicitly stated in terms of safety and that issues relevant pedestrian,
bicycle and horse riders’ safety problems may be more incompletely covered than the ones
relevant for car and truck drivers. Moreover, it is not necessarily correct to assume that
current design standards for roads are to a major extent based on recent knowledge. These
standards have evolved gradually during a very long period and may be based more on
tradition and engineering conventions than on state-of-the-art road safety research.

With this background there is merit in the analysis of road design schemes, with the purpose
of detecting safety issues arising from the application of general rules of thumb to the local
conditions of an intended future road layout.

Thus, checklists used in road safety audits are usually not based strictly on formal design
standards for roads, but refer to a broader consideration of safety issues.

Knowledge about the actual effects on safety of road safety audits is almost non-existent.
The few estimates that can be found tend to be hypothetical, meaning that the studies do not
compare road schemes that were audited to similar road schemes that were not audited in
terms of the accident experience after the schemes were opened to traffic. Rather, the
studies (see e.g. Schelling 1995, Brownfield and Faber 1995) apply engineering judgement
to assess what the safety of a road might have been had it not been audited.

There is a need for more rigorous evaluation studies to validate road safety audits. If it is not
possible to perform controlled studies employing the design outlined above, a second best
solution might be to conduct before-and-after studies of safety inspections. These are in
many respects analogous to road safety audits, but apply to an existing road which has an
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accident history that can be used as a source of data in an evaluation study. Care should of
course be taken to control for important potentially confounding factors like regression-to-the-
mean, long-term trends in accident and local changes in traffic volume.
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The following steps are proposed to improve the quality of road safety audits:

1. Conduct systematic evaluation studies designed to assess the impacts of road safety
audits on accidents. Such studies should ideally speaking be designed as controlled
trials, in which pairs of similar road schemes are formed — one member in each pair is
audited, the other is not. Following opening to traffic, accident experience is com-
pared. A second best design might be to perform before-and-after studies of safety
inspections, to obtain estimates of the effects on accidents of minor measures that
are identical to, or closely resemble, those proposed in road safety audits of road
schemes similar to the roads that have been inspected.

2. An archive of all road safety audits should be kept and periodically analysed. This will
inform highway agencies about learning associated with road safety audits. If road
planners are learning, recent audit reports should contain fewer remarks than older
audit reports. Particular attention should be paid to whether certain items or remarks
are repeated often in audit reports. This indicates that learning does not take place, or
that the audit remarks are very difficult for road planners to implement.

Countries that are not using road safety audits today might consider introducing them once
the steps outlined above have been taken.

5.2 Improving safety inspections

The remarks made above with respect to road safety audits apply to a large extent to safety
inspections as well. An attempt to assess the likely effects on safety of safety inspections
was made in RIPCORD-ISEREST (Elvik 2006B), but it was to a large extent based on
studies that did not evaluate safety inspections as such. The review made for RIPCORD-
ISEREST also proposed best practice guidelines for safety inspections (Elvik 2006B). These
guidelines are repeated here:

1. The elements to be included in safety inspections should be known to be risk factors
for accidents or injuries.

2. Inspections should be standardised and designed to ensure that all elements
included are covered and are assessed in an objective manner. For this purpose,
developing check lists may be of help.

3. The list of elements to be included in safety inspections (check lists) should include
those that are recognised as important. The following elements should be included in
all safety inspections:

a. The quality of traffic signs, with respect to the need for them, whether they are
correctly placed and whether they are legible in the dark.

b. The quality of road markings, in particular whether the road markings are
visible and are consistent with traffic signs.

c. The quality of the road surface, in particular with respect to friction and
evenness.

d. Sight distances and the presence of permanent or temporary obstacles that
prevent timely observation of the road or other road users.

e. The presence of traffic hazards in the near surroundings of the road, such as
trees, exposed rocks, drainage pipes, etc.

f. Aspects of traffic operation, in particular if road users adapt their speed
sufficiently to local conditions.
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4. For each item included in an inspection, a standardised assessment should be made
by applying the following categories:
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a. The item represents a traffic hazard that should be treated immediately. A
specific treatment should then be proposed.

b. Theitemis not in a perfectly good condition, but no short term action is
needed to correct it. Further observation is recommended.

c. Theitem is in good condition.

5. Inspections should report their findings and propose safety measures by means of
standardised reports.

6. Inspectors should be formally qualified for their job. They should meet regularly to
exchange experiences and to ensure a uniform application of safety standards in
inspections.

7. There should be a follow-up of inspections after some time to check if the proposed
measures have been implemented or not.

To this list can be added the need for evaluating the effects on safety of safety inspections
and the measures taken as a result of them. Before-and-after studies employing the
Empirical Bayes design are well suited for this purpose (Hauer 1997).

5.3 Improving network screening

Various approaches that can be taken to network screening were examined extensively in
RIPCORD-ISEREST (Elvik 2007B). The review found that current approaches differ between
countries. Steps that can be taken to bring current practice closer to the state-of-the-art
include:

1. Develop accident prediction models that can be used as an element of network
screening.

2. Develop an exhaustive list of roadway elements (sections, junctions, curves, bridges,
tunnels, etc) to which screening is applied. This is to prevent screening from, for
example, identifying a large number of junctions as abnormal, simply because there
tend to be more accidents in junctions than on road sections of similar length (say
100 metres).

3. Develop a criterion of deviancy for each type of roadway element; with respect to
road sections, this criterion should take the length of road sections into account.

4. Estimate the expected number of accidents for each roadway element by means of
the empirical Bayes method.

5. Apply the peaks-and-profiles algorithm in order to identify longer road sections that
have a higher than normal expected number of accidents.

6. Survey a broad set of potentially effective road safety measures that can improve
safety for elements that have substandard safety.

In addition to these points, it is important to conduct network screening regularly in order to
update results.

5.4 Improving accident modelling

There is no doubt that the field of accident modelling has made impressive progress in recent
years. Some of the recent models are statistically very advanced and make a very efficient
use of available data. The understanding of potentially confounding factors in accident
modelling has also increased. It seems clear that many of the accident models published the
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last 10-15 years have increased our understanding of factors that are associated with

accidents.

It is nevertheless not possible to applaud these impressive contributions without pointing out
some common shortcomings of accident models that need to be corrected in order to make
these models more valuable in increasing knowledge. More specifically, the following steps
should be taken:

1. Researchers need to be explicit about whether they want the model to show causal
relationships between variables or merely statistical associations. If causal rela-
tionships are sought, it becomes important to control for confounding factors when
developing a model.

2. The most important potentially confounding factors in multivariate accident models
include (Elvik 2011):

a.
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Small sample and/or low mean value bias

Bias due to aggregation, averaging or incompleteness in data
Presence of outlying data points

Inappropriate choice of dependent variable

Endogeneity of safety treatment

Wrong functional form for effects of independent variables
Co-linearity among explanatory variables

Omitted variable bias

Misspecification of the structure of systematic variation in accidents and
residual terms

Mixing levels of accident severity
Inappropriate model form

3. Confounding factors that are likely to be present in many accident models include:

a.

Bias due to aggregation, averaging or incompleteness of data. In particular
AADT as a measure of traffic volume may be biased both because it is an
average, it is an aggregate (of the various types of vehicles that make up
traffic) and it is very often incomplete (pedestrians and cyclists are rarely
included). Accident reporting is always incomplete; however this is not a
problem that can be solved by statistical estimation only.

Wrong functional form for effects of independent variables. Most models tend
to rely on the assumption that all relationships are monotonic. Functional
forms ought to be tested in an exploratory analysis.

Omitted variable bias. Pedestrian and cyclist volumes are very often omitted.
Variables describing road user behaviour are also very rarely included in
accident models.

Mixing levels of accident severity. As shown in the discussion above, mixing
levels of accident severity can produce results that are almost impossible to
interpret. If separate models cannot be fitted for accidents at each level of
severity, then at least accident severity ought to be included as a variable in
the model.

Inappropriate model form. A dual state model should not be used merely
because it happens to be the case that it fits the data better than a single state
model. A reason should always be given for choosing a dual state model.
Models implying a zero-state, i.e. a state in which the expected number of
accidents is zero or very close to it, have no substantive meaning and should
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4. In addition to controlling for confounding factors, establishing causality requires that:

WP3 Evaluation tools, Final report

never be used.

a. One or more mechanisms that generate the statistical relationships between
variables be identified, and

b. The shape of the statistical relationships is plausible in view of relevant back-
ground knowledge, which includes laws of physics, laws of human perception
and information processing, traffic flow theory, and other well-established
elements of knowledge gained in engineering and related sciences.

5. The value of replication and accumulation of knowledge needs to be recognised. It is
only by fitting a set of identical or comparable models that the results can be
compared and possibly synthesised by means of meta-analysis.

At present, it has to be concluded that few accident models have dealt adequately with these
issues. Therefore, these models do not contribute as much to knowledge as they could do by
addressing the points listed above.

5.5 Improving road protection scoring

The most widely applied tool for road protection scoring appears to be the EuroRAP scoring
system. This system takes into consideration a humber of factors that are known to influence
the severity of accidents, but the scoring system has not been validated. By validation is
meant an empirical study that shows actual accident severity for road sections that are
assigned different star ratings in EuroRAP.

In a recent study Pardillo-Mayora et al. (2010) validated a roadside safety index for Spain
based on the following variables:

1. Slope of roadside, with five values ranging from 1:6 (safest) to 1:2 (most dangerous),

2. Clear zone along roadside, with four values ranging from no obstacles within 10
metres from the road (safest) to obstacles within 3 metres from the road (most
dangerous)

3. Presence of safety barrier, with three values with no barrier as safest and a non-
approved barrier as most hazardous,

4. Alignment, with straight as safest and curve as most hazardous.

Based on combinations of values for these variables, five categories of road were formed.
For each category, accident severity was stated in terms of the percentage of all reported
accidents that were fatal. Figure 6 shows the results.

It can be seen that group 5, which is characterised by sideslopes steeper than 1:3, fixed
obstacles closer than 5 metres from the edge of the road, no safety barrier and the presence
of horizontal curves, differs markedly from the other four groups. While the increase in
accident severity as one proceeds from group 1 to group 4 is fairly constant, there is a jump
in group 5.
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Figure 6: Accident severity for five groups of roads in Spain formed by combining values for roadside
slope, size of clear zone, presence of safety barrier and road alignment. Source: Pardillo-Mayora et
al. 2010

If one imagines the categories 1 to 5 converted to a star rating, the scale would be somewhat
difficult to interpret, as the steps between adjacent stars are not equally large. It would be
interesting to perform a similar validation of the EuroRAP road protection scoring system.

5.6 Improving identification and analysis of hazardous road
locations

How best to identify and analyse hazardous road locations was analysed in depth in
RIPCORD-ISEREST, and the main findings remain valid. Briefly, to improve current
techniques, road administrations ought to:

1. Develop a classification of roadway elements. A list of elements might include:
a. Road sections of a given length and given number of lanes

Junctions with a given number of approaches and type of traffic control

Interchanges with a given design and ramp configuration

Horizontal curves with radius in a given range

Bridges of a given design

-~ o oo o

Tunnels by length and geometry

2. For each element, form a population of sites, all members of which can be enumer-
ated.

3. For each element, identify hazardous locations by means of the Empirical Bayes (EB)
method. Hazardous locations should be defined as those forming the top 10%, 5% or
2.5% of the distribution of sites according to the EB-estimate of the expected number
of accidents.

4. Analyse the presence of risk factors contributing to accidents for each identified site
by adopted a case-control approach, in which a safe site which is similar to the
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Most countries need to make major changes in their current systems for identifying and
analysing hazardous road locations in order to approach the state-of-the-art.
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hazardous site forms the control group.

5.7 Improving impact assessment

Impact assessment is a key activity in road safety policy making. It consists of estimating the
safety impacts expected by implementing specific road safety measures and the total
impacts on safety of introducing a set of road safety measures. As shown by the
guestionnaire survey, impact assessment is not always performed for minor road safety
measures. It is, however, often minor measures that can make the largest contribution to
improving road safety.

Table 4 shows an estimate of the potential for reducing the number of fatalities in Norway by
means of a number of road-related safety measures (Elvik 2009). For each measure, two
alternatives for the extent of its use are given:

1. The measure is used only when benefits exceed costs (in monetary terms).

2. The measure is used to the maximum conceivable extent, no matter what the benefit-
cost ratio is.

The concept of “maximum conceivable extent” is of course somewhat imprecise. It has,
however, been clearly defined for all the measures included in Table 3.

Table 3: Potential reduction of the annual number of road accident fatalities in Norway by means of
road-related safety measures. Source: Elvik 2009

Potential reduction of the annual number of fatalities or serious injuries

Measures applied if benefits exceed Measures applied to maximum
costs conceivable extent

Number of Serious Number of Serious
Measure locations Fatalities injuries locations Fatalities injuries
New motorways (freeways) 30 1.8 4.7 350 13.2 339
Bypass roads 35 0.2 13 190 0.6 3.4
Median guard rail 130 4.7 7.2 500 9.5 14.7
Median rumble strips 155 0.7 1.2 500 11 2.0
Guardrail along roadside 610 1.0 3.9 1670 13 5.2
Roadside safety treatment 190 0.3 11 1670 0.7 2.6
Curve treatments 1750 13 35 2200 14 37
Follow-up of inspections 345 3.1 5.3 500 35 6.1
New road lighting 3150 7.7 11.0 15840 13.7 19.7
Improving road lighting 380 0.7 17 660 0.8 1.9
Roundabouts — three legs 460 17 5.3 8735 7.2 23.1
Roundabouts — four legs 325 3.0 12.0 825 4.4 17.5
Upgrading pedestrian crossings 1643 5.4 12.8 2210 5.8 13.6
Pedestrian bridge/tunnel 442 3.3 10.6 1155 4.6 14.6
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The number of locations is the length of treated roads in kilometres for the measures that
refer to road sections. For measures at junctions or at pedestrian crossings, the number of
locations refers to the number of junctions or the number of pedestrian crossings.
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It can be seen that major road projects, like building new motorways or bypass roads will
only make a comparatively small contribution to reducing the number of fatalities or serious
injuries. Upgrading existing roads by means of, for example, road lighting or upgraded
pedestrian crossing facilities can make a larger contribution. It is therefore important that
road safety impact assessment tries to include all road safety measures, even minor im-
provements to existing roads.

There are many sources of uncertainty in road safety impact assessments. Elvik (2010B)
identifies and discusses ten sources of uncertainty. These are:

1. Random variation in the number of accidents or injuries in the target group of a road
safety measure. The target group is the type of accident or injury the measure is
intended to influence (e.g. accidents in darkness for road lighting),

2. Incomplete or inaccurate reporting of accidents or injuries in official road accident
statistics,

3. Uncertainty about the definition of the target group of accidents or injuries influenced
by a road safety measure (e.g. road lighting may influence accidents in daylight as
well, not just darkness),

Random variation in the effect of a road safety measure on accidents or injuries,

Unknown sources of systematic variation in the effect of a road safety measure on
accidents or injuries,

Unknown duration or stability over time in the effects of a road safety measure,

Uncertainty with respect to a potential modification of the effect of a road safety mea-
sure when it is combined with other road safety measures in a programme (e.g. are
pedestrian reflective devices equally effective on lit roads as on unlit roads?),

Uncertainty about the effects of exogenous factors influencing road safety,

9. Uncertainty about the degree to which a road safety measure or set of measures will
be implemented to the extent planned,

10. Uncertain monetary valuation of the benefits of reducing accidents or injuries.

The latter source of uncertainty is only relevant if a cost-benefit analysis of road safety
measures is performed and the results of the analysis are intended to influence policy
making.

It is at the current state of knowledge impossible to quantify all these sources of uncertainty.
It is nevertheless important that those sources that can be quantified are quantified, to allow
an assessment of which of these sources of uncertainty makes the greatest contribution to
overall uncertainty. To improve the quality of road safety impact assessments, the following
steps should be taken:

1. Conduct a broad survey of potentially effective road safety measures and include as
many of them in an impact assessment as possible.

2. Try to assess as many sources of uncertainty in an impact assessment as available
data allow for.

3. Monitor the implementation of road safety measures as well as changes in exo-
genous factors (i.e. everything other than a road safety programme) that influence
road safety.

4. Periodically update road safety impact assessments and check the accuracy of
previous assessments.
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5.8 Improving the monitoring of road user behaviour

Most countries, certainly in Europe, monitor some form of road user behaviour. However, the
types of behaviour that are monitored, and the use of the results varies between countries.
The two main reasons for monitoring road user behaviour are to explain changes in the
number and severity of accidents and to give an early detection of emerging road safety
problems. In principle, many types of behaviour could be monitored. For the purpose of
influencing road safety, it is particularly important to monitor violations that contribute to
fatalities and injuries. According to estimates made by Elvik (2010C), the following violations
make the largest contribution to fatalities and should therefore be monitored:
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1. Speeding

2. Drinking and driving

3. Not wearing seat belts

4. Driving under the influence of drugs

5. Violating hours of service and rest regulations for commercial transport

Unfortunately, monitoring all these types of behaviour is difficult. Monitoring speed and seat
belt wearing is comparatively easy. It can be done by means of reliable technology or low-
cost roadside observations. Monitoring drinking and driving, on the other hand, is very costly
and difficult. The best method for obtaining representative data on drinking and driving is to
conduct roadside surveys. However, such a survey would normally have to include several
thousand drivers, as the incidence of drinking and driving is quite low in many countries. A
statistically reliable estimate of the incidence of drinking and driving would therefore require
the collection of large amounts of data and fairly sophisticated statistical analysis of these
data. Similar difficulties are encountered when trying to monitor driving under the influence of
drugs. Compliance with hours of service and rest regulations can be monitored by checking
tachographs. These are sometimes tampered with, but tampering can be detected.

Existing data on drinking and driving are very poor and unreliable (Assum and Sgrensen
2010B). This is remarkable in view of the fact that drinking and driving is likely to be a major
risk factor for accidents and injuries. To improve the monitoring of road user behaviour, the
following steps should be taken:

1. Select up to five different types of road user behaviour for regular monitoring. Make
the selection on the basis of how much the various types of behaviour are believed to
contribute to accidents, fatalities and injuries.

2. Develop a sampling plan for monitoring road user behaviour, ensuring that results are
representative for road user behaviour at large.

3. Monitor road user behaviour by means of the same methods for a number of years in
order to establish a basis for investigating the relationship between changes in be-
haviour and changes in the number of accidents, fatalities or injuries.

4. Allow police to make routine checks for alcohol whenever a road user is stopped and
checked. Perform such checks as a routine. Use police statistics as an indicator of
the incidence of drinking and driving.

5.9 Improving conflict studies

Historically, conflict studies were introduced as a substitute for accidents, to enable road
safety evaluation studies to be performed in cases where a low count of accidents made an
evaluation based on accidents highly uncertain. To use conflicts as a substitute for accidents,
there should ideally speaking be a strong and fairly constant statistical relationship between
the number of conflicts and the number of accidents. One would then be able to convert a
recorded number of conflicts to an expected number of accidents.
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Research has shown that such conversion factors are difficult to establish (Hauer and Garder
1986). Both the number of conflicts and the number of accidents are greatly influenced by
random variation. Besides, in the early days of conflict studies, observation of traffic conflicts
depended on human observers and their classification of conflicts by type and severity.
Although observers were trained to make the observations as reliable as possible, there was
bound to be an element of subjectivity both in the count and classification of conflicts.
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This has changed in recent years. In the first place, a connection can be made between
specific traffic events and potential conflicts (Elvik, Erke and Christensen 2009). The idea of
defining exposure as events that generate the potential for a traffic conflict is not new (Hauer
1982). Events, such as simultaneous arrivals at junctions or pedestrian crossing facilities,
can meaningfully be counted and regarded as homogeneous, as opposed to summary mea-
sures of exposure, like vehicle kilometres of driving. Defining exposure in terms of countable
and reasonably homogeneous events, re-establishes the connection between the concepts
of exposure and risk and the concepts of trials and probability in probability theory, from
which the statistical analysis of accidents emerged historically. Once exposure can be
measured as the potential number of conflicts, a meaningful denominator for estimating a
conflict rate exists. This can in turn be related to the accident rate, again using the count of
events as the measure of exposure.

In the second place, techniques for observing and analysing data on traffic conflicts have im-
proved substantially in recent years (Svensson and Hydén 2006, Laureshyn, Svensson and
Hydén 2010). Conflicts are now registered objectively by means of video cameras, and the
analysis of videos has been greatly improved by means of modern techniques for video
image analysis. This does not mean that data collection and analysis can be fully automated,
nor does it mean that all problems of classification and interpretation have been solved. It
has, however, made the study of traffic conflicts more objective than it was before.

Studying traffic conflicts is therefore probably more useful and informative today than it was
just a few years ago — provided state-of-the-art techniques are used. It can be a valuable
supplement to accident analyses at hazardous road locations and shed light on why these
locations become hazardous.

To obtain maximum benefit from conflict studies in road safety management, it is re-
commended to:

1. Select a set of sites at which the rate of conflicts is monitored continuously. This is
intended to establish a baseline rate of conflicts for a number of common traffic
situations. Use video to record conflicts and modern image processing techniques to
analyse the data.

2. Perform conflict studies at hazardous road locations to supplement accident analyses
at these sites, in particular if accident analyses are inconclusive and no clear contrib-
uting factors are identified.

3. Determine conversion factors in order to convert a recorded number of conflicts to an
estimate of the expected number of accidents.

5.10 Improving in-depth accident studies

In-depth studies of accidents have become more popular in recent years. Finland has had a
programme of in-depth studies of fatal accidents since the 1970s. In the 1990s, Sweden
started in-depth studies of fatal accidents, in part to help promote Vision Zero by identifying
factors contributing to fatal accidents (or a fatal outcome of an accident), thereby hoping to
prevent these accidents more effectively. In 2005, Norway started a similar programme of in-
depth studies of fatal accidents. In-depth studies of accidents are also carried out in Great
Britain, Germany and the Netherlands.

The popularity of in-depth studies of accidents has varied in cycles of about 30 years in the
period after the Second World War. The first wave of such studies took place in the 1950s. It
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was initiated as a reaction to the breakdown of accident proneness theory. It was felt that the
statistical approach taken in many studies of accident proneness did not reveal the under-
lying causes of accidents and was therefore not very fruitful from the point of view of accident
prevention. The hope was that the “real” causes of accidents could be found by studying
each accident in great detail and reconstructing the events that led to the accident.
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It soon became apparent that various human factors contributed importantly to most acci-
dents. Many accidents happened simply because road users were not paying full attention to
traffic. The first in-depth studies of accidents therefore often lead to recommendations to
improve the education of road users, or to conduct information campaigns exhorting road
users to pay attention to traffic, to always be fully alert, to always be on the lookout for
hazards, etc, etc. It soon became apparent that these campaigns were ineffective. In-depth
studies lost their popularity and a new approach to the study of factors contributing to
accidents, systems theory, gained widespread acceptance. The central tenet of systems
theory is that accidents are produced by a failure in the interaction between the elements of a
complex system — hence it does not make sense to blame a single element, like the human
factor, for accidents. That road users make errors is a given, although there is always a
reason why these errors are made. That reason could be that the system was poorly
designed and not sufficiently adapted to human capacities.

Systems theory was a stunning success as far as preventing accidents and making them
less severe was concerned. Despite this, important elements were felt to be missing in
systems theory, and a new wave of in-depth studies arose in the latter half of the 1970s,
leading to thick reports in Great Britain the United States and Sweden (Rumar 1985). The
findings were remarkably similar and it was once more concluded that human factors
precipitated most accidents.

The third wave of in-depth studies is the one that is still going on. This wave has partly been
brought on by the heightened ambitions for improving road safety, as expressed in concepts
like Vision Zero (Vagverket 1997) and Sustainable Safety (Wegman, Aarts and Bax 2005).
Another reason for the renewed interest in in-depth studies, is that methods for studying
factors contributing to accidents have progressed and it is therefore believed that method-
logically better studies can be made today than in the past. The use of such studies has
often been very selective. Only a few accidents — often the most serious accidents — have
been subjected to in-depth study. The techniques for performing in-depth studies have devel-
oped, and it is worthwhile to observe that recent studies in Norway and Sweden have
broadened the scope of factors studied compared to older in-depth studies. More attention is
now given to the potential contributions of factors related to infrastructure and vehicles, not
just factors related to road users. Thus, in the most recent Norwegian in-depth study
(Haldorsen et al. 2009), the following main categories of factors were listed as contributing to
fatal accidents:

1. Factors related to road users: 576 (2.43 factors per fatal accident)
2. Factors related to vehicles: 47 (0.20 factors per fatal accident)
3. Factors related to the road: 89 (0.38 per fatal accident)

4. Factors related to environment: 49 (0.21 per fatal accident)

Factors related to road users are seen to dominate, but factors related to other elements of
the system are also mentioned in quite a few cases. Human factors, however, is the only
main category that was regarded as having contributed to all fatal accidents investigated in
2008.

The fact that factors that are the responsibility of road authorities are gaining more attention
reflects a change in the way road authorities define their responsibility for road safety. In the
past, road authorities adopted a strictly legal point of view and assigned the entire resp-
onsibility for road safety to road users. The emergence of new ideals for road safety, like
Vision Zero and Sustainable Safety, and a more mature interpretation of the systems per-
spective on road safety, has changed this. This change in philosophy is part of the reason
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why tools like road safety audits, safety inspections and road protection scoring have been
developed. These tools are all based on the notion that there are safer and less safe road
designs, and that it is the responsibility of road authorities to choose the safer designs. While
it may be because a driver fell asleep that he went off the road, it is not the driver’s fault if
there are large and unprotected trees close to the road.
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Official accident statistics are known to be incomplete and biased; if one wants better data, in
particular about the most serious accidents, it is necessary to perform in-depth studies. The
use of in-depth studies should remain selective, as it is today, at least in Norway and
Sweden. It is not an indispensable element of road safety management. Road safety
management can be successful without relying on in-depth studies. If, however, road
authorities want to make use of in-depth studies as a tool of road safety management, the
following points are worth bearing in mind:

1. A detailed protocol should be developed for in-depth studies. This protocol should
describe the approach taken in detail. The theoretical framework for the studies
should be made clear.

2. In-depth studies should be performed by a multi-disciplinary team, including experts
in road design and traffic engineering, psychology, vehicle technology and medicine.

3. Reports from in-depth studies should have a standard format and always be available
to the public. Data should be made anonymous to permit such public access.

4. In-depth studies should be performed for the accidents where better data are needed
and likely to be made use of in road safety management.
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5 Discussion and conclusions

Road safety has been greatly improved in many highly motorised countries during the past
40 years. While a rigorous analysis of the factors that have contributed to this development is
difficult to perform, it seems clear that a systematic use of many road safety measures has
contributed importantly to improving road safety. To use road safety measures in a way that
brings about maximum benefits, a systematic approach to the planning and implementation
of such measures is needed. To help support such planning, a number of road safety
management tools have been developed. This report has reviewed ten of these instruments,
including:

1. Road safety audits, to help incorporating the best knowledge about how to design a
safe road into decisions about the design and construction of new roads, thus making
new roads safer than existing roads,

2. Safety inspections, to systematically identify and treat defects in design and traffic
control on existing roads, ideally speaking before these defects contribute to
accidents,

3. Network screening, to survey road safety on the entire road system and identify those
parts of the system that have a higher expected number of accidents, or a higher
severity of accidents, than the rest of the system,

4. Accident modelling, to help identify and assess the importance of various factors that
contribute to accidents and injuries,

5. Road protection scoring, to help identify roads which offer substandard protection
from injury in case of an accident,

6. The identification and analysis of hazardous road locations, i.e. road locations that
have an abnormally high number of accidents due to deficiencies of road design
and/or traffic control,

7. Road safety impact assessment, which is estimates of the safety benefits expected
from various road safety measures, made before these measures are introduced,

8. Monitoring of road user behaviour, to help detect unwanted changes in behaviour that
may have an important effect on road safety,

9. Traffic conflict studies and naturalistic driving behaviour studies, which is the study of
events that nearly lead to accidents or of driver behaviour in a natural setting,

10. In-depth accident studies, in order to learn more about the factors that precipitate
accidents and the opportunities for controlling or removing these factors.

Use of these tools in eighteen European countries was described by means of a question-
naire. A statistical analysis of the relationship between use of the safety management tools
and safety performance was made. No clear relationship between use of the tools and road
safety performance could be found. It is likely that a number of weaknesses of the study
made it difficult to correctly estimate the relationship between use of the tools and safety
performance. These weaknesses include a small sample, a somewhat crude description of
the use of the tools and poor control for potentially confounding variables.

The main conclusions of this study highlight the opportunities for further development of the
tools for road safety management:

1. Road safety audits, safety inspections and road protection scoring can be further
developed by evaluating their effects on safety and their performance in identifying
safe and less safe solutions.

2. Network screening should be based on accident models and should apply the tech-
nigues developed in the Safety Analyst approach in the United States.
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3.

Road accident modelling needs to be developed by testing models empirically and by
incorporating in them variables describing road user behaviour.

The identification and analysis of hazardous road location should employ the Empiri-
cal Bayes approach for identification of hazardous locations and the matched-pair
approach for the analysis of factors that may contribute to accidents at hazardous
road locations.

The state-of-the-art of road safety impact assessment is described in the Highway
Safety Manual recently published in the United States. Changes made in current
practice should try to bring it closer to the state-of-the-art.

Monitoring of road user behaviour should be targeted at about five types of behaviour
that make the largest contributions to road accidents and injuries. In most countries,
this would include speeding, not wearing seat belts and drinking and driving.

Conflict studies, naturalistic driver behaviour studies and in-depth studies of accidents
are tools that road authorities may choose to include in their safety management
toolbox; none of these tools are essential.
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7 Appendix 1. Questionnaire

The aim of this questionnaire is to survey the use in European countries of ten evaluation
tools for road safety management. The ten evaluation tools, with a very short description of
each tool, are listed below:

Evaluation tool Short description

Systematic assessment of designed elements relevant for

Road safety audit safety for new/planned roads.

Systematic assessment of safety for an existing road
Road safety inspection (sometimes known as road safety assessment). Similar to
road safety audits but for existing roads.

Screening of accident data to identify road sections/links with a

Network screening high number of accidents or high accident rates.

Multivariate statistical analyses designed to estimate effects of

Accident modelling factors influencing the number of accidents.

Assessment of how well a road protects from injury in case of

Road protection scoring accident

Cluster and density analysis to formally identify sites that have
a high number of accidents (sometimes known as blackspot
analysis).

Identification and analysis of
hazardous road locations

Estimation of the number of accidents or injured road users
expected to be prevented by specific road safety measures.
(Extended to economic appraisal when benefit to cost returns
considered).

Road safety impact assessment

Systematic collection of observational data concerning events

Conflict studies S .
almost resulting in accidents.

Observation of road user behaviour and compilation of

Monitoring road user behaviour statistics on behaviour (e.g. seatbelt wearing rates etc.).

More detailed investigations of circumstances of individual

In-depth accident studies accidents than normally done in routine reporting.

Other tools Any other tool used in safety management.
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The questionnaire has two parts. The first part is intended to collect information regarding
current use of the evaluation tools. The second part offers an opportunity to assess the
evaluation tools in terms of six criteria that influence the ease of their use. All questions can
be answered by ticking boxes.

WP3 Evaluation tools, Final report

Are any of the following tools used in the safety management of roads? Please answer yes
(by road authority or other organisation) or no for each of the tools listed:

Yes No

By road By other
authority  organi-

sation
Road safety audits 1A 10 0
Road safety inspections 1A 10 0
Network screening 1A 10 0
Accident modelling 1A 10 0
Road protection scoring 1A 10 0
Identification and analysis of hazardous road locations 1A 10 0
Impact assessment of road safety measures 1A 10 0
Conflict studies/naturalistic driving studies 1A 10 0
Monitoring of road user behaviour 1A 10 0
In-depth analysis of accidents 1A 10 0
Other tools 1A 10 0

Please specify if any other tool is used:
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Supplementary questions are asked with respect to some of the evaluation tools. These
questions are listed below.
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Supplementary questions regarding accident modelling (please answer if the tool
is used by road authority or another organisation)

Who developed the accident model or models?

Research institute | 1R Highway agency | 1A Don’'t know 0

Is the model updated regularly?

Yes 1 No 0 Don’t know 0

What relationships do the models include?

Traffic volume only 1 Multiple explanatory variables 2 | Don't know 0

Supplementary questions regarding road protection scoring (please answer if the
tool is used by road authority or another organisation)

Who scores roads?

Highway agency | 1A Other organisation | 10 Don’'t know 0

Does road protection score influence priorities for safety treatment?

Yes 1 No 0 Don’t know 0

Supplementary questions regarding impact assessment (please answer if the tool
is used by road authority or another organisation)

What is the scope of road safety impact assessment?

Major projects 1 All safety measures 2 Don’'t know 0

Is the basis for impact assessments updated regularly?

Yes 1 No 0 Don’t know 0

Is the accuracy of impact assessments evaluated?

Yes 1 No 0 Don’t know 0

Supplementary questions regarding monitoring of road user behaviour (please
answer if the tool is used by road authority or another organisation)

Please specify which types of behaviour are monitored regularly?

Speed

Mobile phone use

Seatbelt use

Motorcycle helmet use

Mm|T|wm|Z|w

Close following

Other (please specify):
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This part of the questionnaire asks you to assess the applicability (ease of use) of these tools
with respect to six criteria: need for collecting new data, use of standardised procedures,
reporting requirements, need for training and specialised skills, objectivity and transparency,
and ease of updating. A short explanation of each of these criteria is given below. You are
asked to rate each of the tools with respect to each of the criteria using the scale provided in
the questionnaire.
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Criterion for assessment Short description

Need for data collection If use of a tool requires the collection of new data or if routinely
collected data can be used

Standard procedure Whether a standard procedure for using a tool has been
developed or not

Reporting requirements If a written report presenting results is required each time a
tool is used
Training and special skills If training, formal authorisation and specialised skills are

needed to use a tool

Objectivity and transparency Obijectivity: different people using the same tool based on the
same data should get identical results. Transparency: reasons
are given for all choices made when applying a tool

Ease of updating Whether updating requires collection of new data or can be
done without new data

Assessment of each criterion

Tool Criterion High Medium Low Don’t
know
Road Need for original data 3 2 1 0
safety
dit
audrts Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0
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Assessment of each criterion

Tool Criterion High Medium Low Don’t
know

Road Need for original data 3 2 1 0

safety

; .

inspections Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

Network Need for original data 3 2 1 0

screening
Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

Accident Need for original data 3 2 1 0

modelling
Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Obijectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0
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Assessment of each criterion

Tool Criterion High Medium Low Don’t
know

Road Need for original data 3 2 1 0

protection

seonng Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

Identific- Need for original data 3 2 1 0

ation

and

analysis Need for standard procedure 3 2 1 0

of

hazardous  Reporting requirements 3 2 1 0

locations
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

Road safety Need for original data 3 2 1 0

impact

t

assessmen Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Obijectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0
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Assessment of each criterion

Tool Criterion High Medium Low Don’t
know

Conflict Need for original data 3 2 1 0

studies
Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

Monitoring  Need for original data 3 2 1 0

road user

behaviour Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Objectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0

In-depth Need for original data 3 2 1 0

accident

studies Need for standard procedure 3 2 1 0
Reporting requirements 3 2 1 0
Need for training and specialised skills 3 2 1 0
Obijectivity and transparency 3 2 1 0
Ease of updating 3 2 1 0
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9 Appendix 2: Responses to the questionnaire

Item AUS CYP DEN EST FIN FRA GBR GER HUN ICE IRL LUX NED NOR PORT SLO SPN SWE
Audits 1 0 1A 1A 1 1A 1A 1 1A 1A 1A 1A 1A 1A 10 1A0 1A 0
Inspections 1 1A 1A 1A 1 1A 1A 1 1A 1A 0 1A 1 1A 1A 1A 1A ©
Screening 1 1A 1A 0 1 1A 1A 1A 1A0 1A 1A 1 1 1A 0 1A0 1A 1A
Modelling 1 0 1A 0 1 1A 1A 1 0 0 0 0 1 1A 10 1A0 10 1A
Scoring 0 0 0 0 0 0 10 1A © 10 10 O 1 1A 0 0 1A0 10
Blackspots 1 1A 1A 1A 1 1A 1A 1 1A0 1A 1A O 1 1A 1A0 1A0 1A O
Impacts 1 1A 1A 0 1 1A 1A 1 0 1A 1A © 1 1A 10 1A0 1A 1A
Conflicts 1 0 1A 0 0 1 0 1A 1A0 O 0 0 1 0 10 1A0 10 O
Behaviour 1 10 1A 1A 1 1 10 1 10 10 10 10 1 1A 10 10 10 1A
In-depth 1 0 1A 1A 1 1 1 1 10 10 1A O 1 1A 0 10 1A0 1A
Other 0 0 0 0 1 0 1 0 0 0 1A 0 1 0 0 0 0 1A

Model 1R O IR O 1R 1R 1R 1R O 0 0 0 1R 1R 1R 0 1R 1A
development

Model 0 0 1 0 1 0 0 1 0 0 0 0 1 1 1 0 0 1
updating (1)

Model 2 0 1 0 1 2 2 1 0 0 0 0 2 2 2 0 2 2

variables (2)
Who scores 0 0 0 0 0 0 10 O 0 10 10 O 10 1A O 0 1A0 10

Use of scores 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0
(1)

Scope 1 1 1 0 1 2 1 1 0 1 1 0 1 2 2 0 2 2
impact (2)
Update 0 0 1 0 1 1 1 1 0 0 1 0 1 1 0 0 1 1
impact (1)
Validate 0 0 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1

impact (1)

Speed (2) 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
Mobile (1) 1 1 0 1 1 1 1 0 1 1 1 1 1 0 0 1 0 0
Belts (2) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Helmets (1) 1 1 1 0 1 0 0 1 1 0 0 0 1 0 1 1 1 0
Following (1) 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Other(alc= 0 0 0 1 1 1 0 0 1 0 0 0 1 0 0 1 0 0
2)

Audit data 1 0 3 3 0 2 2 3 1 3 3 2 2 1 1 2 3 0
Audit 1 0 3 3 0 3 3 2 1 3 3 3 2 1 3 2 3 0
procedure

Audit 2 0 3 3 0 3 3 3 3 3 3 2 2 1 3 3 3 0
reporting

Audit 2 0 3 2 0 2 3 3 2 3 3 3 3 1 3 2 3 0
training

Audit 2 0 3 0 0 3 2 2 2 3 3 3 3 1 2 2 2 0
objectivity

Audit 2 0 3 3 0 1 3 3 1 0 3 1 2 1 1 1 3 0
updating

Auditmean  1.67 0.00 3.00 2.33 0.00 2.33 267 2.67 1.67 250 3.00 2.33 233 1.00 2.17 2.00 2.83 0.00
Insp data 2 1 3 2 0 1 2 3 2 3 0 3 3 1 3 2 2 0
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Insp 1 2 3 3 0 3 3 1 1 3 0 3 3 1 3 2 3 0
procedure

Insp 2 2 3 3 0 3 2 2 3 3 0 3 3 1 3 3 3 0
reporting

Insp training 2 2 3 2 0 3 2 2 2 3 0 2 2 1 3 2 2 0
Insp 2 3 3 0 0 2 2 2 2 2 0 2 3 1 2 2 2 0
objectivity

Insp 1 1 3 2 0 3 3 3 1 1 0 1 2 1 1 1 2 0
updating

Insp mean 1.67 1.83 3.00 2.00 0.00 2.50 2.33 2.17 1.83 250 0.00 2.33 2.67 1.00 2.50 2.00 2.33 0.00
Scree data 3 3 3 0 0 2 1 2 1 1 3 2 3 1 2 2 1 2
Scree 2 2 3 0 0 2 3 3 2 3 3 3 2 1 2 2 3 2
procedure

Scree 1 2 3 0 0 1 3 1 1 3 3 3 3 1 1 1 3 2
reporting

Scree 1 2 3 0 0 0 3 2 1 3 3 1 2 1 2 1 2 2
training

Scree 2 2 3 0 0 0 3 3 3 3 3 2 2 1 2 3 3 2
objectivity

Scree 3 2 3 0 0 1 3 1 3 3 3 1 2 1 3 2 1 2
updating

Screemean  2.00 2.17 3.00 0.00 0.00 1.00 2.67 2.00 1.83 2.67 3.00 2.00 2.33 1.00 2.00 1.83 2.17 2.00
Model data 3 0 3 0 0 3 3 3 3 0 0 3 3 1 3 3 2 2
Model 3 0 3 0 0 0 3 3 3 0 0 3 3 1 2 3 3 2
procedure

Model 2 0 2 0 0 0 3 1 2 0 0 2 2 1 2 2 3 2
reporting

Model 2 0 3 0 0 0 3 3 3 0 0 3 3 1 3 3 3 2
training

Model 3 0 3 0 0 0 2 3 3 0 0 3 2 1 3 3 3 2
objectivity

Model 3 0 3 0 0 0 1 3 3 0 0 1 2 1 2 3 3 2
updating

Model mean 2.67 0.00 2.83 0.00 0.00 0.50 2.50 2.67 2.83 0.00 0.00 2.50 2.50 1.00 2.50 2.83 2.83 2.00
Score data 3 0 0 0 0 0 3 0 3 0 3 3 3 1 3 3 1 3
Score 3 0 0 0 0 0 3 0 3 3 3 3 3 1 3 3 3 3
procedure

Score 0 0 0 0 0 0 2 0 2 3 3 2 3 1 3 2 3 3
reporting

Score 3 0 0 0 0 0 3 0 2 3 3 3 3 1 3 2 2 3
training

Score 3 0 0 0 0 0 2 0 3 0 3 2 3 1 2 3 2 3
objectivity

Score 3 0 0 0 0 0 2 0 1 0 3 1 1 1 1 1 3 3
updating

Scoremean 2.50 0.00 0.00 0.00 0.00 0.00 2.50 0.00 2.33 1.50 3.00 2.33 2.67 1.00 2.50 233 2.33 3.00
Spot data 2 3 3 3 0 2 1 2 3 1 3 2 0 1 2 3 1 0
Spot 1 2 3 2 0 3 3 2 2 3 3 3 2 1 3 2 3 0
procedure

Spot 2 2 3 2 0 2 3 1 2 3 3 2 3 1 2 3 3 0
reporting

Spot training 2 2 3 1 0 2 3 2 3 3 3 3 2 1 3 2 0
Spot 1 2 3 0 0 2 3 2 2 2 3 2 2 1 2 3 3 0
objectivity

Spot 2 2 3 2 0 2 2 2 2 1 3 1 2 1 3 2 3 0
updating

Spot mean 167 2.17 3.00 1.67 0.00 2.17 250 1.83 233 217 3.00 2.17 1.83 1.00 240 2.67 250 0.00
Impact data 2 2 3 0 0 3 1 2 3 3 3 2 3 1 3 3 3 2
Impact 3 2 3 0 0 3 3 3 3 3 3 3 3 1 2 3 3 3
procedure

Impact 2 3 3 0 0 1 3 1 2 3 3 2 3 1 2 2 3 3
reporting

Impact 2 3 3 0 0 3 3 1 2 3 3 3 3 1 2 2 3 3
training

Impact 2 3 3 0 0 2 2 3 2 2 3 2 3 1 2 2 1 3
objectivity
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Impact 2 1 3 0 0 1 3 1 3 0 3 2 2 1 2 3 3 3
updating

Impact mean 2.17 2.33 3.00 0.00 0.00 2.17 2.50 1.83 2,50 2.33 3.00 2.33 2.83 1.00 2.17 2.50 2.67 2.83
Confl data 3 3 2 0 0 3 3 3 2 0 0 0 3 0 3 2 3 0
Confl 3 0 3 0 0 3 3 3 1 0 0 0 3 0 2 1 3 0
procedure

Confl 0 0 3 0 0 3 3 1 1 0 0 0 3 0 1 1 2 0
reporting

Confl 2 0 3 0 0 3 3 3 1 0 0 0 3 0 3 1 3 0
training

Confl 3 0 2 0 0 2 2 1 2 0 0 0 2 0 1 2 1 0
objectivity

Confl 3 0 0 0 0 1 1 3 1 0 0 0 2 0 2 1 2 0
updating

Conflmean  2.33 0.50 2.17 0.00 0.00 2.50 2.50 2.33 1.33 0.00 0.00 0.00 2.67 0.00 2.00 1.33 2.33 0.00
Behav data 3 3 3 3 0 3 3 3 2 3 3 0 3 1 3 2 3 3
Behav 2 2 3 3 0 3 3 2 1 3 3 0 3 1 2 1 3 3
procedure

Behav 2 1 3 3 0 3 3 3 1 3 3 0 3 1 1 1 2 3
reporting

Behav 2 1 3 1 0 3 2 3 1 3 3 0 3 1 1 1 2 3
training

Behav 2 2 3 2 0 2 3 2 2 3 3 0 2 1 3 2 2 3
objectivity

Behav 3 2 3 1 0 1 2 3 1 1 3 0 2 1 2 1 2 3
updating

Behavmean 2.33 1.83 3.00 2.17 0.00 2.50 2.67 2.67 133 267 3.00 0.00 267 1.00 2.00 1.33 233 3.00
Depth data 3 0 3 0 0 3 2 3 3 2 3 0 3 1 0 3 2 3
Depth 2 0 3 0 0 3 3 2 3 3 3 0 3 1 0 3 3 3
procedure

Depth 3 0 3 0 0 3 3 1 3 3 3 0 3 1 0 3 2 3
reporting

Depth 3 0 3 0 0 3 3 3 2 3 3 0 3 1 0 2 3 3
training

Depth 3 0 3 0 0 2 3 2 3 2 3 0 3 1 0 3 3 3
objectivity

Depth 2 0 3 0 0 1 1 3 3 1 3 0 2 1 0 3 3 0
updating

Depth mean 2.67 0.00 3.00 0.00 0.00 2.50 2.50 2.33 2.83 233 3.00 0.00 2.83 1.00 0.00 2.83 2.67 2.50
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10 Appendix 3: Long term trends in road accident
fatalities in 17 countries
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Finland 1990-2009
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