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SafetyNet D3.8 — Road Safety Performance Indicators: Manual

Executive Summary

Safety performance indicators (SPIs) are measures (indicators), reflecting those operational
conditions of the road traffic system, which influence the system’s safety performance. Basic
features of SPIs are their ability to measure unsafe operational conditions of the road traffic
system and their independence from specific safety interventions. SPIs are aimed to serve
as assisting tools in assessing the current safety conditions of a road ftraffic system,
monitoring the progress, measuring impacts of various safety interventions, making
comparisons, and for other purposes.

Seven problem areas in road safety were selected for the development of SPIs in Europe,
they are: alcohol and drug-use; speeds; protective systems; daytime running lights; vehicles
(passive safety); roads (infrastructure) and the trauma management system.

The theory behind the development of SPIs in each of the seven safety areas was presented
by Hakkert et al (2007)". The data obtained from the cooperating countries and the
comparisons of safety performance of 27 countries?, in terms of the estimated SPIs, were
presented in two other reports® — Vis and van Gent (2007a), Vis and van Gent (2007b).

This report is called a Manual as it should assist the countries in establishing the necessary
systems of data collection for producing national SPls, in each one of the predefined safety
fields, and to make them comparable on a European level. For each safety area, the report
defines quantitative SPIs, demonstrates existing practices for their measurements, provides
best practice examples (when available), and details the procedures which are necessary to
collect and process the required data for the estimation of the SPIs' set on a national level.

Recognizing the potential for road safety improvements coming from the use of harmonized
SPIs across the EU, enabling benchmarking as a proven tool in road safety policy, the
Member States are encouraged to seek ways of applying a uniform methodology for
producing national SPIs. The procedures and methods presented in the Manual should be
treated as minimum quality requirements for producing national SPls, in each one of the
predefined safety fields.

In addition, the report provides a more general theoretical background concerning the
sampling issues in estimating SPIs (in general and in the context of specific SPI areas).
Regarding setting up an SPI survey, the main questions considered are: sampling procedure
to obtain a national sample; sampling size; sampling error; stratified sampling (combination
into a single SPI by weighting); representativeness of the results and estimating confidence
intervals of the SPI values. These issues are discussed in Chapter 2 and in the Statistical
Appendix.

Alcohol and drugs

In the area of alcohol and drugs, the proposed SPI is the number and proportion of severe
and fatal injuries resulting from crashes involving at least one active road user who was
impaired by psychoactive substance abuse (concentration above a predetermined
impairment threshold).

' Hakkert, A.S., Gitelman, V., and Vis, M.A. (Eds.) (2007) Road Safety Performance Indicators:
Theory. Deliverable D3.6 of the EU FP6 project SafetyNet.

2 Those include the 25 Member States as the EU at the end of 2006, and Norway and Switzerland

® Vis, MAA,, and Van Gent, A.L. (Eds.) (2007a) Road Safety Performance Indicators: Country
Comparisons. Deliverable D3.7a of the EU FP6 project SafetyNet.

Vis, M.A. and A.L. van Gent (Eds.) (2007b) Road Safety Performance Indicators: Country Profiles.
Deliverable D3.7b of the EU FP6 project SafetyNet.
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The proposed SPI can be implemented step by step, starting with the BAC of fatally injured
drivers and gradually extending to a larger set of psychoactive substances used by all active
road users involved in severe injury crashes. Chapter 3 details the successive requirements
for each step as well as the method, measurement tools and quality control issues.

It is emphasized that ethical and privacy problems might arise when body fluids are collected
from active road users. Hence, the use of data on impairment by psychoactive substances
for judicial purposes should be discussed in the country as well as other ethical and privacy
problems.

Institutional, judicial and other prerequisites for establishing the national system on alcohol
and drugs' SPI are also discussed.

Speed

Chapter 4 contains a manual for guiding the planning and implementation of representative
vehicle speed surveys. It is aimed at providing guidance to professionals, practitioners, and
policymakers in the field of transportation and road safety for the planning, collection,
processing, and analysis of vehicle speed data.

When setting up the survey, two issues should be considered: the purpose of speed
measurements and expected data outcomes. The indicators have to be chosen according to
road safety targets and the chosen methodology must allow computing these indicators.
Chapter 4 details which locations are suitable for speed measurement; which road types
should be considered; how the set of measuring locations can be sampled; which time
periods are valid for speed measurements; how to determine speeds for different types of
vehicles on the basis of identified requirements for speed measurements, and so on.

The Manual provides detailed recommendations on the selection of measurement sites
(random procedure, what "appropriate location" means, etc); periods of measurement;
practical considerations for the measurements (sample size, measuring devices, additional
information required, etc); data control and analysis; documentation and reporting.

The speeds are analysed for free flow hours only, which are hereafter defined. The minimum
set of speed indicators, for each road type, should include:

o

Average speed for light vehicles during day

Average speed for light vehicles during night

Standard deviation of speed for light vehicles during day

Standard deviation of speed for light vehicles during night

85" percentile of speed for light vehicles during day

85" percentile of speed for light vehicles during night

Percentage of light vehicles over the speed limit during day
Percentage of light vehicles over the speed limit during night
Percentage of light vehicles 10 km/h over the speed limit during day
Percentage of light vehicles 10 km/h over the speed limit during night

OO0OO0OO0OO0OO0OO0O0O0

Protective systems
The SPIs developed in this field are:

— daytime wearing rates of seat belts in front seats (passenger cars + vans /under 3.5 tons),
in rear seats (passenger cars + vans /under 3.5 tons), by children under 12 years old
(restraint systems use in passenger cars), and in front seats (HGV + coaches /above 3.5
tons); and

— daytime usage rates of safety helmets by cyclists, moped riders and motorcyclists.

The SPIs are estimated by means of a national observation survey, where the
measurements should be preferably classified according to main road types, such as
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motorways, other rural roads and urban roads. The values for major road types should then
be aggregated into one indicator (of each type) for the country.

The national system for producing SPIs on protective systems should fulfil the requirements
as detailed in Chapter 5, which concern the sampling demands and procedures, data
collection and processing, documentation requirements, evaluation and aggregation rules.
Besides, calculation rules are suggested for estimating over time progress, e.g. the annual
increase in the protective systems' usage rate, the conversion rate — a year-to-year decrease
of non-use of the devices. Several calculation examples accompany the procedures and the
requirements presented.

International or regional comparisons of protective systems' use rates are vital tools for
recognizing deficiencies, setting priorities and stimulating efforts at the political level.
Applying the common rules presented in this Manual allows production of reliable and
accurate indicators that are comparable among the countries (regions).

Daytime Running Lights (DRL)

The DRL SPIs are defined as the percentage of vehicles using daytime running lights, where
the value is estimated for different road categories and for different vehicle types.

A recommended system for producing national DRL SPIs is presented in Chapter 6. The
system is based on a national observation survey of the DRL use. The Manual provides
relevant details on the method of data collection (periods, procedures), definition of
observation sites, data collected, sampling demands, rules for estimating SPIs (per road
categories, vehicle types and in total), quality control and reporting issues. An example of
calculating SPIs is provided for Hungary.

The suggested system of DRL SPIs enables to estimate the DRL usage rates at the national
level. The system may serve as a background for both the purposes of countries'
comparisons and along-time considerations on DRL-related issues.

It is stated that the background information on the DRL legislation is essential for a correct
interpretation and comparison of the results. For example, comparing the countries' DRL
usage rates it is reasonable to take into account whether the countries have a law/ regulation
on obligatory use of DRL and if they do, since when.

In countries, where automatic DRL was introduced a long time ago (e.g. Sweden, Norway),
according to expert estimates, current DRL usage rate is close to 100%, thus the DRL usage
rate as a behavioural safety performance indicator does not have practical implications any
more. In general, once the option of automatic DRL is introduced Europe-wide, the DRL
indicators will lose their importance as an indicator of safety performance.

Vehicles (passive safety)
National vehicle fleet's crashworthiness and compatibility are suggested as SPIs in this field.

Monitoring these indicators is related to the accuracy of the national vehicle fleet database as
a record of the vehicles that are actually on a country’s roads at a point in time. Additionally,
there are minimum requirements for the level of detail contained within the database, to
make calculation of the SPIs for vehicles possible, such as:

1) Provide detailed and accurate descriptions of vehicle makes and models.
2) Classify vehicles according to vehicle-types compatible with CARE definitions.

3) Distinguish between smaller (less than 3.5 tonnes) and larger goods vehicles, since these
are significantly different when assessing their compatibility in collisions with passenger cars
or vulnerable road users. These issues are detailed in Chapter 7.
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Roads

SPIs for roads aim to assess the safety hazards by infrastructure layout and design. Two
SPIs for roads were developed: the road network SPI and the road design SPI. Because
there were no examples yet that used these SPlIs, a case study was executed.

In the case study (Chapter 8), the SPIs were applied to a case study area in The
Netherlands. The objective of this application was twofold. First, it illustrates the rather
theoretical concept of the SPIs and second, it aims to provide more insight into the practical
applicability of the method. The case study consisted of the following steps: collecting and
processing of data; determination of a list of urban area connections that need to be
assessed; comparison of the theoretically required road categories with the actual road
categories, and calculation of the actual SPIs. For the calculation of the road design SPI,
EuroRAP Road Protection Scores (RPS), that were already determined for the case study
area, were used.

The case study proved that it is possible to apply the theoretical concept in practice. The
SPIs provide insight into the safety quality of the road network as a whole and of individual
roads.

However, the process of calculating the network SPI is quite complex and a large amount of
data is needed (also in case of a sample). The SPI should be applied in a number of
countries in order to investigate whether the SPI is generally applicable. Furthermore,
although the results of the case study seem reasonable, evaluating the results of the case
study in more detail is recommended, in consultation with the road authority. Besides, the
study resulted in a list of issues that need further research, such as: a more detailed
definition of types of urban areas; considering the areas' limitations in case of natural barriers
or administrative borders; the assignment of the theoretically required connections to the
actual road network, etc.

Applying the method in various countries is essential for a further evaluation and refinement
of the method. Furthermore, the SPIs only assess the safety performance of rural roads and
motorways. Future extension to and adaptation of the model to include urban roads is
recommended.

Trauma management

Trauma management SPIs should estimate the speed and the quality of the post-crash care,
both initial and further, in the country. Accounting for the limitations of data available in the
countries, a minimum set of Trauma Management (TM) SPIs was developed, which refers to
the availability of EMS stations; availability and composition of the EMS medical staff;
availability and composition of the EMS transportation units; characteristics of the EMS
response time and the availability of trauma beds in permanent medical facilities.

Recognising the importance of the trauma management indicators for road safety programs
and for road safety policy-making in general, presently only a few examples of such
indicators can be found in use.

In Chapter 9, two countries having more comprehensive data on trauma care are presented:
Germany — on Emergency Medical Services (EMS) and Israel — on in-hospital trauma care
(Trauma Registry). In each country, the data are collected and the performance indicators
are estimated systematically, which could serve as a reasonable background for the
application of trauma management SPIs.

The minimum set of the TM SPIs includes fourteen indicators which are estimated based on
seven data items provided for the country. Data requirements and calculation rules for
estimating the TM SPlIs are presented in Chapter 9. Besides, general requirements for the
data are detailed, including sampling rules recommended for estimating the average EMS
response time.

sn_wp3_d3p8_ SPI_Manual Page 5



SafetyNet D3.8 — Road Safety Performance Indicators: Manual

The suggested TM SPIs are recommended for application as a minimum set for the initial
characteristic of the trauma management system's performance in the country. However, it
was emphasized that the suggested set of SPIs mainly enables characterization of the
potential of trauma care system for the treatment of road crash injuries and not the actual
performance of the system. To characterize the actual system's performance data from
trauma registry and other hospital databases are required, whereas such databases are
presently not accessible in the majority of countries.

In the future, with further development of combined road crash related databases, an
extended set of TM SPIs with both figures on the availability of services and characteristics
of quality of the treatment supplied, should be considered for application.
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1 Introduction

GITELMAN?, V., HAKKERT", S.
ATECHNION

1.1 Safety performance indicators for safety
management

The 2003 European road safety action programme stated the target of halving the number of
road fatalities by 2010 (EC, 2003). The programme encouraged Member States to adopt
national road safety plans putting road safety at the top of their political concerns.

Many countries have developed and are currently enacting their national safety plans. The
mid-term review (EC, 2006) indicated that the Member States' safety plans typically include
the topics of strengthening compliance with traffic rules; improvements of passive and active
vehicle safety; improvements of road infrastructure; strengthening the legislation on driver
education, training and standards of fitness for driving; protecting and educating users at risk
and vulnerable users. The actions' scope and priorities depend on the analysis of road safety
problems in a specific country.

It is generally accepted that the safety plans and targets have to be periodically monitored, to
verify the progress made and to adopt necessary changes based on recent trends observed.

Monitoring the progress, road safety is usually assessed in terms of accidents, injuries or
their social costs. However, simply counting accidents or injuries is often an imperfect
indicator of the level of road safety. Typically, accidents and injuries are only the tip of the
iceberg, because they occur as the “worst case” of unsafe operational conditions of the road
traffic system. At the same time, those managing road safety need to take into account as
many factors influencing safety as possible or, at least, those factors they are able to affect
or control. Hence, additional safety performance indicators (rather than accident/ injury
numbers) are required to provide a means for monitoring the effectiveness of safety actions
applied.

Safety performance indicators (SPIs) are seen as measurements which are causally related
to accidents or injuries and are used in addition to the figures of accidents or injuries, in order
to indicate safety performance or understand the processes that lead to accidents (ETSC,
2001). Besides, they provide the link between the casualties from road accidents and the
measures to reduce them.

As expected, safety performance indicators can give a more complete picture of the level of
road safety and can point to the emergence of developing problems at an early stage, before
these problems show up in the form of accidents.

1.2 The set of SPIs developed

The place of SPIs in a safety management system was originally shown by LTSA (2000) and
then by ETSC (2001). The original model defined the essential elements of a safety
management system which were safety measures/ programmes, safety performance
indicators (intermediate outcomes), measures of final outcomes (killed, injured) and
measures of the social costs of accidents and injuries. This model allocated safety
performance indicators on the level of intermediate outcomes but did not differentiate
explicitly between SPIs and the deliverables of programmes/ measures.

The Road SPI Theory report (Hakkert et al, 2007) provided further methodological
fundamentals for the SPI' development. A key point in the development of SPIs was that they
should be able to reflect unsafe operational conditions of the road traffic system and
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therefore, be more general than direct outputs of specific safety interventions. In order to
demonstrate a more general character of SPIs and their independence from interventions,
the layer of "intermediate outcomes" was further split into "operational conditions of road
traffic system" and "outputs" (from measures/ interventions). The SafetyNet concept of the
place of SPIs in a safety management system is shown by Figure 1.1. Ideally, SPIs should
reflect the unsafe operational conditions of the road traffic system and be sensitive to their
changes.

Social
costs

Accidents/
Injuries/ Fatalities

_ L SPlIs
Operational conditions of

road traffic system

Outputs

(from implementation of concrete measures)

1T Ir Ir Tr 7T

Road Safety Programmes /

Policy

Road Safety Measures

Figure 1.1: Place of SPIs in safety management system

For example, in the case of speeding, the unsafe operational conditions of the road traffic
system (i.e. speeding) are affected by outputs from a road safety program or specific safety
measures (e.g. speed enforcement). The outputs are the physical deliverables of the
intervention (e.g. speed cameras in use), whereas the outcomes should be seen in improving
the operational conditions (e.g. lower level of speeding), which can be measured by SPIs.
The improved operational conditions will result in accident or injury reductions, whereas the
whole process should reduce the social costs.

The SafetyNet definition of safety performance indicators is as follows (Hakkert et al, 2007):

Safety performance indicators are the measures (indicators), reflecting those operational
conditions of the road traffic system, which influence the system’s safety performance.

The SPIs' purpose is

o to reflect the current safety conditions of a road traffic system (i.e. they are considered
not necessarily in the context of a specific safety measure, but in the context of specific
safety problems or safety gaps);
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e to measure the influence of various safety interventions, but not the stage or level of
application of particular measures,

¢ to compare between different road traffic systems (e.g. countries, regions, etc).

According to Hakkert et al (2007), SPIs are developed for a certain safety domain (e.g. user
behaviour, active vehicle safety, road infrastructure, etc), where they should reflect the
factors contributing to road accidents/ injuries and characterize the scope of the problem
identified. Developing SPIs should begin with a definition of the problem (the operational
conditions of road traffic system which are unsafe and lead to accidents/ fatalities as the
"worst case”) and continue with a conversion of this information into a measurable variable.

The SPI Theory report suggested a common procedure for the SPIs' elaboration, to make the
process more consistent across different road safety domains. The procedure assists to
verify whether a direct measurement of the recognized safety problem is possible, or indirect
measurements are required, or even a further subdivision of the problem into sub-problems
should be applied. In the worst case, when the measurement is possible only for outputs of
certain road safety measures, the limitations of this consideration are clearly stated. This
way, the procedure enables to bridge between the "ideal" and "realizable" SPls.

Based on the potential of different road safety domains for promoting road safety as well as
on the experiences and data available, seven problem areas were stated as central for road
safety activity in Europe and, therefore, selected for the development of SPIs. They are:

. Alcohol and drug-use
. Speeds
. Protective systems
. Daytime running lights (DRL)
. Vehicles
Roads
g. Trauma management.

The SPI Theory report (Hakkert et al, 2007) dealt with the theory behind the SPIs'
development for each one of these seven areas. The report provided the rationale behind
their development, the proofs for their relevance in the specific fields and the existing
limitations that led to the adoption of specific SPIs. Within each field, the SPIs developed are
directly related to that field of activity, can be quantitatively measured, can provide the basis
for the assessment of the level of road safety in each country, can serve as an indicator to
describe the level of activity in that field and can provide a yardstick for comparison.

SO QOO0 TOD

The SPIs developed for the seven safety domains are as follows.
a. Alcohol and drug-use

Accounting for the limitations in the current state of accident data collection and data from
surveys on the levels of alcohol and drugs in the driving population, three SPls were
proposed:

1. The number and percentage of severe and fatal injuries resulting from road accidents
involving at least one active road user impaired by psychoactive substance
(concentration above a predetermined impairment threshold);

2. The percentage of fatalities resulting from accidents involving at least one driver impaired
by alcohol;

3. The percentage of fatalities resulting from accidents involving at least one driver impaired
by drugs other than alcohol.

b. Speeds

The speeds that are most relevant for safety purposes are spot speeds measured at various
locations on the road network during periods when traffic can be considered free flowing.
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The SPIs developed are the mean speed, the standard deviation, the 85" percentile speed
and the percentage of drivers exceeding the speed limit (by 0 and 10 km/h).

These indicators should be segregated by road type, vehicle type, period of day and period
of the week (week-days and weekends).

c. Protective systems

The major protective systems in vehicles that are relevant for the development of SPIs are
seat belts for adults and for children, in various types of vehicles and the use of safety
helmets by cyclists, moped riders and motorcyclists.

The SPIs developed are:

— daytime wearing rates of seat belts in front seats (passenger cars + vans /under 3.5 tons),
in rear seats (passenger cars + vans /under 3.5 tons), by children under 12 years old
(restraint systems use in passenger cars), and in front seats (HGV + coaches /above 3.5
tons);

— daytime usage rates of safety helmets by cyclists, moped riders and motorcyclists.

Measurements should preferably be classified according to main road types, such as
motorways, other rural roads and urban roads. The values for major road types should then
be aggregated into one indicator (of each type) for the country.

d. Daytime running lights

DRL SPIs are suggested in the form of the percentage of vehicles using daytime running
lights. The general indicator is estimated for the whole sample of vehicles observed in the
country. Similar values are calculated for different road categories and for different vehicle

types.

The road categories to be considered are: motorways, rural roads, urban roads, and DRL-
roads, where the term “DRL roads” implies the road categories where the usage of DRL is
obligatory. The vehicle types to be considered are: cars, heavy good vehicles (including
vans), motorcycles and mopeds.

e. Vehicles (passive safety)

For each country, the entire vehicle fleet database according to vehicle type, make, model
and year of first registration, as it stood in a certain year (2003), was analyzed. The
EuroNCAP score was used as an indicator of passive safety for individual vehicles. Within
the national fleet, a EuroNCAP score was attributed to all eligible vehicle types and models.
An average figure was then calculated for each year of vehicle's registration and weighted by
the number of vehicles from that year present in the 2003 fleet. An overall average
EuroNCAP score was then awarded for each country and together with the median age of
passenger cars in the fleet, these two figures made up the SPI for each country.

In order to validate the SPI with real-world data, car occupant fatality rates in each of the
countries were considered. The number of car occupant fatalities in 2003 for each country
was divided by the number of passenger cars present in each 2003 fleet, to give a figure for
the number of car occupant fatalities per million cars. The average EuroNCAP score for each
country was corrected by the percentage of passenger cars in a country’s 2003 fleet, which
were less than 10 years old. This figure for each country was then plotted against the car
occupant fatality per million cars figure for each country.

f. Roads

Two SPIs for roads were developed, namely the road network SPI and the road design SPI.
The road network SPI indicates whether the actual road category is appropriate given the
urban areas that it connects. Connections between these urban areas are assessed by
comparing the theoretically needed road category with the actual road category. The road
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design SPI is the percentage of appropriate current road category length per theoretical road
category.

The road design SPI determines the level of safety of the existing roads. For the road design
SPI the EuroRAP Road Protection Score (RPS) is used. The safety of a road segment is
expressed in one to four stars. The number of stars depends on the scores on a number of
road characteristics. The road design SPI is the distribution of stars per road category.

g. Trauma management

Trauma management refers to the system, which is responsible for the medical treatment of
injuries resulting from road crashes. It covers the initial medical treatment provided by
Emergency Medical Services (EMS), at the scene of the crash and during the transportation
to a permanent medical facility, and further medical treatment provided by permanent
medical facilities (hospitals, trauma centres). Better performance of the system is associated
with shorter response time by EMS; higher level of the EMS staff; standardization of the EMS
vehicles; adequate hospital trauma care.

Based on the analysis of data available in the countries, a minimum set of trauma
management SPIs was developed. It includes:

Availability of EMS stations

e the number of EMS stations per 10,000 citizens and per 100 km length of rural
public roads

Availability and composition of EMS medical staff
e percentage of physicians and paramedics out of the total number of EMS staff
o the number of EMS staff per 10,000 citizens

Availability and composition of EMS transportation units

e percentage of Basic Life Support Units, Mobile Intensive Care Units and
helicopters/planes out of the total number of EMS transportation units

o the number of EMS transportation units per 10,000 citizens

e the number of EMS transportation units per 100 km of total public road length
Characteristics of the EMS response time

o the demand for EMS response time (min)

e percentage of EMS responses meeting the demand

e average response time of EMS (min)
Availability of trauma beds in permanent medical facilities

e percentage of beds in trauma centres and trauma departments of hospitals out of
the total trauma care beds

o the number of total trauma care beds per 10,000 citizens

Furthermore, a combined indicator was developed to measure a country's overall
performance for trauma management relatively to other countries.

1.3 The goal of this report

This report provides details on the procedures necessary to collect the required data for the
estimation of each set of SPIs in each country. It is called a Manual as it should assist the
countries to establish the necessary systems of data collection for producing national SPIs,
in each one of the predefined safety fields, and to make them comparable on a European
level.
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For each safety area, the report defines quantitative SPIs, demonstrates existing practices
for their measurements, provides best practice examples (when available), and details the
procedures which are necessary to collect and process the required data for the estimation
of the SPIs' set on a national level. In addition, the report provides a more general theoretical
background concerning the sampling issues in estimating SPIs.

This report supplements other reports on the development and application of SPIs in Europe:
the Road SPI Theory (Hakkert et al, 2007), the Road SPI Country Comparisons (Vis and van
Gent, 2007a) and the Road SPI Country Profiles (Vis and van Gent, 2007b). As mentioned
above, the first document deals with the theory behind the development of SPIs in each of
the seven safety areas. The two other documents provide results on the data collected so far
for each of the 27 European countries (the EU at the end of 2006, Norway and Switzerland)
and the SPIs estimated, based on the data submitted by each of the countries.

The structure of this report is as follows.

Chapter 2 provides general theory on sampling issues which need consideration in providing
nationally representative measurements and SPI values. Regarding the setting up of an SPI
survey, the main questions considered are: sampling procedure to obtain a national sample;
sampling size; sampling error; stratified sampling (combination into a single SPI by
weighting) and representativeness of the results. More details on statistical issues in
estimating SPIs and their confidence intervals are further given in the Statistical Appendix.

Chapters 3-9 provide detailed manuals on collecting the data and estimating SPIs for each of
the seven problem areas. For each topic, the context for using SPIs is discussed. Then,
existing practices of using SPIs are summarized and a detailed description of available best
practices is presented. Finally, a system recommended for producing national SPlIs is
introduced. The system details the data to be collected, including sampling rules,
measurement methods, devices if relevant, etc; data requirements; the rules for estimating
SPIs; quality control and other issues which are relevant to the problem area considered.

Chapter 10 provides a summary and conclusions of the report.

A large number of researchers from the various countries participating in the project have
collaborated on this document. The authors are mentioned in each of the chapters.
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2 Sampling issues in estimating SPIs

WETS" G., MOONS" E., GITELMAN®, V., HAKKERT®S, S.
AIMOB, BTECHNION

2.1 General

Considering the data collection methods for estimating SPIs, the seven SPI domains can be
split up in two broad categories. Four areas: speeds, roads, protective systems and daytime
running lights, all require observational techniques on which results can be based. For each
of these areas a sampling frame should be defined. The remaining three SPI areas: vehicles,
alcohol and drugs, and trauma management, mostly need national statistics and centrally
registered data and are not necessarily based on observations. Therefore, different
approaches are required for sampling the data in these two groups of SPls.

The main idea of this Chapter is to outline a sampling process that can be applied in general
and to make sure that the sampling occurs on a nationally representative basis, both in time
and space. The rules and methods presented below are mostly applicable for the areas
where SPIs estimation is based on observational surveys.

There are five main questions that can be posed regarding the setting up of a survey for
safety performance indicators:

Sampling procedure to obtain a national sample

Sampling size

Sampling error

Stratified sampling: combination into a single SPI by weighting?

What if we only have partial results? Can this be expanded to a nationally
representative sample? (i.e. transformation rules)

orwN=

General theory of sampling which is applicable to the majority of SPIs developed is given in
Sec. 2.2-2.4. Further details on the techniques which are recommended for estimating SPIs
in different safety areas are presented in Chapters 3-9. For the statistical background for
estimating final SPIs and their confidence intervals refer to the Statistical Appendix.

2.2 Sampling procedure

The main components to be determined when setting up a survey are: survey population,
sampling unit, sampling design, survey instrument.

The survey population are road users, vehicles depending on the SPIs definitions (e.g.
cyclists, children in passenger cars under 12, etc.), the total road network, etc.

The sampling unit may be individual, section of road, vehicle driver, etc.
Main types of sampling designs are as follows (combinations are possible):

1. Simple random sample: most pure form. Each element has an equal chance of being
selected. In order to carry this out, a list of all elements in the survey population is
required, such that a sample can be selected at random.

2. Stratified sample: the population is first divided in non-overlapping strata, after which
a simple random sample will be determined in each stratum. Advantages, if the
stratification is carried out properly, are: the variance is lower, while you obtain the
pureness from random sampling; costs are often lower, because of administrative
reasons. Correct results are to be found in the general sample if one respects the
proportions within the strata. Suppose that one stratification variable is used, e.g.
province. In a hypothetical example, suppose that there are 3 provinces and that they
represent 50, 30 and 20% of the total country. If 50% from the general sample will be
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drawn from the first province, 30% from the second and 20% from the third, then the
results reflect those of the country in total.

3. Clustered sample: this is a simple random sample of groups (clusters) of elements.
The advantage is that one does not need to have a complete list of elements of the
population, only a complete list of the groups. It is often cheaper to carry out if one
takes clusters e.g. based on geographical location.

4. Multiple stage design: draw a simple random sample of clusters, first, and afterwards
a simple random sample of elements within that cluster. This is typically used when
the clusters are too large to question all elements. E.g. people within a certain
community. The advantages are the same as in a clustered sample. The clustered
and the multiple stage design sample also share some disadvantages. If the clusters
are too intra-homogenous, if there are too few clusters or if they are of very unequal
sizes the variance might increase rapidly. In summary, one could say that clustered
and/or multiple stage sampling is often a pragmatic solution, but it can turn out worse
than a simple random sample or a stratified sample in terms of precision of the
required results.

These are the most frequently used designs. The type of sample is often determined by the
method of surveying. For interviews, e.g. very often a two-stage sample is used in order to
have communities close to one another that can be surveyed. If the survey is carried out by
mail or phone, a clustered sample or a (stratified) random sample seems the best feasible
option.

The survey instrument may be paper and pencil (papi), interview, observational study, etc.

2.3 Sample size, sampling error and stratified sampling
2.3.1 Simplerandom sample

The minimal sample size depends on different factors such as the accuracy with which one
wants to draw conclusions. If one is satisfied with rather general statements on the
population, i.e. if one wants to know a certain population parameter only approximately, then
a rather small sample size suffices. Based on calculations as proposed by Billiet and Waege
(2001), some sample sizes based on a simple random sample will now be determined.
Similar sample sizes are shown in Boyle, Dienstfrey and Sothoron (1998). For a more
detailed sample size determination, the standard deviation or the variance of the sample or
within a stratum of the sample is necessary, and this is very often not available. From
classical statistics, it is known that the confidence interval for a population proportion is

determined by:
p-z /p(l—p) <m<p+z [P - p) ,
n n

with p the survey proportion, n the sample size and z the z-value of the desired confidence
interval. Based on this calculation, one can determine a maximal deviation (md), with which
the survey proportion p can deviate from the population proportion 7.

md > z M
n
Isolating n leaves us:
2
nsZ2pPd-p)
md?

Based on this formula, it can be seen that the sample size n depends on the survey
proportion p, the accuracy with which we want to draw conclusions via the value of z and of
the accuracy itself via md. If we take the most ‘safe’ case, i.e. p=0.5, then Table 2.1 gives
possible sample sizes for some classical values of confidence and maximal deviation.
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p=0.5 Accuracy/Sampling error (md)
Confidence level z-value 0.1 0.05 0.02 0.01
0.90 1.65 68 271 1691 6 764
0.95 1.96 96 384 2401 9 604
0.98 2.33 135 541 3382 13530
0.99 2.58 166 663 4147 16 587

Table 2.1. Minimal sample size in function of confidence level and accuracy/sampling error

Smaller values of p will lead to smaller sample sizes, but because we are often not too sure
about the survey proportion, this is the most ‘safe’ option.

For two SPI areas in particular (protective systems and DRL), the proportions usually take
more extreme values. Therefore, we provide Table 2.2 for a proportion of 0.2 or 0.8.

p=0.8 (or p=0.2) Accuracy/Sampling error (md)
Confidence level z-value 0.1 0.05 0.02 0.01
0.90 1.65 44 175 1089 4356
0.95 1.96 62 246 1537 6147
0.98 2.33 87 348 2172 8687
0.99 2.58 107 427 2663 10651

Table 2.2. Minimal sample size in function of confidence level and accuracy/sampling error

As can be observed, for the same sampling error and the same confidence level, the
necessary sample sizes are much lower.

For a sampling error of 5% and a confidence level of 95%, 384 sample units seem a
minimum in the safest option. Note that there is a difference between the sampling error and
the confidence level, if we expect a proportion of e.g. 30%, and we allow it maximally to
deviate between 28 and 32% then the sampling error equals 0.02, while the confidence with
which one wants to draw conclusions can still vary between 90 and 99%.

Further statistical background on the issue can be found in the Appendix "Statistical issues in
estimating SPIs and their confidence intervals".

For an SPI that is not determined by a proportion, but e.g. by a mean value, a similar formula
can be derived (see Groves et al., 2004; Levy and Lemeshow, 1999 amongst others). A
confidence interval for a population mean can be determined by:

x-z-L < U< X+Z g
Jn Jn’
The maximum error margin with which the sample mean and the true population mean may
differ from one another is given by:

mdzzi
Jn

Isolating n from this formula leaves us thus:

nz=
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This formula can be used when the population variance is known. A general rule of thumb
however, is that when the sample size is larger than 30, one can replace the population
variance (c?) by the sample variance (s?). This population/sample variance needs to be
determined based on results from a prior study on the same population or from a small pilot
study.

2.3.2 Non-simple random sample

The above series of formulas are not valid in case of non-simple-random samples (such as
clustered samples/ stratified samples) and there is no universal formula suitable for all
situations. In medical and health related surveys (clinical trials), one often has specific issues
to deal with, such as exposure, randomization, matched pairs, etc. and many of the formulas
concerning clustered sampling have only been derived for specific problems (see, e.g.
Hayes and Bennett, 1999; Aliaga and Ren, 2006). The correct formula depends on the
sampling and weighting procedure and various formulas and methods for estimating the
variance of the sample mean. Once the variance of the estimate is known, the standard error
is then the square root of that variance and it is customary (see Dorofeev and Grant, 2006) to
express the standard error of this sample mean in terms of the effective sample size (n,)
and/or the design effect (DE). This design effect is expressed as the ratio of the correct
sample variance, V (of the sample mean) over the sample variance of a simple random
sample, Viangom (=8%/n)

DE = v

V,

random

while the effective sample size is equal to the sample size divided by the design effect:

n _nv,

random

n =—-=
DE \Y

Depending on this design effect, the effective sample size can thus be smaller or larger
compared to a sample size under simple random sampling. For a clustered sample, e.g. this
design effect equals:

DE =1+(b-1)p

with b the number of elements in each cluster and p the intra-class correlation coefficient.
When clusters have different sizes, the weighted average cluster size (b’)

b?

BN

b'=

b.

J

M3

I
N

]

is used instead. Assuming that there are m clusters in total x;; being the j-th element in
cluster i and b; being the number of elements in cluster /i, then the intra-class correlation
coefficient (p) equals:

(NgE

ibf(_i -%)" -
i=1
m bi

Z(bi - I)Z(Xi,j -X)?

i=1 j=1

b

N2
D (X =%)
j=1

9

p:

b, . . .
where X, = [Z X, .]/bi is the mean value in cluster j and

ih]
i=1
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i(bi - 1)2 Xi,j
> b(b, - 1)

X1

the ‘intra-class’ mean.

For more information on the calculation of these figures in other situations, we refer to
Dorofeev and Grant (2006) or Kish (1965).

2.3.3 Stratified sample

Note that the above sample sizes are based on a simple random sample or on a clustered
sample. Since stratified samples are often suggested in the description of the SPIs, a short
discussion will be provided here on stratified sampling. Two major questions are raised: what
should the sampling size be, when we use a stratified sample, and how do we combine the
obtained results in each strata to one SPI value?

To answer the first question, it is necessary to decide on which level the conclusions need to
be based and what the aim of the research is. If the aim is to have a sample that is as
representative as possible, then the proportion of the different strata in the population and in
the sample should be the same. On the other hand, if the aim is to have an optimal
comparison between the strata, then an equal proportion of sampling units should be
assigned to each stratum. If it is important to compare the different strata, then a sample size
of at least 30 is required within the strata. This makes it easy to compare the strata, since
starting from 30 sampling units, a normal distribution can be assumed and a two-sample t-
test can be used to carry out the comparison between the different strata. If the number 30 is
really not attainable, 20 is sufficient, however, then a non-parametric test should be used for
comparison purposes. The total number of sampling units for a stratified sample matches the
sample size that was required for a simple random sample at a certain level of sampling error
and confidence interval. For example, suppose that one wants to have an optimal
comparison between four different road types (1 stratification variable with 4 categories) and
one wants to draw conclusions with an accuracy of 5% and a confidence level of 95%. The
total required sample size requires that at least 384 sampling units are questioned. The fact
that an optimal comparison between the different strata is required, demands that the
requested sample exists of four equally sized strata, leading to at least 96 sampling units
within each stratum. Since this number is larger than 30, a two-sample t-test can be used for
comparison purposes.

If on the other hand, the focus lies on comparing countries at a national level, instead of at
the level of the strata, very often one aims to have a sample that is as representative as
possible. This means that the total number of sampling units are divided according the
population proportions. This means that if we have four strata, and one of the four takes up
about half of the total population, than half of the total number of sampling points should be
located in that particular stratum. Once again, a rule of thumb that is often used as a
minimum number of sampling units in a stratum is 30 to 50 (rule of thumb in stated
preference research).

The results can easily be combined if a national level is aimed at. Since the sampling points
are distributed according to the proportions that these strata occur in the population, we can
just make one large database of the requested results in the separate strata, and this will
provide us with the results at national level. If, however, an equal sample size for each
stratum is used, weighting according to their population proportions is necessary. The above
set of rules is merely to be seen as some easy-to-work-with guidelines. The exact sample
size formula for stratified samples can be found in Levy and Lemeshow (1999). If one wants
to determine the number of elements needed to be a 100(1-a)% certain of obtaining a
stratified random sample (with H strata), an estimated mean that does not differ more than
100 x £% (with € being the sampling error) from the true mean X , the formula equals:
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z2 H Ior
&2 4| S 'hTh
N2 hzl X?

with o, the stratum variance, 7, = % N the population total and N, the stratum total in the

population. As can be seen, this is not an easy-to-work-with formula since it requires more
information about parameters of the distribution than is likely to be available or can be
guessed with any degree of confidence. If one assumes a proportional allocation, the formula
reduces to the form:

NZ]i(a/Z)(O-v% / >?2)

= 2 2 2 7y2
Ne® + 27, 0)(00 1 X7)

iNhO'rzl
with o2 = “T This means that if the population size and its distribution over the strata is

known, as well as the mean and variance of the variable under questioning for each of the
strata, that we can determine the required total sample size. The allocation over the different
strata is then equal to their population proportion.

An important issue, that should not be overlooked, is the sampling unit. It is not the case if
one selects e.g. only 100 location sites to take a survey that the sampling error is equal to
10%. If the sampling units are the locations as such, this is true, while if vehicles are
questioned at these sites, the number of vehicles questioned will determine the sampling
error.

2.3.4 Non-response

A second issue that may not be overlooked is non-response. Depending on whether or not
people are questioned, the response rate also needs to be accounted for. A major problem in
collecting information these days is the growing number of non-responses. After all, when
people are asked to participate in a survey, they are generally free to accept or reject that
request. However, lately, the number of people rejecting to answer or handing incomplete
information is growing larger and larger. This reflects a change in social behavior that has to
be dealt with and accounted for in a proper way (Moons and Wets, 2007), meaning that
either the list of people that one wants to contact needs to be at least 3 times as large as the
required sample size, or one needs to deal with the missing items in an appropriate way (i.e.
certainly not by ignoring them).

2.4 Transformation rules

It has to be emphasized that the use of transformation rules is not really advocated, in the
sense that if it is possible to do a nationally representative survey, one should do so. The
proper results then need to be determined based on a sampling procedure as will be outlined
in the respective Chapters.

If one can be 100% sure that by examining only a few locations and aggregating these
results (e.g. by taking the proportion of this type of location into account with regard to the
whole national population), one can obtain a fully representative result for the whole country,
this might be an option. However, it is unlikely that one can ever be 100% certain that this
can be done. There are so many factors that might play a role (infrastructural characteristics,
type of location, weather circumstances, etc.) that ensure that a particular location is not fully
representative for this type of location throughout a country, that this option is usually not
advisable.

sn_wp3_d3p8_ SPI_Manual Page 20



SafetyNet D3.8 — Road Safety Performance Indicators: Manual

When it is not feasible to carry out a national survey, a third option could be to apply the
procedure as suggested in Greaves (2000). In his study Greaves uses a representative
travel survey from one particular region (country, city, etc) and he updates this survey, based
on important characteristics (e.g. socio-demographic information), in order to end up with a
‘new’, simulated survey from another region. The question then remains: which are the
important characteristics that are necessary in order to transfer the results from one region to
another. Some might argue that exposure and infrastructure are very important, others might
think of density, degree of urbanisation, etc.

Timmermans (2006) summarizes the findings and discussions of a workshop on the topic of
synthetic data, stimulated by the research paper by Greaves. It says that if one is willing to
assume that the surveyed behaviour is transferable across time and space, then data
collected in another area can be used to predict the behaviour of the target population in the
area of interest. Given a set of variables that is assumed to influence aspects of the
behaviour and (more important!) assuming that these variables are known for the target
population, micro-simulation can be used to predict the behaviour for the target population.
The degree of transferability depends on the stability of various aspects of the behaviour
across time and space. The discussions in the workshop illustrate that although it seems
feasible to develop a more data-driven approach to simulate (transfer) data from an area with
lack of data, the simulation soon becomes quite complex, if increased realism is built into the
process. One might save on data collection, but the application of the simulation approach
(and hence the determination of the transformation rules) may still involve a considerable
amount of time, and is not necessarily the same for every Member State.
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3 Detailed manual for SPIs on alcohol
and drugs
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3.1 Introduction

Alcohol and drug use by road users, especially drivers of motor vehicles, increases the road
accident risk considerably. Consequently, most countries ban the use of these psycho-active
substances among drivers, or set low legal limits for blood alcohol and drug concentrations.
Nevertheless, a high proportion of fatal accidents involve drink or drug driving in most
countries. Road safety policy makers need information about the state of this problem in their
countries.

The SPIs for alcohol and drugs show the state of alcohol and drug use as a risk factor in a
country at a certain time. The SPIs for alcohol and drugs can be used by road safety
authorities and politicians in assessing the needs for countermeasures such as legislation,
enforcement, education and publicity. The SPIs for alcohol and drugs can also be used in
evaluating countermeasures. When effective countermeasures against drink and drug driving
are implemented, the SPIs for alcohol and drugs should demonstrate lower (improved)
values. However, valid comparisons between countries and over time can only be made if
definitions and methods used for estimating SPIs are the same across countries and over
time.

Theoretically, the 'ideal' SPI of the alcohol and drug related road toll might be: the prevalence
and concentration of impairing substances among the general road user population. In
practice, however, major methodological problems are associated with this SPI, even when
used within one country and when including only one psychoactive substance, namely
alcohol. Problems will only increase when all EU countries will have to agree on a common
sampling and testing protocol and when psychoactive substances other than alcohol will
have to be included. Simultaneous random testing for alcohol and drugs is not only very
expensive, but also time consuming which will result in relatively small road user samples.
However, rather large samples are required to obtain reliable results, because the
prevalence of psychoactive substances in the general driver population is likely to be low in
statistical terms in most countries.

For all these practical reasons, focus on an SPI that is based on psychoactive substance
abuse among crash-involved active road users is recommended.

Using an SPI that is based on accident data seems to be out of line with the basic idea of
SPIs. However, unlike other risk factors, the road safety situation of a country with respect to
the use of alcohol and drugs can be monitored very well directly from road accident data,
since the size of this problem is clearly demonstrated by testing accident-involved road users
for psychoactive substances.

Although such an SPI may be different from a theoretical point of view, it is more feasible in
practice, especially if only severe and fatal injuries are included, because road users involved
in severe and fatal injury accidents make up a much smaller number than road users in
general. Moreover, this SPI is a direct indicator and can therefore be preferred above a
general-population indicator. Initially, the SPI may even be limited to fatal injuries only to limit
the number of road users to be tested, although it might be difficult then to evaluate annual
developments, especially in countries with small numbers of road fatalities and/or a low
prevalence of psychoactive substances among road users. When the number of fatal
accidents is low, the random variation from one year the next increases.
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The proposed SPl is:

The number and proportion of severe and fatal injuries resulting from crashes involving at
least one active road user’ who was impaired by psychoactive substance abuse
(concentration above a predetermined impairment threshold).

The number allows assessment of the (societal) cost per country in absolute terms, but it is
not suitable for comparison between years and countries, because it is very sensitive to
factors, other than psychoactive substance abuse that influence accident and injury risk (like
population size and traffic volumes, the state of roads and vehicles, the quality of trauma
care, age distribution of road users etc.). For international comparisons proportions should
be used, as is actually done in the country-comparisons report, even if proportions are also
subject to variation due to other risk factors such as speed.

The proposed SPI can be implemented step by step, starting with the BAC of fatally injured
drivers and gradually extending to a larger set of psychoactive substances used by all active
road users involved in severe injury crashes. The successive requirements for each step
would be:

1. Mandatory blood testing of all fatally injured drivers, for a fixed set of psychoactive
substances.

2. Mandatory blood testing of all drivers involved in fatal accidents, for a fixed set of
psychoactive substances (whether or not the drivers are killed or injured).

3. Mandatory blood testing of all active road users involved in fatal accidents, for a fixed set
of psychoactive substances. (To note: breath testing can only be used for alcohol).

4. Extension of procedures mentioned under 1-3 to severe injury accidents, starting with
testing severely injured drivers and resulting in testing all active road users involved in
severe injury accidents.

Presently some countries have reached step 1, 2 or 3 above, whereas others have no
relevant data or did not reply to the request for information. To be able to compute an SPI at
this time, it is necessary to adjust the definition to the data available in at least some
countries, i.e. focus on the impairment of drivers of motor vehicles, disregarding impaired
pedestrians and bicycle riders, as very few countries have data for impairment of these road
user categories.

3.2 Alcohol and drugs measurement methods and tools —
existing practices

3.2.1 Examples of alcohol and drug measurement methods

There are no countries yet, that can provide data for calculating step four of the SPI. Some
countries do not collect data on the road toll of driving under the influence of psychoactive
substances, other countries collect data that can be classified in one of the four SPI steps.

Measuring drugs other than alcohol in such a way that the results will be comparable
internationally and over time, requires international agreements on such issues as: which
drugs to be included, which medium (blood, saliva, urine, etc) to be used, as well as which
markers and analytical methods to be used.

Table 3.1 presents the classification of 25 EU member states plus Norway and Switzerland
according to availability of data for alcohol and drugs' SPI.

* Active road users are all road users except for passengers.
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Alcohol Drugs Comments
Not known Ireland, Luxembourg, Ireland, Italy, Lithuania, -
Slovenia Luxembourg,
Netherlands, Slovakia,
Slovenia, Sweden, UK
No data Malta Denmark, Germany, Hungary has data for

Greece, Estonia,
France, Latvia, Hungary,
Malta, Austria, Poland,
Portugal

medicines, but not
for illicit drugs.

Step 1: Fatally
injured drivers

Spain, Portugal,
Sweden, Norway

Norway

Step 2: All
drivers involved
in fatal accidents

Belgium, Czech
Republic, Denmark,
Germany, Greece,
Estonia, France, Italy,
Cyprus, Latvia,
Lithuania, Hungary,
Netherlands, Austria,
Poland, Slovakia,
Finland, UK,
Switzerland

Belgium, Czech

Republic, Spain,
Cyprus, Finland,
Switzerland

In Belgium only 20%
of drivers involved
are tested. Testing
for drugs is
incomplete in
Switzerland and is
likely so in several
other countries.

Step 3: All
active road
users involved in
fatal accidents

Step 4: All
active road
users involved in
fatal or severe
accidents

Table 3.1. Country profiles: SPIs on Alcohol and Drugs

3.2.2

Examples of alcohol and drug measurement tools

Traditionally, blood specimens are taken from drivers to measure blood alcohol concentration
(BAC) and drug concentration. Taking blood specimens is cumbersome and costly, and the
analyses may be time consuming.

Alcohol can be measured in the breath even for evidential purposes, a fact which makes
testing for alcohol less costly and cumbersome.

However, taking a breath test may not always be possible from all active road users involved
in accidents. Some road users may not be physically able to undergo a breath test. In this

sn_wp3_d3p8_ SPI_Manual

Page 24




SafetyNet D3.8 — Road Safety Performance Indicators: Manual

case passive breath testers® might be useful. In the case of severe or fatal injury a blood test
is probably the best way to collect a biological sample.

When collecting specimens to detect impairment for psychoactive substances other than
alcohol, both blood or saliva specimens can be used. Saliva samples are less invasive and
less costly than blood samples, but on the other hand, they have a lack of sensitivity for
some frequently used drugs like benzodiazepines and THC.

3.2.3 Possible alcohol and drugs parameters versus selected
SPIs

Alternatives to the selected SPIs are discussed in Hakkert et al (2007). The most obvious
alternative is the prevalence of alcohol and drug use among the general driver population or
the general active road user population (all road user categories except passengers), i.e. the
number of road users under the influence of alcohol or drug divided by the total number of
road users (in the same BAC distribution category). However, prevalence in the general
driver or road user population was rejected as alcohol and drug SPIs because of difficulties
in defining a representative sample of the road user or driver population. Moreover, countries
such as the UK and Germany do not allow random breath testing of drivers. Most countries
do not allow random testing for drugs. Road-side surveys are carried out, but participation is
then voluntary at least for drugs. The validity of the results may then be discussed, as road
users under the influence of drugs are likely to refuse to participate.

3.2.4  Practical examples

For alcohol, the Czech Republic seems to be the country with the most complete data. In
spite of the very low value of alcohol-SPI (the percentage of fatalities resulting from accidents
involving at least one driver impaired by alcohol), the Czech authorities' representative insists
that all drivers involved in fatal accidents are tested for alcohol. The Czech reporting practice
as well as their very good results as to alcohol as a risk factor should be studied more closely
as an example for other countries.

For drugs it is difficult to find a best practice country. All countries reporting statistics for
drugs indicate more or less clearly that these statistics are incomplete.

3.3 Recommended system for producing national alcohol
and drugs SPIs

3.3.1  Setting up a national system

Depending on the SPI step a country has reached, more or fewer improvements need to be
made to reach a higher step or to reach the most feasible SPI.

The first step includes blood testing of all fatally injured drivers, for a fixed set of
psychoactive substances. A medically trained person should take the blood specimen.

For practical reasons some drivers will not be tested, such as cases when taking the driver to
a medical doctor or nurse for a blood specimen would take too long. Only when the driver is
dead already at the accident scene, can the police be sure that it is a relevant fatal accident.
When a person dies later on, taking a blood sample of the dead driver(s) will be both too late
and impractical. Consequently, the SPI should in practice be limited to drivers dead at the
accident scene in the first step and to drivers and road users involved in accidents where
somebody is dead at the scene in the second and third steps. When severe injury accidents

® Passive breath testers are breath testers that can be held close to but not touching the mouth of the
person and do not require active blowing. These breath testers indicate only if there is alcohol in the
breath of the person or not.
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are included in the fourth step, the problem of people dying within 30 days of the accident will
be reduced, as these cases will presumably be defined as severe injury accidents anyway.

Amendments of the road traffic law may be needed in countries where alcohol and drug
testing of drivers involved in fatal accidents is not mandatory.

The second step includes all drivers involved in fatal accidents. The requirements will be the
same as on step 1, only now for all fatally injured active road users instead of drivers only.

The third step includes all active road users involved in fatal accidents, for a fixed set of
psychoactive substances. Since testing is no longer restricted to fatally injured drivers or
fatally injured active road users, saliva collection devices and breath testers could be used to
collect biological samples. As will be explained in Section 3.3.2, however, there is a problem
comparing drug concentration levels based on blood analysis and saliva analysis.

The fourth step is the extension of procedures mentioned under step 1-3 to severe injury
accidents, starting with testing severely injured drivers and resulting in testing all active road
users involved in severe injury accidents.

The extension of the injured drivers also makes it possible to include drivers who die in the
hospital after the crash.

The third and fourth steps might be difficult to reach since significant law amendments could
be needed. The costs of taking and analysing the extra blood specimens will also be
considerable.

3.3.2 Method

For alcohol, blood testing may be used or evidential breath testing for surviving road users
involved in fatal accidents.

The results of breath alcohol concentrations and blood alcohol concentrations are very well
comparable. Fixed factors can be used for the transformation from one concentration to the
other. However, in Europe different transformation rules are used: e.g. the Netherlands and
the United Kingdom use a factor of 2300 between the blood and breath alcohol
concentration, whereas most other European countries use a factor of 2100.

In order to avoid problems with comparability, the blood alcohol concentration (BAC) should
at least be reported above or below a predetermined impairment threshold. This is in order to
make international comparisons for certain levels, as legal limits vary from 0.0 to 0.8 in
Europe. A level of 0.5 grams per litre blood could be used.

Another issue is the lack of sensitivity of saliva samples for benzodiazepines and THC. A
country that uses saliva specimens for collection for drugs could have an under registration,
compared to countries that use blood specimens. However, as the technique of analysing
saliva is developed further, a transformation factor from saliva to blood is likely to be
developed.

For drugs, a saliva specimen or a blood specimen may be used. All illicit drugs and relevant
psychoactive medicinal drugs should be tested for. For drugs neither the types of drugs nor
concentration limits are established so far. International agreements need to be achieved as
to for which drugs to test and categories of test results.

Core substances may include: alcohol, cannabis, cocaine, opiates, XTC, amphetamines and
benzodiazepines. In addition to these core substances the drug panel could be expanded to
include other drugs that are nationally frequently used.

The biggest issue however, is the lack of uniform impairment levels for psychoactive
substances in blood. For drugs other than alcohol research is conducted to try to determine
impairment levels for blood.
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Routines for registration of impaired active road users should be part of the existing road
accident data registration. It is very important that samples should be collected as soon as
possible after a crash occurs. In order to calculate the drug concentration at the time of
crash, data are needed on:

e Time of crash
e Time of sample collection

Sampling issues do not exist in this context as, depending on the SPI-step, all drivers or all
active road users involved in fatal or serious accidents are tested.

Calculating SPIs should be performed as described in Section 3.1.

3.3.3  Quality control

The most important quality aspect is the proportion of involved drivers tested for alcohol and
drugs. In principle this should be 100%, but in practice this may be difficult to achieve. To be
able to assess the quality of data, it is important to report both the number of drivers/road
users who have and who have not been tested.

Routines to ensure that all motor vehicle drivers (active road users) included in all fatal
(severe injury) accidents are tested need to be established. These routines will vary
according to the implementation steps 1 — 4 described in Section 3.1.

Such a routine can be:
a. For each fatal accident, register the number of drivers/active road users involved.
b. Check that blood samples are collected for each driver/active road user.

c. Check that the results of the blood analysis are reported to the institution responsible for
compiling the statistics.

d. Make a distinction between on-the-scene fatal accidents and accidents where a person
dies later on.

e. The number of involved drivers tested and not tested as well as the reason for absence of
test must be reported. It is most important to distinguish between drivers not tested and
drivers negative for alcohol and drugs.

As mentioned above, for practical reasons some drivers will not be tested. Only when a
person is dead at the accident scene, can the police be sure that it is a relevant fatal
accident. When a person dies later on, taking a blood sample of the driver(s) involved will be
both too late and impractical.

For alcohol, the BAC level should be reported, rather than just positive/negative answers
(above/below legal limit). These values are important in order to make international
comparisons for certain levels as legal limits vary from 0.0 to 0.8 in Europe.

For drugs, neither the number of drugs nor concentration limits are established so far.
International agreements need to be achieved as to which drugs to test for, categories of test
results, test methods and biological markers.

3.3.4 Analysis and reporting

Analysis of blood or saliva specimens from involved drivers/road users should be made by
the national forensic laboratory or other authorized laboratory.

The statistical compilation and analysis of the data should be carried out by the national
agency responsible for road accident statistics or by another competent and authorized
agency. The SPIs should be produced and reported for each country for each year as a
minimum. Results from each country should be reported to ERSO for international
comparisons.
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Preferably the SPIs should be reported for provinces within each country and for day and
night time, day of the week and month. Time series/trends should be established when the
SPIs have been reported for several years.

3.4 Discussion

Ethical and privacy problems will arise when body fluids are collected from active road users.
The use of data on impairment by psychoactive substances for judicial purposes should be
discussed as well as other ethical and privacy problems.

The police should ensure that blood, breath and/or saliva samples are taken from all drivers
involved in on-the-scene fatal accidents. Police will usually collect such samples for judicial
purposes. The police should report the results to the agency responsible for road accident
statistics or produce and publish the SPIs themselves.

The national road transport authorities should present to the national parliaments a proposal
for the legislation necessary to make the police collect the necessary samples.

The national forensic laboratory or nationally authorized laboratory should carry out the
analyses of the samples. These laboratories across Europe should cooperate to establish
international norms for analysis methods and routines and ensure that these norms are
complied with.

The national agency responsible for road accident statistics should merge the alcohol and
drug data from involved drivers into their road accident data base.

3.5 References

1. Hakkert A.S., Gitelman V. and M.A. Vis (Eds.) (2007). Road Safety Performance
Indicators: Theory. Deliverable D3.6 of the EU FP6 project SafetyNet.
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4 Detailed manual for SPIs on Speed

RIGUELLE", F., ARSENIO®, E., EKSLER®, V., GOLDENBELD®, C.
AIBSR, BLNEC, °CDV, °SWOV

4.1 Introduction
4.1.1 Reasons for setting speed SPlIs

Speed is one of the main causes of accident and has a direct influence on accident severity.
The Transportation Research Board (1998) reports that speed has been found to be a major
contributory factor in around 10% of all accidents and in around 30% of fatal accidents. Due
to the massive character of speeding and inappropriate speeds, managing drivers’ speed
has therefore a high safety potential.

The effectiveness of the speed management policies, including enforcement or education
campaigns cannot be evaluated only with accident data. The number of accidents is
influenced by other factors than speed alone and must be studied over a long time period to
avoid being misguided by random fluctuations. It is therefore important to produce statistics
about speed itself. However, speed measurements are often used to evaluate the impact of
local measures (i.e. the installation of a speed hump) but they do not give a general view of
the extent of the speed problem as a whole. This is why the introduction of speed safety
performance indicators is useful. These indicators aim to give straightforward and
summarised information about speed for an entire territory (i.e. a country). A speed Safety
Performance Indicator (speed SPI) is thus a useful tool for road design and managing
purposes, and a decision-making support tool for policy purposes: it allows policy makers
related to road safety to take better decisions and to evaluate the impact of those made.
Speed SPIs are not only handy for the policy makers interested on road safety, but also for
those interested in traffic management or environmental issues (e.g. higher speeds are
usually associated with higher fuel consumption rates and increased pollutant emissions).

It is clear that before speed data can be used to support policy decisions, they should be
representative, reliable, valid and precise enough. Therefore, there should be clarity on how
this quality can be produced and maintained. In this respect it is helpful to consider the whole
process of production of speed data and to set up standards or recommendations for the
execution of specific steps in this process.

4.1.2 Contents and aim of this chapter

This chapter contains a manual for guiding the planning and implementation of
representative vehicle speed surveys. Its primary objective is to provide guidance to
professionals, practitioners, and policymakers in the field of transportation and road safety for
the planning, collection, processing, and analysis of vehicle speed data.

This manual does not contain detailed technical standards or specifications, but it provides
general guidelines and recommendations on how to set up and improve vehicle speed data
collection methods. Specialists in the field of survey research or statistics are required to
apply the general knowledge communicated by this manual to the circumstances and
conditions of a particular country or region.

4.2 Speed measurement methods and tools
4.2.1 Existing methods and tools

Speed has been systematically monitored in many European Countries for various purposes
such as:
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- Tracking performance of the road network by road authorities
- Evaluation of the effectiveness of anti-speeding measures

- Estimation of traffic related environmental impacts

- Enforcement by the police

- Monitoring of driver behaviour e.g. by insurance companies

- Scientific studies e.g. on road safety measures’ performance

Road safety practitioners and researchers make use of speed data in several ways, and for
various purposes, such as to:

- Monitor the extent of speeding on selected roads in order to identify those with a high
proportion of offenders and roads sections with extreme speed offenders

- Monitor the development of speeding over time in order to identify hours per day,
months in a year or seasons in a year which show disproportionally high numbers of
offenders

- Monitor the development of speeding over time in relation to the actual speeds
enforced by the police (enforcement margins) and activities near the measured road
type

- Monitor the development of speed distribution over time and identify time-frames
exhibiting a deviant distribution with possible negative effects on road safety

- Monitor and analyse the relationship between traffic intensity and traffic speeds

- Monitor the proportion of heavy goods vehicle over times in order to study the
possible connection to road safety

Speed data usually contains a large amount of different information, such as on vehicles,
roads, seasons and time that can be disaggregated and analysed in various ways.
Measurement systems typically produce both individual and aggregated data, but there are
also systems in use, which primarily measure speed data on an individual basis.

This document will concentrate on tools that measure speed at a point or over a very short
section of road, thus producing spot speed data. Speed can also be measured over a length
of road (e.g. with ANPR - Automatic Number Plate Recognition - systems) or with the help of
floating cars moving in the traffic flow. The speed of a restricted number of individual vehicles
can also be assessed continuously with the help of on-board data-loggers. Various additional
techniques of monitoring are also developing fast, including aerial photography, satellite
tracking or even gathering of speed data through the mobile phones of road users (i.e. GSM
tracking).

Knodler et al. (2005) distinguished between three types of devices for collecting spot
traffic/speed data:

- hand-held devices
- in-road devices
- out-of-road devices

Further, a basic overview of the main devices' characteristics is provided. Only the most
commonly used devices are described. For a more detailed overview and analysis of
different in-road and road-side devices, one may refer to NHTSA (1996) or UTMC (2000).

Hand-held devices

Radar and laser guns are portable instruments that are handled by a human operator. They
are flexible tools for the investigation of speeds since they do not require any permanent
installation. However, the data can only be collected over relatively short periods of time due
to the compulsory presence of a human operator.

The use of radar and laser guns is more efficient on less-trafficked roads, as it becomes
impossible for the observer to monitor the speed on highly-trafficked ones. Technical
problems, due to secondary reflections from other moving vehicles can also alter the
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measurements. Last, but not least, even if the starting cost is low, the overall cost of surveys
with radar guns is high due to the manpower costs.

Example of use: Ireland

The National Roads Authority (NRA) in 1999 launched a biannual program of free-speed
monitoring in order to evaluate the progress made towards national targets for speed and
highlight the areas where improvement needs to be made. Radar gun devices were found as
the most appropriate for this study requiring measurements of strictly selected vehicles done
on different road profiles The person responsible for the measurement must judge if the
speed of a vehicle is unaffected by other vehicles. (This means vehicle gaps of at least 200
meters). On urban arterial roads, speeds are measured early in the morning between 5h30
and 7h30. On other roads, it is between 9h30 a.m. and 5h30 p.m., from Monday to Friday
(NRA, 2005).

In-road devices

Loop detectors are widely used traffic surveillance systems. They generally include a set of
rectangular form wires embedded into the roadway. The loop is traversed by an electric
current creating an electromagnetic field. The metallic content of a vehicle that passes over
the loop disrupts the electromagnetic field. From the duration and nature of the disturbance,
data on traffic volumes and occupancy can be derived. Speeds and classification data are
not directly measurable by single-loop detectors but can only be derived from other
parameters by means of algorithms. Several different methods exist but none of them allow
single-loops to be as accurate as dual-loops detectors. Speed data collected with a single
loop can thus have a low accuracy. A classification can only be provided if the traffic is free-
flowing. If the speed is low and the headways are small, the loop is unable to differentiate
between following vehicles.

Loops usually store data on traffic counts, vehicle classifications and speeds in the in-built
memory. These data are downloaded periodically and stored in a large database. Often the
data are recorded as grouped frequencies (e.g. the hourly number of vehicles in the speed
class between 40-50 km/h, between 50-60 km/h, etc.).

Loops are cheap but their installation is expensive, requiring to stop the traffic and to cut the
road surface. However, the costs are incurred only once. It is unusual for loops to be
installed for a short term count. Maintenance costs average around 10% of the original
installation and capital costs per year. Loops may suffer from problems of road repairs and
movement of road surface.

Loops are used in many member states for the permanent monitoring of traffic and vehicle
speed. But since they have been primarily employed for traffic monitoring purposes, these
loops are often present in high-trafficked roads and on motorways rather than on a
representative sample of the national road network.

Portable loops also exist that can be easily placed over the road for small periods. They can
be installed at places where it is not possible to install loops. They have the same precision
problems as classical loops.

An alternative in-road technology is the use of axle detectors. These detectors may be of
different types: pneumatic, piezo-electric or quartz-electric. Pneumatic tubes are put across
the roadway on its surface. Two hollowed cables are needed to measure speed, each one
connected to a central box, measuring the change in air pressure inside the cable tubes. A
vehicle rolling over the tubes compresses this air. The device measures the time difference
between the change in pressure from the first and from the second strip. On the basis of this
time difference and the known distance between both strips, the speed of the vehicle can be
determined. A rough classification of the vehicle can be done as well provided that the
headways between vehicles are not too small. As the tubes do not count vehicles directly but
rather axles, a correction factor must be applied in order to get correct traffic information.
These correction factors are based on knowledge of the typical traffic characteristics of
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different road types but they must be adjusted depending on the specificity of the road where
measurements are carried out.

Tubes are not suitable for long periods of measurement because they are vulnerable and
may be subject to vandalism. The tubes may be torn away by vehicles that speed up or
brake over them. The technique is also sensitive to weather conditions (especially to cold
and humidity).

Tubes must be installed each time data are collected and can break after short periods of
operation. The pneumatic tubes are cheap, but it is the installation and retrieval costs which
largely determine the cost of the measurements, not the length of time for which the
equipment remains on site (DfT, 2001). Each installation and retrieval means the necessity to
stop the traffic. The tubes can only be placed on stable roads. Furthermore, in order to get
counts for single lanes in multi-lane situations, several tubes must be used.

Piezo-electric detectors may be in the form of tubes (for temporary use) or in the form of bars
in the pavement fixed by epoxy (for permanent use). They work in a similar way to the
pneumatic tubes. They are more accurate but also more expensive and wear out more
quickly than tubes. Maintenance costs are minimal and are dependent upon the stability of
the cable in the road. Piezo-electric detectors also suffer problems with bad weather
conditions.

The technology of optical fibres using quartz-electric effect should reduce the problem of
weather conditions. The quartz-electric effect from optical fibres is more stable than the
piezo-electric effect. However, the optical fibre technology is still a developing technology
and the quartz-electric detectors are far less spread than piezo-electric detectors.

Example of use: the Netherlands

Except on 100 and 120 km/h roads, speed is not monitored by a national body in the
Netherlands. However, most provinces carry on their own traffic and speed monitoring by
means of permanent measurement devices.

Indeed, traffic and speed in the Netherlands are mostly recorded by (visible or invisible)
measurement loops attached to a data recorder which classifies data according to a pre-
specified format. For example, the so-called Golden River Marksman M660 is a data
recorder which is being used in the Netherlands but also in many other EU-countries (UTMC,
2000).

Data recorders are read out and set up again every 4-6 weeks by a person, or are read out
by transmitting the data over a phone line. New developments are that data recorders are
able to send data minute by minute to a large database by GRPS wireless communication
technology. For example, in the province of Zuid-Holland, 18 measurement loops send their
data every minute by wireless technology to a central database. Interestingly, besides the
regular speed and intensity data, car-by-car gap data can also be delivered by this large,
minute-by-minute growing database.

Table 4.1 provides an example of the structure of hourly speed data measured on rural roads
in the Dutch province of Drenthe (Steyvers, 1995).
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Direction 1 Direction 2
Speed (km per hour) <72m >7,2m <72m >7,2m
<60 Count Count Count Count
60-70 Count Count Count Count
70-80 Count Count Count Count
80-90 Count Count Count Count
90-100 Count Count Count Count
100-110 Count Count Count Count
>110 Count Count Count Count

Table 4.1: Example of structure of speed data in a speed project on rural roads in the Netherlands
(Source: Steyvers, 1995)

Out-of-road devices

Doppler-based microwave radars send a constant wave (24.5 GHz) which is rebounded by
the surface of the vehicle. From the modified frequency, it is possible to calculate the speed
and the type of the vehicle. They are placed along the roadway (usually fixed on existing
poles). The microwave radars are relatively unaffected by the weather conditions and are
thus often preferred to other types of radars. Another similar technique is frequency
modulated carrier wave radar (FMCW) that is however more expensive than Doppler radar
for similar performances. These systems are non-intrusive. It is usually not needed to
interrupt the traffic to install them and they are thus easy to place on busy roads. If the traffic
is not too heavy, several lanes can be measured with the same device. The radars are not
sensitive to weather conditions. With these devices, one can only obtain a coarse
classification of vehicles based on their dimensions.

LIDAR devices (light detection and ranging) work similarly to radars but on a different
wavelength and a different type of wave. LIDARs use a laser wave and gather the reflected
wave to get information on the encountered objects. Their main field of application is
enforcement because of their very high accuracy. But their price is significantly higher than
those of classical radars.

Passive acoustic devices measure speed on the basis of the noise of passing vehicles. They
are not expensive but can be disturbed by low temperatures. Ultrasonic devices generate a
beam and measure the time taken for the reflected signal to come back. The devices
themselves are not very expensive but they must be mounted above the measured traffic
lane what generates additional costs.

Passive infrared detectors detecting the heat emitted from an object are usually employed to
identify vehicles or pedestrian waiting at crossings. They can also detect moving objects but
are not accurate for moderate and high speeds.

Active infrared devices use the same principle as microwave radars but with infrared
wavelengths. Smaller wavelengths made them more accurate than microwave, which is
especially helpful to distinguish between vehicles types. The system is however more
expensive and subject to errors in bad weather conditions.

Cameras are placed on a certain height above the roadway and film the passing vehicles.
For a correct image setting two points are introduced with a known mutual distance. The
device measures the time which is necessary for the vehicle to drive from the first to the
second point. The speed of the vehicle is calculated by means of this time and the known
distance. The vehicle length can be deduced as well.
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Example of use: Belgium

Speed is monitored since 2003 on an annual basis by the IBSR (Belgian Institute for Road
Safety) in order to have a nationally representative estimate of speed. Regional authorities
also perform their own systematic traffic and speed monitoring on motorways and regional
roads. Speed data by individual vehicles are collected by automatic roadside Doppler-based
microwave radars at 150 measurement locations during one week in November.

From this system, individual vehicle data are available. That allows a fine analysis of the
data, taking into account vehicle types, headways and traffic counts.

The measurement locations are chosen randomly from a network database. However, some
minimal requirements are required for the location, such as being on a straight segment of
road, far from junctions, from speed humps or speed enforcement cameras.

4.2.2 Possible speed parameters versus selected SPIs

Speed is a complex road safety phenomenon. Both excessive speed (exceeding the posted
speed limit) and inappropriate speed (faster than allowed by the prevailing conditions) are
important accident causation factors. While it is possible to study excess speed on a large
scale (e.g. country based), it is impossible to do so for inappropriate speed. Indeed,
inappropriate speed must be studied case by case, and it requires the knowledge of the
specific road, weather and traffic condition. The speed SPIs aim at giving a synthetic view for
a certain aggregation level (country, region) level. It is thus inevitable that they will only
provide information on the excess speed problem but not on the more complex problem of
inappropriate speed.

The way speed is measured will influence the type of indicators that can be produced. Speed
can be measured at a point in the traffic stream which will produce spot speed data (i.e. data
on instantaneous speed of vehicles at a point). Measurements that take place on a very short
section of road will also give approximate measures of the instantaneous speed of vehicles.
On the other hand, measures that take place over sections of road or with floating vehicle will
give information on the journey time of vehicles over longer section of roads, also named
travel speeds.

The link between spot speed indicators and the risk or the severity of accidents is widely
studied in the road safety literature. Travel speed indicators are less relevant from a road
safety perspective. It does not prevent travel speed indicators from being better for other
purposes, like studying the performance of a road network. As Walters (2001) confirms, spot
measurements are especially usable, from a statistical point of view, if the aim is, such as
ours, to estimate parameters related to all traffic on a specific road network.

Individual measurements are not of interest to evaluate the speeding problem. Values for
individual vehicles must be aggregated. An example of an aggregated indicator is “time
mean speed” which is "the arithmetic mean of individual spot speeds that are recorded for
vehicles passing an observation point over a selected time period”. “Space mean speed” is
another widely used indicator but as Hall (2002) mentions, there are several definitions of it
in the literature. One of these says that space mean speed is “the average time taken to
cross a given distance” and is thus based on measures of travel speeds. But it is
acknowledged that space mean speed can also be evaluated by computing the harmonic
mean of spot speeds data. The more theoretically correct way to measure average travel
speed on a network is to calculate space-mean speed. However, our purpose is slightly
different as the SPI speed aims to assess the behaviour of the road users rather than the
efficiency of the network. Moreover, for relatively uniform flow and speeds, the two mean
speeds are likely to be equivalent for practical purposes (Hall, 2002). We thus chose “time
mean speed” as an indicator rather than “space mean speed”. It is easier to understand and
calculate and is already used in most EU countries. It is possible, through calculation, to
move from time mean speed to space mean speed and vice versa.
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Time mean speed is an indicator that gives information about the central tendency of the
data. The distribution, range and dispersion of speeds are other valuable characteristics of
speed data that may be computed. It is thus important to select the indicators that are

relevant as safety performance indicators:
Time mean speed (i.e. arithmetic mean of speeds)

- Standard deviation of speed

85™ percentile of speed (commonly written as “V85”)
Percentage of vehicles travelling over the speed limit (by 0 and 10 km/h)

The choice of four indicators does not mean that each country should only produce four

SPIs. Indeed, the indicators have to be computed separately for different road classes and

vehicles types. Section 4.4.2 describes more specifically what should be done. Also, it is
preferable to produce separate indicators depending on whether speed is measured at day

or at night (see Sec. 4.4.2 for details).

Figure 4.1 shows a speed distribution (frequency of vehicles as a function of speed) with the

different indicators depicted on it.
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4.3 Best practice example

Speed is monitored in most EU countries. However, various methodologies are being used
due to the different purposes of the speed surveys. The French methodology is presented
here as it is a good example of a systematic representative speed survey aiming at
producing nationally representative indicators.

The Inter-ministerial Committee for Road Safety (CISR) is the decision making body for road
safety in France. It defines the government's road safety policy and ensures its
implementation. It was created in 1972 and comprises the ministers concerned with road
safety.

The National Inter-ministerial Observatory for Road Safety (ONISR) is responsible for
collecting and analysing road safety related data, including speed. It organizes the speed
measurements in France for many years in order to collect information on average speeds
and the proportions of infractions of several road user categories on several different road
types. The survey is reproduced every four months. Since 2002, the speed measurements
are coupled with measures of time between successive vehicles (i.e. vehicle headways). The
execution of survey is entrusted to a specialised company.

Selection of measuring locations

Measurements are carried out on eight different road types that are defined according to the
terrain morphology, the speed limit and the administrative status of the roads. Motorways,
rural and urban roads are surveyed.

On the whole, speed is measured at 362 locations. There is no aim to produce regional
estimates in France. Locations thus only constitute a representative sample of different road
types at the national level.

All the locations selected had to conform to strict conditions in order to ensure free-flowing
speeds at the place of measurement, such as:

- Straight and flat roads;

No traffic perturbation;

At least 1000 m from the nearest intersection or traffic signal;
At least 5000 m from any enforcement radar.

Measurement procedure

About 50 surveyors are involved in the survey. They monitor speeds by means of mobile
radars (type MESTA 208) that are either placed in a car or on a bridge over motorways.

Speed is measured only a couple of hours at each location but the sample is constructed so
that all types of day and all periods of day between 9h30-16h30 and 22h00-02h00 are
covered by the measurements. At each measuring site, speed is measured every four
months at the same time of day and during a similar day of the week. 280 locations serve for
day time measurements and 77 for night time measurements. Altogether, it represents
around 2000 observation sessions and 200,000 individual observations per year.

Data analysis
Data are systematically split into three vehicle categories:

- Cars
- Motorcycles
- Heavy goods vehicles (with additional disaggregation)

The determination of vehicle types is done by human surveyors which are present at the
location of each measurement.
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For each of these vehicle types, day and night time data are analysed separately and
different indicators are produced.

Bad weather conditions (rain, snow, hail, strong wing) are also analysed separately. In this
way, the percentage of vehicles over the speed limit under bad weather conditions can also
be computed despite the fact that speed limits vary depending on weather conditions in
France.

Reporting

Reports are published by the ONISR at the same frequency as data are assessed: every four
months. The publication of a periodic report occurs only about 2 months after the related four
month period has finished. Moreover, the annual report on road safety in France contains an
extended chapter concerning the speed surveys (ONISR, 2006).

In each report the previous results are presented and comments are made on the temporal
evolution of speed indicators.

The average speeds and the proportions of vehicles over the limits, by different margins, are
the indicators on which the reports are focussed.

Figure 4.2 shows an example of graphical reporting of the indicators. Average speed of cars
for five different road types is plotted against time for the period 2002-2006. Since the end of
2003, the number of fixed speed camera has greatly increased, which might partially explain
the big drop in average speeds on national roads even if the speed measurements are made
far from any speed enforcement radar.
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Figure 4.2: Evolution of the average daytime speeds of cars in France, in 2002-2006; bad weather
conditions are excluded. (Source: ONISR, 2006)

4.4 Recommended system for producing national speed
SPIs
4.4.1  Setting up a national system

In order to start a good and representative national speed survey program, it is necessary for
this program to be backed by the national authorities and to take part in the national (and
European) road safety programmes. The objectives and methodology of the program should
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be the object of a strong agreement for several years in order to avoid the existence and the
methodology of the speed survey being frequently questioned and changed.

When setting up the survey, two issues should be considered: the purpose of speed
measurements and expected data outcomes. The indicators have to be chosen according to
road safety targets and the chosen methodology must allow computing of these indicators.

A good cost-benefit analysis should be carried out in order to assess what is the best
equilibrium between the spending of resources and the amount of information that will be
available through the survey. An important aspect is to ensure that the speed survey can be
reproduced over several years on a regular basis (at least a yearly based assessment) so
that temporal evolutions of speeding phenomenon can be analysed.

4.4.2 Methodology for data collection

The process of speed data collection must be carefully planned in order to produce reliable
and meaningful indicators that could account for the high variability of speeds, both in time
and space.

Section 4.4.2.1 explains which locations are suitable for speed measurement, which road
types should be considered and how the set of measuring locations can be sampled.

All time periods are not equally valid for speed measurements. Aggregating data over
periods with very different characteristics is certainly not meaningful. This is explained in
Section 4.4.2.2.

Section 4.4.2.3 provides guidelines on how to determine speeds for different types of
vehicles on the basis of identified requirements for speed measurements.

4.4.2.1. Where to measure speed?

The number of locations where one can imagine measuring speed is theoretically infinite.
Indeed, the speed of a vehicle varies constantly along its journey. It is thus necessary to
define a sampling procedure to help select a restricted set of locations that can produce
speed data that are representative for bigger parts of the network. However, road
characteristics are so variable that it is not meaningful to set as an objective computing
indicators that are representative of the whole road network. Roads should display some
specific characteristics in terms of road design to be suitable for speed measurements.
Furthermore, different speed indicators should be computed for different classes of roads.

4.4.2.1.1 Road types

The speed at which a vehicle is driven on a road (operating speed) is highly dependent on
the characteristics of this road, including its posted speed limit and its design speed. The
relation between road design and operating speeds is especially complex to define. TRB
(2003) lists several design variables that influence the operating speed, including the access
density, median type, parking along the street, pedestrian activity level, curvature, grade,
lane width and roadside developments. But even for a given design speed, TRB reports that
there is a big variability in driven speeds.

Aggregating measures of speed taken on different roads with very different designs is
obviously not meaningful. One must define separate road types based on their design
characteristics and compute separate indicators for separate road types. Within the
SafetyNet project the functional road classification has been proposed as presented in Table
4.2. It is recommended that countries arrange the analysis and reporting of national speed
data according to this functional classification.

If available resources do not allow for developing representative samples of measuring
locations for all nine road types, it is better to concentrate on producing good samples for
selected road types rather than on insufficient samples for all road types. It is
recommended to measure speed at least on motorways (road type AAA), single
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carriageway rural roads (road types A and B) and single carriageway urban distributor
roads (road type D). These roads carry a significant proportion of road traffic and exhibit
uniformity in terms of design allowing more meaningful comparisons.

The definition of SPIs is further complicated by the fact that there is no one-to-one relation
between speed limits and road category. For countries where there is more than one speed
limit for one category of road, it is recommended to compute the SPI for the dominant
speed limit (it is not convenient to aggregate data from roads with different speed limits).
Along with the values of the SPI, information on speed limits should be provided. It is better
to have both the SPI and the information on the speed limit rather than one single piece of
information (SPI normalised by speed limit) which is much influenced by how the speed limits
are set.

SafetyNet road |Functional | Separation Lane Obstacle- |Intersections
classes road of opposing [configuration |free zone
category directions
Rural AAA: | Motorway Dual 2x2 or more Very wide |Grade-
areas carriageway or safety |separated
(outside barrier
built-up T A Tevel Dual 2x1, 2x2 Wide or | Preferable
areas) : Through- : ,
road 1 road carriageway safety grade-
(road with a barrier separated
A: A-level flow Single 1x2, 1x3, Wide or Preferable
road 2 function) carriageway, |(1x4) safety grade-
preferable barrier separated
with lane
separation
BB: [Rural Dual 2x1, 2x2 medium Preferable
distributor carriageway roundabout
road 1
B: Rural Distributor | Single 1x2, 1x3, medium Preferable
distributor |road carriageway, |(1x4) roundabout
road 2 preferable
with lane
separation
C: Rural A Single 1x2, 1x1 small
access ceess carriageway
road
road
Urban DD: |Urban Dual 2x1, 2x2
areas distributor carriageway
gzﬁffp road 1 | pistributor
areas) D: Urban road Single 1x2, 1x3,
distributor carriageway | (1x4)
road 2
E: Urban Access Single 1x2, 1x1
access road carriageway
road

Table 4.2: Functional road classification

The SafetyNet classification may be difficult to apply in each country due to a specificity of
roads. If one considers that two types of roads may be very different in terms of speed
profile, the speed indicators for these road types should be computed separately even if the
distinction is not made in the SafetyNet classification. When communicating about the speed
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indicators for people outside the country, some details should be given on road design of the
roads considered and not only a general name of the road type.

4.4.2.1.2 Road design and environment

Road design characteristics and the surrounding environment influence speeds at which
drivers operate their vehicles. In order to ensure reliability and comparability of speed data,
the locations at which speed measurements are carried must be chosen carefully. All places
where vehicles are likely to stop, accelerate or brake, should be avoided. Therefore, the
locations should meet the following criteria:

- Straight and uniform section of road

- Section where it is possible to drive at a higher speed than the speed limit
- Section with a small gradient (<5% on at least 500 meters preceding)

- Away from junctions (>500 meters)

- Away from any speed calming device (> 500 meters)

- Away from road works (> 500 meters)

- Away from pedestrian crossings (> 500 meters)

- Away from any speed limit change or sign (> 1000 meters)

- Away from work zones, parking zones, important roadside developments
- Pavement surface in good condition

- Away from sections where speed used to be enforced by Police

Of course, speeding problems occur everywhere on the road network, not only on straight
road sections far from any traffic perturbation. For example, insufficient slowing down on
curves may dramatically increase the accident risk. However, it is not reasonable to collect
speed data on curves in the framework of a nationally aggregated SPI due to specificity of
each curve in terms of appropriate speed. Indeed, the maximum safe speed that may be
driven on curves is different from the maximum safe speed on straight sections of the same
roads. Driving at a speed equal to the speed limit is very dangerous in many curves!
Therefore, no universal reference speed, including the speed limit, can be used to determine
whether the driven speeds are dangerous in the case of a sample composed of different
types of road profiles (curves, straight sections, vicinity of speed humps, etc), which prevents
producing a meaningful aggregated speed SPI. On the contrary, only using generic straight
roads away from traffic perturbations, we may assume that the speed limit can be used as a
universally-relevant reference speed, allowing for the production of meaningful SPls.

4.4.2.1.3 Selection of measurement locations: sampling procedure

The purpose of a speed survey defines how measuring locations should be selected. In
several countries, traffic counters have been placed on major roads with the general purpose
of monitoring traffic flows on major roads of the road network. Since these counters can also
produce speed data, the speed measurements in several countries are based on these traffic
counters. In this case, speed measurements are not based on a random sampling technique.
Also, in some countries, the speed measurements are done to evaluate the effects of
intensified enforcement activities. In these cases, speed measurements will be done on
roads that were selected for enforcement purposes and that may be above average in terms
of accidents.

If the purpose of speed study is different, such as achieving a representative estimate
of speeds driven on national roads, the sets of speed measurements which were originally
set up for monitoring traffic flows or monitoring enforcement success may not serve this
purpose adequately. On the contrary, the selection of measurement sites should be
based on a random sample of roads. The fact that measurements are made at randomly
chosen spots of the road network will allow generalisation of the results to all traffic in that
particular road network (Walters, 2001).
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For countries that already have permanent counters installed, it may be not feasible to
change the system completely. If counters are only on main roads, an option would be to
randomly sample fewer sites but to take all of them on “non-main” roads. But then, a specific
weighting procedure would be needed in the process of SPI estimation in order to take into
account the respective share of main and “non-main” roads. More generally, it is not possible
to infer an SPI that is representative for a road type if measurements are taken only on a
sub-category of roads belonging to this road type. In this case, the SPI would only be
representative for this sub-category of roads.

Units of analysis

Vehicles are the basic units of analysis. It is necessary in order to make comparisons
between different vehicle types or different traffic conditions possible (e.g. vehicles in free-
flow versus all vehicles).

Sampling units

We consider road segments as primary sampling units. The reasons for this choice are
explained in Annex 1 to Chapter 4. The sampling procedure consists of a random
selection of road segments across the whole road network (first stage) and identifying
appropriate locations on them (second stage).

However, as we mentioned in section 4.4.2.1.1, separate indicators must be computed for
different road classes. It means that for each road class, distinct independent samples
should be drawn.

Sampling Frame

Ideally, the sampling procedure should comprise a selection from a database consisting
of a list of uniform road segments, with their geographic coordinates and their characteristics
such as:

- Road type (e.g. Table 4.2: motorway, rural road, urban road...)
Actual speed limit

- AADT (Annual Average Daily Traffic)

- Number of lanes (not including additional lanes at intersections)

Additional useful information is:

- Type of median provisions (median divided, flush median, no median)
- Surrounding environment (inner city, outer suburbs, extended shopping area)
- Road design characteristics (slope, curvature, etc)

Good databases on the road networks exist in the majority of member states. Indeed, road
databases are required by a wide range of applications (starting with vehicle navigation
systems), which encouraged several private companies to start in the business of digital data
gathering and commercialising. Even if those digital network data can be quite expensive, it
is recommended that each body involved in speed surveys works towards the
establishment of such a database in order to have a good knowledge of the road network
and be able to select measuring locations in a rigorous way.

Sampling procedure

Usually, road network databases are already divided in segments of relatively small length
(typically one segment per portion of road between two intersections). In this case, the
sample of measuring locations should be selected via a simple random sampling with
probabilities of inclusions that are proportional to the length of the segments (e.g. the
likelihood of a segment of 2 km to be included in the sample is twice higher as the likelihood
of a 1 km segment). If the initial database is not constituted of sufficiently small segments of
roads, one should split the initial segments into smaller ones and repeat the operation
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described above. A simple random sample with unequal probabilities and without
replacement is a common type of sampling that can be applied in common statistical
software.

Once the road segments have been sampled, it is necessary to conduct field work before the
measurements take place. On each segment a profile must be found that corresponds
to the suitability criteria listed in section 4.4.2.1.2, i.e. allows an unobtrusive
measurement of speeds and does not compromise safety of the measuring device
operators. If such a profile is not available within the sampled road segment, one should
either sample another road segment or (more pragmatically) search for a suitable location on
segments that are contiguous to the segment that was initially sampled. Contrary to the
sampling of the road segments, the precise selection of the measurement spots is thus not
random. It is indeed prevented by the impossibility to have a complete list of the suitable
locations in advance. Even with the development of road inventories and geographical
information systems that allow having more and more information on the characteristics of
roads, it is still preferable to conduct the field work. This small investment usually turns out to
be profitable by avoiding getting bad and unusable data from some measuring locations.

Ideally, measurements should be made in both directions on each sampled road segment.
But it is better to concentrate on accurate measurements for one single direction rather that
producing coarser data for both directions.

It is recommended to define a sample of locations and use these over a period of several
years, in order to get more reliable and accurate speed SPIs for time-series analyses.

As an _aside: Some countries are interested in the production of regionally representative
estimates of speed in addition to national scale indicators. In this case a stratified sample
(with the regions being the strata) should be drawn and a minimum number of measuring
locations per region fixed. In each region, a simple random sample (still with unequal
probabilities of inclusion) would be drawn. This stratification of the sample has an impact on
the process of computation of the national SPI (section 4.4.3)

Sample size

The sample size is determined by the maximum margin of error that one is willing to accept
and by the desired confidence interval on the estimates (typically 95%). Details can be found
in Annex 2 to Chapter 4.

The sample size is directly dependent on the variance of the population. Since separate
samples are taken for each road type and only straight segments of roads are considered,
the variance of the population should be quite small. But it is possible that large variances
are found in the sample due to the fact that the measuring sites are not chosen in
accordance with guidelines on road design listed at Section 4.4.2.1.2. So, before increasing
the size of the sample, it is better to check if the current sites fulfil all the requirements to be
good measuring locations. As a rule of thumb, 30 locations per surveyed road type
should constitute an accurate sample if the locations are carefully chosen.

In practice, as the measurement and analysis of speed data is likely to be the largest cost of
a speed survey, the available resources will be very important in determining the number of
sites where speed can be measured. The number of measurement points is directly linked to
the overall cost of the survey. If it is not possible to measure speed on a satisfactory number
of locations to obtain a reasonable degree of confidence, then it is recommended to
concentrate the speed measurements on only the more important road classes rather than
having too small sample sizes for more road classes.

4.4.2.2. Time of measurement

It is known that speed, such as the frequency of violations, is time dependent. Changing
traffic and weather condition are two well-identified sources of temporal variations of speed.
If the influence of these two factors is not taken into account carefully when scheduling a
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speed survey, different traffic or weather conditions would explain most of the variation
between two speed indicators, hiding variations that are really due to voluntary change of
drivers' behaviour. Furthermore, daily, weekly, and seasonal changes should also be taken
into account while choosing the time when speed is measured.

The number of periods of measurement and the length of time during which it is possible to
measure will vary much depending on the measuring technique that is used and on the
available resources. The following section outlines recommendations on the choice of best
measurement periods, namely within a survey context where only techniques to measure
speed for small periods can be used.

The more data that can be gathered, the better, but it does not exempt one from taking
temporal variations of speed into account in the analysis of data. Indeed, having a lot of data
does not mean that all of them should necessarily be used for the production of speed
indicators. Some data may have to be discarded and some other considered separately and
used for the production of separate indicators. The following three sections come back to that
in more details.

4.4.2.2.1. Traffic conditions

Traffic conditions have a significant impact on the speeds at which drivers operate their
vehicles. Similarly, a vehicle's speed depends on the traffic density.

It is not possible to compare speeds for the same road types if these are related to different
traffic conditions.

This is why, when producing indicators aiming at evaluating speeds, only the vehicles
in reasonably free flowing traffic conditions should be considered.

In order to obtain measures of speed in reasonably “fluid” conditions, the first obvious thing
to do is to avoid measuring speed where and when congestion is most likely to occur,
meaning typically:

- During morning and evening peak hours (e.g. 7h30->9h30 and 16h00->19h00)
- Near local events (market days, sports events, etc)
- Near roadworks

If one wants to make very stringent selection of free-flowing vehicles, the presence of a
human observer is needed on the spot of speed measurement. Indeed, there is an element
of subjectivity needed to judge if headways are large enough to ensure that drivers can drive
at the speed of their own choice. The presence of a human observer is only practical for
short periods of measurement, typically associated with a survey using radar guns (e.g. the
surveys carried out in Austria or Ireland).

A suitable method would be to use data on vehicle headways and only select those vehicles
that have a significant headway to the vehicle in front. In practice, vehicles with headways of
more than 5 to 10 second are typically selected.

However, the selection of vehicles on the basis of their headways implies heavy
computations and needs the use of equipment that can generate headway data. A more
pragmatic way to proceed is simply to discard from the data all periods when the traffic flow
is too heavy. We recommend excluding all hour periods with more than 600 vehicles per
hour and per lane.

Extremely congested traffic may also result in small traffic counts. Although it is unlikely that
extreme conditions of congestion would cause fewer than 600 vehicles to pass by the
measuring site during an hour, these extreme periods can be removed from the data if an
error analysis is made, by identifying periods with abnormally low speeds.

4.4.2.2.2. Weather conditions
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Weather conditions have a significant impact on speeds. To be able to compare speeds from
different places or countries, speed data should only be considered if they have been
recorded under weather conditions that have a small speed reduction effect.

The following weather conditions should be avoided:

- Moderate and heavy rain

- Snow

- Freezing

- Fog and other circumstances of bad visibility
- Strong wind

So, if speed can only be measured for short periods, it should not be planned in winter
because weather conditions are more likely to prevent valid speed measurements. Periods of
poor weather conditions occurring during the measurement should be written down and
relevant data removed in the process of data analysis.

With permanent measurements, it is inconvenient to take weather condition into account if
there is no automatic weather monitoring system implemented which produces data that are
easy to couple with the speed data. However, it is not a well-spread practice at the moment
in Europe. If it is not possible to take the above into account, at least extreme weather events
should be removed from the data.

Some weather conditions (e.g. rain, snow) are very common in a number of Member states
and these countries may want to have speed data for these periods. For methodological
research, it might also be important to compare speeds under different weather conditions. It
is not a problem that speed is also monitored under bad weather conditions as long as
resulting data are not mixed up with data of speed under different weather conditions. In this
manner, speed data collected under good weather conditions only can still be employed for
applications, such as international comparisons, that require that sort of data.

4.4.2.2.3 Other temporal variations

Traffic and weather conditions do not account for all temporal variations. Speeds also have
more systematic variations e.g. between years, months, days and within the day. However,
even if it is better to produce indicators more regularly, indicators are often produced for a
whole year on the basis of only short periods of measurement within the year. The
continuous temporal variations in speeds implies that, in order to get data that are
representative for the whole year, those short periods of measurement have to be chosen
very carefully.

On a yearly basis, measurements should be taken in a month that is "neutral" as far as a
seasonal variation in traffic is concerned, meaning avoiding both school and bank holiday
periods and the winter period (due to a risk of bad weather). Late spring and early autumn
are thus recommended.

Furthermore, speed varies according to the day of week, especially between the week-end
and weekdays. It is recommended to concentrate measurements on typical working days
(Tuesday, Wednesday and Thursday) and to avoid market days and early-closing days.

Even more important is the variation between day and night. Comparisons between day and
night usually reveal significant differences in speeds not only because of the variation in
lightness, but also due to the difference in traffic conditions and in the composition of the
population of drivers between the two periods.

For a sole country, indicators that do not distinguish between day and night measurements
may be compared for similar periods of different years if the share of measurements between
day and night has remained constant. Still, these indicators are less meaningful than
separate day and night indicators.
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On the other hand, in the framework of international comparisons, it is very unlikely to find
two single countries with the same share of measurements between day and night. Thus,
specific indicators for day and night are required.

If the resources do not allow making measurements both during the night and during the day,
one should concentrate on day measurements. Taking into account constraints due to traffic
conditions, day measurements should be made between 9h30 and 15h30. Night
measurements should be done between 22h00 and 6h00. However, practically, in order to
obtain enough measurements in a decent interval of time, it is not recommended to start
measurements in the second half of night.

Inside the recommended periods for speed measurements, it is better to take readings at
different times of day and on different days of week (to vary between mornings and
afternoons and between Tuesday, Wednesday and Thursday). Each set of measurements
should last long enough to allow at least 200 vehicles to be monitored. A sample of 200
vehicles would normally give an estimate of the 85 percentile speed for that period with a 3%
accuracy of estimate (e.g. 65 km/h = 2.0 km/h) at the 95% confidence level (DfT, 2001).
Among these 200 vehicles, it is very likely that there is a huge majority of light vehicles (cars
and light vans). If one wants to make speed estimates for heavy goods vehicles or
motorcycles, the measurements should be lengthened even if the target of 200 vehicles (of
this type) is not reachable. During night, it can be impossible to reach the 200 vehicle target
on some less trafficked roads.

4.4.2.3. Vehicle types

Different types of vehicles have different speed characteristics and show diverse shares in
traffic between roads and countries. Some heavy duty vehicles may also have different
speed limits than the rest of the vehicles. Thus, an aggregation of all vehicles is not
meaningful. The SPI should be computed separately for different types of vehicles in
order to be comparable.

The priority is to produce indicators for light vehicles (passenger cars and vans) only.
Additionally, indicators about the speed of heavy goods vehicles and of motorcycles may be
computed.

The way to distinguish between vehicle types depends on the measuring technique. With
radar guns, a human observer is present, allowing an easy and accurate categorisation of
vehicles. Most widespread automatic speed monitoring techniques (loops, tubes, radar
classifiers) are less precise. A classification of vehicles can only be obtained by indirect
measurements:

- Pneumatic tubes give information on vehicle lengths, number of axles and sometimes
axle loads (based on the pressure on the strips).

- Inductive loops use algorithms based on the attended vehicle distribution, the
computed speeds and the occupancy rate of the loops to classify the vehicles. The
determination of vehicles types becomes coarse when the traffic flow is heavy,
usually resulting in an overestimation of the proportion of long vehicles.

- Roadside radars determine the lengths of vehicles on the basis of time they stay in
the beam of radar. The following relation is proposed between vehicle length and
vehicle type (Table 4.3):

<2.00 m Motorcycles and mopeds
2.00-6.00 m Light vehicles

6.1-12.0 m Small trucks

>12.00 m Heavy goods vehicles

Table 4.3: Relation between vehicle length and vehicle type
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Fortunately, even the coarser classifications (by inductive loops or roadside radars) are
satisfactory to distinguish light vehicles from others vehicles, at least when the traffic flow is
not too heavy. (As explained in section 4.4.2.1.1, we advise against measuring speed under
heavy traffic conditions anyways). In the case of devices that can only produce aggregated
data (for periods of 1 hour for example), it must be ensured that they are programmed to split
data by vehicle type before the aggregation of data. Use of correction rules afterwards on
aggregated data, such as determining indicators for cars on the basis of indicators for all
vehicles type is not recommended. It would not be possible to determine a correction rule
that can adapt itself to the specificity of each road.

A specific problem with heavy vehicles is that these often have different speed limits
compared with the situation for cars or light duty vehicles. Furthermore, different types of
vehicles have similar length (buses, coaches, trucks) and may also have different speed
limits. Devices that determine the vehicle type on the basis of vehicle length may thus
classify vehicles with different speed limits into the same category. Based on the national
situation, computation of indicators for ‘long vehicles’ on the basis of this kind of equipment
may thus be not meaningful.

4.4.3 Calculating SPIs

Several steps are needed to compute synthesized speed SPIs from the raw data. We
describe here a typical procedure assuming that the speed data have been collected in a
coherent way across the country.

Step 1: Error control

Speed data, as is the case for all data, should be controlled for errors. Data that are
obviously wrong should be discarded. It may happen that all the data coming from a
measuring location should be left out of the analysis. More details on error control are given
in Section 4.4.4.

Step 2: Selection of relevant data

As already stated, not all data are suitable for computing an SPI. Data that were collected
during congested traffic conditions or during bad weather should be removed from the
dataset. Then data that correspond to the desired SPI should be selected. If the purpose is to
make an SPI for light vehicles during weekday day-hours, only those data that correspond to
that period of measurement should be selected.

To facilitate the computation of the final SPI, it is better to measure speed for the same
duration at each measuring location (e.g. if speeds have been monitored for 3 hours at most
locations and for 4 hours at few locations, it is better to select only 3 hours of data also for
these few locations). In this way, using weights to take into account the duration of
measurements is avoided (see step 4).

Step 3: Computation of indicators for each location

For each measuring location the following indicators should be computed, for day and night
separately:

- Average speed for light vehicles

- Standard deviation of speed for light vehicles

- V85 of speed for light vehicles

- Percentage of light vehicles over the speed limit

- Percentage of light vehicles 10 km/h over the speed limit

If the measuring technique allows for a good determination of vehicle types other than light
vehicles, similar indicators should be computed for these additional vehicle types. The
indicators which are required to produce the desired speed SPI are presented in Section
4.2.2. Any other indicator may be added based on specific needs of each country.
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It is important that beside the indicators, information is kept on the number of observations
that were used to compute them (i.e. the vehicle count). This information will be used to
determine the influence that the indicator for each location should have on the final SPI.

Step 4: Computation of the SPIs

In order to produce SPls, data have to be aggregated from the individual location level to the
country level. What is evocated as ‘SPI'’ can be a result of the aggregation of any of the
indicators described in step 3. The procedure of aggregation is indeed the same for each of
them. Separate SPIs should be computed for different road classes. The procedure below
should thus be applied separately for each road type.

The aggregation must be done in a way that preserves the representativeness of each of the
inferior aggregation levels. Consider that SP; is the value of the SPI for the location i, which
is part of the n sampled road locations and that W; is the number of vehicles that have been
measured at location i. The national SPI can be obtained as follows (Equation 1):

Zn:(smi *W,)
SPl =2 Equation 1

>w
i=1

This is simply a weighted average of the value of the indicator for each location weighted by
the vehicle counts (number of observations per location).

Special cases:

Equation 1 is only valid if the traffic has been measured for the same duration in each
location, thus allowing a comparison between traffic counts. If speed has been measured for
different lengths of time T; at different locations, one must correct for this difference. The
relation becomes (Equation 2):

Zn“[smi *\Q/j

sp| =2 !

n Wi
27

If a stratified sampling was implemented (e.g. in order to have speed estimates at the
regional level), the aggregation to the national level is somewhat more complicated. Equation
1 can be use to calculate the regional SPIs but a different weighting procedure should be
used to figure out the national SPIs. It must be done in a way that avoids regions with a road
network carrying relatively less traffic influencing the final SPI value too much.

Equation 2

If the region where location i is located is noted r and the traffic performance in terms of
million vehicle-kilometres (MVKms) for the road type of interest in this region r is noted L,
equation 1 becomes:

R .
S|

n
r=l > Wi

SP| =1L

Equation 3
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The aggregation process thus consists of the computation of SPIs for each region and then
of a weighted average of these regional SPIs using respective MVKms as weighting values.
MVKms are used as weighting values instead of the length of road network in each region in
order to ensure that regions that are carrying more traffic have more influence on the final
value of SPI than regions where roads are less trafficked.

However, since the estimates on the number of MVKms driven by particular vehicles on
considered road types per region are often not available, the length of roads (Long,),
multiplied by the regional average number of observations per site may be used instead as a
weight, resulting in equation 4

SPI = - -

Ny
Ny
R[] . (Spllr Wi ) ZW"
Z =1 *Longr %* 1=1
d n
r=l1 2 Wi, '
i=1

_‘
1l
=

- - Equation 4

4.4.4  Documentation requirements

All sample design, data collection, and estimation procedures used in country surveys must
be well documented. At a minimum, the documentation must:

- For sample design:

o}
0}
0}

0]

0}
o

List the road classes that are surveyed

Describe how the roads segments were assigned to road classes

Describe the general procedure used for sampling (is there some stratification
included?)

If strata were created, define what methods were used for allocation of the
sample units to the strata

Explain how the sample size was determined

Describe the tools (software, road databases) and the practical procedure
used to sample the measuring sites

- For data collection:

o
o}

0}
o}
o

List all the measuring sites and the period of measurement for each of them
For each measuring site, a document with all the related information should
be produced. This document should include the exact locations and
characteristics of each measuring site so that the site can be easily found
back if one wants to reproduce the survey. Problems occurring during the
measurements or elements that may have had influenced the measures
should also be written down. An example of that kind of document is included
in Annex 3.

Describe what vehicles were observed.

Describe the equipment used and its technical characteristics

Describe the data recording procedures
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- For SPIs' estimation:
o Document the whole statistical methodology used for aggregation process
o Describe the tools used for estimation (software, algorithms)
0 Ideally, also compute and document the margins of errors of indicators for a
confidence interval of 95 percent.

4.45 Quality control

All the stages in the process from the implementation of a speed survey to the reporting of
the final results can lead to errors or inadequacies. Main issues to be aware of are
mentioned in this section.

Preparation of measurements

It must be ensured that complete requirement specifications are delivered to the body, which
will be responsible for the measurements.

Back-up plans should be in place in case of problems during the measurements (e.g.
vandalism, theft, bad weather). The monitoring budget should take that into account.

Having selected the possible measurement road sections on ‘paper’, it is essential that these
be driven over prior to performing measurement to ensure that the road sections are indeed
representative and practical for measurement and to allow the survey team to correctly
document the characteristics of the road.

Before carrying out the measurement, one must ensure that all the people that may be
concerned by the measurements are aware of them. It means that each municipality where a
speed measurement is carried out should be informed. The same recommendation is valid
for higher administrative levels. Similarly, the police should also be informed. It is important
to ensure that the degree of enforcement level at the measurement locations is not changed
to avoid upsetting the validity of measurements being made.

Measurements errors

Beside measurement errors due to bad choice of locations or time of measurement, technical
mistakes can occur, e.g. when a physical mistake happens at one of the detectors (for
example, a disruption when the temperatures are too low). They can also happen due to
communication problems, e.g. when the system does not upload anymore to the server, or
some problems in the measurement technique can lead to inaccuracy (stop and go ftraffic,
extreme low speeds, etc). Furthermore, it must be ensured that the requested lane(s) of
traffic is measured by the device (e.g. not measuring both directions of travel without
identifying each measurement, when only one is required or both required separately).

To avoid most of these mistakes, the devices that will be used for a survey should be
evaluated by comparing their measurements with those of other devices (including various
techniques). Even if the companies that produce the devices always make those types of
tests, it is better that an independent test would also be carried out. All the elements to which
the measurements prove to be very sensible should be written down and particular attention
should be paid to these elements when installing the devices.

The Highways Agency (1981) reports the following requirements in the case of roadside
radar:

- The operating instructions for the device should be carefully followed, especially in
relation to interference and calibration.

- Some meters can be adjusted to ignore vehicles travelling in the "wrong" direction. With
most meters, however, the response to those vehicles should be minimised by careful
aiming of the antenna or by reducing the range setting.
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- A precise angle should be respected between the measuring device and the vehicle’s
travel direction in order to obtain accurate values. For Doppler Microwave radars, this
angle is typically equal to 45°. With radar guns, the angle between must be kept to a
minimum. The measured speed is only accurate when the angle is zero, and becomes
progressively less than the actual speed if the angle increases. The magnitude of the
error, based on the angle of observation, is shown in Table 4.4.

Angle Correction factor
0 0

1 0,999

10 0,985

20 0,940

30 0.866

40 0.766

Table 4.4: Correction factors for angle of observation with a radar gun (Source: PIARC, 2003)

- Situations where the radar beam may be obstructed by parked cars should also be
avoided.

- Except at very light flows, it is not advisable to measure the speeds of vehicles on the far
side of a single carriageway road (and especially not on the far carriageway of a dual
carriageway road).

Automatic equipment should be checked more than once a week to ensure it is continuing to
operate correctly and has not been vandalised (DfT, 2001). To avoid vandalism, the roadside
monitoring equipments should be strongly fixed (with chains) to a post and locked. One may
advice (e.g. by a sticker) that the material is used for the monitoring of traffic but not for
enforcement.

Speed measurement should occur unobtrusively. In a case study in the Netherlands, Oei and
Goldenbeld (1996) found that speed measurements with radar were giving lower estimates
than speed measurements with inductive loops because some drivers lower their speed
when seeing a car with radar equipment.

Data collection

Problems may also occur in the process of transfer of the data from the measuring devices to
the server of agency responsible for the analysis. Bugs may occur in the internal software of
the device or it may be badly configured (e.g. bad rounding off or aggregation of data).

The data format should be compatible with the software that will be used to analyse the data.
Many companies develop their own analysis software along with their measuring equipment.
These software packages are not necessarily suitable for the analysis of type that is wanted.
So, one may want to get the data in a specific format from the body responsible for
measurements. Quality standards of delivery should thus be contracted with this body,
including delivery of additional information for each measurement site (coordinates, picture,
etc).

Statistical software that can handle a great bulk of data must be chosen for the analysis of
data (e.g. individual vehicle data for one week of monitoring at one site may already greatly
exceed the 65536 lines limitation of Excel).

In the process of data collection and analysis, each measurement site should be identified by
an unambiguous indicator in order to avoid mixing up of the data.

Error check

An error check of the data should be carried out as quickly as possible after the
measurements so that it will be less difficult to track back the cause of strange data. The
check for errors should be systematic with error correction decisions/procedures.
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One example of error detection is given by Goldenbeld and Schagen (2005). During a field
experiment on the safety effects of mobile radar enforcement in the Dutch province of
Friesland, speed data were obtained from speed measurement induction loops. Speed and
length class of every passing vehicle was registered electronically per hour (24 hours a day,
7 days a week). Every month, the data was downloaded from the roadside data box,
checked on minimal quality criteria, and forwarded for further analyses.

Special checks on possible errors in the speed measurement data were performed before
the actual analyses took place. Per road section and per day, specially developed software
checked first whether the 24-hour traffic flow deviated over six times the standard deviation
from the average 24 hour traffic flow on that road section. If this was the case the data for
that particular day was marked as possible error. A further automatic check verified for each
day and for each road section whether the speed data approached a normal distribution. For
days with more than 2000 observations, the Kolmogorov-Smirnov one sample test was
applied and for days with less than 2000 observations the Shapiro-Wilk test (both tests
described in Stevens, 1996). If the speed data did not have a normal distribution, again the
data for that particular day was marked as a possible error. In consultation with the supplier
of the data, the province of Friesland, it was concluded for most of these days whether the
deviations were caused by a measurement error or not. If it was the case, the days were left
out of the analysis. All together, for less than 5% of the days data were either missing or
removed because of measurement errors.

Data aggregation and SPI computation

This stage is very prone to human errors such as loss of data, corrupted backup and errors
in calculations. The original datasets should always be kept and backed up on separate
server and supports.

When aggregating data, careful consideration must be given to the procedure and formula to
be employed in order that each measurement has a correct influence on the final indicators'
estimates.

4.4.6 Summary of recommendations
Selection of measurement sites

- Should be based on a random procedure
- Procedure: random selection of road segments across the whole road network (first
stage) and identification of appropriate locations on them (second stage)
- Appropriate location means:
o Straight and uniform section of road
Section where it is possible to drive at a higher speed than the speed limit
Section with a small gradient (<5% on at least 500 meters preceding)
Away from junctions (>500 meters)
Away from any speed calming device (> 500 meters)
Away from road works (> 500 meters)
Away from pedestrian crossings (> 500 meters)
Away from any speed limit change or sign (> 1000 meters)
Away from work zones, parking zones, important roadside developments
Pavement surface in good condition
Away from the sections where the speed used to be enforced by the Police

OO0OO0OO0OO0OO0OO0O0O0

o

- Separate samples should be drawn for different road types

- Speed should be at least monitored on motorways (road type AAA), single carriageway
rural roads (road type A or B) and single carriageway urban distributor roads (road type
D).

Period of measurement
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- Avoid measuring speed during congestion-prone periods: peak hours, local events
- Avoid measuring speed under bad weather conditions:

Moderate and heavy rain

Snow

Freezing

Fog and other circumstances of bad visibility

o Strong wind

o
o}
0}
o}

- Preferably measure speed during late spring or early autumn
- Concentrate measurements on typical working days

- For day measurements, measure between 9h30 and 15h30
- For night measurements, measure between 22h00 and 6h00

Practical considerations for the measurements

- Measure at least 200 vehicles

- Measure traffic count during the period of measurement

- Carefully follow the instruction on use of the device

- Document the maximum information on the measuring sites (including speed limit)

Data analysis

- Start with an error control of the data
- Exclude from the analysis all hour periods with more than 600 vehicles per hour and per
lane
- Split the data for day and night periods
- Split the data per vehicle type
- Compute at least the following indicators:
o0 Average speed for light vehicles during day
Average speed for light vehicles during night
Standard deviation of speed for light vehicles during day
Standard deviation of speed for light vehicles during night
V85 of speed for light vehicles during day
V85 of speed for light vehicles during night
Percentage of light vehicles over the speed limit during day
Percentage of light vehicles over the speed limit during night
Percentage of light vehicles 10 km/h over the speed limit during day
Percentage of light vehicles 10 km/h over the speed limit during night

OO0OO0OO0OO0OO0OO0O0O0

Documentation and reporting

- Document all steps of the survey carefully
- Publish results at least annually
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5 Detailed manual for SPIs on
Protective Systems

EKSLER?, V., ALLENBACH?, R., HOLLO®, P., SCHOON®, C.
ACDV, BBfU, °KTI, °SWOV

5.1 Introduction

Many European countries have been assessing the use of protective systems at the national
level for several decades. Some others have recently made the first steps towards such
assessment, whilst there are still others seeking to do so in the near future.

Assessing protective systems use in traffic has several applications:

1. It allows identification of the problem at the national (regional) level and depicts its
magnitude, so the estimation of social costs and avoidable fatalities (injuries) can be
calculated.

2. It provides evidence for arguments about why their use is essential and why it should
be supported by different policy measures.

3. It provides a base-line indicator that can be used for monitoring and evaluating
progress towards programmes' targets in time.

4. It allows international comparisons of a country's performance and allows the
identification of ineffective national policies.

To assess the situation in a consistent and reliable manner, the quality of indicators and of
underlying data is essential. The basic requirements on SPIs for protective systems were
summarized in the Road SPI Theory report (Hakkert et al, 2007). These are further
developed in this report which is meant as a guideline on SPI data collection and production.

5.2 Methods and tools for assessing protective systems’
use — existing practices

5.2.1 Examples of existing methods

Various methods exist for assessing protective system use in traffic. All of them may produce
estimates necessary for later application in road safety management, but some of them are
not necessarily appropriate for international comparisons. It has been shown in the Road SPI
Theory report that there is a need to rely exclusively on independent observational surveys of
protective systems' use in ftraffic. This is despite the fact that a survey done through
questionnaires may produce very similar results as has been experienced in Sweden, where
the Swedish Road Administration (VV) together with the Statistics Sweden (SCB) produce
each year estimates of seat belt wearing rates. The latter are disaggregated per sex, age
group, road type and seat, and are fully comparable with the rates observed during
independent roadside surveys.

Observation of protective systems' use can be done either manually by trained observers, or
by automatic devices. While the former method is applicable either on road profiles, or road
segments, the use of the latter one is presently limited to road profiles.

Visual observations performed by trained observers are the most common method used to
assess the rates of protective system use. Observers can be either placed along the
roadside (or other convenient place), or they can be in a moving car. The latter approach
makes it possible to cover the use on entire roads, but creates difficulties when it comes to
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appropriate statistical evaluation. Moreover, it is more costly and hence less preferred by
road administrations or other bodies performing the survey.

The use of automatic video devices for assessing protective systems' use is a newly
developed technique used for police enforcement. For example, the Dutch National Police
Agency (KLPD) possesses cameras detecting seat belts that are used. The system has
developed ways to avoid reflection of the car screen, namely the use of polarisation, and
applies front edge technology showing the place where the seat belt — if worn — should be.
Moreover, photogrammetry is used; a technique that changes the perspective in a way which
also makes it easier to detect the seat belt. A major obstacle for the use of these techniques
nowadays is their very high purchase and operational costs (annually 500,000 euro). The
use of the technique is also limited only to the front seats of passenger cars.

For the sake of precise evaluation in respect to different road types, the observations done
from moving vehicles cannot be recommended.

Estimating the protective system use rates, which are representative for the country, is not
an easy task, as the rates vary in time and space and depend on various factors. To produce
accurate national estimates, the choice of road profiles, their numbers, and spatial
distribution plays a crucial role. Moreover, the proper size of observed samples at particular
locations contributes much to obtaining statistically correct estimates. That is the reason why
a sampling procedure must be employed to determine the optimal set of road types across a
country.

According to the IRTAD study on the availability of seat belt wearing data in the OECD
member countries (IRTAD, 1995): "The supplementary survey indicates substantial variation
in sample size, national representation, and periodicity. These are real limitations to
international comparability; nevertheless, wearing data may provide a useful background for
comparing road accident fatalities between countries and also a platform for the improved
collection of data on the wearing of seat belts." For example, in Ireland, the National Road
Authority (NRA) assesses passenger car seat belt wearing rates on more than 100 road
profiles, on each of them assessing 100 vehicles, giving a total sample of minimum 10000
vehicles, while in Hungary, the same number of vehicles is observed on a considerable lower
number of road profiles.

5.2.2 Possible parameters versus selected SPIs

Figure 5.1 summarizes all data sources for the assessment of the use of protective systems,
which are: police data, self-reported data, an observational survey and accidents. It further
illustrates that SPI values have two dimensions, time and spatial. Firstly, there are
considerable differences in rates recorded in daytime and night-time. Generally, the rates are
lower during the night, as the road user spectrum is different. Secondly, the rates vary across
road network and country. This can be related to the different nature of journeys and socio-
economic characteristics of road users (NHTSA, 1996).

TIME

ROADSIDE SELF- POLICE-
SURVEY REPORTED REPORTED

ACCIDENTS

SPACE

INJURY DAMAGE ONLY

SPI X VALUE

v

Figure 5.1: SPI values according to their origin
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The daytime wearing rate of protective systems in traffic has been identified as a direct
indicator, as it can be relatively easily assessed whereas the reliability and other
requirements can be more conveniently met. Besides, the use of protective systems
recorded by the police for fatal accident participants, is a recommended indirect indicator
allowing inference about the effectiveness of the systems at national (European, regional,
local) level to be made.

5.3 Detailed description of available best practices

5.3.1 Good practice country example

Several member states assess protective systems use in ways resulting in reliable and valid
national estimates and allowing conclusions to be made about subgroups of observed road
users. In this Section, the Swiss methodologies on estimating seat belt use in passenger
cars and helmet use by cyclists are presented, since they are far more representative than
for many other countries and have a long tradition of use.

The methodologies currently used in Switzerland are the results of permanent evolution and
improvements realised over several decades. The Swiss Council for Accident Prevention
(bfu) has conducted surveys on safety performance indicators for protective systems since
1962. At the very beginning, only data on seat belt wearing in passenger cars were gathered
and estimations produced. Later, the surveys on helmet use, daytime running lights were
also launched. The bfu's observation and proceeding methods can be understood as a
compromise between the required methodology and the financial and personal efforts in
fieldwork.

Survey on seat belt use (SPI-A)

The first step in Swiss methodology for assessing seat belt use by light vehicle occupants is
to consider geographical regions: Switzerland consists of three linguistic regions and it is
common opinion that populations in these regions differ in respect to their behaviour in road
traffic. Thus, surveys on behaviour like seat belt wearing have to consider these regional
differences.

The second step is to consider different road types with known differences in seat belt
wearing rates. Both characteristics, regions and road type, constitute 9 stratification cells.
Altogether 57 observation sites are then attributed to each particular stratum (Table 5.1).

Nr. Linguistic region
of observation sites | German French ltalian Total
o Urban 16 6 3 25
= Rural 10 6 2 18
§ Motorway 8 4 2 14
Total 34 16 7 57

Table 8.1. Stratification characteristics of Swiss survey on seatbelt wearing

The Swiss regions vary according to territory and population size. The proportions of
population size are about 0.75 for the German speaking region, 0.20 for French and 0.05 for
the Italian-speaking region. For a proportional stratification with a total of 57 sites, the
distribution for regions would result in 43/11/3 observation sites. (The proportion of
population in the three regions corresponds to the distribution of traffic exposure in terms of
person-km travelled on front seats of light vehicles.)

The same kind of considerations is made for different road types. The distribution of traffic on
different road types is 0.336 for motorways, 0.345 for rural and 0.319 for urban roads (Table
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5.2). With a proportional stratification for both characteristics we would only have one
observation site per road type in the Italian speaking part of Switzerland. Disproportional
stratification used here ensures a minimum of two sites for each stratum.

Stratification has two different advantages: firstly, it can reduce sampling errors, if
stratification characteristics vary in the targeted estimate and, secondly, it ensures that in
sampling all necessary characteristics are covered. In Switzerland, both advantages are
applied: It is known, that there are regional differences and for prevention measures it is
important to have estimates for each region. It would also be interesting to have estimates for
every single Swiss Canton. But to realize such a detailed observation system, the
stratification table shown above would be a table with 3x26 = 78 cells resulting in a minimum
of 156 observation sites which goes beyond the scope of available resources.

Weights of Linguistic region

aggregation German French Italian Total
@ Urban 0.239 0.064 0.016 0.319
% Rural 0.259 0.069 0.017 0.345
& Motorway 0.252 0.067 0.017 0.336
= Total 0.750 0.200 0.050 1.000

Table 5.2. Weights of disproportional stratification characteristics, standing for the proportion of travel
in terms of person vehicle km on different road types and within different regions

The guidelines for the observers state that at each observation site a total of 500 vehicles
have to be observed and the observation time should not exceed one hour. So in most cases
there is a total of 500 observations, but it also happens that less than 500 vehicles are
observed at the location. In 2006, there was one site with only 250 drivers observed, which is
still fitting to statistical requirements. As a consequence of the disproportional stratification
design, estimates have to be weighted back to original proportions of the stratification
characteristics.

On-site observations

The survey on seat belt wearing is conducted annually between April and June. It starts with
an instruction and training day, where all observers are briefed on methodological issues and
more importantly, on the issues relevant to the performance of road observations. Typically,
there is one observer for one location. To keep down travelling costs, the country is divided
into four regions to which the observers are assigned (Figure 5.2).

Figure 5.2. Assignment of observation sites to different artificial regions
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The assignment of the observation sites to the four artificial regions is independent of the
stratification considered (Table 5.3). Actually, artificial regions do not correspond to the
linguistic regions, for which conclusions are to be drawn.

Weights of Region for assignment of observation sites

aggregation A c D E total
° urban 3 4 3 4 25
= rural 5 4 5 4 18
8 | motorway 8 8 5 4 14
B total 16 16 13 12 57

Table 5.3. Assignment of observation sites to different artificial regions

Each observer is equipped with paper observation forms on a clipboard, mechanical hand
counter, safety vest and accreditation to work as an observer signed by the head of the bfu
research department. The observations on seat belt use by driver and front seat passenger
are combined. So the observer first counts drivers with the hand counter and records results
on the paper form. On workdays there are only a few cars with front seat passengers. To
count their seat belt use the observer uses either a second hand counter or uses a paper
observation form. The project leader continuously supervises fieldwork, so that every
observer is supervised at least once. In addition to seat belt wearing counting, the
characteristics of each observation site are registered and pictures are taken by observers.

After the fieldwork is completed the paper forms are coded twice into an Excel-sheet and the
weighted estimates are calculated with the equations shown in this manual. The calculation
of standard errors and confidence intervals is more complex. The sampling design is not
based on a simple random sample and as a consequence, the calculation of standard errors
has to take into account the design effect and the weighting of disproportional stratification.
The design effect is a factor, which has to be multiplied with the standard error under
assumption of a simple random design. In the design of the seat belt survey, a clustering
effect has to be assumed. This means that observations within an observation site are more
similar than observation between sites. Generally, clustering effects result in a design factor
larger than one and increase the standard errors and confidence intervals.

There are several methods to calculate standard errors for complex sample design. They are
implemented in some statistical software packages or specific software. Because these
methods use linearization or replication of design effects, they cannot be calculated using a
simple Excel sheet. Table 5.4 shows that the design effect varies between 0.01 and 45.37.

Region Road type Estimate Cl 95% Std. Error Design Effect
= urban 0.830 0.796 | 0.864 0.017 16.18
% rural 0.891 0.869 | 0.913 0.011 5.78
© motorway 0.916 0.892 | 0.940 0.012 7.53
S urban 0.693 0.579 | 0.806 0.056 45.37
o rural 0.804 0.737 | 0.870 0.033 20.74
= motorway 0.872 0.853 | 0.890 0.009 1.48
c urban 0.590 0.456 | 0.723 0.066 27.39
% rural 0.780 0.703 | 0.856 0.038 8.53
= motorway 0.867 0.865 | 0.869 0.001 0.01

Table 5.4. Seat belt wearing rates and 95% confidence intervals (C195%)
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The large effects show that the sample design is not very efficient in some of the stratification
cells. Reducing the number of observed cars and increasing the number of observation sites
would decrease the design effect. The very small effect on Italian motorways (only 2 sites) is
the result of exactly the same calculated estimates in both locations and so is a random
effect.

The estimates of seat belt wearing rates can be produced for each strata considered. Figure
5.3 shows the respective rates with their 95% confidence intervals. While the Cl is relatively
large for some of the strata, it is relatively small for the overall value of seat belt wearing rate
(see Figure 5.3).

The results were produced with the help of STATA statistical software. This programme
allows accounting for stratification weight and primary sampling units simultaneously.

Rates with CI(95%)
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Figure 6.3. Seat belt wearing rates per road types within regions and CI195%

Survey on helmet use by pedal cyclists (SPI-F)

The survey on the use of helmets by pedal cyclists has been performed in Switzerland since
1998. The three linguistic regions are considered as in the case of the seat belt survey.
Altogether 53 locations are attributed to different roads across the country, while taking into
consideration four different journey purposes of cyclists; commuting, shopping, school and
free time/sport riding (Table 5.5). Hence, the stratification concerns regions and ride purpose.

At each carefully chosen location, at least 120 cyclists are observed during a maximum of 3
hours. The data are recorded manually onto the observation forms by the observers. Not
only helmet wearing is recorded, but also other attributes, such as bicycle type, sex, age
group (<14, 15-29, 30-44, 45-59, 59+), use of protective accessories, such as gloves, etc.
The observation form used is presented in Annex B.2 to Chapter 5, giving clear evidence on
the variable types recorded by observers.
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Nr. Linguistic region
of observation sites | German French ltalian Total
° Commuting 7 1 1 9
8 School 7 1 1 9
S | Shopping 7 1 1 9
3 Leisure 14 7 5 26
= Total 35 10 8 53

Table 5.5. Stratification characteristics of the Swiss survey on helmet use by pedal cyclists

The weights of disproportional stratification characteristics standing for the proportions of
travel in terms of person vehicle km within different regions and travel purposes are further
presented (Table 5.6).

Weights of Linguistic region

aggregation German French Italian Total
° Commuting 0.179 0.022 0.002 0.203
é School 0.139 0.017 0.002 0.158
5 | Shopping 0.083 0.010 0.001 0.094
3 Leisure 0.480 0.060 0.005 0.546
. Total 0.880 0.110 0.010 1.000

Table 5.6. Weights of disproportional stratification characteristics

Since six strata have just one observation site, and because of a maximum of 120 observed
individuals at these sites, calculation of reliable estimates for combining riding purpose and
region is not reasonable. Thus, the results are only presented for both characteristics
separately (Table 5.7,a,b). The calculation of estimates and confidence intervals follows the
same considerations as in the case of the seat belt use survey.

One important factor influencing fieldwork in this survey is the weather. On days with heavy
rain or other bad weather conditions nearly nobody uses bicycles and the observers leave
the observation site without reaching the targeted number of observations. In the survey
realized in 2006 bad weather conditions were met on two locations in the Italian speaking
region, where on one site only 26 and on the second 37 bicyclists were observed during the
three hour assessment period. As a result the reliability of estimates decreased.

Again, confidence intervals were calculated considering stratification weights and the primary
sampling units. As a consequence, the confidence intervals are wider and more conservative
than in a calculation assuming a random sampling.
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Purpose of ride Estimate Cl 95% Std. Error | Design Effect
Commuting 0.232 0.113 0.351 0.059 16.208
School 0.288 0.145 0.431 0.071 22.257
Shopping 0.163 0.128 0.198 0.017 1.469
Leisure 0.515 0.456 0.573 0.029 10.352

Region Estimate Cl 95% Std. Error | Design Effect
German 0.395 0.324 0.466 0.035 18.712
French 0.331 0.216 0.447 0.057 15.729
Italian 0.476 0.297 0.654 0.089 24.815
Total 0.389 0.324 0.453 0.032 23.422

Table 56.7a,b Rates of helmet use by pedal cyclists (SPI-F) and CI95%

The same results can be further presented graphically making the estimated confidence
intervals more readable (Figure 5.4).

Rates with CI(95%)
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Figure 5.4 Rates of helmet use by pedal cyclists (SPI-F) together with CI95%

5.4 Recommended system for producing protective
systems' SPIs

5.4.1  Setting up a national system

A set of indicators for assessing protective system use rates that has been proposed by
SafetyNet (Hakkert et al, 2007), covers different road users in traffic. The very first step must,
therefore, be a choice of indicators to be assessed at the national level. This should be done
against the background of national conditions, such as fatalities' distribution, road safety
programmes and targets, and available budget. Given the sorting of indicators corresponding
to their effectiveness in preventing fatal injuries in traffic at the European level, the choice
should include at least the first 3 indicators, but preferably all of them.

sn_wp3_d3p8_ SPI_Manual Page 61



SafetyNet D3.8 — Road Safety Performance Indicators: Manual

Significant regional disparities in protective systems' use have been observed in humerous
EU countries, where they have been reported separately for relevant regions. This is
particularly a case with seat belt use. In Germany, figures are reported for former Western
and Eastern parts of the country, while in Switzerland, they have been reported separately
for the three linguistic regions. Rates are determined for three different regions of Italy as
well (Taggi, 2005). There are, however, other countries, which do not necessarily exhibit
significant regional disparities, but which need regional values to be figured out as well. (For
example, recently established regional road safety observatories in France (since 2005) are
supposed to use regional values of some SPIs for enhancing the effectiveness of regional
road safety policies. The same applies for the Czech Republic, where regional values of SPIs
have been produced recently.)

Nationwide surveys can be very expensive and unnecessary if it is known that the values of
the SPI are distributed more or less equally (which is a priori the case in small countries).
This is the case in many Member states, but not in all, as, for example, Italy and Switzerland
show great heterogeneity in e.g. seat belt wearing rates.

When starting from zero, it is important to assure regular (annual) assessment, since
monitoring of the development in time is one of the most important applications for the
country. If a sound system of observational surveys is established at the country level and
has been used for several years, then eventual alteration of the system must be made with
care to allow for a time-series analysis in the future.

The national system should further fulfil the requirements as described on the following
pages.
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Requirements for national systems producing
SPIs in the area of protective systems

A Design requirements

Surveys should incorporate the following minimum design requirements:

A.A  Probability-based requirement

The sample identified for the survey should have a probability-based design such that
estimates of safety belt (helmets) use will be representative for the population of interest in
the country and confidence intervals may be calculated for each estimate produced.

A.B Other sampling requirements (population, demographic, and time/day
requirements)

Surveys conducted in accordance with this part should comply with the following minimum
population, demographic, and time/day requirements:

ABA Population of interest

a) Drivers, front seat passengers, children in passenger motor vehicles (passenger cars,
vans, and sport utility vehicles) and two-wheelers must be observed in the survey.
(Only overall protective systems' use for the population of interest is required.
However, in order to assist in the evaluation of trends and group differences, it is
recommended that data be collected in such a way that estimates can be produced
for population sub-groups, e.g. seat belt use estimates reported separately for drivers
and front seat passengers and different road types which are present in the country.)
The following road user categories are subject to observations:

: Passenger car and vans occupants over 12 years old in front seats
. Passenger car and vans occupants over 12 years old in rear seats
: Children in passenger cars under 12 years old in front and rear seats
: Occupants of coaches and heavy-duty vehicles over 12 years old in front seats
: Occupants of coaches over 12 years old in rear seats
Pedal cyclists
: Moped riders
: Motorcyclists

I oG mooOw>»

b) The SPI values should be assessed on all major road types which are present in the
country and relevant for each road user category (4.2.1.a).

Road types - IRTAD Road types - SafetyNet | A | B | C | D | E | F | G | H
Motorways AAA X X X X X X
Roads outside urban areas AAtoC X | X | X | X | X | X | X|X
Roads inside urban areas DDtoE X1 X | X X | X | X

Table A.1: Road types for assessment of SPIs

c) The target population for each of SPI category encompasses all national (regional)
citizens as well as all foreigners in traffic.
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d) All persons travelling in the vehicles for which the law allows exception for protective
systems use should be a priori excluded from the observation sample (taxi, police,
emergency service, armed forces' vehicles, etc).

A.C  Demographics

NUTS-2 regions (official Eurostat regional classification of regions corresponding to
nationally defined area units; typically of 0,8-3 millions of inhabitants) or other regional units
are eligible for inclusion in the sample. If once proven (during a nation-wide survey) that no
major regional differences exist [(SPI; max-SPlimin)<5%], then regions can be chosen randomly
unless covering all regions.

A.D Time of day and day of week.

All daylight hours for all days of the week are eligible for inclusion in the sample. By
“daylight”, the period starting one hour after the sunrise and ending one hour before sunset is
understood. Observation sites must be randomly assigned to the selected day-of week/ time-
of-day time slots. Only in case of SPI_C (use of restraints by children) the observations
should be carried out on weekend days. Note: weekend days include also public (national)
holidays.

Eligible time frames A|lB|C|DJ|E|F|G]|H
Apr.-June and Sept.-Oct. X1 X | X X| X[ X | X | X
Daytime (typically 8-12and 13-18) [ X | X | X | X [ X | X | X | X
Week days X | X X[ X[ X[ X | X
Weekend days X

Table A.2: Time of day and day of week requirements

A.E Observational requirement
Minimum requirements include the following:

(a) The sample data shall be collected through direct observations of protective systems' use
by road users on roadways within the country, conducted completely within the calendar year
for which the seat belt, Child Restraint Systems (CRS), or helmet use rate are being
reported.

(b) Protective systems' use shall be determined by observation of the use or non-use of a
seat belt, CRS and safety helmets on a predefined set of locations chosen with the help of
appropriate sampling methods. In the case of CRS, the correct use of devices should be
assessed separately. Under the "correct use", the use meeting requirements specified by the
manufacturer is meant.

(c) Observation (registration) is performed on road profiles, intersections, petrol stations or
other eligible locations such as in the vicinity of shopping centres. (Automatic) video devices
can be used as well. The observation of seat belt use in coaches should be performed by an
observer who is present on-board during a journey.

(d) The observations should be performed by independent observers (not uniformed police or
other officers) working under the responsibility of a survey coordinator, assuring that wearing
rates would be not influenced.

(e) Observers shall be required to follow a predetermined, clear policy in the event that
observations cannot be made at the assigned site at the specified time (due to heavy rain,
construction, safety problems, etc.).
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(f) Instructions to observers shall specify which road section and which direction of traffic on
that road are to be observed (observers must not be free to choose between roads at an
intersection).

(g) Observers shall follow clear instructions on how to start and end an observation period
and how to stop and start observations if traffic flow is too heavy to observe all concerned
individuals or if they begin moving too quickly for observation (to remove any possible bias,
such as starting with the next person using protective system).

The minimum and recommended number of observation sites is specified in Table A.3. For
example, the survey on the use of seat belts in the front seats of light vehicles should be
made on at least 10 road profiles across the country (e.g. 4 sites on urban roads, 3 sites on
rural roads and 3 sites on highways), but it can be recommended to use more than 30 sites
(see Annex A to Chapter 5 and Statistical Appendix to the report for more details on
statistical sampling).

QM |m|O0|w|>

H

Table A.3: Minimum and recommended number of observation sites

Similarly, the minimum and recommended sample size (number of observed individuals
concerned) for each observation site is specified in Table A.4

A 1
B 2
C 2
D 2
E NA
F 2
G 2
H 2

Table A.4: Minimal and recommended sample size per observation site

A.F  Precision requirements

Sampling design should allow the production of SPI estimates with the following accuracy:
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SPI Accuracy (precision) in %
A 2
B 3
C 5
D 5
E 5
F 5
G 5
H 5

Table A.5 : Recommended accuracy of SPI values

Accuracy (precision) means here the confidence interval width. Consider an example, when
assuming a simple random sampling, with six observation sites and a minimum of 100
observations per site, a total N of 600 is observed. Then, if the observed protective systems'
use rate is 0.5, then the 95% confidence interval will be from 0.46 to 0.54, meaning a 4%
precision of the estimate. In the same case, if the protective systems' using rate is 0.8, then
the 95% confidence interval will be from 0.77 to 0.83, meaning a 3.2% precision of the
estimate.

Sampling design corresponding to the requirements specified in Section A.E above meets
the precision requirements specified in Table A.5. For more details, please refer to Annex A
to Chapter 5.

B Documentation requirements

All sample design, data collection, and estimation procedures used in country surveys, which
are conducted in accordance with this Manual, must be well documented. As a minimum, the
documentation must:

B.A  For sample design:
(a) Define all sampling units, with their measures of size;

(b) Define what stratification was used at each stage of sampling and what methods were
used for the allocation of sample units to the strata;

(c) Explain how the sample size at each stage was determined;
(d) List all sample units and their probabilities of selection; and

(e) Describe how observation sites were assigned to observation time periods.

B.B  For data collection:
(a) Define the observation period;

(b) Define the observation site and what procedures were implemented when the observation
site was not accessible on the date assigned;

(c) Describe what vehicles were observed and what procedures were implemented when
traffic was too heavy to observe all vehicles; and

(d) Describe the data recording procedures.

B.C For estimation:

(a) Display raw data and the weighted estimates;
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(b) Ideally, for each estimate, provide a standard error and a 95 percent confidence interval;
and

(c) Ideally, describe how the estimates and their variances were calculated.

C Requirements for the presentation of results

The following figures will be presented as results of the survey:

(a) The values of SPI_A to SPI_H
(b) The conversion rates for the time series
(c) Ideally, the confidence intervals of estimates

C.A The formulae for data evaluation and aggregation

The value of each indicator SP/_X (where X = A, B, ...H) is calculated as the proportion of
the relevant road users using protective systems among all road traffic participants in the
roadside observation sample:

SPI X = Nuse 100 Equation A.1

total

where:

Nuse is the number of road users using a protective system in road traffic, as observed during
the roadside survey in order to find SPI_X value,

Nwtar IS the sample size, meaning the total number of road users observed during the
roadside survey in order to find SPI_X value.

In the case of SPI_C, the indicator ideally distinguishes between proper and improper use of
child restraint systems. Minimal requirements, however, apply only for the use or non-use of
these systems among children in traffic.

If, for any reason, it is not possible to design the survey in such a way that it produces
directly the value of the indicator, then the following aggregation and transformation
rules shall be applied:

C.AB Aggregation for different road types

Since the SPI values vary for different road types, there is a need to weigh the SPI values in
respect to the traffic performance related to each road type existing in a country. For each
SPI indicated (SPI_A through SPI_G), the value of the indicator is calculated by taking the
weighted sum of wearing rates of the protective system under consideration, for all road
types studied, in a representative sample:

N N
SPI_X =) WR xTS;  while:) TS, =1 Equation A.2
i=1

i=1
where:

WR; is the 'wearing rate', the number of persons using the protective system divided by the
total amount of users of the particular vehicle type, observed in a representative sample
during the independent roadside survey;

TS is the 'traffic share' for road type /, i.e., the amount of kilometres travelled on road type i
by the road users under consideration, divided by the total amount of kilometres travelled by
the road users under consideration for all road types assessed;
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i stands for road type and
N is the total number of road types assessed.

If the data on the exposure of particular road users using relevant vehicles are not available,
then the exposure in terms of million vehicle-kilometres (MVKMS) of relevant vehicles can be
considered.

If the exposure data in terms of MVKMS are not available at all, an expert estimation may be
applied, based on data from other countries.

C.A.C  Aggregation for different regions

If the value of an indicator is available for different regions only, than the Equation A.3 is to
be used:

N N
SPI_X =) WRxTS;  while: Y TS, =1 Equation A.3

i=1 i=1
where:

WR; is the 'wearing rate', the number of persons using the protective system divided by the
total amount of users of the particular vehicle type, observed in a representative sample
during the independent roadside survey in region i

TS is the 'traffic share' for road type i/, i.e., the amount of kilometres travelled in region i by
road users under consideration, divided by the total amount of kilometres travelled by road
users under consideration in the whole country;

i stands for region and
N is the total number of regions under consideration.

If the exposure data in terms of MVKMS are not available for regions, population counts can
be used instead to determine the weights.

C.A.D  Aggregation for driver and front seat passenger

Formula A.4 provides the way to aggregate wearing rates for front seats in passenger cars
(and vans) in the country (SPI_A) for those countries, which register separately wearing rates
for driver and front seat passenger:

SPI _A:M Equation A4

N, +N;
where:
Nwaq is the number of drivers counted as wearing their seat belt;
Nws is the number of front seat passengers counted as wearing their seat belt;
Ny is the number of drivers counted during the survey;

Nt is the number of front seat passenger counted during the survey.

CAE Aggregation for different age/weight groups for SPI_C

If the data are available for different age groups, the SPI_C value is obtained through
weighting all use rates per the number of children in the relevant age group, as observed
during the roadside survey. The weighting per population size in the age group is not
allowed.

Zn:URi N,

SPI C=——— Equation A.5

total
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where:

UR; is the 'usage rate' of child restraint system by a child of certain age group i in passenger
car as observed in a representative sample during the independent roadside survey;

N; is the number of children assessed for the use of a child restraint system in the age group
i as observed in a representative sample during the independent roadside survey;

Niotar IS the total number of children assessed for the use of a child restraint system in all age
groups.

Example:

Hereby, the way of calculating the value of the SPI-A indicator for the UK is presented for
illustrative purposes. Two separate regular survey systems exist, one for Great Britain, and
one for Northern Ireland. Besides, Scotland occasionally performs its own survey on seat belt
use in light vehicles showing similar results as for Great Britain. So for aggregating nationally
representative value, two geographical regions are considered: Great Britain and Northern
Ireland.

As the rates of seat belt wearing are assessed separately for driver and front passenger seat
occupants, the two values must be aggregated. The weights corresponding to the observed
occupancy rate are applied. In the next step, the resulting rates are aggregated for
passenger cars and vans, using their exposure in traffic (here in terms of MVKMS) as
weights. Lastly, the two values of the SPI-A indicator are aggregated for the U.K. again using
exposure in traffic weights. While the calculations are done with the rates considered as real
numbers (one decimal point showed here), the final value of the indicator is rounded to a
whole number. Here, the SPI-A value is then 90%.

Region | Vehicle [Seat Rate w | Rate | w | Rate w_ [SPI_A
= Passenger |Driver seat 92,6 0,65
g cars Front 93,1 0,90
5 passenger seat 94,0 0,35 902 | 0957
8 vans Driver seat 71,0 | 0,65 645 | 010
Front passenger seat 58,0 0,35 903
o . 1
% Pascsae;r;ger Driver seat 930 | 0,65 927 | 093
= Front passenger seat 920 | 0,35 913 | 0,043
5 )
% Vans Driver seat 68,0 0,65 645 | 0,08
= Front passenger seat 58,0 | 0,35

Table C.1: Aggregation of SPI-A values for the UK in 2005

C.B Calculating Conversion rates

Development of indicators over time is evaluated by means of two indicators:

1. Year to year increase (annual increase) defined as a difference of SPI value (use-
rate) from last year (f-7) to present year (t).

Al, =—((SPI,_,)—(SP1,))=(SP1,)—(SPI,_,) Equation C.1

2. Conversion rate defined as a rate of decrease of non-use from last year (¢-7) to next
one (f)
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(100 SPI,_,) - (100-SPI,)
(100—SPI_,)

CR, Equation C.2

The conversion rate provides a better measure of improvement than percentage point or
percentage increase in use as it shows the percentage of belt non-users converted into
users, each year. The improvement is thereby assessed in a way that does not penalize
regions or other categories that already exhibit high using rates. The conversion rate is
positive when the use increases, but it can also be negative when the use declines.

Example:

An example for the Czech Republic is presented below, showing changes in terms of
conversion rates between the years 2000-2006.

The negative rates visible in the top-left part of matrix depict a decline in seat belt use in the
period 2000-2002. The most relevant conversion rates for two subsequent years are in bold
in the diagonal.

C°”r‘$§i°” 2000 (60) | 2001(58) | 2002 (57) | 2003(62) | 2004 (64) | 2005(72) | 2006 (87)
2000 (60) 0 5 8 5 10 30 68
2001 (58) 0 2 10 14 33 70
2002 (57) 0 12 16 35 70
2003 (62) 0 5 26 66
2004 (64) 0 22 63
2005 (72) 0 54
2006 (87) 0

Table C.2: Conversion rates for SPI-A values for the Czech Republic (2000-2006)

C.C  Presenting SPI values

Both SPI values and conversion rates should be presented as results of the survey. It is
recommended to present the values both graphically and numerically.

Example:

As an example, the evolution of the SPI_A indicator over time in Switzerland is shown. It
reflects a temporal introduction of a seat belt law in the period 1976-1977 and its definitive
establishment in July 1981. Since 1981 the rate is increasing slowly but constantly.
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Evolution of SPI A values in Switzerland
(daytime seat belt wearing rates in front seats of light vehicles)
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