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700 000 people die annually in road traffic accidents around the world and road traffic safety
interventions are implemented annually across the world. Macro-level evaluation is
necessary to ensure financial accountability and clarification that the intervention improved
road safety. The study identified two categories of indicators that can be utilised, namely
quantitative (evaluating accident data using, for example, statistical analysis and also other
methods) and qualitative indicators like the human factor (this includes aspects such as
behaviour, attitudes, perception, etc.). The study found that the statistical analysis and trend
analysis of macro-level accident data is problematic as changes and predictability is
statistically non-significant. The evaluation of human factors was identified as a possible
alternative and complementary indicator of the effectiveness of road traffic safety
improvement interventions. The aspects relevant to road safety improvements with regard to
behavioural changes were investigated. The study found that there is a number of criteria
that can be used to measure the input (e.g. communication, publications, the media etc.) and
output-related aspects of the human factor (e.g. changes in behaviour, attitudes, motivation,
risk, skills etc.). A list of these indicators were generated based on the study of aspects
related to behavioural change and a preliminary evaluation of the Arrive Alive 1 was made.
The study recommends that a measure of exposure be developed that will allow for the
utilisation of macro-level accident data in the evaluation process and that the human factor

also be included in the macro-level evaluation of road safety improvement interventions.
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Jaarliks sterf 700 000 mense in padverkeersongelukke in die wéreld.
Verkeersveiligheidsverbeteringsprogramme word jaarliks regoor die wéreld geimplementeer.
Makrovlak evaluering van verkeersveiligheidsverbeteringsprogramme is noodsaaklik vir
finansiéle toerekenbaarheid en om te verseker dat die program wel verkeersveiligheid
verbeter het. Die studie het twee kategorieé aanwysers geidentifiseer wat gebruik kan word
in die evalueringsproses, naamlik: kwalitatiewe en kwantitatiewe aanwysers. Kwantitatiewe
aanwysers verwys na byvoorbeeld die analise van ongeluksdata met statistiese analise
metodes en kwalitatiewe aanwysers verwys na die menslike faktor wat aspekte soos gedrag,
houding, persepsies ens. insluit. Die studie het gevind dat statistiese en tendens-analise van
makrovlak ongeluksdata problematies is aangesien die veranderinge en voorspelbaarheid
daarvan nie statisties betekenisvol is nie. Die evaluering van die menslike faktor is
geidentifiseer as ‘n alternatiewe en komplimentére maatstaf vir die evaluering van
verkeersveiligheidsverbeteringsprogramme. Die aspekte wat met gedragsveranderinge
tydens en na verkeersveiligheidsverbeteringsprogramme verband hou, i1s bestudeer. Die
studie het gevind dat ‘n aantal kriteria gebruik kan word om die in-en uitset van die
menslike faktor te meet. Die inset kriteria verwys na byvoorbeeld kommunikasie,
publikasies, die media ens en uitset kriteria verwys na veranderinge in gedrag, houding,
motivering, risko, vaardighede ens. ‘n Lys van hierdie kriteria is ontwikkel gebaseer op die
studie oor faktore wat gedragsveranderinge beinvloed en daarmee verband hou. ‘n Voorlopige
evaluering van die Arrive Alive 1 veldtog is ook gedoen. Die studie beveel aan dat ‘n maatstaf
vir blootstelling ontwikkel word wat die gebruik van makro-vlak ongeluksdata in die
evaluering van verkeersveiligheidsprogramme sal moontlik maak. Die studie beveel ook aan
dat die menslike faktor ingesluit word in die makrovlak evaluering van

verkeersveiligheidsverbeteringsprogramme.
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ABSTRACT

MACRO-LEVEL EVALUATION OF ROAD SAFETY IMPROVEMENT
INTERVENTIONS: AN EVALUATION OF THE ARRIVE ALIVE 1 (1997/98)
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Title: Macro-level evaluation of road safety improvement interventions — An

evaluation of the Arrive Alive 1 (1997/98) road safety campaign

Author: [ van Schalkwyk (Miss)

Supervisor: Mr Louis Roodt

Department: Civil Engineering

University: University of Pretoria

Degree: Master of Engineering (Transportation Engineering)

700 000 people die annually in road traffic accidents around the world and road traffic safety
interventions are implemented annually across the world. Macro-level evaluation is
necessary to ensure financial accountability and clarification that the intervention improved
road safety. The study found that the statistical analysis and trend analysis of macro-level
accident data is problematic as changes and predictability is statistically non-significant. The
evaluation of human factors was identified as a possible alternative and complementary
indicator of the effectiveness of road traffic safety improvement interventions. The aspects
relevant to behavioural changes were investigated. The study found that there 1s a number of
criteria that can be used to measure the input (e.g. the media etc.) and output-related aspects
of the human factor in road traffic accidents (e.g. changes in behaviour, motivation, attitudes,
risk, skill etc.). A list of these indicators were generated and a preliminary evaluation of the
Arrive Alive 1 campaign was made. The study recommends that a measure of exposure be
developed that will allow for the utilisation of macro-level accident data in the evaluation
process and the inclusion of the human factor in the macro-level evaluation of road safety

improvement interventions.
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CHAPTER 1: INTRODUCTION

BACKGROUND

Road traffic safety improvement interventions! are planned and executed with
two basic objectives in mind, namely reducing the number and severity of road
traffic accidents. Road traffic safety improvement interventions normally include
three elements: engineering, education and enforcement. Large amounts of money
are used for these interventions. The evaluation thereof is essential to ensure that
the public receives the full benefit of the limited available budget. Evaluation of
improvement interventions are normally done through an objective analysis of
one or more of the dimensions of the road safety problem. This involves statistical

analysis of accidents or critical offence monitoring.

Behavioural science offers a wide range of opportunities to increase an
understanding in the field of road safety. Among others, Glendon (1987) lists

three main areas:

= mental processes/ cognition — e.g. risk perception, learning and development,

hazard perception and labelling, attributing responsibility, cause and blame;

= behaviour — e.g. accident causation, responding to hazards, making and

correcting errors;

* environment — e.g. valid indicators of risk exposure, training, education,

communication, responding to hazards.

OBJECTIVES OF THE STUDY

The study was aimed at providing a framework for the evaluation of road safety
improvement interventions. It investigated the various elements that should be
included in the evaluation of a road safety improvement intervention. The
framework provides a discussion of the various elements and methodologies that

can be followed in the evaluation of a road safety improvement intervention.

1 A road safety improvement intervention includes road safety campaigns, changes in
legislation, or for example, the AARTO Bill.
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The study also includes an evaluation of aspects of the Arrive Alive 1 to illustrate
the different elements in the evaluation of a road safety improvement

intervention.

The objectives of the study are:

e a literature study on the evaluation of elements of road safety improvement

interventions;

e a contextualisation of the road safety status of South Africa in the

international scene;
e aframework for the evaluation of road safety improvement interventions;

e an evaluation of certain elements of the Arrive Alive 1 road safety

improvement intervention to illustrate the proposed framework.

SCOPE OF THE STUDY

The study is limited to the preparation of a framework for the macro-level
evaluation of road safety interventions and a preliminary evaluation of some of
the elements of the ARRIVE ALIVE 1 campaign (1 October 1997 to 31 January
1998), by taking accident history (where available) from as early as 1994 into
consideration. Macro-level evaluation refers to the evaluation of an intervention
in an area, i.e. not at a location or on a specific route. Road safety improvement
intervention refers to any action (campaign, legislation, programs etc) that is
aimed at improving road traffic safety in an area. The area can, for example, be a

country, a province or a metropolitan area.

On a national level, the accident history from as early as 1938 is utilised. Monthly
data for 1999 is not included in the study as the delay period for obtaining
reasonable accident data is at least one year, measured from January of the

following year.

Data from Statistics SA (formerly the Central Statistical Service) is utilised for
the evaluation on national and provincial levels. An evaluation on metropolitan
level including a selection of worst routes and worst locations is based on data

from the Durban Metro. The Durban Metro expends significant amounts of
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manpower and resources on checking the accuracy of accident reports and
provides more accurate data than normal accident databases that only capture

data as provided on the SAPS 352 accident reports.

Law enforcement data for the ARRIVE ALIVE 1 period was found not appropriate
to evaluate offence levels. The extent of law enforcement actions during the
Arrive Alive 1 campaign was obtained from an official report on the Arrive Alive 1

road safety campaign included in the literature study on the campaign.

METHODOLOGY

A literature study was done on the development of road safety approaches, road
safety improvement interventions and the evaluation of elements of road safety

improvement interventions.

A framework was then developed for the evaluation of road safety improvement

interventions.

Monthly and annual accident data were analysed at national level, for Gauteng,
Western Cape, KwaZulu-Natal, for the Durban Metro area, for a selection of
intersections in Durban and for a number of major routes in the Durban Metro
area. Certain elements of the ARRIVE ALIVE 1 campaign were evaluated to
illustrate outcomes of the campaign and the result of different evaluation

methodologies.

PROBLEM STATEMENT

Road traffic safety is an important health and society issue. The costs of road
traffic accidents are high and the public demands improvement. The evaluation of
the efficiency of road safety improvement interventions are difficult due to a
number of factors like poor data and complex techniques — some questionable. A
framework for the evaluation of road safety improvement interventions is
required to enable the evaluation of the different dimensions. The framework for
such an evaluation process includes the evaluation of existing methods and
perceptions. Such a framework will enable the monitoring of interventions for
improvement in the design of the intervention and also the data requirements for

the evaluation process.
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ORGANISATION OF THE REPORT

Chapter 1 is an introduction to the study.

Chapter 2 discusses the road safety problem and illustrates the need for road

traffic safety improvement interventions.

Chapter 3 describes the principles of road safety improvement interventions.
Chapter 4 discusses the international approaches to road safety.

Chapter 5 discusses the ARRIVE ALIVE 1 campaign.

Chapter 6 introduces the evaluation of road traffic safety improvement

interventions.

Chapter 7 introduces accident analysis as a measure in the evaluation of road

traffic safety improvement interventions.
Chapter 8 describes the statistical analysis of road traffic accident data.

Chapter 9 illustrates the use of accident data analysis with annual data using the

annual accident statistics of South Africa.

Chapter 10 illustrates the use of monthly accident data series to evaluate the

Arrive Alive 1 road safety campaign.

Chapter 11 introduces and discusses the evaluation of other factors, like human

responses, in road traffic safety improvement interventions.

Chapter 12 provides the framework for the evaluation of the human factor in road
safety interventions and also illustrates the use of the framework by providing a

preliminary evaluation of Arrive Alive 1.

Chapter 13 describes the conclusions and recommendations of the study.
The references and a bibliography are included at the end of the report.
Appendix A:  The regression analysis of number of accidents and fuel sales.

Appendix B:  The regression analysis of number of accidents and number of

registered vehicles.
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Appendix C:  The graphic representation of monthly accident data series for
South Africa, Gauteng, KwaZulu-Natal, Western Cape, the Durban Metro, a
selection of worst locations in Durban Metro and a selection of major routes in the

Durban Metro area.

Appendix D:  The graphical representation of the distribution of driver and

passenger ages involved in accidents in the Durban Metro area.
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CHAPTER 2: THE ROAD SAFETY PROBLEM

INTRODUCTION

700 000 people die annually in road traffic accidents around the world (World
Highways, January/February 1999). In the USA road traffic accidents is the fifth
top leading cause of death (NCHS website 2000).

This chapter will highlight the road traffic safety problem in South Africa. Road
safety improvement interventions that contribute to the reduction of accidents
and/or the severity of accidents can be justified in terms of both human suffering
and economic benefits. The chapter shows some of the gains for South Africa to be

derived from a reduction in the accident rate and severity.

THE ROAD SAFETY PROBLEM IN CONTEXT

During 1998, 512 605 accidents were reported on South African roads, resulting
in 129 672 people being injured and a further 9 068 dying. Apart from the
traumatic social cost of these accidents, the burden on the economy amounted to
R 13,5 billion (1998 Rand) (CSS 1999).

SOUTH AFRICA’S ROAD SAFETY RECORD COMPARED TO OTHER

COUNTRIES

Graph 2.1 shows the fatality rates per 10 000 registered vehicles for South Africa
compared to other countries in the world. Note that the definitions of fatalities
differ from country to country and that this can influence the results.
Unfortunately statistics from other African countries or transitional countries in

the world are not readily available and are therefore not included in this report.
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Graph 2.1: Comparative fatality rate per 10 000 registered
vehicles in 1994 (after (CSS 1999)

THE COST OF ROAD ACCIDENTS AND POTENTIAL SAVINGS

The total cost of road traffic accidents in South Africa amounted to R 13,5 billion
in 1998 (1998 Rand) (CSS 1999). This cost is based on the severity of accidents:

fatal degree of injury accident =R 340 337
serious degree of injury accident =R 89332
slight degree of injury accident =R 25434

damage only degree of injury accident=R 17 983.

The saving will be proportional to the percentage reduction in accident severity or

fatalities (the sum of the individual savings per injury category).

ATTITUDE TOWARDS ROAD SAFETY

The attitudes towards road safety can be divided into three main categories,

namely:

the public: the level of road safety on the roads is not acceptable and it is

dangerous to travel;

technical - special task teams are set up after bombing attacks while road

traffic deaths generally only receives attention during peak holiday periods or

after a series of fatal accidents. Although the associated costs and number of
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accidents are high, the probability of death or injury during a trip is as small
as 1 in one million per trip (Lay, 1986). It is, however, twenty times less than
the chance of death caused by an act of terrorism (Shubik, 1991). The reason
for the unwillingness of society to appreciate this is not clear. Wilson (1975)
suggested in a study that the number of individuals involved in a single

incident is used by society to quantify the risk of an event.
e the public sector

- national level — Minister Mac Maharaj stated that we are aware of the
critical sttuation on our roads in which more than 10 000 people are

currently killed per annum and close to 50 000 sertously injured of which
40% are pedestrians (RTMS 1997)

- the main purpose of the Road Traffic Management Strategy that was
accepted by all levels of government was to reduce road traffic accident

fatalities by 10 percent by the year 2000

- in the preparation of Moving South Africa (a vision for 2020) the effect of
road traffic accidents were seen as a threat to the sustainability of
transport: road safety (is rated) at or near the top of customer rieeds... road
safely imposes enormous costs on sociely, making the transport system
inherently unsustainable... This destabilises the long-term sustainability of
transport and depresses usage levels through fear of road safety (Moving
South Africa 1998).

CONCLUSIONS

The road safety problem in South Africa is serious in terms of cost and suffering.
Public sentiment demands attention to the problem and government accepted a
Road Traffic Management Strategy geared towards improving road traffic safety
in South Africa.
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CHAPTER 3: APPROACHES TOWARDS
IMPROVING THE ROAD SAFETY PROBLEM

INTRODUCTION

The purpose of this chapter will describe the views on, approaches to and stages

of developments to improve road safety.

VIEWS ON ROAD TRAFFIC SAFETY IMPROVEMENTS

During the past century, views on addressing the road safety problem have

changed significantly. Eight basic views were identified by Haight (1983). In

addressing the problem it is important that these views be taken into

consideration:

The Road Safety problem is not curable. A road traffic accident is a
consequence of mobility. It is therefore important to keep in mind that
accidents cannot be eliminated. We can, however, reduce the consequences
thereof. It affects the approach to road safety because it changes the focus:
from a problem to be eliminated to a problem that should be managed. This in
turn places a responsibility on professionals to develop scientifically sound
techniques to ensure that resources spent on safety are effectively and well-
spent. The target for road safety problems should therefore be a reduction to

acceptable and manageable levels (Evans, 1994).

The Blame or Causal approach should be abandoned. It is generally agreed
that there are contributing factors in any accident. It is important to realise
that the human factor should be closely studied, observing that a human
being has limited capabilities, needs information to make decisions, requires
time to receive and act upon the information/ make the necessary decision
and can make incorrect decisions. In the causal approach the road safety
specialist fails to recognise the responsibility of designing the road system for
the human being. Provision should be made by designing for the human being

and not forcing the human being to fit into the design.

A road traffic accident is a consequence, not an accident. The concept of
blaming an accident on human error gives rise to the thought that a road

safety specialist should change the human to prevent the accident. A road
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safety specialist should rather focus on controlling the consequences of the
three phases of an accident: pre-crash (e.g. accident prevention), during-crash
(e.g. seatbelts) and post-crash phases (e.g. emergency services). It is also
important to realise that a countermeasure normally either reduces the

number of accidents or the severity thereof (Ogden, 1996).

Exposure reduction. By managing the mobility, i.e. the exposure of high risk
groups, accident losses can be reduced. This approach is specifically successful

with novice drivers.

Statistical analysis. Scientifically sound analysis - using a sound database
and skill in the analysis and interpretation thereof - is required to evaluate
whether a program or system is rendering the required benefit or has the
necessary effect. The road safety specialist should therefore be aware of the

following when attempting statistical analysis:

- accident databases have limits and shortcomings (e.g. different definitions

of fatalities, inaccurate reporting, missing data);

- the isolation of a single factor from others is problematic as the other

factors may also affect the safety;
- the danger of regression to the mean.

The probability of counter-intuitive outcomes. A road safety improvement
intervention based on logical and sensible ideas may not have the effect it was

designed to have.

Evaluation of proposals. Proposals for the improvement of road safety should
be evaluated to ensure the selection of only the proposals most likely to be

effective.

Setting intelligent priorities. Road safety projects compete with other
programs for already limited budgets. Evaluations should therefore enable
authorities to set priorities to select only projects that will reduce the number

and severity of accidents and be the most cost-effective (Ogden, 1996).
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STAGES IN THE HISTORICAL DEVELOPMENT OF ROAD SAFETY
IMPROVEMENT INTERVENTIONS

Over the past years, various approaches to road safety were taken. Six basic
stages in the historical development of road safety improvement interventions can
be identified (Organisation for Economic Cooperation and Development, 1984),

namely:

the Mono-Causal Casuistic Approach;

o the Mono-Causal Accident Proneness Approach;

e the Mono-Causal Chance Phenomenon Approach;
e the Multi-Causal Chance Phenomena Approach;
e the Multi-Causal Static Systems Approach;

e the Multi-Causal Dynamic Systems Approach.

THE MONO-CAUSAL CASUISTIC APPROACH

In the mono-causal casuistic approach, every accident is seen as unique and one
too many. It is believed that by taking away the cause of the accident, the

problem can be solved. This approach does not consider the following:
e by taking away one problem, one may create another;

e there may be more than one solution, i.e. there is not a unique and

separate solution to every single accident;
e this approach leads to the attitude of blaming the victim.

The main reason for the failure of this approach is the fact that it ignores the

interaction between the components of the road system.
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THE MONO-CAUSAL ACCIDENT PRONENESS APPROACH

The mono-causal accident proneness approach refers to the approach where
accident-prone drivers are identified and then either kept away from traffic or
forced to improve themselves by training and punishment. All previous attempts
to identify these accident-prone drivers have failed. A US Department of
Transport report (Hulbert 1982) states that the negligence law usually treats
driver error as both avoidable and unreasonable, and imposes liability pursuant to
an objective standard to which all drivers are held ... but .. a significant gap exists
between the standard of behaviour required by the negligence law and the average
behaviour normally exhibited by most drivers. Hulbert (1982) therefore concludes:

the old concept of the accident prone driver is not supported by the facts.

THE MONO-CAUSAL CHANCE PHENOMENON APPROACH

This approach regards accidents as being purely a matter of chance. Accidents
can therefore not be prevented, as fate cannot be changed. This approach leads to
the development of mechanisms to reduce the severity of accidents, e.g.

crashworthy vehicles, break-away supports etc.

THE MULTI-CAUSAL CHANCE PHENOMENA APPROACH

The multi-causal chance phenomena approach started in the early 1970’s. The
approach assumes that accidents are the result of a combination of factors or the
outcome of a chain of events. The interactions of these factors (human-vehicle-
road) are partly random and partly deterministic (i.e. controllable). This gives rise
to the development of extensive database systems and statistical techniques to
identify the interaction among the portion of factors that are deterministic. This

is in essence the current approach followed in road safety.

The biggest drawback of this approach is the fact that the amount of accident
related information that can be collected is limited and that the ability to

evaluate and model the interaction of all the relevant factors is limited.

The multi-causal static and dynamic systems approaches are refinements of this

approach.
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THE MULTI-CAUSAL STATIC SYSTEMS APPROACH

The multi-causal static systems approach is a problem-oriented strategy that
focuses on the nature of the problem. It singles out the specific part of the
problem and attempts to examine it more closely. The approach led to a number
of in-depth studies where as much data as possible is collected at the site, about
the circumstances of the accident, as well as information from the early stages of

the chain of events that led to the accident itself.

This approach fails as it does not take cognisance of the fact that transport and
accident processes are dynamic. The data collected is purely snapshots and not a
movie. In every accident, the probability of failure is partly the result of

circumstances or actions that preceded it.

THE MULTI-CAUSAL DYNAMIC SYSTEMS APPROACH

The multi-causal dynamic systems approach attempts to search for critical lines
or sequences through all the processes leading to road trauma (QECD 1984). It is
the most appropriate approach as it is not only problem-oriented and directed at
effectiveness like the other multi-causal approaches, but it is also aimed at
optimisation, i.e. achieving specific goals and integration, while considering all

phases and countermeasures.

The OECD (1984) identified a number of key links that require investigation to

operationalise this approach. They are:
e travel needs that create the demand for mobility;
e predisposition, i.e. the factors that increase the risk of travel;

e road user factors such as urgency, fatigue, use of alcohol and/or drugs

etc.;
e modal factors such as comfort and access;

e environmental factors such as traffic volumes, characteristics of the

road, traffic and weather;

e encounters, i.e. the potentially risky traffic situations of travellers -

the outcome of these encounters is determined by:
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- road user characteristics such as experience, skills, motivation,

risk-taking, etc;

- vehicle characteristics such as manoeuvrability, braking, stability,

etc.;

- traffic factors such as volume, stability of flow, intersecting traffic,

conflicting manoeuvres, etc.

e incidents, i.e. encounters that require extreme responses by road
users (heavy braking, swerving etc.) or those that result in

undesirable vehicle behaviour (jack-knifing, skidding, etc.);

e accidents, i.e. incidents that involve a collision. In this case, little
discretion is left to the road user at this stage and the outcome of this
incident is the result of already established conditions and actions

{during the preceeding phases);

e injury and damage, i.e. the consequences of the energy exchange in

the accident;

e recuperation, i.e. the attempts to save the life of the accident victim,
the physiological and physical recuperation of survivors and the

disposal or repair of damaged property.

The systems-oriented approaches lead to significant progress in road safety as
they incorporate the essential interactions between the road user, the vehicle and

the road system.

CONCLUSIONS

The views on road safety improvement interventions and the historical
development of these interventions form an essential part of the strategic
planning of road safety improvement interventions. The multi-causal dynamic
systems approach provides opportunity to address the contribution of the road
environment, the vehicle and the road user to road traffic accidents in a holistic

manner.
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CHAPTER 4: INTERNATIONAL PROGRAMS TO

IMPROVE ROAD SAFETY

INTRODUCTION

A number of comprehensive and co-ordinated national road safety strategies were
developed by a number of countries; including the Netherlands, the United

Kingdom, Australia and New Zealand.

The purpose of this chapter is to discuss the various road safety improvement
interventions of different countries across the world and to summarise the

similarities in the programs.

UNITED KINGDOM

In 1987, the Government of the United Kingdom set the target of a 33% reduction
in road traffic accidents by the year 2000. In absolute terms, this referred to a
reduction of accidents per annum from 320,000 to 220,000. The responsibility of
delivering this road safety target mainly lies with local authorities. The Local
Authorities Association (1989) published a Road Safety Code of Good Praciice that
outlines the structure of a road safety plan. The seven components of this

proposed road safety plan are:
¢ planning;

¢ information;

¢ engineering;

¢ education and training;

e enforcement;

e encouragement;

e co-ordination of resources.

Road safety plans were implemented across the country and a key element of
their success is the fact that they have the legislative requirement, ie. the

obligation and authority, to:
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e perform a program of measures that is designed to promote road safety;
e perform studies into accidents;

¢ take the necessary measures to prevent accidents by using the results

of the studies of accidents;

¢ take the necessary measures when constructing new roads, to reduce

the possibility of accidents when these roads are opened for traffic;

e perform road safety audits on new road projects.

AUSTRALIA

The Federal Office of Road Safety (1992) prepared a national strategy with the
aim of reducing road crashes and their human and economic costs in real terms
during the 1990’s and into the next century. This gave rise to a number of
concerted and disparate road safety actions on federal, state and local government
levels. The strategy developed specific goals, the reduction of road fatalities to 10
per 100,000 population by the year 2001 and a corresponding reduction in injury,
and specific priorities. In the different States and Territories, a number of
complementary road safety strategies were also developed. The national action
plan for road safety was also prepared. This plan has 37 specific initiatives across

the following eight strategic objectives:

e ownership and participation in road safety by major stakeholders;

e road safety as a major public health issue;

e road safety as a major economic strategy;

¢ road safety as a priority in land use and transportation management;
o safer vehicles, safer roads and safer road users;

e integrated framework for road safety planning and action;

e strategic research and development program;

¢ the rationalisation of Federal, State and Territory programs (Ogden
1996).



4.4

4.5

4.3 UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

UNITED STATES

The 1991 Intermodal Surface Transportation Efficiency act (ISTEA) of the USA
states that the States should develop management systems for seven areas
related to highways — this includes a safety management system (SMS). ISTEA
required the development thereof to be completed by the end of 1994 and fully
operational by October 1996. The different areas of a SMS that were identified
through various workshops of the FHWA (FHWA 1991b, Zogby 1994, Bray 1993)

included:

e the co-ordination and integration of broad base road safety programs

into an integrated approach of highway safety management;

e the identification and investigation of hazardous (or potentially
hazardous) locations and features and the establishment of

countermeasures and priorities to implement it;

e ensuring that safety is considered in all transportation projects and

programs;

¢ the identification of safety needs of specific user groups in the design,

planning, construction and operation of the roadway system;

e the routine maintenance and upgrading of safety hardware, roadway

elements and operational features.

SIMILARITIES IN THE INTERNATIONAL APPROACHES

There are a number of similar elements in the safety strategies of the UK,
Australia and the United States. They include (Ogden 1996):

» a "champion”in the form of a specific governmenital office or department that

is also influential;
> establishment of short and long term safely goals;

» recognilion of institutional and organisational initiatives, with commiiment

to co-operation at both policy and operational levels;

> collection, maintenance and dissemination of data;
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development of processes to assess needs, select countermeasures, and set

priorities on a rational basis of cost-effectiveness;

development and implementation of public information and education

activities,

tdentification of skills, resources and training needs;

adequate guaranieed funding;

monitoring the effects on safety of implementation;

an on-going adequately-resourced research program.

The setting of specific targets for accident reduction seems to have a significant

effect on the safety gains of road safety projects (Ogden 1996).

These similarities can be used to define key performance indicators for road

safety interventions.

THE SOUTH AFRICAN APPROACH

In July 1996 a Road Traffic Quality and Safety Symposium was held. During the

symposium the Road Traffic Management Strategy (RTMS) was formulated based

on the resolutions. During 1997 a formal Business Plan based on the RTMS was

prepared.

Twenty key steps were identified to achieve a 10% accident reduction by the year
2000 (Business Plan 1997):

Provincial-Local Authority Consultation and Co-ordination;
establishment of the Road Traffic Safety Board;
responsibility for Traffic Conirol and Policing;
professionalism in Traffic Conirol;

traffic control management model (TRAFMAN);

SOS Highway patrols;

traffic operations monitoring and control centres;
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e (raffic conirol centres;

e incidenl management;

e adjudication of traffic offences;
e road traffic legislation;

e National Traffic Information System (NaTIS) and credit card size

driving licence;
e vehicle testing stations;
e education and communication,
e driver education, training and testing;
e road traffic operalions management systems;
e monitoring and reporting,
e research;
e financing;
e critical offence management programme.

Short, medium and long term goals and programs were identified. The Arrive
Alive 1 forms part of the STIP (Short Term Implementation Program). Refer to
Chapter 5 for more information regarding the Arrive Alive 1 campaign.

On 17 March 1998 the Director General of Transport presented a proposal on the
creation of a Road Traffic Management Corporation. The following ten areas of

responsibility were identified:

vehicle registration and licensing;

e vehicle roadworthiness and testing stations;
e driver licensing;

e road safety education and communication;

e National Traffic Information System;
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o traffic law enforcement;

e accident reporting;

e accident investigation and reconstruction;

e administrative adjudication of traffic offences;
e road safety audits.

A study team was appointed by MINCOM (a committee consisting of the National
Minister of Transport and the nine MEC’s of Transport of the different provinces
in South Africa). They had to examine the status quo in South Africa, to
investigate international best practice, to make recommendations for adapting the
model based on these findings, to investigate the financial implications of the
model and to draft legislation detailing the operation of the proposed Corporation
(Gray 1998).

The study team undertook a study tour to Victoria, Australia, the United States
and the Netherlands. They found that those countries had achieved a reduction in
fatalities despite a growth in vehicular traffic. This was the result of dedicated
activities over considerable periods of time, linked to a clear co-ordinating strategy.
A model was proposed by the study team and in 1999 the legislation for the
Corporation was approved (Gray 1998).

The date of implementation of the Corporation is to be determined.

CONCLUSIONS

There are similarities among the approaches of the different countries discussed
in this chapter. The establishment of the Road Traffic Management Corporation
and progress in the 20 functional areas of the Business Plan of the RTMS are
developments in South African development aimed at improving road traffic
safety in South Africa.
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CHAPTER 5: ARRIVE ALIVE 1

INTRODUCTION

This chapter discusses the Arrive Alive 1 in terms of approach, funding allocation,

objectives etc.

BACKGROUND

The ARRIVE ALIVE 1 Road Safety Campaign forms part of the Road Traffic
Management Strategy to reduce the high fatality rate (number of accidents and
severity thereof) on South African Roads. The campaign took place from 1 October
1997 to 31 January 1998. Unfortunately, due to a lack of funds, the campaign is
not continuous and was only continued in the form of ARRIVE ALIVE 2, 3 and 4
later in 1998 and 1999 (NDoT web-site, 1998, What's it all aboul?).

PROJECT Focus

The ARRIVE ALIVE 1 campaign targeted the main traffic offences that was
thought to be contributory factors in accidents through intensive law-enforcement

and awareness (communication) programmes (NDoT web-site, 1998, Closer look).

The ARRIVE ALIVE project identified four main traffic offences in South Africa
that influence road safety (NDoT website, 1998, Closer look). They included
speeding, drinking-and driving and a lack of vehicle and driver fitness (this

includes driving without driving licences, worn tyres, no lights and no brakes).

OBJECTIVES

The campaign had the following main objectives (NDoT web-site, 1998, What's it
all about?):

e a reduction in the number of road traffic accidents by 5% compared to the

same period of the previous year;

e areduction in the number of fatalities;
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e areduction in critical offence levels by 5% compared to the same period of the

previous year;

e the improvement of the compliance of road users to traffic laws;

e the improvement of the co-operation and relationship between the various

levels of government and traffic authorities;

e the targeting of law enforcement actions on speeding and drinking-and

driving, with a focus on the wearing of seatbelts over the first campaign

period (NDoT web-site, 1998, Closer Look).

FUNDING ALLOCATION

The personnel that participated in ARRIVE ALIVE 1 consisted of almost 7000

personnel from local and provincial traffic authorities. 98% of this personnel was

trained traffic officers. 17% of the budget was allocated for overtime as research

has shown that 65% of accidents occur outside the normal working hours of a

traffic officer.

Table 5.1 summarises the budget for ARRIVE ALIVE 1.

Table 5.1: Funding of ARRIVE ALIVE 1 (NDoT web-site, 1998, Closer

Look).

DESCRIPTION AMOUNT (R million)

Speed equipment 8,0

Roadblock Trailers 3,5

Equipment "Booze" Caravans 2,6

Consumables (film, etc.) 40

(Breathalysers 7,2

Overtime 8,3

Communication 6,6

Training and information 9,9

Total

50,0
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LAW ENFORCEMENT ACTIONS
A total number of 1,4 million notices were issued for road traffic offences during
the ARRIVE ALIVE 1 campaign. Table 52 summarises the breakdown
percentages of notices issued for the critical road traffic offences.
Table 5.2: Breakdown of notices issued during the ARRIVE ALIVE 1
campaign (NDoT web-site, 1998, Closer Look).
MONTH
CRITICAL BICETAL K200 ' (1998)
OFFENCES (%)
ocT NOV DEC JAN
-
Speeding 60,2 65,4 61,4 55,7
|
Rot wearing a seatbelt 10,7 10,8 12,4 8,8
Ignoring road signs 8,4 5,5 5,6 7,2
|
Vehicles not roadworthy 3,9 5,9 9,5 9,4
Driving without a driving
2,8 3,4 3,0 5,3
licence
Drinking-and-driving 0,6 0,5 0,5 0,0
All other 13,4 85 11,6 13,6
TOTAL 100 100 100 100
|
CONCLUSION

The Arrive Alive 1 campaign from 1 October 1997 to 31 January 1998 consisted of
intensive law enforcement and publicity campaigns. During the Arrive Alive 1
campaign 3,7% of the total accident cost was used. 13% of the allocated funding
were dedicated to communication. Expenditure for the evaluation of the campaign
was not available. The provision for evaluation, both in terms of planning and

data collection in a road safety improvement intervention is essential.
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CHAPTER 6: EVALUATION OF ROAD SAFETY

IMPROVEMENT INTERVENTIONS

INTRODUCTION

Road safety improvement interventions take place annually and the evaluation
thereof is essential to determine whether the intervention had the desired result
(AUSTROADS 1988).

The purpose of this chapter is to describe the need for evaluation and to identify

the different elements of the evaluation of road safety improvement interventions.

THE NEED FOR EVALUATION

AUSTROADS (1988) provides reasons why the evaluation of a road safety
improvement intervention is necessary. It is to ensure financial accountability

and to clarify that the intervention actually resulted in a reduction of accidents.

Expenditure on road safety has been significantly reduced as a result of limited
resources. Evaluation of interventions ensures that funding is directed towards
projects that will have the most direct impact on road traffic accidents. The
second reason for evaluation is the clarification of the accident reduction. Road
traffic accident numbers and severity are influenced by numerous factors, e.g.
traffic volume changes, changes in population, etc. There may also be other effects
that can merely cause a shift in the presentation of accidents like the risk

homeostasis process that is described in detail in Chapter 11.

EVALUATION METHODS

Evaluation of road safety improvement interventions includes qualitative and
quantitative indicators. Quantitative indicators includes the analysis and
evaluation of accident data and qualitative indicators includes the evaluation of

the human factor in terms of behaviour, attitude etc.

Chapters 7 to 9 deal with the different types of accident data analysis and
statistical analysis and also provide some examples in terms of Arrive Alive 1.

The evaluation of the human factor is discussed in Chapters 11 and 12.

>
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CONCLUSIONS

The evaluation of road safety improvement interventions is necessary and there
are a number of measures that can be utilised in this process. A number of key

performance indicators were identified.
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CHAPTER 7: ANALYSIS OF ACCIDENT HISTORY

7.1

7.2

INTRODUCTION

Accident statistics are quantitative measures that can be utilised to measure the
effect of road safety campaigns. The purpose of this chapter is to define, describe
and discuss the various elements in the analysis of accident statistics in the
assessment of a road safety campaign. Analysis of accident data for road safety
campaigns takes place on the macroscale (ITE 1982) where an analysis is made
based on summarised data that only allows for generalised conclusions. These
conclusions may lead to legislation or regulatory measures to alleviate the
problem. Microscale analysis is done in a localised manner with accident

reconstruction.

The purpose of this chapter is to serve as an introduction to the analysis of
accident data, explaining accident data characteristics, concepts of measures and

pitfalls, where applicable.

PROBLEMS WITH STATISTICAL ANALYSIS OF ACCIDENT DATA

A number of factors will influence the quality and interpretation of accident data
(AUSTROADS 1988):

e Accident reporting criteria — In certain countries, only injury accidents are
reported, in other countries insurance is not required and this leads to an
underreporting of accidents where there were no serious injuries. The
definition of a fatality differs from a death within 7 days after the accident in
South Africa to 30 days in other countries! (ITE 1992). In the latter case it is
essential that a uniform means of updating accident fatalities be implemented

throughout the particular area or country that is investigated (I7TE 1992).

e Coding effects — Changes can occur in the coding or classification of accident
data or the accident report form can change, as has recently happened in
South Africa.

bl
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e Biased data — Reporting on alcohol involvement in accidents in South Africa
is low as previous legislation required a blood sample and a district surgeon to

enable a positive indication on the accident report form.

e Random fluctuations (refer to Chapter 8 and 9 for a detailed discussion).

MEASURES FOR ACCIDENT DATA ANALYSIS

Accident frequency, severity and rates are generally used to measure the safety

performance of a country or area ([TE 1992).

ACCIDENT FREQUENCY

The number of accidents and/or fatalities can be used to measure the effectiveness
of a campaign. However, it fails to take into account exposure that may change
the result of the analysis significantly. Graph 7.1 shows the difference between
the number of fatalities and the fatality rate per 1000 registered vehicles.
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Graph 7-1: Number of fatalities and the fatality rate per 1000
registered vehicles for South Africa (after CSS 1999)

1 A definition of the United Nations Organisation
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ACCIDENT RATES

Population-based rates

Accident fatalities, injuries and numbers can be expressed in terms of the area
population to provide a measure of public health to allow for the evaluation of
target groups for public health funding. The values are static and do not take the
amount of travel into account. Population-based rates can also be based on the
number of licensed drivers, the number of registered vehicles or the length of road

network (ITE 1990).

Typical population-based rates include:

deaths or accident characteristic frequency per 100,000 area population;

deaths or accident characteristic frequency per 10,000 registered vehicles;

deaths or accident characteristic frequency per 10,000 licensed drivers;

deaths or accident characteristic frequency per 1000 km of road network.

Note that the accident rate per registered vehicle population relates the accident
experience to the number of vehicles that can be involved in accidents

(Homburger, Kell and Perkins 1992).

Exposure-based accident rates

Exposure-based accident rates provide a measure of the extent of the risk
exposure in the transportation system (ITE Homburger). Accident numbers or
severity are typically expressed as rates to provide a measure in terms of unit of

travel or per length of road in the road system (ITE 1992).
The standard equation for the calculation of accident rates is (ITE 1992):

Number

Exposure

Rate =

where Number = fatalities, injuries, etc and

Exposure = the annual vehicle kilometres of travel, kilolitres fuel, etc.
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Basic accident rates

Basic accident rates includes:

degree of injury;

e number of fatalities per total number of accidents;

e number of fatalities and serious injuries per total number of accidents;

e involvement rates that describe the involvement of vehicle types, drivers,

passengers, accident types, etc. in terms of the total number of accidents.

ACCIDENT SEVERITY AND COSTS

The accident rate can be adjusted to take into consideration the severity and
related cost (ITE 1992). The Equivalent Accident Number (EAN) is a typical
method used in South Africa. It gives weight to the different degree of injury
accidents to express all the accidents in terms of no injury accidents. The
emphasis on the fatal degree of accidents is, however, too large — in some cases
the number of fatalities may be significantly lower than in the other types and
degrees of injury accidents. This can result in a distorted representation of the
accident data. ITE (1992) recommends that an average fatal-plus-injury average

accident cost be used by combining the number of fatality and injury accidents.

The use of accident costs as a measure of effectiveness of road safety campaigns
should be restricted to the analysis of alternative remedial measures, as the

answers produced by these two methods will differ significantly (ITE 1992).

TRENDS

Accident data contains two components. The first is a portion that is related to
external factors like the economy, vehicle population, population, etc. that show
time related changes (1.e. trends). The second is the portion that describes the
randomness of accident occurrence. The second is a random fluctuation around
the first. It is difficult to identify the deterministic element of the accident data as
a large number of variables can influence accidents. Frith and Toornath (1982),
Pant et al (1992) and Hakim (1991) list a number of variables that can influence

accidents and their outcomes:
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e vehicle composition and traffic volumes;
e driving behaviour and changes in the driver population;
e population composition and the number of young drivers;
e violence and aggression;
e vehicle inspections;
e vehicle safety improvements;
* motorcycle crash helmets;
e improved roads;
e traffic management;
e vehicle occupancy;
e season (holiday), recreational and tourism travel;
e climate (especially wet weather);
e light conditions (number of daylight hours);
e  soclo-economic factors;
e economic factors and changes in fuel prices;
e legislation;
e driving under the influence of alcohol and drugs;
e use of seatbelts;
e traffic volumes.

AUSTROADS (1988) lists a number of reasons why, apart from road safety
campaigns, changes in the accident rate can occur. It includes: changes in the
safety of cars, changed legislation, improved driver education, improved health

care systems, emergency services, etc.
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The analysis of long-term trends of accident data from the National Safety
Council in the USA proved that accident fatalities reflect economic, population
and vehicle population growth. The trends can be explained by three theories. The
first theory 1s that road users become more “roadwise” as motorization improves
and therefore fatalities reduce. The second theory is that public demand for a
safer road system increases as motorization improves. The road safety
professionals then implement safety measures that reduce fatalities. The third
theory is that economic recessions, legislation based on safety, road building
projects and other discrete events contribute to cause a long-term fatality
reduction. Even in North America, where the deterioration of the road
infrastructure continued and smaller passenger cars were introduced to the road

system, this downward fatality trend continued (ITE 1992).

Carter and Homburger (ITE 1982) note that seasonal effects are also typical of
accident data and that the summer travel peak is associated with an increase in
accidents. They also proved that the age distribution of those injured or killed in
road traffic accidents reflect the variations in exposure rates, the unsafe driving
strategies of young drivers, etc. and is not representative of the age distribution of

the population or driving population.

ACCIDENT TYPES

Accident data can be represented per accident type. It allows for a more detailed
analysis of accident patterns. In the case of road safety campaigns, some of the
accident types (e.g. head-on, etc.) can indicate whether changes in risk or shifts in
risk took place. Refer to the case study of the drinking-and-driving campaign of

British Columbia in 1977 as described in Chapter 11.

RISK INDICES

A risk index can be calculated for age or sex groups of those killed, injured or
involved in road traffic accidents (JTE 1990). It can be computed using the

following equation:

RI = % _Accident _involvement in _group

% _Population _in _group

This method, however, does not take the exposure of the particular age group into

account.
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7.10 CONCLUSIONS

Accident data can be analysed by using accident frequencies and rates. Each of
the different methods describes an area-specific characteristic, e.g. the accident
rate per registered vehicle population that relates the accident experience to the
number of vehicles that can be involved in accidents. In the evaluation process a
description of the limitations of the particular methods should be included for the
benefit of the reader. The methods described in this chapter have limitations as
data between periods is compared but no indication is given of the significance of

changes — there is therefore a need for statistical analysis.
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CHAPTER 8: STATISTICAL ACCIDENT ANALYSIS

8.1

8.2

BACKGROUND

Accident data is often analysed in the evaluation of road safety improvement
interventions. The portion of change in accident numbers or rates during the
campaign is often the primary measure used to determine the short-term success
of a road safety improvement intervention. This chapter describes the statistical
analysis of accident data and the problems associated with the use of statistical

analysis on accident data.

ACCIDENTS AS A RANDOM EVENT

A series of accident data consists of two elements, namely, the deterministic and
the random elements. The random element of accident data follows a Poisson
distribution. The Poisson distribution is described by a discrete random variable

that takes on integer values like 1,2,3, etc.

The probability P(x) of exactly x occurrences in a Poisson distribution can be

Ae™
calculated as follows: P(x) == where lambda is the mean number of
x!

occurrences per interval (Levin and Rubin, 1991).

If the sample size of a Poisson distribution is large enough (greater than 1000),
then it can be approximated by the normal distribution. For a mnormal
distribution, the standard deviation is the square root of the value. For a 95%
confidence interval, changes within two standard deviations from the mean can
be attributed to random fluctuations. For example, an analysis of the number of
accidents per year in South Africa will be as follows: during 1998, 511 605

accidents were recorded in South Africa, then x = 511605

And then the Standard deviation = \/; =7153. For a 95% confidence interval, the

interval of x+2x Standard deviation = 1431 accidents. This means that a
change of 1431 accidents, 0,28% can be attributed to random fluctuations. In this
regard, a change of, say 6%, in the accident data, does not necessarily mean that
5,72% of the change is significant in terms of its consequences (i.e. it is not
necessarily because of the intervention but can be the result of another external

factor).
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ARIMA (after NETER, WASSERMAN AND WHITMORE, 1988)

More complex time series is characterised by having memory, i.e. it is influenced
by other events in the series. The series is characterised by intercorrelation
between events in the series. The autocorrelation coefficient is used to measure
this correlation. Although accidents are random events, certain external factors
that influence accident occurrence are not random and have a trend. More
complex analysis can be used to identify the trend and quantify the random

fluctuations around the trend line.

ARIMA refers to the autoregressive moving average model. This model is a
combination of the autoregressive and moving average model. The autoregressive
model expresses observations of a stationary time series as a function of earlier
observations. The moving average model expresses observations of a stationary
time series as a function of random disturbances in earlier periods and in the
current time interval. The moving average, autoregressive model, and ARIMA

model are shown in equations 8.2, 8.3 and 8.4 respectively.

Moving average model:

The moving average model for Yeis ¥, = u + ¢, (Equation 8.2)
where Yt = Observations

t = Current time period

" = Expected value of Yt
ut, Ut-1, ..... , t-q = Independent random disturbances in the time periods

t-1, ..., t-q.
q = The order of the average model
£t = Error term that is expressed as a weighted moving average of

the current disturbance ut and the earlier disturbances ue

,» »Utqwith the weights 01, ..., Oq.
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Autoregressive model:
The autoregressive model for Yeis ¥, =@, + ¥, +...+ 4,1, , +¢,
(Equation 8.3)
where
Ye = Observations
d1, ...,0p = Autoregressive parameters (parameters determining the
dependence of Yt on each of the p earlier values in the series)
P = Lagged values of the stationary time series (independent values)
indicating the order of the time series model
£t = Independent value.
Note that Yt is regressed on Yt., ..., Ytp, i.e. therefor autoregressive.
ARIMA model: The ARIMA model of Y is
Y,=¢+¢Y ,+. . +¢,), ,+u, —60u, ,—.-0u, (Equation 8.4),

where u: is independent. The model is of the order (p,q) because the
autoregressive component is of the order p and the moving average is of the order

q.

The ARIMA model is applied in five steps, namely:

e removing the non-stationary components in the data series;
e identifying the appropriate ARTMA model,

e estimating the parameters of the model;

e analysing the residuals;

e evaluating the forecasting performance of the model.
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The non-stationary components such as trends or seasonal components

have to be transformed to make the series stationary.

The identification of the appropriate ARIMA model is a complicated task
as it not only involves the selection of an appropriate model but also the
suitable order (p,q) of the model. Computerised analytical techniques can

be used to assist the statistician.

The parameters of the ARIMA model are estimated from the available
data for the stationary time series. It is normally done by using special
routines in a computerised analysis (using for example a software

package like SAS).

A residual analysis is necessary to check the aptness of the model. Should
the residual analysis indicate that the model does not fit well,

modification is necessary (Neter, Wasserman and Whitmore, 1988).

CONTRIBUTING VARIABLES

To prove that a road safety improvement intervention resulted in an accident
reduction or severity reduction, it is necessary to evaluate the contributing

variables (Godwin 1984).

CONCLUSION

The comparison of accident data through statistical analysis techniques to
determine the amount of change brought about by the implementation of a road
safety improvement intervention is problematic as random fluctuations and other

variables can have an impact on the statistical significance of the change.
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CHAPTER 9: ACCIDENT ANALYSIS USING
YEARLY DATA

INTRODUCTION

The purpose of this chapter is to illustrate the different types of accident data
analysis by utilising national annual data from as early as 1935. Difficulties with
the different measures as well as relationships are highlighted. The chapter also
provides details of attempts to predict the number of accidents by using long-term
accident data. Predictions of the null alternative (no road safety improvement

intervention) is essential to determine the effect of the road safety improvement.

ACCIDENT FREQUENCY

The total number of accidents in South Africa from 1935 to 1998 is shown in
Graph 9-1.

NUMBER OF ACCIDENTS AND THE NUMBER OF FATALITIES IN SOUTH AFRICA
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Graph 9-1: The number of accidents and fatalities in South
Africa (after CSS 1999).

Accidents increased gradually until the 1970's. A decrease in the number of
accidents and fatalities is noticeable in 1973 and 1979 that can be attributed to
the energy crisis and the consequent reduction in mobility. Accidents increased by
4,1% from 1995 to 1996, decreased by 2,8% from 1996 to 1997 and increased again
by 1,3% from 1997 to 1998. Fatalities increased slower than the total number of
accidents from 1935 to 1973.
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POPULATION-BASED ACCIDENT RATES

Death or accident characteristic frequency per million area population

Graph 9-2 shows the fatalities and accidents per million area population! for

South Africa from 1955 to 1998.
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Graph 9-2: Fatalities and accidents as a rate per million area

population (South Africa) (after CSS 1999)

The increase and decrease of the fatality rate per million area population
corresponded with increases and decreases in the number of accidents per million

area population.

The accident or fatality rate per million area population does not provide a
measure for effectiveness as it does not provide a measure for the exposure of the
different age groups or for the greater exposure by the economically active portion

of the population. It does however provide a measure in terms of public health

when compared to deaths due to heart attacks, cancer etc.

1 The term per million area population refers to the number of people in a specific area.
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9.3.2 Death or accident characteristic frequency per 1,000 registered vehicles

Graph 9-3 shows the fatalities and accidents per 1000 registered vehicle
population. The fatality rate per 1000 registered vehicles reduced from 1996 to
1998.

FATALITY AND ACCIDENT RATE PER 1000 REGISTERED VEHICLES
AND THE FATALITIES PER 1000 REGISTERED VEHICLES
IN SOUTH AFRICA FROM 1936 TO 1998
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Graph 9-3 : The number of accidents and fatalities per 1000
registered vehicles (Data from CSS 2000).

The fatality rate per 1000 registered vehicle population remained relatively
constant. From 1985 to 1998 the fatality rate remained lower than the rest of the
curve — this can be attributed to an improvement to vehicle safety. The accident

rate per 1000 registered vehicles decreased from the early 1990’s.

A regression analysis was prepared for the number of accidents and the number
of registered vehicles. The predicted number of accidents, based on the number of

registered vehicles, is shown in Graph 9-4.

The regression analysis results are shown in Appendix A. The residuals
represents residuals ranging from -5,7% to 20%. The residuals are however not
acceptable if targets such as 5% accident reduction are set. This can be explained
by the fact that the number of registered vehicles is not an indication of the

exposure to accident risk.
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PREDICTED NUMBER OF ACCIDENTS BY USING THE NUMBER OF REGISTERED
VEHICLES AS A MEASURE
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Graph 9-4: The predicted number of accidents based on the
number of registered vehicle population

EXPOSURE-BASED ACCIDENT RATES

Introduction

An accident is a direct result of mobility. Exposure-based accident rates take
mobility into consideration. There are a number of exposure-based accident rates,

namely:
e death or accident characteristic per 1000 000 vehicle kilometres;
e death or accident characteristic per 1000 litre fuel,

e death or accident characteristic per vehicle mode per 1000 000 vehicle

kilometres.

Available data

The amount of vehicle kilometres travelled in South Africa is estimated using
certain categories of petrol and diesel sales as made available by the Department
of Mineral and Energy Affairs. The categories of petrol and diesel sales are
however only available for the period 1 January 1995 to date. Previous
information is only grouped into total sales of petrol and diesel. Vehicle

kilometres per mode are not available and can therefore not be utilised.
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9.4.3 Fuel sales as a measure of exposure

To determine long-term trends to enable the measurement of changes as a result
of the Arrive Alive 1 campaign is not possible because the categories petrol and

diesel sales prior to 1995 are not available.

Graph 9.5 shows the plot of number of accidents related to the total fuel (petrol
and diesel) sales from 1950. Note that the data between 1970 and 1986 shows

great variation.
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Graph 9.5 : The number of accidents and the fuel (petrol and
diesel) sales in South Africa from 1950 to 1998 (Department of
Mineral and Energy Affairs, 2000 and data from CSS ).

In the period 1970 to 1986, the data shows significant deviations. This can be
explained by the fuel that the National Defence Force bought for the Angola war.
If the data between 1970 and 1986 is disregarded, a regression line (R2 = 0,998)

can be fitted as shown in Graph 9.6. The regression analysis is shown in
Appendix B.
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PREDICTED CURVE:
LINEAR REGRESSION OF NUMBER OF ACCIDENTS AND VOLUME FUEL SALES
(1950 TO 1999 -EXCLUDING 1970 TO 1286)
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Graph 9.6: Predicted and recorded number of accidents based on
the petrol and diesel sales from 1950 to 1998 (excluding data
from 1970 to 1986).

It should, however, be noted that the regression line does not intercept at the
origin. This means that the estimation implies that accidents still occur even if
fuel sales are zero. This can be explained by the fact that the petrol and diesel
prices do not provide information or relationships that include the different
transportation modes, their vehicle kilometres or fuel efficiency. The use of
monthly data is even more problematic as fuel sales and usage do not necessarily

take place during a calender month.

At particular sites or similar sites, vehicle-kilometres are easily estimated for
microanalysis by using traffic counts for a particular intersection or route. Sample
sizes can, however, reduce the significance of statistical findings. To solve this
problem, a cross-sectional analysis can be carried out. Data from similar sites is
added to increase the sample size. This is problematic as it increases the difficulty
of the identification of all variables influencing the number of accidents at the

particular sites.
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CONCLUSIONS

The analysis of the annual accident data indicated that there are a number of
factors that show similar trends to the number of accidents, e.g. volume of fuel
sales aqd number of registered vehicles. The anabsis shows too great a variation
to he utilised as predictors of the number of accidents. The residuals in historic
accident data prediction need fo be much less than the target set for accident,
injury or fatality reduction. There is a need for the development of a model that
can predict the number of accidents, fatalities, etc. to evaluate the reduction in
accidents and fatalities from the road traffic accident improvement interventions

based on exposure.
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9.4.4 DEGREE OF INJURY

The Degree of Injury can be defined as the percentage Fatal and Serious degree
injury accidents per total number of accidents. Serious injury accidents are
included as the difference between a fatality and a serious injury is merely a
function of the health of the particular patient and the health or after-care system
available. Graph 9.7 shows the degree of injuries in South Africa.

DEGREE OF INJURIES IN SOUTH AFRICA
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Graph 9.7: The degree of injurjes in South Africa from 1938 to
1998 (after CSS).

The degree of injury of accidents reduced during the past few years. Degree of

injuries is reduced by, for example, the use of seatbelts, safer car technologies etc.

9.5 TRENDS

The annual accident data and number of fatalities show large fluctuations. See
Graphs 9-1, 9-2 and 9-3.
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Multiple R 0.99
R Square 0.98
Adjusted R 0.98
Standard Error 20739.06
Observations 49.00
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RESIDUAL OUTPUT

Observation Predicted Y Residuals

1.00 72390.99 -20424.99
2.00 74391.70 -18758.70
3.00 76503.11 -18060.11
4.00 79529.74 -20209.74
5.00 81756.94 -11575.94
6.00 85961.96 -8482.96
7.00 90732.77 -10469.77
8.00 97890.09  -4390.09
9.00 104763.70 -2868.70
10.00 111411.28 -3090.28
11.00 11945143 -2763.43
12.00 109281.76  5507.24
13.00 113559.22 -3077.22
14.00 123488.72 -2192.72
15.00 133418.23  5982.77
16.00 143347.73 1149.27
17.00 153277.24  -594.24
18.00 157544 86 6330.14
19.00 161812.48 6903.52
20.00 175309.51 17205.49
21.00 188806.55 16460.45
22.00 200103.35 18822.65
23.00 211400.15 7035.85
24.00 221061.81  466.19
25.00 24095265 -27849.65
26.00 267021.94 -6259.94
27.00 273514.60 23050.40
28.00 273680.18 -10315.18
29.00 28242098 6217.02
30.00 293572.82 -28473.82
31.00 296487.49 23019.51
32.00 315652.53 64199.47
33.00 340477.41 52493.59
34.00 352086.94 36512.06
35.00 372946.70 39150.30
36.00 380747.19 -11562.19
37.00 395933.70 -23265.70
38.00 400950.68 -13802.68
39.00 403754.42 14728.58
40.00 420887.39 14047.61
41.00 430187.40 3099.60
42.00 43995544  4585.56
43.00 445172.18 -15687.18
44.00 450388.93 -16677.93
45.00 455605.67 12391.33
46.00 528839.98 -28606.98
47.00 532630.90 -11856.90
48.00 536421.83 -30433.83

49.00 540212.75 -27607.75
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APPENDIX B: THE REGRESSION ANALYSIS FOR
NUMBER OF ACCIDENTS AND FUEL (PETROL
AND DIESEL) SALES
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Output of the regression analysis of the number of accidents and the volume fuel sales

from 1950 to 1999 with the exclusion of datapoints between 1970 and 1986.

Multiple R 1.00
R Square 0.99759397
Adjusted R Square 1.00
Standard Error 8788.61
Observations 32.00
RESIDUAL OUTPUT
r Predi Y Resi
1.00 56067.52  -4101.52 -0.47
2.00 60954.75 -5321.75 -0.62
3.00 63352.25 -4909.25 -0.57
4.00 66733.36 -7413.36 -0.86
5.00 70698.47 -517.47 -0.06
6.00 76876.66 602.34 0.07
7.00 82194 .21 -1931.21 -0.22
8.00 87358.08 6141.92 0.71
9.00 93321.11 8573.89 0.99
10.00 96978.85 11342.15 1.31
11.00 102603.77 14084.23 1.63
12.00 106876.25 7912.75 0.92
13.00 112347.49 -1865.49 -0.22
14.00 120031.81 1264.19 0.15
15.00 133002.95 6398.05 0.74
16.00 147172.84 -2675.84 -0.31
17.00 158607.11 -5924.11 -0.69
18.00 170779.08 -6904.08 -0.80
19.00 185317.81 -16601.81 -1.92
20.00 201639.31 -9124.31 -1.06
21.00 375704.57 11443.43 1.32
22.00 418337.19 145.81 0.02
23.00  426574.79 8360.21 0.97
24.00 436625.88 -3338.88 -0.39
25.00 438808.23 5732.77 0.66
26.00 441144.26 -11659.26 -1.35
27.00 441175.00 -7464.00 -0.86
28.00 460016.95 7980.05 0.92
29.00 486051.44 14181.56 1.64
30.00 508797.03 11976.97 1.39
31.00 519063.28 -13075.28 -1.51
32.00 525917.70 -13312.70 -1.54
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Appendix D:

The graphical representation of the
distribution of driver and passenger ages
involved in accidents in the Durban Metro
area.
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