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Abstract

In order to achieve sustainable long-term transport infrastructure
development, there is a growing need for fast, reliable and effective methods
to evaluate and predict the impact of traffic safety measures. Recognising this
need, and the need for an active traffic safety approach, this thesis focuses on
traffic safety assessment and prediction based on the use of safety indicators
that measure the spatial and/or temporal proximity of safety critical events.
The main advantage of such measures is that they occur more frequently than
accidents, and therefore require relatively short periods of study to establish
values that can later be used for comparison, or for accident prediction
purposes. There are a number of more generally accepted safety indicators
including: Time-to-Accident, Time-to-Collision, and Post-Encroachment
Time. These are based on different underlying principles and measurement
techniques, including both on-site subjective estimation, and objective
photometric measures.

A major part of the work presented in this thesis, concerns identifying
the potential and limitations of the different safety indicators with regard
to their validity and reliability, and practical use for safety assessment and
prediction purposes. This is done in conjunction with field studies in the
urban and suburban environment, at both signalised and unsignalised
intersections. Results from these studies indicate that on-site observation
methods provide useful quantitative and qualitative information relatively
quickly and efficiently, provided that they are used correctly. On the other
hand, the methods based on photometric measurement (video-analysis) proved
arduous and time-consuming. Furthermore, there are questions regarding
the abilities of the Time-to-Collision and Post-Encroachment Time safety
indicators to adequately represent interaction severity, suggesting possible
flaws in fundamental concepts related to construct validity. Importantly,
results showed that the relationship between safety indicators and traffic
accidents is complex and equivocal, where many different factors and processes
can impose a significant influence on safety. This makes generalised predictive
modelling a particularly difficult task for safety analysts.

The potential of micro-simulation for traffic safety and performance
estimation based on the use of safety indicators was investigated in the second
part of this thesis. Microscopic traffic simulation has become increasingly
popular among transport planners, due to the fact that it serves as a safe and
flexible off-line test environment for the estimation of dynamic and complex
traffic system effects. It is useful and cost-effective in relation to the evaluation
of issues concerning roadway design, and technological systems that influence
road-user behaviour and vehicle performance. For reasons related to modelling
fidelity and data quality, simulation has seldom been used for traffic safety
estimation. Simulation model development is however, undergoing rapid
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development and the area of ‘safety-simulation’ and is recognised as having a
high potential in the field of transport planning and traffic engineering.

As part of the work in this thesis, practical simulation experiments were
carried out to investigate this potential, and identify limitations. Based on
the data from one of the earlier studies, and knowledge regarding important
safety-influencing factors and behavioural processes, one of the simulation
experiments showed evidence to suggest that realistic safety critical events
could be generated and measured using safety indicators in a simulation
environment, without making unnecessary and unrealistic behavioural
assumptions. Furthermore, a second application of this methodology revealed
the safety potential of a rear-end incident-reduction function used in standard
vehicle actuated signalling. While both of these simulation studies highlighted
the potential of this type of approach, the need for more flexible and realistic
models of interactive behavioural processes could be identified in addition to
the general need for greater active research into the field of safety simulation.
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