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Abstract

There are approximately 6000 level crossings in Britain where the trains and
road users cross at the same level. In the ten-year period from 2006 to 2016, there were
86 fatalities as a result of collisions between trains and road users at level crossings.
Around the world there are a number of safety risk prediction tools in use by road and
railway authorities which consider physical and operational features of a level crossing
as inputs and produce a prediction of the safety risk for the crossing. There is little
information regarding the method of calculation used in any of the tools and no evidence
can be found of validation of the results produced by the tools. There is also a large
degree of variety between the features that are considered by the tools, the only
commonality that can be found is that every tool uses an underlying traffic model zo
account for how safety risk varies as road traffic volume increases at level crossings. The
most common traffic model is traffic moment — which is the product of road and rail
traffic in a day — although some other models are used notably the hypothesis developed
by Stott (1987) and the model developed by Peabody and Dimmick.

Until recently it has not been practical to test the degree to which any of the
traffic models correlate with observed collisions due to unavailability of the data. The GB
railway infrastructure manager has made information available on the numbers of road
users traversing each level crossing, together with the numbers of collisions that have
occurred. As such it is now possible to perform more rigorous tests of the degree to
which the outputs of traffic models correspond with collisions. Furthermore, in recent

years there have been advances in computer technology that have introduced new



techniques to obtain information from observation data, these techniques include
machine learning methods that can be used to identify trends and, in many cases, extract
meaningful information, from observed data. There is no information in the available
literature that shows that either these data, nor these emerging computation techniques
have been applied to the study of safety risk prediction tools, which provides a clear
avenue for research that is explored in this work.

This work tests:

o whether it is reasonable to expect safety risk prediction tools to be able to
produce reliable estimates of risk;

o the degree to which the risk predictions from current safety risk prediction tools
correlate with observed rates of collision; and

o whether it is possible to use modern data analysis methods to determine a more

accurate method of risk prediction.

The outcomes of this work make a number of contributions to the prior knowledge
on level crossing safety, in particular:

o  Whilst safety risk prediction tools are widely used around the world, no evidence
can be found of the predictive accuracy of any of the tools.

o The various tools are all based on underlying traffic models although, again,
there is no evidence of the accuracy of any of the models. Newly available data
make it possible to test the models for level crossings in Britain.

o  When tested, it was found that the most commonly used traffic model — traffic
moment — provides a good theoretical model in idealised conditions but does not
appear to correlate well with real-world conditions.

o In fact none of the traffic models that can be tested were found to correlate well
with observed collisions. Remarkably a model based on observation of collisions
in the 1930s is better at describing collision rates than a model specifically

created in the 1980s to describe British level crossings.



o [t was found that, whilst none of the traffic models correlates well with observed
collisions, there does appear to be a power-law that describes collision rates.
Importantly it appears that the rate of collisions per road user decreases as the
number of road users increases at a level crossing. This finding is especially
significant as it provides the first evidence to support the practice of level
crossing closure as a means of improving safety.

o A study was undertaken using machine learning techniques to determine whether
it was possible to correlate data on physical and operational features of level
crossings with rates of collisions. It was found that, as with the previous studies,

traffic volumes do correlate to a small degree, however no other correlation can

be found in the data.

Whilst undertaking this work, additional contributions were made, specifically:

o a meaningful unit of level crossing safety was established, and

e a method for comparing observed collision rates against theoretical models that
can be used for overdispersed data was identified.

As well as advancing the theoretical knowledge on level crossing safety, this work

provides meaningful results that are useful to the day-to-day management of the railway.
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Glossary

The following terms have a specific meaning within this document.

Term

active warning device

AHB

alpha (o) value

automatic half barrier

descriptive model

feature

label

machine learning

Definition

A warning device provided at a level crossing that
changes state when a train is approaching or occupying
the level crossing.

automatic half barrier (g.v.)

The probability that natural variation in a set of data
leads to differences so large that the null hypothesis
(g.v.) is rejected when it is in fact true.

An arrangement of active warning devices (g.v.) that
provides flashing lights and a barrier over the approach
carriageway of a level crossing.

A type of traffic model (q.v.) that provides a result based
on empirical observation rather than mathematical
reasoning (see predictive model, q.v.).

In machine learning (g.v.), a property of an object that is
used to determine its classification.

In machine learning (g.v.), a category that has already
been applied to data.

A method of determining an algorithm based on analysis
of data.
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Term

null hypothesis

overdispersed

overfitting

passive warning device

Peabody Dimmick model

predictive accuracy

predictive model

safety risk prediction tool

SMIS

Definition

A hypothesis that there is no significant difference
between two samples of data: any observed differences
are the result of natural variation in the two sets.

A description of a data sample where the standard
deviation is greater than the mean value.

A statistical phenomenon where a curve has been fitted
to data in such a way as to make the residual error
between the model and the observations smaller than the
natural variation in the data.

A warning device provided at a level crossing that does
not change state when a train is approaching or
occupying the level crossing (for example a sign).

A traffic model (q.v.) proposed by Peabody and
Dimmick (see United States Department of
Transportation, 2007).

The degree to which a safety risk prediction tool (g.v.)
creates results that agree with observed collision rates.

A type of traffic model (q.v.) that provides a result based
on mathematical reasoning rather than empirical
observation (see descriptive model, q.v.).

A mathematical tool that provides a safety risk estimate
for an individual level crossing.

Safety Management Intelligence System; a database of
safety-related incidents on the GB railway.
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Term

SRPT

Stott’s hypothesis

testing set

traffic model

traffic moment

training set

undersaturated

VT

Definition

safety risk prediction tool (g.v.)

A traffic model (g.v.) proposed by Stott (1987).

In machine learning (g.v.), a subset of data that is used to
test a candidate algorithm.

A part of a safety risk prediction tool (q.v.) that describes
how variation in road traffic volumes affects safety risk.

A type of traffic model (q.v.) that is the product of trains
per day and road vehicles per day traversing a level
crossing.

In machine learning (g.v.), a subset of data that is used to
determine a candidate algorithm.

A type of traffic flow where vehicles are moving and are
not being delayed by other traffic on the road.

traffic moment (g.v.)
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Chapter 1: Introduction

1.1 Level crossing safety

The GB railway network has been built up since the 1820s, it currently has 20,000
miles of track and is an essential part of the UK's transport infrastructure operating more
than a billion passenger journeys and carrying tens of millions of tonnes of freight each
year (Network Rail, 2018). The railway network interacts with other infrastructure, in
particular there are more than 6000 level crossings where road users can traverse the rail
line. Level crossings are normally classified by their three main characteristics:
accessibility, ownership, and types of warning devices. The different types of
accessibility of level crossings are those that are on footpaths and can generally be
accessed only by pedestrians, compared with those that are on roads and allow for the
passage of motor vehicles over the railway. The different types of ownership separate
those level crossing that are on public roads and can be accessed by all road users,
compared with those that are on private property and are not necessarily available for
members of the public. The main distinction in the types of warning devices are those
level crossings where there are static signs that warn road users of the presence of a level
crossing: such level crossings are usually referred to as having passive warning devices.
By contrast are those level crossings that have active warning devices which are
assemblies of flashing lights, bells, and gates which provide a barrier between road users
and the railway. Active warning devices operate a short time before the arrival of a train

at a level crossing and continue to provide a warning until the train has passed.
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Level crossings are distinct from grade separation (bridges or tunnels) that
provide physical distance between road users traversing the rail and trains operating on
the track. At level crossings there is no such separation: trains and road users cross at the
same level and there remains a possibility for a collision to occur.

When collisions occur, there is the potential for serious consequences,
unfortunately, in the ten-year period from 2006 to 2016, there were 86 fatalities as a
result of collisions at British level crossings (RSSB, 2016). Reducing the number of
collisions and fatalities is a high priority for the railway (RSSB, 2016), however the
provision of warning devices at level crossings is expensive, and the cost of grade
separation can be much higher (Wullems et al., 2013). To date, Network Rail has spent

£200 million on improvements to level crossings (Global Rail Review, 2018).

1.2 Level crossing safety risk prediction tools

Given the high cost of interventions to improve safety at level crossings, railways
around the world typically maintain lists of planned works they intend to perform in the
future. In determining which interventions have the highest priority, railways often use
safety risk prediction tools (SRPTs) which provide a method to compare the safety risk
amongst level crossings. To calculate a risk score, these tools usually consider a
combination of physical and operational characteristics of a level crossing such as: the
number of road approaches to a level crossing; the distance on the approach that a road
user can see the level crossing; or the number and speed of trains traversing the level
crossing. The calculated risk scores are used to prioritise safety investment for new safety

interventions, for example: improving sighting distances for road users approaching a
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level crossing; installing automatic warning devices; or even replacing a level crossing
with a grade separated crossing (Office of Rail and Road, 2011). The Rail Safety and

Standards Board (RSSB, 2007) state that SPRTs:

allow risk assessments to be carried out without having to conduct a
bespoke risk assessment for each crossing, although bespoke data
may be used, thus permitting assessments to be done with a higher
degree of consistency and reduced effort. A model that produces a
quantitative measure of risk (either a relative ‘score’ or an ‘actual’
measure of risk such as fatalities per year) allows the identification of
highest risk crossings which can then be regarded as highest priorities

for taking action to reduce risk.

The SPRTs in use by railways around the world vary in the features they use as
inputs and their methods of calculation, however the method of calculation is not always
published. It can therefore be expected that different tools would provide different risk
predictions for a given level crossing. There is no clear evidence of validation of any of
the SRPTs, and it is not clear to what degree the risk predictions correspond with
observed collision rates.

Despite the difference between the differed SRPTs used by different railways
around the world, a common feature is that each tool contains some form of traffic model
which describes how collision rates are expected to vary with changes in road and rail
traffic volumes (RSSB, 2007). When considering the effect that road and rail traffic
volumes have on rates of collisions, it is axiomatic that a collision can occur only when
the level crossing is occupied by a road vehicle and a train at the same time. The simplest
model of how risk increases with traffic is to assume that if the road traffic over a level

crossing were to double then there would be twice as many opportunities for a collision
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to occur; similarly a doubling of train volume would also double the opportunities for
collision. If collisions occur at random with the arrival of each road vehicle then the
number of collisions at a level crossing would be proportional to the product of the
number of road vehicles and trains using a level crossing in a given time (Hughes, 2002).
The product of road vehicles and trains traversing a level crossing is known as the traffic
moment (Evans and Hughes, 2019) and often referred to as V'7T being the product of the
number of road vehicles per day () and the number of trains (7). Many SRPTs assume
that the rate of collisions at a level crossing is directly proportional to the traffic moment.
As such, traffic moment is considered a normaliser for level crossing collisions: to
compare the relative safety risk of two level crossings it would necessary to divide the
observed collisions in a given period by the traffic moment.

Whilst the majority of the SRPTs use traffic moment as the normaliser for
collision there are a few tools that use other methods of determining how road traffic
volumes affect collision rates. As with the SRPTs overall, there is currently no validation
of the rate at which collisions vary at level crossings with varying road traffic volumes.

Whilst the majority of SRPTs use traffic moment as a normaliser, it is notable that
this is not the case for a// SRPTs, in particular there are two other traffic models in use,
Stott’s hypothesis and the Peabody Dimmick model. Where these models are used, they
are applied in place of traffic moment as a normaliser.

Until recently it has not been practical to test the degree to which any of the traffic
models correlate with observed collisions due to unavailability of the data. The GB
railway infrastructure manager, Network Rail, has published data on the numbers of road

users traversing each level crossing, together with the numbers of collisions that have
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occurred (Network Rail, 2017). As such it is now possible to perform rigorous tests of the
degree to which the outputs of traffic models correspond with collisions. Furthermore, in
recent years there have been advances in computer technology that have introduced new
techniques to obtain information from observation data (Golio, 2015), these techniques
include machine learning methods that can be used to identify trends and, in many cases,
extract meaningful information, from observed data. There is no information in the
available literature showing that either these data, nor these emerging computation
techniques have been applied to the study of SRPTs, which provides a clear avenue for

research that is explored in this work.

1.3 Research method and intended contribution of this work

Traffic moment is widely used as a normaliser in SRPTs, however there is a lack
of evidence to support the validity of this approach; there is a need to confirm whether it
is appropriate to use traffic moment in this way. Such a test would be relatively simple to
carry out since the method of calculation for traffic moment is clear (it is simply the
product of road and rail traffic volumes in a day), unlike the full methods of calculation
used in SRPTs which are not publicly available and, therefore, cannot be tested.
Furthermore, the methods of calculation for both Stott’s hypothesis and the Peabody
Dimmick model are published. Using the newly available data on road and rail traffic
volumes, it would therefore be possible to test the degree to which these traffic models
correlate with observed collisions at level crossings.

It would be desirable to test the correlation between the results of SRPTs — rather

than just their traffic models — with observed collisions. It can be expected that the risk
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predictions made by SRPTs are not exactly the same as the results of the calculation of
traffic models, instead it can be expected that the risk prediction is affected by other
factors such as road traffic speed, or the number of operational railway tracks. However
the fact that all SRPTs contain an underlying traffic model indicates that traffic models
are considered important in the calculation of safety risk. Furthermore it can be expected
that over a large enough sample, the overall effect of traffic models on risk prediction can
be tested.

Furthermore, using publicly available data that regarding level crossing
characteristics, together with modern advanced techniques for identifying patterns in
data, it is possible to perform tests to determine whether there are any correlations
between the characteristics of level crossings that are reported in the available data and
observed rates of collisions.

Given the serious consequences that can result from collisions at level crossings,
and the expense involved in providing warning devices, it is in the public interest to have
confidence in the methods that are used to allocate funding for level crossing safety
interventions. However since there is information regarding the various traffic models
that underpin the tools has been made available, it is possible to test the way in which
road and rail traffic volumes affect collision rates. In 2017, Network Rail published data
on road traffic volumes at level crossing traffic, which had not previously been available.
These data provide an opportunity for an empirical study to determine whether, and to

what degree, road traffic volumes affect collision rates at level crossings.
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The purpose of this research is to use the newly available data together with the
information that is available on the SRPTs to establish:

e whether it is reasonable to expect SRPTs to be able to produce reliable estimates
of risk;

e the degree to which the risk predictions from current SRPTs correlate with
observed rates of collision; and

e whether it is possible to use modern data analysis methods to determine a more

accurate method of risk prediction.

A novel aspect of this work is that it brings data from the railway in a way that
has not previously been performed. Specifically the study uses Network Rail data
regarding level crossings and road traffic volumes and data regarding collisions at level
crossings. The study considers two sources of collision data: collision data from Network
Rail, as well as data from the database of all railway accidents in Britain. The
combination of these data sources is a significant novelty of this study. Comparing the
observed collision rates, normalised by road traffic volumes, with the traffic models is a
further novelty of this study.

It is intended that this study will not only provide new information in the study of
level crossing safety, but it will also provide information that is genuinely useful to the
GB railway. An improved understanding of the correlation between road traffic volumes
and collision rates at level crossings can better inform safety management strategies of
the railway. Using advanced computational methods a test will be performed to
determine whether it is possible to develop a method of calculation that uses the available

data on level crossing characteristics to create an accurate predictor of collision rates. In

27



effect this work would develop a validated SRPT for level crossings. It is intended that

this study will contribute to the on-going efforts to improve the safety of the railway.

1.4 Scope of this research

This research considers collisions between road vehicles and trains traversing
level crossings. In this study, level crossings are classified in accordance with the scheme
used by Network Rail (2017) and Evans and Hughes (2019). There are three main classes
of level crossing: railway-controlled; those with automatic warning devices; and those
passive warning devices (refer to Section 2.3.1 for a fuller description of these classes).
Each class is further divided in two sub-classes: those level crossings that are accessible
on public roads; and those that are accessible only from private property or accessible
only to railway staff. The scope of this study includes all classes of level crossing.
However the level crossings are not evenly distributed between the classes: there are
approximately 40 times as many passive, private level crossings are there are railway-
controlled private level crossings. For the classes where there are few level crossings,
there are correspondingly fewer recorded collisions. Nevertheless data is available on all
classes of level crossing, and for the sake of completeness, all classes have been included
in the scope of this study.

Within the scope of this study, a collision is considered to be any event where a
train and a road vehicle come into contact on a level crossing regardless of whether a
train struck a road user who is already on the level crossing panel, or whether a road user
struck a train. This research does not consider other types of accident that may occur at a

level crossing; such as derailments or train-to-train collisions, that are not the result of
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collisions with vehicular road users at level crossings. Also beyond the scope of this work
is any analysis of collisions between pedestrian road users and trains: there are
fundamental differences between pedestrian movements and the operation of road
vehicles. For example road vehicles are more limited in how they can move: vehicles in a
queue over a level crossing cannot disperse in the way that a queue of pedestrians would
be able to. Furthermore it takes considerably more distance to bring a road vehicle to a
stand when it is moving at speed than it would for a pedestrian to stop on the approach to
a level crossing. The study also does not include collisions with equestrians, users of
mobility aids including mobility scooters, nor user of toys such as skateboards.

The study also does not consider collisions where it is believed that the collisions
occurred as a result of a motivation by the road user to self-harm (suspected suicide
events) since the purpose of the study is to understand the managerial controls that can be
put in place to reduce the numbers of collisions. The controls that exist at level crossings
are mostly visual and audible warning devices which can be disregarded by a person who
is motivated to purposefully collide, indeed advanced warning of an approaching train
actually provides information that a road user needs if they are intended to purposefully
cause a collision. Enforcement controls, such as red-light cameras (which detect and
photograph vehicles that traverse the level crossing whilst stop signals are showing),
allow for post-hoc punishment of people who contravene rules. Deterrents based on
future punishment can be expected to have reduced impact on a person who is intending
to avoid the future.

The data for this study have been obtained from GB railway authorities,

specifically Network Rail and RSSB, consequently the scope of this study covers only
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level crossings in Britain that are operated by Network Rail. Since the method of
calculation of the existing SRPT is not known, it is not possible to propose modifications
to the existing tool. However, where possible, the study intends to identify a model, or
models, that provide better correlation with the observed collisions than the existing
traffic models. This study will look to identify if correlations can be found between
particular warning devices, or combinations of warning devices. However the work will
not look to determine the cost-benefit of specific devices, since new technology is
continuing to make new types of warning device available that, in many cases, are

substantially less expensive than existing devices (Wullems et al., 2013).

1.5 Structure of this thesis

Following this introduction, Chapter 2 reviews prior work that has been
undertaken that is relevant to this research. The review considers a range of literature
including those that address the theory of collision causation at level crossings, the types
of warning device, safety risk prediction tools, and the traffic models used in the tools.
The review identified a number of traffic models with traffic moment being the most
widely used. The review concludes by examining the literature on emerging methods for
determining data-driven safety risk prediction tools.

Based on the findings of the review, the study in Chapter 3 applies two
approaches to test the validity of traffic moment as a normaliser for collisions at level
crossings. The approaches are mathematical derivation and Monte Carlo simulation. The

purpose of this study is to use a theoretical method to test the simplest, most common,
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element of many SRPTs to test whether it is reasonable to expect SRPTs to be able to
produce reliable estimates of risk.

To test the degree to which the risk predictions from current SRPTs correlate with
observed rates of collision, Chapter 4 describes the experimental method that was used
including the method to prepare the source data as well as the method of calculation to be
applied given the overdispersed nature of the data. The results of the experiment are
presented in Chapter 5, which also provides a discussion of the interpretation of the
results. Chapter 6 describes a study to determine traffic models based on empirical study
of the data and discusses the implications of the results with particular application to
whether the current approach to close level crossings to improve safety can be supported
by the available evidence.

Chapter 7 describes a study that was undertaken to establish whether it is possible
to use modern data analysis methods to determine a more accurate method of risk
prediction. The findings of the overall study are summarised in Chapter 8 which provides
a discussion of the implications of the results and ties together some of the findings of the
literature review in Chapter 2 to provide recommendations that employ emerging

technologies. A conclusion is provided in Chapter 9.

1.6 Contribution

The following contribution to current knowledge has been made in this chapter:
Contribution 1: It has been identified that there is a gap in the knowledge of

SRPTs for level crossing and that there is an opportunity to advance the current state of
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knowledge by using newly available sources of data and by combining data sources on

level crossings and observed collisions in a way that has not previously been performed.
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Chapter 2: Background to level crossing safety risk prediction

This chapter provides background to the key concepts considered in this work.
Firstly there is a review of the literature on level crossings and the relationships between
physical characteristics of level crossings and collisions rates. There is also a
consideration of the warning devices that are used at level crossings as well as a
consideration of other methods of reducing collision rates at level crossings.

This chapter also includes a discussion of safety risk prediction tools that are used
for level crossing risk assessment and the underlying traffic models that are used for these
tools as well as considering emerging approaches to developing data-driven safety risk

models for the railway.

2.1 Safety risk

Risk is defined by the International Organization for Standardization (2018) as
“the effect of uncertainty on objectives”, whilst this broad definition of risk applies to all
effects on objectives — whether these effects are desirable or otherwise — it is common
that structured risk management activities concentrate on only the adversely effects on
objectives. Risk management activities usually measure risk in terms of the likelihood of
occurrence of a specific impact, or type of impact, on objectives. When considering the
management of safety risks, the types of impact are often categorised as the types of
injuries that may result from the occurrence of an uncertain event: for example minor
injuries, major injuries or fatalities. The likelihoods of specific impacts are similarly
categorised to describe those outcomes that are expected to occur frequently and those

that are expected only rarely. Higher risks are those that have the largest impact on
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objects and those that are expected to occur more frequently. Figure 2.1 has been adapted
from Jordan et al. (2018) and shows how a matrix is used to classify risks in three

categories: low, moderate, and high.

Very
likely
Likely
Moderate
Probability  Less H
likely r|5k
Unlikely
Very
unlikely
Negligible  Minor Moderate  Major Huge
Impact

Figure 2.1: Example matrix for risk classification, adapted from Jordan ez al. (2018)

The main objective of a level crossing is to allow road and rail traffic to traverse
the same area without collision and with minimal delay to road users and trains. In this
situation the risk arises as a result of the uncertain behaviour of road users: whether they
will observe, understand, and correctly comply with the requirements to yield to trains
and, therefore, avoid collisions.

Collisions at level crossings can result in a range of impacts to the health and
safety of individuals. In many cases collisions result in fatalities to road users and
perhaps also to train crew and passengers on trains. In other cases collisions can result in
damage to property but no major injuries: for example such an outcome can occur if a
road vehicle is struck by a slow-moving train that causes damage to the exterior of the

vehicle but does not cause physical injury to its occupants.
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The specific outcomes that result from a collision between a train and road
vehicle can vary depending on a number of factors such as the degree of physical
protection provided by a vehicle, safety devices within the vehicle, or even pre-existing
health conditions of people in a vehicle. Currently there is no theory to describe the
specific safety impacts that can be expected as a result of collisions at level crossings and
therefore these factors are considered to be random since they are beyond the control of
road and rail authorities. For this study it is considered that the key objective of road and
rail authorities is to avoid all collisions between road users and trains. As such the only
measure of impact in this study will be whether or not a collision results from a road user
traversing a level crossing; the measure of risk will be affected solely by the likelihood of

collisions occurring.

2.2 Theory of level crossing collision causation

Much of the literature on level crossing safety look to establish correlations
between physical and operational characteristics of level crossings and collision rates.
Although not explicit in any of the literature there appears to be an underlying
assumption that the physical and operational characteristics of a level crossing affect road
users' situational awareness and motivation to stop at a level crossing, which in turn
affects the likelihood of a collision. This model of causation is shown diagrammatically

in Figure 2.2.
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Figure 2.2: Diagrammatic representation of assumed causation model

The assumption that physical and operational factors affect collision rates can be
found in much of the literature, for example, Oh ef al. (2006) who studied behaviour at
level crossings in Korea and concluded that “the proximity of crossings to commercial
areas ...[1s] associated with larger numbers of accidents”. Larue (2016) found that the
longer the time between the start of flashing light warnings at the arrival of a train at a
level crossing the greater the likelihood of a collision. Starcevi¢ ef al. (2016) found that
rumble strips on the approach to a level crossing correlate with fewer collisions. Haleem
(2016) found that the likelihood of fatalities at private level crossings was influenced by
the train speed.

The main observation on reading the literature on level crossing safety is that
whilst many researchers have performed many studies and have discovered specific
correlations between physical and operational features of level crossing and the
occurrence of collisions there appears to be no overarching consensus amongst the
researchers. The researchers do not attempt to place their discoveries within a risk
framework that describes level crossing safety in general, nor can any such overarching
framework be found in the literature. To date, the many studies that have been carried out

on level crossing do not contribute to a general theory.
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2.3 Classes of level crossings and the hierarchy of controls

The one clear factor that has been shown to affect safety risk at level crossing is
level crossings is the nature of the warning devices. Evans and Hughes (2019)
demonstrate that the rate of fatalities per road user traverse reduces by at least an order of
magnitude at level crossing where there are active warning devices. This reduction in
fatality rate occurs for both vehicular level crossings as well as pedestrian level crossings,

despite the large underlying differences in rates of collision.

2.3.1 Passive and active warning devices

Passive warning devices are fixed signs that mark the presence of a level crossing
and indicate to road users that there is a need to check for the presence of trains before
traversing. These warning devices are referred to as passive warning devices since the
warning provided by the signs does not change state to indicate the presence of a train.

Conversely, active warning devices are signs that change state — often by showing
flashing red lights and sounding bells or alarms — to indicate that a train is approaching or
is occupying the level crossing. Active warning devices sometimes include provision of a
barrier across either all road carriageways or, in some cases, across only the approach
carriageway to the level crossing. In Britain, wherever a barrier is provided across all
carriageways, the operation of the warning is controlled manually by a railway employee
who can observe the level crossing either directly, or by close-circuit television (CCTV).
Where the barrier is across only the approach carriageway, the operation of the warning
is controlled automatically by the approach of a train, this type of level crossing is

therefore known as an automatic half-barrier (AHB) level crossing. Figure 2.3 which is
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reproduced from the Office of Rail Regulation (2011) provides schematic view of an

AHB level crossing.
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Figure 2.3: Schematic layout of an automatic half-barrier (AHB) level crossing
reproduced from the Office of Rail Regulation (2011)

In Britain the minimum time between the warning starting and a train arriving at a
level crossing is 13 seconds (Office of Rail Regulation, 2011, §2.48). Whilst this is the
minimum time, the actual warning time may be longer especially when the warning is

manually activated by a railway employee (RSSB, 2019).

2.3.2 Hierarchy of warning devices

The one area within the literature where there does appear to be consensus is in
the assumption that active warning devices contribute to lower safety risk than passive
devices, and furthermore that warning devices with barriers lead to a lower safety risk
than those without barriers. It is particularly noteworthy that this belief in the relative
safety risk arising from each category of warning device has persisted for a long time, for

example the model of level crossing collisions developed by Peabody and Dimmick in
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1941 (US DoT, 2007) gives a lower prediction of collision rates if active warning devices
are present at a level crossing compared with only passive devices. The term hierarchy is
often used to describe the way in which it is believed that some warning devices are
superior to others in reducing safety risk, for example ALCAM (2007) and

Wullems et al. (2013). Despite the belief in a hierarchy of controls being ubiquitous
amongst level crossing safety practitioners for such a long time there is no consensus on
the exact categorisation of warning devices. It is common in the literature for the
hierarchy to be expressed as being comprised on only three types of device, viz.:

e active warning devices with barriers;
e active warning devices without barriers; then

e passive warning devices.

However Baker and Heavisides (2007) describe the hierarchy as:

a. manually controlled level crossings;

b. automatic level crossings with half barriers;
c. automatic level crossings with no barriers;
d. passive level crossings with gates; then

e. passive level crossings with no gates.

A further problem with the concept of the hierarchy of warning devices is the lack
of evidence to support its correctness. For a long time there remained little empirical data
to show that active devices are actually better than passive devices at reducing safety risk.
Hughes (2012) highlights that within Australia there are more fatalities at level crossings
with active warning devices than at level crossings with passive devices. However the
paper discusses that since active devices are generally installed at level crossings with

larger volumes of road and rail traffic, these are the level crossings where there are more
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opportunities for collisions. Therefore, when normalised by road vehicle traverses, it is
not clear whether active warning devices do reduce risk in accordance with the hierarchy.
Hughes sums up the discussion by stating “the available evidence in Australia is mute on
whether active warning devices provide any better protection [than passive warning
devices]”.

More recently, however, Evans and Hughes (2019) note that “data has been made
available by the GB railway infrastructure manager, Network Rail which provides a
detailed inventory of level crossings in GB. The data include the type of each crossing,
and the numbers of crossings or ‘traverses’ per day”. These data allowed a study of
fatalities at British level crossing for a number of categories of warning devices and
normalise the fatalities by road user traverses. The results of the study are the first
empirical results to support the long-standing belief in the hierarchy, however in their
study they considered only three types of vehicular level crossing, viz.:

e railway-controlled (which corresponds with category a. listed by Baker and
Heavisides above);
e automatic (corresponding to category b.); and

e passive (corresponding to category e.).

Within this three-level hierarchy, their results showed that per traverse each type
of level crossing had approximately an order of magnitude fewer fatalities than the type

below it.

2.3.3 Other warning devices and the three Es
Aside from the provision of signs, lights, bells and barriers, there are other

devices that are used to warn road users of the presence of level crossings. The technical
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manual for the Australian SRPT (ALCAM, 2007) list a number of other devices
including:

e overhead mounted (mast arm) traffic control;

e passive tactile advance warning (e.g. rumble strips);
e Rail-X pavement marking;

¢ hand signallers (also known as flagmen);

e street lighting at crossing; and

e maintenance program for vegetation.

Whilst these are common warning devices at level crossings, none of the literature
discussing a hierarchy of warning devices makes any mention of these devices.

Hughes (2002) introduces another categorisation of risk control at level crossings,
the Three Es: engineering, education and enforcement. Engineering refers to physical
controls at, or near to, the site of a level crossing that provide either passive or active
warning of the presence of a level crossing and the need for road users to take action.
Education refers to public information and education programmes aimed to promote an
understanding of the safety risk associated with level crossing and encourage correct
behaviour by road users. Figure 2.4 shows an example poster used in an education

programme conducted in Britain.
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Figure 2.4: An example poster used in an education programme in Britain

Enforcement programmes are comprised of a method of detecting then penalising
road users who contravene the requirement to yield to trains at level crossing. In practice
such enforcement is usually applied only at level crossings with active warning devices
where there is a clearly defined period when road users must keep clear of the level
crossing. During a study at a level crossing in Croatia, Bari¢ ef al. (2018) noted that on
the day when a uniformed police officer was present “the proportion of illegal crossings
by pedestrians and cyclists alike fell nearly to zero”. However it is not clear that the
benefits of either education or enforcement programmed extend after the programmes

have finished. Whilst this is only a small piece of evidence, it is clear that enforcement

42



programmes may be a practical measure to reduced collisions at level crossings — at least
during periods when enforcement agents are visible to road users.

Despite education and enforcement controls being widely used in an attempt to
reduce level crossing safety risk, the discussions of a hierarchy of controls never refers to
these two classes of control. Again it appears that whilst there are many researchers and
railway safety agencies working to reduce safety risk at level crossings, there is no
overarching theory of that addresses the entire scope of risk management at level

crossings.

2.4 Safety risk prediction tools

Provision of warning devices at level crossings can be expensive (Wullems et al.,
2013). In order to ensure that the benefit from the expenditure on warning devices can be
maximised, road and railway authorities around the world attempt to determine the safety
risk at individual level crossings and then prioritise the provision of controls using a risk-
based approach to provide optimal risk reduction for a given cost. In doing so, road and
railway authorities around the world have adopted a range of SRPTs (RSSB, 2007).

The widespread use of SRPTs raises a number of interesting points. Firstly is that
the purpose of an SRPT is to attempt to determine some measure of safety risk at
individual level crossings. The tools vary between:

o those that attempt to create an absolute rating of risk in that they attempt to
predict the number of collisions that may occur during some future period; and

o those that create a relative measure of risk in that they rank level crossings in
order of safety risk without making predictions about numbers of future

collisions.
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In either case, an underlying assumption in such tools is that it is in some way
possible to determine safety risk at level crossings. This assumption conflicts with the
fact that, as discussed, there does not appear to be any overarching theory of the
underlying factors that affect safety risk at level crossings. Therefore it is not clear how
an accurate SRPT can be created. Regardless of this lack of an underlying theory such
tools abound, RSSB (2007) identified 23 SRPTs in use around the world.

A second observations is that the various SRPTs use different methods of
calculation to determine safety risk. RSSB, note that obtaining information about each of
the tools was a difficult task and, in some cases, the information was not available. In
other cases, information was shared confidentially with RSSB for the purposes of their
study and is not generally available. The information that is available, especially from
RSSB's detailed report, makes clear that different methods of calculation are used to
estimate safety risk in the different tools. This use of different methods of calculation
raises a question. It is likely that the different methods of calculation would each lead to
different risk estimates for a given level crossing. It can therefore be expected that some
of the SRPTs produce results that are more accurate than others. In fact it is possible —
perhaps likely — that some SRPTs produced inaccurate risk estimates when compared
with observed collision rates.

It is theoretically possible that each SRPT is correct within its own domain.
Perhaps the differences in road and railway operations leads to innate differences in level
crossing safety risk that require different SRPTs. Whilst not impossible, such a prospect
seems infeasible. All over the world motor vehicles are fundamentally similar in design,

furthermore the designs of warning devices around the world are uncannily similar:
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overwhelming most warning devices uses signs that show a steam train silhouette; active
warning devices are, overwhelmingly, flashing red lights accompanied with bells or
sirens. The proposal that different jurisdictions have fundamentally different causes of
collisions at level crossings does not accord with intuition, neither is there any evidence
in the scientific literature that this is the case. Again, there is no overarching theory of
level crossing safety that would allow a reasoned discussion of how safety risk can vary
as a result of the different road and railway operations in different jurisdictions.

The most important observation, however, is that no evidence can be found of any
tests having been carried out to determine the degree to which the predictions of any
SRPTs correlates with observed collisions. This absence of evidence is an serious
impediment to the development of level crossing safety theory. Since the SRPTs are often
used by public road and railway authorities as methods of prioritising public spending, it
might be considered that the methods of calculation and the results of tests of predictive
accuracy of the models would be in the public interest and the absence of tests could be a
concern to the public. Cynically it could be imagined that tests might have been
conducted but that the correlation between prediction and observation was too poor for
the road or rail authorities to feel confident publishing the results. If this were the case,

then there is an even greater cause for concern.

2.5 RSSB review of safety risk prediction tools

In 2007 RSSB published a report titled Use of Risk Models and Risk Assessments
for Level Crossings by Other Railways which describes a review of 23 tools for

determining safety risk from thirteen countries. In undertaking this work RSSB note:
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by RSSB and the use of traffic models in the tools.

Significant effort has been made to identify all level crossing models

in use or being developed in rail administrations around the world. It

is, however, impossible to be certain that the above list includes all

models that exist or that are undergoing development.

The following sections provide an overview of the risk prediction tools reviewed

2.5.1 Overview of tools

In their review, RSSB provide a general description of SRPTs as tools that “tools

that allow risk assessments to be carried out without having to conduct a bespoke risk

assessment for each crossing, although bespoke data may be used”. Whilst their review

does not provide a detailed description of the algorithm used in any of the tools, several

examples are provided of the physical and operational characteristics that are used inputs

for various models. Examples of typical characteristics are shown in Table 2.1.

Table 2.1: Typical physical and operational characteristics of level crossings used as
inputs to SRPTs

Physical characteristics

Operational characteristics

Visibility of the level crossing from
the road approach

Gradient of the road approach
Width of the road at the level
crossing

Proximity to other road intersections
Construction of road surface (paved,
or unpaved)

Maximum train speed over the level
crossing

Proportion of freight train traversals
Longest approach warning time
Heavy vehicle proportion

Number of operational rail lines

RSSB note that there is a variety of methods used to calculate outputs from the

various inputs used by the models. They classify the method of calculation in three
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categories. The first category they describe as parameter gate tools which use “simple
parameters as decision guides”. These tools do no produced a risk estimate, rather they
provide guidance for the selection of warning devices that are required at each level
crossing. The second category are described by RSSB as weighting factor tools which
perform some calculation on the inputs