
























































transport system and road safety are strongly related. This ask for integration of road safety
policy in traffic and infrastructure policy. When traffic growth will be accompanied by
appropriate risk reducing measures, also in the field of infrastructure, casualty rates
could decrease and, accordingly, the number of casualties. Without appropriate measures
to reduce casualty rates the number of casualties will increase!

8. Road safety: a social and political problem

Road use fairly seldom results in an accident for a road user. On average a road user in the
Netherlands gets involved in a fatal accident every 10 000 years. It is understandable that the
risk of an accident occurring is virtually of no importance in the daily driving experience of
a road user. Looked at in this way, road safety is not a problem.

However, because a great many people live in a country and use the roads and because there
are a great many streets and junctions, a completely different picture emerges. Viewed
collectively, there is indeed a problem. Every year tens of thousands of people die in road
accidents in CEECs (compared to 50,000 per year in the EU), including many children and
young people. In addition, hundreds of thousands of people are injured in road accidents,
which makes heavy demands on the health service as many accident victims are permanently
disabled. All this results in substantial economic losses (1 - 2% of the GNP).

In addition to the factual, objective consequences of accidents, road safety has another, more
intangible and subjective dimension. Responsible citizens complain to the government about
hazardous situations: people drive too fast or a crossing is dangerous. There are parents who
are bothered by the feeling that something could happen to their children in traffic. These are
objective and subjective aspects of the same problem, a problem that, individually, results in
tragedies, a problem that incurs enormous social costs for society as a whole.

Yet road safety does not seem to be perceived as a major social problem; nor is it perceived
as a major political problem. If a society does not appear to take road safety seriously, it is
extremely difficult to gain public support for road safety measures, either from institutions
or from individual citizens and road users. A form of social mobilisation is involved here, the
first phases of which are problem identification and problem recognition. Public support
based on public awareness is no static concept, but rather a dynamic one. Public support can
be created and if it exists one day, it can diminish the next. The result is that 'maintenance’
is needed. In addition to establishing an effective organisational structure, achieving public
support is one of the first activities that could be carried out within the framework of an
(intensified) road safety policy.

Influencing social norms of behaviour in traffic follows naturally from this (Evans, 1991).
Hence in some countries, drunk-driving has been reduced not only as a result of more
intensive police enforcement, but also because a successful policy has been pursued to reduce
the social acceptability of drunk-driving. Such a campaign is even more effective when it fits
in with a more general campaign to discourage people from drinking alcohol (’alcohol ruins
more than you think’ and ’enjoy, but drink in moderation’). It appears that these forms of
behavioural influence are also effective in other areas (smoking, healthy diet, physical
exercise) and can be in the field of road safety.

An approach known as social marketing has recently begun to play a part in road safety
policy. It includes phases of analysing the 'market’, determining the needs and requirements



of the target group, formulating clear objectives, strategies and implementation programmes
(OECD, 1993). There is an impression that if this approach had been adopted earlier, certain
policy objectives would have been achieved earlier and at lower cost. This conclusion is
partly due to the fact that the belief in legislation and subsequently in the enforcement of
legislation has diminished. This option does not appear to lead to the objectives set or else
would involve prohibitive costs.

This does not mean to say though that no legislation would be required for some issues.
There is sufficient evidence (Wegman, 1992) that legislation and the associated enforcement
of legislation has positive effects on behaviour (speed limits, wearing a seat belt etc.). What
is in fact meant here is that legislation should not be the start of a journey that leads to a
change in behaviour, but rather it should be the end of the journey. Legislation would only
be introduced when (a considerable proportion of) road users have seen the sense of changing
their behaviour and have demonstrated the desired behaviour to a certain extent. This
approach will probably result in less discussion about the content of legislation and in better
legislation!

Now that there are signs of regained freedom in CEECs, manifested by an unwillingness to
obey traffic regulations etc., it might be interesting not just to react by introducing new and
stricter legislation in this area, but to follow this social marketing approach.

6. Road safety: a policy problem

For years countries have had the task of improving road safety and many, if not all countries
in the world will make an effort in some way. Politicians and policy-makers in positions of
responsibility call road safety a serious social problem yet it does not seem to be taken
seriously as a policy problem. The following statements have all been made at some point:

- The yardstick used is inadequate. Accident records are incomplete and those accidents
that are recorded occur throughout the entire road system, seemingly unsystematically;
there is nothing that can be done about it.

- Road safety measures encounter opposition, especially those that restrict individual
freedom.

- The effects of measures are debatable and unknown in advance. With regard to the
cause of and remedy for accidents, different opinions are fairly often expressed and
it cannot be proved whether these are right or wrong.

- The effects of measures are not subsequently *measurable’. It often proves difficult
to make statistically sound judgements because the effect of measures is often
difficult to ’isolate’ from other influences and because chance fluctuations can play
a major part.

- Central government cannot do everything alone. Tackling the issue of road safety
requires effort from many bodies. This means that good collaboration is essential. It
is difficult to achieve good collaboration and a lack of it can be demotivating.

- There are doubts about what authorities can do. It is difficult to determine the effects
of measures taken by authorities in terms of a reduction in accidents and at first sight
the effects are not apparent. As a result of this the view can - mistakenly - take root
that a local government policy makes no difference.

- Understanding of road safety problems is not enough, whereby common sense and
personal experience as a road user sometimes determine the view of individual



policy-makers and politicians. This situation in itself leads to disputes as regards
content and policy.

- There is a lack of administrative precedent and experience in implementing measures.
Tackling the issue of road safety - particularly where road safety is a facet of other
areas of policy - has virtually no administrative precedent.

More than enough reasons for coming to the conclusion that formulating and implementing
a road safety policy is no easy task. Quite apart from the 'usual’ problems such as inadequate
funds and a lack of sufficiently qualified personnel, whose numbers are, moreover, dropping,
due to government cuts. In policy and administrative terms the improvement of road safety
is a persistent and tricky problem requiring a great deal of inventiveness and decisiveness and
involving a real risk of failure. To put it briefly, the improvement of road safety is not a
subject for timid administrators who like to play it safe. To cope with these problems a
recent OECD-study 'Targeted road safety programmes’ (OECD, 1994) could be helpful.

7. A National Road Safety Plan

A National Road Safety Plan is an important means of getting and keeping this subject on
the political agenda. What is more, a plan of this kind can also act as a reference for
implementing policy. First and foremost, the plan should include a philosophy about how
road safety is to be improved, in the short term and in the longer term. The plan should
therefore open up possibilities and indicate frameworks.

A plan is not enough in itself. Conditions must be established that the plan will also be
implemented. In the OECD-study 'Targeted road safety programmes’ the conclusion is drawn
that, based on findings available, "targeted road safety programmes do not guarantee better
results than routine-type safety activities or automatically improve either programme planning
or the likelihood of the desired accident reduction. However, a number of the features of
targeted road safety programmes encourage good practice in programme planning. Clearly
formulated road safety targets can guide policy making in a better way than less elaborate or
less detailed road safety targets and, thus, improve safety performance."

In the Netherlands, a great many policy plans have emerged in the past in the area of road

safety. Based on this experience, it is advisable to devote some attention to the following 'ten

commandments’ in a road safety plan:

- raise awareness and support in society and create public acceptance of safety
measures;

- integrate with other areas of policy;

- create network of well-educated professionals and interested citizens;

- use know-how when implementing policy;

- check quality of implementation;

- combine long-term strategy with short-term successes;

- start with well-known and simple cost-effective measures;

- reduce chance of human error by increasing predictability in traffic, making traffic
more homogeneous, reducing speed and separating road user categories;

- improve vehicle safety;

= improve emergency services and hospital care.

An international team of experts developed a methodology to assess the effectiveness of a






(formal) discussions with other ministries. In addition, discussions with other organisations
and institutions, that are of relevance to road safety, are very important.

If, in addition to coordination, an unit of this kind is also allocated executive tasks, two risks
should be combatted. First of all that other departments within central government (in the
field of physical planning for instance, the health care system or the police supervisory
organisation etc.) think that, because a road safety unit exists, they can be less involved. It
might also happen that the dynamism of the road safety unit takes the initiative away from
other bodies.

To summarise, an attractive type of organisation is a separate unit or agency which combines
implementation of policy (particularly within the road safety sector, such as driving lessons,
road safety campaigns) and coordination of policy (road safety seen as a facet of other areas
of policy). This unit should have sufficient direct access to a Minister in order to be able to
aim at an effective policy. The unit has a relatively modest budget to enable policy to be
implemented by others based on the idea of ’setting a sprat to catch a mackerel’. In addition
to carrying out its own tasks efficiently, the service will lay great emphasis on coordination
by facilitating the activities of others, by providing encouragement and by making it
attractive for others to contribute to promoting road safety.

Neither one Minister alone nor central government alone will be capable of pursuing an
effective road safety policy. In 1993, there are doubts about a 'makable society’, but the view
that central government could make a society finds little support any more. Other sections of
government and private organisations are vital links. Local and provincial government in
every country in the world has a crucial role to play in physical planning and in the
construction and maintenance of road infrastructure, where they enjoy a relatively large
degree of policy freedom. The more active these administrative layers are, the more
knowledge that is available, the higher the budget allocated to improve road safety, the more
effective the efforts made in terms of a reduction in the number of road accident casualties.
Perhaps this is one of the most important organisational provisos for a successful road safety
policy.

Another effective means appears to be to allow private organisations to participate in
formulating policy and to involve them in implementing aspects of the policy. What is more,
private organisations need to work together and reinforce one another rather than hinder one
another. The road safety unit has an important part to play in this process. Private
organisations and organised interest groups that are working together must be considered
capable of exerting social pressure and creating public support within society. A road safety
parliament or a road safety council might be seen as a formal expression of these views.

9. Infrastructure policy and road safety

Since the beginning of the fifties a great many measures have been taken that have resulted
in a substantial reduction in the risk of having an accident and have also led to a decline in
the annual number of casualties. It seems that it is not possible to give a satisfactory
explanation for the actual development; it is, however, possible to give an expert opinion on
the basis of research findings.

The sixties and seventies saw a great deal of investment to expand and improve road






uncertainty).

If these principles were to be adopted, three functions of the road system would be clearly
discernible for the road user: the flow function (rapidly processing with through traffic), the
access function (making residential areas and districts easy and rapid accessible) and the
property and residential function (making homes and shops accessible and at the same time
making the street a safe meeting place). The design of the roads should be adapted to the
allotted function; combinations of functions should be excluded as far as possible. It would
have been advisable when constructing and expanding the road system to adopt the principles
mentioned as far as possible, which would have meant that such large investments were not
necessary (in retrospect). For that, a reference plan for the whole infrastructure would have
been needed in which a hierarchically designed road system should have been the starting
point. Furthermore, there would have to have been design guidelines in which road safety
formed an important starting point and where (legal?) steps were taken to prevent deviation
from the required design quality.

Now that CEECs can expect an increase in mobility and expansion of the infrastructure, it
would be advisable to speak out in favour of such an approach instead of acquiring a higher
degree of road safety at a later date at a much higher cost, as is the case in highly motorised
countries at present.

This does not mean though that no further gain in road safety could be achieved in the short
term with infrastructure measures. On the contrary, it is advisable to take low-cost measures
in places where many accidents occur. Furthermore, highly motorised countries have amassed
a great deal of knowledge, which at present is termed basic but which has been built up over
many years, about the effect of road design, road construction and materials on road safety.
Examples include the use of marking and signposting, road surfaces (unevenness) and winter
maintenance. From the point of view of harmonisation it is also advisable for CEECs to
adopt the general course of action of becoming a party to international treaties and
conventions in this field.

10. Conclusions and recommendations

1. If it is assumed that the recent political and economic changes in Central and East
European Countries (CEECs) result in economic growth, there will be an extra increase in
mobility which, unless road safety measures are taken quickly, will lead to a decrease in road
safety in CEECs. The increase in the number of road accident casualties in recent years
proves that this expectation is correct. The number of casualties per 100,000 inhabitants and
per 10,000 vehicles is (substantially) higher in CEECs than in highly motorised countries.

2. It is realistic to expect that an effective road safety policy in CEECs will result in a
smaller decrease in road safety, as was the case in highly motorised countries until the
beginning of the seventies.

3. With the knowledge that is presently available about the developments in road safety and
the effectiveness of measures in highly motorised countries, the approach adopted in these
countries could perhaps have been different than was the case in the past. CEECs might
consider learning from this.




























































This leads us to an important recommendation: Road classification can be
valuable for safety provided that the classification system is targeted on the
safety of the road users only, and is consistently implemented. For a
classification to be effective, the road and traffic characteristics associated
with the road classes should represent the correct image to the road users
with respect to the driving behaviour anticipated from them.

There is a last, but fundamental shortcoming of existing classification sys-
tems. Many times, more than one aspect of the traffic function is supposed
to occur on the same road: the roads are multifunctional. The same road may
have a through function, a distributor function and an access function. As a
result of this, the differences between subsequent classes tend to be gradual
only, especially if the number of classes is relatively large. Expressing all
these differences by introducing easily recognizable distinctions in the shape
of the roads is then becoming difficult. Or, the classification is getting a
somewhat artificial character which is no longer understood by the road
users. In Germany, for instance, 15 classes are distinguished, each of them
further subdivided according to a number of features.

A better situation may be reached by adapting an approach that was recently
developed: monofunctional road operation.

Monofunctional road operation

The road traffic system had traditionally the task of fulfilling the need for
transport by road. This task or function was imposed where possible on the
existing road network, even after the marked rise in the number of motorized
vehicles. Roads specifically intended for rapid movement, we now call
motorways, started to be built in Europe not that long ago.

In the 1970s, when the number of traffic fatalities in many countries reached
a record high, road safety measures became a topic. The residential areas
were the first to be considered. The safe design of the ‘woonerf’ was a
prominent initiative. This favourable development continued with the 30
km/h zones which are now being introduced in Europe on a broad scale.

On the motorways and in the residential precincts, good results are still
gained in reducing the risk to road users. However, there are clearly many
roads remaining for which the risks are far more difficult to combat. These
roads showing a high accident risk for all modes of transport can broadly be
characterized as:

- non-motorway roads outside built-up areas, and

- non-residential streets inside built-up areas.
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illustrated above can be used when many sites are included in the study, though there is an
added source of variation in that the sites themselves will vary from one to another and the
effectiveness of the applied re-design, may not give the same value of « at each site. In this
situation, it is probably simplest to use the GLM modelling approach described briefly later
in the paper.

To complicate matters still further, it is often the case, that the engineering modifications
made to the sites affects not just one design parameter but several - not just, for example,
changes in horizontal curvature as suggested earlier, but changes also in the vertical
alignment or the visibility distances at some of the key junctions on the route. Whereas the
simple statistical approach outlined above (extended to the multi-site situation) can provide
an assessment of the accident benefits of a whole package of measures implemented in this
way, they cannot estimate the individual contribution to enhanced safety of the various
components of the package. To attempt to do this a more sophisticated statistical modelling
approach is needed of the kind to be outlined below.

2.3 Correcting for systematic changes over time.

The basic disadvantage of the before/after approach to the assessment of accident changes
is that the before and after periods are separated in time. This would not of course matter
if other factors remained constant from the before to the after period. Unfortunately, in most
situations this will not be the case; there will be a whole range of factors which are likely
to change with time. Thus for example, traffic flows will be changing with time - nationally
and locally, road user behaviour may change over time, other road safety measures may be
implemented during the period of the study, the economic climate may be different, even
changes in environmental factors such as the weather may need to be considered. So, some
method has to be used to allow for such trends between the before and the after periods.

One possible way of allowing for such trends is to include them directly in the analysis of
the data. Thus for example, if the accident data were to be plotted year by year over time,
it might be possible to observe the trend over the years and simply detect the step change in
the accidents which occurred at the point in time when the new scheme was installed. It may
also be possible to allow directly for some of the changes between the before and the after
period by constructing a statistical model of the kind to be outlined below which includes
explicitly the influence of other co-variables on the before and after accidents.

The method most commonly advocated however - and one which has considerably face-
validity - is the use of 'control’ sites- The principle is that for every ‘trial’ site where the
improvement is being made, one or more control sites are selected which are not being
improved. Any changes over time of the kind mentioned above which may affect the before
and after accident numbers 1s assumed to affect the control sites to the same extent as the
improved sites. The changes at the control sites can then be used to 'correct’ the apparent
effect ot the improvement at the trial site (or sites) so as to arrive at an accurate indication
of the true effect of the design improvement. Because changes in time are usually the source
of concern. accident data on the control sites is obtained for exactly the same period of time
as for the trial site - though the before and after periods may not be the same. In this
situation the corrected value of « is given by-






However the need to include large numbers of sites in a control group highlights the issue
of how to choose appropriate controls. The purpose of the control sites is to provide an
estimate of what the accident rate at the trial site would have been if it had not been
improved. To do this effectively, the control site must behave just as the trial site would
have done had it not been treated. That means that control sites have to match the trial site
as closely as possible. It is often quite difficult to decide what would make the best control
site or sites - and it is equally difficult to devise objective ways of choosing the best. Hauer
and his colleagues (Hauer, 1991, and Hauer, Ng and Papaioannou, 1991) have explored the
problems associated with the use of controls in the context of accident data from the
Canadian states. They illustrate the difficulties of the intuitive selection of the "best’ control
for a particular study and Hauer concludes (Hauer 1991a) that 'the use of a comparison
group (a control) is a mixed blessing’. He goes on to say: 'comparison groups should not
be used merely to satisfy a superficial research etiquette. To account for the effects of
weather, driver demography, and norms of behaviour, it is sound practice to use a
comparison group if it is sufficiently large. If in a practical circumstance a sufficiently large
comparison group is not available, it is better not to use one at all than to use one that is too
small. However, in this case the effect of the treatment and that of the unaccounted factors
cannot be separated, and this should be explicitly stated in the conclusions.’

2.4 The GLM method.

If before and after studies - with or without controls - involve more than single sites or single
periods of time, then the generalised linear modelling methodology provides a convenient
way of analysing the data. Such methods are available in computer programmes such as
GLIM (Numerical Algorithms Group, 1986, Aitkin et al, 1992) and GENSTAT (Alvey et
al, 1977). GLMs can be used to estimate the value of a - the effectiveness of the scheme
- suitably corrected for the control site or sites, together with the appropriate statistics for
significance testing or for estimating confidence intervals.

In order to use GLMs in this way, the accident data needs to be coded such that the before
data is distinguished from the after data using a two level factor, say BA (1 for after and 2
for before) and the trial and control data is similarly distinguished by another factor say,
CON (1 for trial data and 2 for control). A GLM ’model’ is then set up taking accidents as
the Y-variable, with Poisson errors and a Log link (a natural logarithm transform of the
accident data), and declaring BA and CON as 2-level factors. Both CON, BA and the
interaction CON.BA are fitted to the data as part of the GLM model. In such a model, the
coefficient of the interaction term CON.BA is the natural logarithm of the required value if
a, corrected for any changes in the control data. Standard errors and values of x? are
calculated by GLIM and GENSTAT.

The potential advantage of using GLMs in this way is that not only does the software
calculate the statistical information automatically, but the calculation of the effectiveness «
in the context of a statistical model. allows other co-variables to be included in the modelling
process should this be required. Thus for example, if 1t 1s suspected that a time trend occurs
in the data, and individual years accident information are available, then a time trend term
can be added to the model to calculate the effectiveness of the scheme taking the trend over
time 1nto account, other co-vanables can in principle be incorporated into the model as well
(see for example, Haynes, et al (1993).



2.5 Bias by selection.

It is often the case - particularly when selecting individual accident sites for remedial
treatment - that some form of selection criterion is used to choose which sites to treat. So
for example, having assembled the accident data from all the sites of a particular kind in a
local region, the road safety engineer may decide to select for treatment 'those with more
than x accidents in the previous 3 years’. Alternatively, if funds for remedial treatments are
limited, the section criterion might be ’select the n sites which have the highest accident
frequencies’. Now although the numbers of accidents occurring at a particular site may have
a long-term stable average value, the number which occur in a particular period - in the last
year say, or the last three years - will be potentially very variable; in some years the number
will be high and others it will be low. If, in this situation, the safety engineer chooses some
of the high accident sites for treatment, then it is easy to see that purely by chance the year
or so following treatment the accidents will have fallen even if the treatment has had no
effect whatsoever. This phenomenon is known either as ’selection bias’ or 'regression to the
mean’.

In this situation, the selection rules determine the size of the regression to the mean effect;
whether or not controls are used is also a factor. If the sites were chosen totally at random,
then there would be no regression to the mean - the effect only arises because some form of
non-random selection process has been used to decide which sites to treat. Even if selection
had taken place, provided control sites were chosen using exactly the same rules as those
applying to the treated sites, then the correction supplied by the use of the control sites would
also correct for regression to the mean. It is easy to see why in practice, neither of these
things is done. The safety engineer naturally wants to treat the worst sites first; moreover,
he wants to treat all of them and not leave some untreated (as controls) just for the benefit
of the accident researcher.

So how could the regression to the mean problem by tackled? Hauer has again done a great
deal of pioneering work in this area. In some simple situations, where the selection rules are
well defined (and they often are not), Hauer has proposed ways of dealing with this effect
(Hauer, 1980, 1986). He has also proposed a more general approach which goes under the
name of the 'empirical Bayes method’ (Hauer 1983 and 1992). All methods use information
from a population of sites corresponding to the ones being treated to calculate a correction
to the observed accident rates in the before period - using various smoothing techniques.

The empirical Bayes method derives an unbiased estimate of the before accident rate by
combining the observed rate in the before period (b/T, using the previous notation) with a
predicted rate derived from an accident predictive model of the kind described 1n section 3
below. The accident model is in effect de-biasing the estimate of the observed ’'before’
accident rate on the basis of information about the population of sites - and in particular their
vanability. Although it 1s not appropriate here to consider this approach in detail, its effect
can be appreciated from the following expression for the 'corrected’ estimate of the before
accident rate:






carriageway roads, or roundabouts on dual carriageway roads in rural areas. The approach
then adopted is to identify a suitable sample of the junction type of interest on public roads
for which accident data is available; the traffic flows and the key geometric variables at these
sites are then surveyed, and the resulting data is analysed to obtain accident/flow/geometry
relations. The variables which need to be measured are those which will potentially have an
effect on accident frequencies. They will include traffic and pedestrian flows, the physical
dimensions of the layout, the signal control arrangements (at signalised junctions), and a
number of other relevant variables. The numbers of accidents which have occurred at each
junction over a reasonable period of time - usually several years - should be available.

The analysis seeks to determine which variables have an effect on the frequency of accidents
(the number of accidents per year) and to quantify the magnitude of the effect. From the
design standards point of view, such an analysis will indicate those standards for critical
design parameters, which would provide an acceptable minimum level of safety. For
predictive purposes, the accident/geometry relations, will predict how many more (or fewer)
accidents a year would be likely to occur if a particular geometric parameter was changed.

It will be seen from the foregoing description, that the essence of the cross-sectional study
is to infer the accident effect of specific geometrical features, from sites in which the
geometrical feature of interest has a range of values. A single period of time is involved,
so that the problems discussed above associated with the time difference between before and
after observations of accident data are avoided. Both types of study (before and after and
cross-sectional) can evaluate the effect of design variables on accidents, and both have
advantages and disadvantages. The cross-sectional approach is more suited to the
determination of the effect of many variables acting together; it avoids the need to physically
alter the layouts of trial junctions in order to determine the effect of each variable.

3.2 Recent examples of the application of the methodology

A number of cross-sectional studies aimed at identifying the effects of design variables on
accidents have been conducted in various parts of the world. Recent work by Zeeger et al
(1988) on the effect of road cross-section design for two-lane roads in the US, and by
Leutzbach and Zoellmer (1988) on the relationship between road safety and highway design
elements in Germany provide examples of what has been achieved.

In the UK accident/flow/geometry relations have been determined for a wide range of
junction types and road links, using the cross-sectional method. Examples are: 4-arm
roundabouts (Maycock and Hall, 1984), rural 3-arm major/minor junctions (Pickering, Hall
and Grimmer, 1986) and urban 4-arm single carnageway traffic signals (Hall, 1986).

The results of these studies are progressively being incorporated mto UK Standards and
Advice for road and junction design. The relationships are also being made available in a
series of computer programs which are available for use by design engineers. In addition to
the accident predictions, the software also includes relationships between the design variables
and junction capacity and delay that were developed in the 1970°s. These accident
relationships are also being used to estimate the expected number of accidents on urban
networks so that the effects of changes in the design of urban areas on capacity, delay and
accidents can be evaluated.
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It will be clear from 2.5 above, that no attempt should be made to select sites on the basis
of their accident record, since this would lead to ’bias by selection’ in the accident models.
Moreover, the models should be based on accidents systematically recorded in a national
database. In the UK for example, the national system does not record accidents which
involve only damage to property, so that the UK models have been based on the injury
accidents recorded in the national system.

There is also a need to define the boundary between the components of the road network,
and in particular between road links and junctions. In the UK national accident reporting
system, junction accidents are those occurring within the junction area itself or within 20
metres along each of the approach roads.

3.3.4 Geometric variables.

After the sample of sites for the study has been selected, the geometric variables that it is
intended to examine in the analysis must be selected and defined. Category variables can be
used. If, in the simplest case, a group of junctions are designed such that they conform to
a small number of layout categories in which all members of each category are geometrically
similar, then it may be sensible to treat each layout as a simple category in the analysis.

However, in general, the geometric features of the junctions under study will be far more
complex than this - lane widths, path radii, visibility distances, splitter island dimensions and
many other geometric properties, will vary considerably from site to site and even from entry
to entry. As a result, the geometric properties to be used in the analysis will have to be
selected and specified with care. It is certainly essential to include in the analysis all the
variables which have been used as part of the criteria for selecting the sample. But it is also
important that any inter-correlations between the geometric variables are carefully noted and
taken into account in the data analysis and the interpretation of the results. In practice, it is
difficult to be confident that a model will reflect the accident/geometry relations satisfactorily
unless a wide range of variables - including all the variables that seem likely to affect
accidents - have been examined for inclusion in the model. In the UK studies, the numbers
of variables were typically of the order of about 100.

Once the relevant geometric variables have been identified and defined, they have to be
measured for each junction; it is often possible to do this conveniently from large scale plans
- though plans are not always accurate or up-to-date. For each approach arm of the junction,
measurements will be needed of road and lane widths, gradients and curvature, the position
of road markings, and the nature and position of signs and islands . At roundabouts, the size
of the central island and the curvature ot vehicle paths as well as sight distances will be
needed. Speed limits should be noted. For the traffic signal junctions, measures of the signal
control variables need to be obtained: these should include the stage sequences, signal
timings. plan schedules for UTC junctions and the presence (or absence) of speed
discrimination equipment.

3.4 The modelling process.

Once the data has been collected and verified, the analysis can begin. It is usual to conduct
the analysis of the data in stages. First. the characteristics ot the accidents are examined by
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TABLE 1
Accidents in West London Speed Camera area plus the A40

Road type Accident type Number of accidents Percentage change Statistical
After/Before (in significance”
relation to control) O
Before After
—eeeee e ] TEEEEE——
'——_—_—T-—__— e —————

"Links" ie A4, Fatal and serious 134 77 -36% 9.79

A30, A312, ;

A316 and A40 Slight 489 461 -8%
Total 623 538 -14% 6.31

All other roads Fatal and serious 679 652 +7% -
Slight 3286 3369 +0% -
Total 3865 4121 +6% -

All roads Fatal and serious 813 729 0% -
Slight 3775 3830 -1% -
Total 4588 4559 -1% -

All roads in the Fatal and serious 6101 5485 -10.1

Metropolitan .

Polics District Slight 28645 29339 +2.4
Total 34746 34824 +0.2

* - The significance levels for x,* are 10% - 2.7, 5% - 3.84, 1% - 6. 64- only those reaching significance at the
10% level or better are given in the table.

The 36 per cent decrease in fatal and serious accidents on the link roads is highly significant.
This decrease together with a non-significant 8 per cent decrease of slight accidents, produces
an overall decease in accidents on the links equipped with speed cameras of 14 per cent -
significant at about the 1 per cent level - that is to say that the probability of this decrease
having occurred by chance is about 1 in a 100. Provisional information on traffic speed in
West London is currently only available for a few sites, but this indicates that mean speeds
have reduced by between 3.4 mph and 6.4 mph. Assuming an average reduction in speed
of 5 mph, the above accident reductions correspond for all injury accidents to a reduction of
3 per cent for each mile per hour fall in mean speed, and for fatal and serious accidents a
reduction of 7 per cent for each mile per hour reduction in mean speed.

The accident reductions illustrated in Table 1 suggest that enforcement cameras have a
significant effect on the roads on which they are installed. However, they have little effect
on other roads within the areas. It is clearly important therefore that the sites for the
installation of speed cameras are carefully chosen. It would not be very effective for
example, to site a camera on a section of road where there are no accident problems. But
the use of a speed camera on the approach to a junction with speed related accident problems
may have a beneficial effect on the accident rate at the junction.















































































































Again, based on the recommended differences of the Kp-values
for ''good", 'fair" and "poor" design levels in Table 3, the
corresonding differences between side-friction assumed (fRr) and
side friction demand (fg,) were established through Figure 8.
As can be seen from these figures the limiting values for
""good" and '"poor'" design levels are nearly the same for Germany
and the U.S.A. It was decided, to use the German limiting
values as permissible—, respectively non-permissible ranges for
Safety Criterion III (providing adequate dynamic safety of
driving through circular curves), as demonstrated in Table 4.
The decision to select the German values is based on the fact
that besides circular curves the influence of transition curves
is here already additionally regarded. Safety Criterion III is
applicable for two-lane and multiple lane rural as well as for

suburban roads.
6. PROCEDURE FOR DETECTING SAFETY ERRORS

An individual examination of roadway sections, based on the
three Safety Criteria according to Table 5 is recommended, when
evaluating specific roadway sections. This is especially true,
when the highway engineer has information available about the
planned or the existing highway, the safety quality (good or
fair) to strive for and about local conditions and available
funds. For example, the designer may be able to improve the
alinement in cae of a failure of only one safety criterion in
such a way, that the safety deficiency can be eliminated with-
out affecting the other criteria and their design impacts.

In order to recognize safety errors for new designs or redesign
already in the planning stages or necessary safety improvements
for RRR-projects before implementation, modern planning toolﬁ
have to be made available to the highway engineer. Complex daté
processing systems must be part of today's planning tools.
Therefore, the following procedure is established in such 3
way, that it can be applied manually or using CAD [25].
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6.2 Case Study: Curvilinear Alinement

For safety reasons 'good design levels" should always be stri-
ved for, if no other superior goals are of relevant importance.
This is true for new designs of multilane as well as for two-
lane rural or suburban roads. A procedure for achieving good
design levels (also called '"curvilinear alinement' or ''relation
design'") is presented in Figure 9b. The results of the safety
evaluation process show no safety errors or deficiencies, based
on Criteria I to III according to this figure. All three
criteria confirm '"good design practices" for the curvilinear
alinement along the whole observed two-lane rural roadway
section. Thus, it can be expected, that the final alinement,

presented in Figure 9b is a sound one.

6.3 Case Study: Safety Module for Road Networks

As an overall safety evaluation procedure the previously dis-
cussed three safety criteria shall be combined in an overall
safety moduel [26]. Table 7 shows the classification system of
the safety module, as based on the Criteria I to III for good,
fair, and poor design levels. All three criteria are weighted
equally. At least two of the three criteria have to be 1in
agreement in the decision process in order to assess the design
safety level. The developed procedure represents the current
state of knowledge. Figure 10 schematically shows (using dis-
criminating symbols or colours) the results of the overall
safety module for a case study in Ehingen County in South-West
Germany for good, fair, and poor designs. For developing those
graphs the Geometric Information System '"SPANS'" was used
[26, 27]. Normally the graphs are presented using discrimina-
ting colours, but because of the printing rules for this work-
shop black and white symbols had to be used. The sections
without symbols in the figure were not subject for analysis.
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