Chapter 2

Version 0.1
An Overview of Road Accident and Road Safety Research
2.0
Introduction
This chapter is a review of geographical road safety and road accident research literature.  That most relevant to this thesis reports on research that involves the analysis of data for a single or set of well defined (with spatial and temporal extents) geographical regions in or between which there is some explainable variation in road accident risk as given by observed road accident incidence.
It is difficult to identify exactly when the era of geographical mapping and analysis of road accident data began and which people and organisations can be credited with being the first to suggest and do it.  Anyway this is trivial and though it predates the revolution of Geographical Information Systems (GIS) in the 1980s the work done prior to this was by today’s standards very basic.  In the early 1970s a paper was presented to the 11th International Study Week in Traffic and Engineering and Safety titled ‘A Geographical Approach to Traffic Crash Analysis’, O’Day and Moellering (1972).  This paper argued the benefits of producing point maps of accident locations in space and how they can be used as heuristic devices to identify road accident patterns.  Shortly afterwards Moellering had a journal article published titled ‘The Automatic Mapping of Traffic Crashes’, Moellering (1973).  It focussed on the development of an algorithm for geocoding the data, a process that involves calculating and attaching coordinates to each accident data record based on other spatial information in the original data and a digital map.  The article contained point maps of the geocoded data superimposed on base road maps which reveal the locations of road accidents for the region of Washentaw and the town Ann Arbor in USA.  These maps produced with a mapping package and a plotter may have been the first of their kind depicting road accident locations to be published in a journal.  In the article Moellering reiterated the general view that: the point maps serve to help recognise spatial patterns, and can be used as a heuristic device; and that the coordinate information attached with the incidence data could be of use in further spatial analysis.  It was only a short time before Moellering had another article published in which he reported the analysis of fatal road accident locations based on the point maps that he could now produce, Moellering (1974).
In 1986 a British geographer outlined an agenda for research into the geography of road accidents, Whitelegg (1986).  The article published in Transactions of the Institute of British Geographers provided a summary and description of various factors related to the geographical distribution in road accident incidence.  It was a key text which laid down a coherent justification of a geographical approach to the problem, carefully explaining the importance and place of geography to encourage it.  After this, the volume of publications focussing on different aspects of the geography of road accident incidence increased markedly.

This chapter has been divided as follows.  Section 2.3 reviews literature concerning various aspects of the geography of road accident incidence, and highlights the importance of both accidents involving children, and a geographical approach.

2.3
Research with a strong geographical focus/emphasis
2.3.0
Introduction

The need for systematic analysis of geographical variations in accident rates at both regional and local levels with respect to the characteristics of accidents and the characteristics of the areas in which accidents occur is clear.  With respect to geography, arguably, the most important characteristics of accidents (other than their spatial and temporal location) concern the casualties involved: their ages, sexes, extent of their injuries; and, whether they were drivers, passengers, cyclists or pedestrians.  Also important are details of the road and weather conditions and geographical information about the location of the accident, e.g. it occurred near a bus stop in a 30 mph speed limit residential area on a main road that bisects this area.
Identifying a link between the demographics of an area and observed accident rates is not easy for various reasons.  Perhaps the biggest reason is that the single most important variable in estimating the road accident rates is not the demographic characteristics of an area but its vehicular traffic flow characteristics.  Although related these are different, so perhaps the easiest way to look for demographic effects on accident rates is to compare the demographics of areas with similar traffic flow and other characteristics.  This helps like to be compared with like, ceterus parabus (all other things being equal).  In order to do this not only is auxiliary data required, but also sufficient numbers of similar areas are needed.  Another part of the problem is that accident victims do not always live in the region in which the accident occurred.  This makes it difficult to estimate exposure based on residential population.  A further problem can be identifying or selecting only accidents that involve casualties that live in the neighbourhood as this information is not generally available. 

Policy is becoming increasingly driven by research that examines area characteristics in relation to things like road accident incidence, school performance, deprivation and social exclusion.  In all of this research there is a big difficulty in the separation of cause and effect.  Really what is most sensible to do is examine the change in rates over time and try to link this change with other geographical dynamics of It is all written about in terms of links, e.g. there is a link between areas with high unemployment There is a large volume of research that identifies a link between deprivation and areas with high proportions of ethnic minorities.  But what does it really mean if high road accident incidence is correlated with high populations of ethnic minorities if the areas where there arelevels of etA great deal of work has been done that looks at ethnic m Deprivation and health inequalities related to socio-economics There are many thinand Variation in these proportions reflects differences in peoples’ dynamics which are related to their mobility, lifestyle, their stage of life and the journeys they make.  

For example, the probability that an accident involving a child pedestrian occurs within the victims’ residential neighbourhood is likely to be higher than the probability that an accident involving a middle aged car driver casualty occurs in the car drivers .  than say for a a certain distance of their homedependent minor occurs closer to homw or significant incidence makes it a difficult task to link area based geographical data about people and  occur  intra-urban with a detailed spatial and temporal examination of the relationships concerning age, sex, ethnic group and economic class. variations in areas and accident victims (that) 
Geographical variation will not only tell us just what progress we have or have not made, but will give us hard evidence on which to base future policy through which progress can be monitored” (Whitelegg, 1986).

It has been remarked that “geographers have not made much of a contribution” to the subject of road traffic accident incidence “despite the very clear epidemiological interest of road traffic accidents and their links with population density and distribution, movement, people and spatial design at neighbourhood level”, (Whitelegg, 1986).  Post 1986 much work on the road accident incidence problem has been undertaken from a geographical perspective.  This Section reviews this work.  To begin with is a subsection that recognises the importance of geography.  Subsection 2.3.2 concerns geographical analysis and modelling work…
2.3.1
The importance of geography

A comparative study of European child pedestrian exposure and accidents, Bly et al. (1999), recognised the importance of the geographical environment in road accident incidence.  The study made some attempt at distinguishing and comparing urban and rural differences in the exposure and accident incidence in three European countries (England, France and Holland).  The study looked at very broad scale comparisons and did not investigate in detail the geographical variation within each country.  Indeed the only breakdown was given with respect to a rural-urban dichotomy. 

A number of “important reasons for advancing a geography of road traffic accidents” have been identified (Whitelegg, 1986):

· First and foremost, the nature of the event is inherently geographical.

· Secondly, there are diminishing returns from other disciplinary perspectives.  This is because in other disciplines focus is on other particular details of the problem and not its geography.  Notwithstanding, focussing on non-geographical aspects of the problem is useful, but does not take into account the entire picture - the context in which road accidents occur.  This can lead to “entrenched views” that can be unconstructive.  An example is the view that human error is responsible for the vast majority of accidents and that therefore the solution to the problem lies in education, training and testing areas.  There is much tied up in such an assertion.  Whitelegg (1986) claims that such a view “absolves system design and grossly underestimates the importance of spatial factors, movement and interaction – which can be influenced by policy rather more effectively than human behaviour under the range of conditions experienced by motorists, pedestrians and other road users.”  Indeed it can be argued that overly focussing on human aspects without reference to the geographical context can be misleading.  In any case there is great difficulty in generalising when it comes to human factors.  Measurement and prediction of human error is incredibly difficult, often the real cause of an accident is not solely human but due to a combination of circumstances that are difficult to measure or may not be known about.  How much was the accident down to the vehicle going too fast and the driver not paying due care or attention?  Was the driver’s performance impaired by drugs or another distraction such as being stung by wasps?  How much was the severity of the passenger’s injuries down to the proximity of the tree to the road, how much is it down to their wearing of seat belts and crash helmets or the activation of airbags?  Was the bend sharp, the sign-posting and road surface in a poor state of repair, was the weather treacherous or did the driver try to avoid an animal in the road?  If we can show geography factored these are much more predictable.  Whitelegg (1986) identifies some dynamics of changing risks, which contribute to diminishing returns in reference to vehicle design and non-vehicle road users.  The trend identified is one of vehicles becoming safer for their occupants but with the overall balance being tipped by safety implications for non-vehicle occupants.  Indeed it is quite likely that since 1986 overall costs have increased “to the advantage of the car occupant and not to the more vulnerable non-motorised road user” as suggested (are there any refs for this?).

· The third reason given in Whitelegg (1986) for the relevance of geography to the road accident problem is the “importance of ‘scale based’ planning”.  To elaborate on this point Whitelegg (1986)tables a hierarchy of policy responses related with spatial scale which is displayed below.  The recognition of the importance of scale and policy response is most relevant in placing accident reduction measures in a geographical context.  Whitelegg (1986) asserts that: “System-wide considerations are relatively rare in road accidents research and there is a very poorly developed sense of geographical variation and the degree to which accidents may be reduced by spatial policies, spatially variable responses and other aspects of system design.”

Notwithstanding the importance of the less geographical aspects of the problem, it is clear that there is a very important geographical aspect of the problem that arguably ties it all together

	Scale 
	Policy Response

	Local/particular
	black-spot eradication/road hump/small scale engineering

	Neighbourhood
	residential design “woonerf” 

	Sector of city
	traffic management/routing

	City wide
	public transport system/land use planning


At the finest level of spatial detail are “small scale engineering solutions, road markings, route indicators etc. used to attempt to mitigate an accident ‘black spot’.”  At an increasing scale there are “neighbourhood measures and concerns”, such as the development of ‘home zones’ (in Holland these are called ‘woonerf’) designed to slow down vehicular traffic, improve the street environment and facilitate social interaction.  These Whitelegg (1986) suggests “can be very successful”.  Further up the spatial hierarchy of policy responses are so-called ‘sector approaches’.  These refer to schemes that seek to “keep traffic out of certain primarily residential areas”.  Whitelegg is more weary of such schemes due to their “re-distrubutive effect”.  What this means is that they can lead to channelling where increasing traffic density on certain routes leads to ‘rat runs’ – inappropriate heavy flows of traffic on some residential streets which short circuit a one-way system (or blockage) or junction.  Whitelegg asserts that: “Relatively little is known about the capacity of different urban forms and road geometries to absorb increased traffic flows as they cascade through the system.”  Also the implementation of such schemes takes time and there are safety implications for the ordering of road layout, restructuring and flow changes, as there becomes a scale beyond which the work cannot be done simultaneously.  Next up in the spatial hierarchy is “city-wide or metropolitan scale”.  At this scale Whitelegg argues (and it is more than reasonable to concur) that “it becomes necessary to look at very broad land use planning and transport planning issues.”  For this Whitelegg describes some work that looked at comparing the patterns of road accidents incidence in Greater London during and after a period where there was a policy of low fares on public transport.

Whitelegg proposes holding “road traffic accident probabilities in a spatial matrix and the monitoring of the ‘accident surface’ over time.”  And claims this would “greatly aid our knowledge about relationships between prevention and results” (particularly in ‘urban areas’).  Going further than this I would recommend a detailed Geographical Information System containing both a vast array of maps of risks at detailed spatial and temporal resolutions as well as the functionality for creating these maps from a spatial database containing not only details of observed accident incidence but also digital maps and linkage to ‘official statistics’ such as censuses, lifestyle databases, satellite and all online and available data resources (and the rest!). 

vehicle registration data (DVLA), 

2.3.2
Geographical analysis and geographical modelling

There have been numerous attempts at developing models for relating accident incidence rates with various measures of traffic flow, site characteristics and geometry, (refs).  “Models for accidents at junctions (for both aggregate accident totals and accidents disaggregated by severity, road surface condition and lighting condition) which allow for the possibility of accident risk varying over time”, are presented in Mountain et al. (1998).  The analysis was done for 6 counties for periods of between 5 and 15 years between 1980 and 1994.  The junction characteristics included were the number of arms and method of control, together with the major road carriageway type and speed limit, and the flow data comprised the total entry flows via the major and minor road approaches.  It is noted that junctions with large turning flows, high levels of pedestrian activity, high approach speeds or restricted visibility are more likely to be controlled by traffic signals or a roundabout.  Furthermore it was accepted that no firm inferences could be made about the underlying causal factors from this exercise.  However one of the conclusions was that: “The ratio of fatal and severe to slight accidents depends on the method of junction control.  The ratio of wet to dry accidents depends on the speed limit and the major road entry flow.  And, the ratio of dark to light accidents depends on the minor road entry flow.”

Many analyses of road accident incidence estimate the effect of variables such as traffic volume, traffic flow and characteristics (human and vehicular), road geometry and density, road and weather conditions, lighting conditions, temporal variables such as the day of the week, and other geographical variables such as the proximity of schools and hospitals.  When estimating the effects of the vast array of variables, pre-selection of specific accidents is common.  This can prevent the model becoming overly complex but can also be a source of subjectivity. take into account things like the severity of victim injuries.  Developing predictive models of accident incidence depends both on the collection and manipulation of accident and related data, and on the choice or selection of variables for the modelling.  One variable is usually chosen as the dependent variable and the variables used to estimate the values of this are called the predictors.

Muzzone et al. (1999) outlines a study of collisions in Milan, Italy in which some of the aforementioned variables are used to predict the number of accidents at intersections in a given time period using artificial neural networks (NN).  NN technology is outlined in Section   .  

Jones et al. (1996) presents a “method applicable to the examination of spatial point patterns of disease, the calculation of K-functions. The technique is used to determine the degree of clustering exhibited by the residuals from a spatially referenced logit model constructed to ascertain the factors influencing the likelihood of death in a road traffic accident... The aim of the study was to investigate the importance of various factors, in particular the role of ambulance response times, in determining the likelihood of survival for each casualty involved...” The K-function is defined as: “being the expected number of further points within distance S of an arbitrary point, divided by the overall intensity of points.” The analysis involves splitting accidents into those with a fatality and those without and calculating and comparing their K-function. The K-function depends on both the density of points in a region around an arbitrary point and another counter which totals the number of points in the region within a specific distance. Estimates of the K-function should be determined for a range of values of S. Now the separate estimates produced for each of the two point patterns can be examined to see if either exhibit comparative clustering (by dividing K-function estimates to produce a measure of fatalities over non-fatalities for all distances S at each tested point). A pattern of clustering can then be depicted by plotting a map. It is claimed that significance testing can be performed using either Monte-Carlo simulation or using more systematic combinatorics. In the discussion at the it is claimed that the study to which the K-function method was applied “found an apparent localised clustering of unexpected fatalities.” This is a most strange claim and the meaning of it should be looked into. What Jones et al. (1996) have done is declare that somewhere in Norfolk there is localised clustering in a fixed time period of road accident fatalities given the clustering of non-fatal road accidents and taking into account mode of transport. Sadly there is no map to identify where in space this localised clustering. However somehow a distance of about 2km was found to be the best distance over which to look for clustering. There is a suggestion that the cause of the fatalities and clustering “may be associated with dense urban areas... (and)... the highly localised scale of the clustering...” indicates that clustering varies within urban areas. It was declared to be “beyond the objectives of this study to explain what the causes might be, however...” it is claimed that the results indicate areas worthy of further investigation. So I suppose one should assume this is Norfolk! In defence of the approach it should be possible to map the locations of the accidents calculated as being clustered thought this is only suggested and no map appeared in the paper. Probably the best thing about the approach is that the test was done at a range of scales and could be done exhaustively for every point on a grid covering the study area. Near to the end of the discussion it is declared that “K-functions, in common with many other spatial techniques, cannot detect where clusters are geographically located.” Then refers to Elliot (1989) for these more “complex” approaches and quotes from Diggle (1993) that: “We remain convinced that the K-function is the single most useful tool in the exploratory analysis of spatial point process data.” One wonders if these lot have ever read Openshaw’s work on the Geographical Analysis Machine.

Jones A.P, Langford I.H, Bentham G (1996) The Application of K-Function Analysis to the Geographical Distribution of Road Traffic Accident Outcomes in Norfolk, England. In Soc. Sci. Med. Vol. 42, No. 6, pp.879-885. 0277-9536(95)00186-7

2.3.3
A focus on temporal variation

Road accident incidence and road accident risk are continually changing.

“While the number of crashes during a certain time period such as a week, month or a year indicates the level of risk on the road, it may fluctuate without any change in the actual underlying risk.  If the number of crashes increases or decreases during a period of time, it indicates one of two possibilities: (1) the probability of a crash during the period has changed, or (2) the difference is due to the stochastic nature of the event, i.e. it is due to a random fluctuation.” (Guria and Mara 1999)

Guria and Mara 1999 outlines the use of control charts for identifying the occurrence of actual risk changes or deviation from the expected incidence level or likelihood of meeting a particular target.  A target could be a specific casualty, fatality or accident reduction target, called in general, the road toll.  “The control charts show the expected number of fatalities and the confidence limits within which the observed road tolls are expected to vary during each time period. If an observed value is outside the confidence limits that indicates the possibility of a change in the actual risk environment.  If the road toll over a few consecutive time periods is always on the upper or lower part of the control chart, then also it gives an indication of a change in the actual risk environment.” 

Indeed there are various other approaches to identifying clusters of unexpected excess or in-excess (there is a better word surely!) incidence rates in time.  (See Alistair for the paper and references to time clustering stuff.)

Most road safety experts agree that the most dangerous hours on the roads on weekdays are from 3-6pm and 7-9am.  In general the patterns of flow is opposite in the evening than in the morning, but there are many specific differences caused by one way systems, the ‘handedness’ of road traffic, and that journeys to and from work often also incorporate visits to other destinations such as centres of recreation.  The difference in the patterns of traffic during the day and their relationship with observed and expected accident rates are interesting from the perspective of this research.  Research geared to understand how different conditions in the evening affect accident risk and examine ways of improving safety in the evenings in urban areas has already been undertaken.
  That research focussed on urban areas and did not examine details of the geographical breakdown of the patterns.

In some places road priorities do not remain fixed throughout the day.  There are some traffic lanes that carry traffic one way in the morning and the other way in the evening.

Road accident incidence rates vary continually with temporal patterns reflecting the differences between: the seasons (weather and daylight hours, festive periods); school and work days and non-school and non-work days; daily activity; morning, afternoon, evening and night-time; the hours of the day (rush hours, lunch hours, 4am).  With the changing seasons what is perhaps most obviously related to road accident risks is the pattern of changing light conditions.  In terms of daily life a stark change occurs in the autumn when the clocks change making it suddenly darker about an hour earlier in the evening compared with the previous week.  There have been various studies into the effects of changing day light hours.  Broughton et al (1999) provides a review of previous work.  Most of it focuses on periods when the clocks change in an attempt to discern any change in observed incidence rates.  Broughton et al (1999) details a study into the effects of single/double summertime on road accident incidence carried out in 1996.  In this the altitude of the sun was calculated for a selection of accidents, both at the time of the accident and, at the same clock-time, on days in the weeks before and after.  They claimed to observe sharp and persistent changes in casualty rates at the hour-changes for periods of the day for which the daylight level moves from dark to light or vice versa.  The effects of darkness was found to be greater for pedestrians than for vehicle occupants, and to be greater for fatalities than for non-fatal casualties.

2.3.4
More on various geographical themes…
2.3.4.0
The difference between urban and rural 
Eight times more deaths occur on country roads than in urban areas.
 (Is it that the majority of rural deaths occur on motorways, or is it that rural road accident rates on all types of road are higher?)

Road Engineering Measures Rural/Urban

Unimproved rural single carriageways have accident rates second only to urban roads, with much higher accident severities due to higher speeds. Low cost remedial measures have been identified, but their effectiveness has yet to be determined, and because accidents are sparsely scattered on rural roads this can be difficult. (So in order to look at this problem a very large area study like the one in this thesis may help)

Four basic remedial measures:

Sea green bar markings on the give way approach to a priority junction;

red calcned bauxite road surfacing on the main road approach to a junction;

vehicle activated speed warning signs at bends;

changes in speed limit along roads with bends with and without advisory bend warning signs.

The final report is unpublished and shows that the use of bar markings on junction approaches and vehicle activated warning signs on bends have resulted in small reductions in vehicle speeds. The reduction of the speed limit from 60 mph to 50 mph appeared to have no effect on speed except when supplemented by other warning signs.

Completion date: June 1997

Outputs: Unpublished TRL final report PR/TT/058/97 

MEASURES FOR RURAL SINGLE-CARRIAGEWAY ROADS (S203M)

2.3.4.1
Geodemographics

Geodemographics is def()

Petch et al (2000) provides a review of literature on the physical and social environment and child road safety.  It covers: land use and road layout (including the degree of urbanisation as factor determining incidence frequency); accident location and casualty activity; and, the social environment.  By way of summary, it would seem that: poor boys from deprived areas (with little open space) that play on long straight non-arterial residential streets that have few off street car parking facilities and where there is a lot of on road parking have a high exposure to risk.  Surprise surprise!

There have been many recent publications on aspects of geodemographics related to road safety and accident incidence rates.  Abdalla et al (1997) studied the relationship between an areas social characteristics and road accident casualties.

In Feb 2001 the Institute for Public Policy Research (IPPR) announced that: “child pedestrians from deprived backgrounds were five times more likely to die on the roads than those from better-off areas.”  IPPR then called on the Government to reduce speed limits to 20mph in all inner-city residential areas.  Helena Tunstall in Bristol is looking at the geography of accidents involving child pedestrians and linking this with deprivation for her PhD.

The Drumchapel housing estate on the outer edge of Glasgow is characterised by high levels of unemployment, social deprivation and high levels of child pedestrian accidents (7 times higher than the national average). CHILD PEDESTRIAN TRAINING, DRUMCHAPEL PROJECT (S214E)

2.4
A focus on less geographical aspects

2.4.0
Introduction
2.4.1
A focus on speed, speeding and speed limits

TFHRC 2001 offer a synthesis of safety research related to speed and speed limits.  The synthesis most archaic reference is for a paper in 1964 which identified a relationship between vehicle speed and crash incidence.  This early study showed that “crash rates were lowest at the travel speeds near the mean speed of traffic, and increased with deviations above and below the mean.”  Following this the synthesis outlined more recent work concerning vehicle speed and injury severity.  It showed that in the majority of cases research found that as vehicle speeds increase the probability of a fatality increased exponentially.  The synthesis outlines factors that research has shown to influence speed with respect to safety and details geodemographics related to people involved in accidents where speed is a factor.  The synthesis considers road characteristics, environmental conditions, and has a large section on speed limits and speeds, which details safety, enforcement and education.  Towards the end there is a short section on engineering measures which provides a table of references to research which summarise the effects of traffic calming measures.  The summary at the end of the synthesis is particularly good and much of it is reproduced below for its content.

“When the consequences of crashes are taken into account, the risk of being involved in an injury crash is lowest for vehicles that travel near the median speed or slower and increases exponentially for motorists travelling much faster.” (TFHRC 2001)

“When a crash occurs, its severity depends on the change in speed of the vehicle at impact.” (TFHRC 2001)

In general it “changing speed limits on low and moderate speed roads appears to have little or no effect on speed and thus little or no effect on crashes.  This suggests that drivers travel at speeds they feel are reasonable and safe for the road and traffic regardless of the posted limit.  However on freeways and other high speed roads, speed limit increases generally lead to higher speeds and crashes.” (TFHRC 2001)

“Most of the speed related crashes involve speed too fast for conditions.  This would suggest that variable speed limits that adjust with traffic and environmental conditions could provide potential benefits.” (TFHRC 2001)

“Despite the large number of references concerning traffic calming, very few reports include results of systematic evaluation.  In many cases traffic volumes as well as speed are reduced.  As a result of the traffic diversion, crashes may be migrating to other roads.  More research is needed to assess the system wide impacts and permit comparisons to be made among individual as well as combinations of traffic calming measures.” (TFHRC 2001)

Speed limits, speeding and law enforcement to do with speeding effect road safety.  The main reason for speed limits and enforcing them is to improve safety for all.  It is impossible to know what the difference in road accident rates and casualty statistics would be if there were no speed limits or no enforcement of them.  Motoring organisations and car drivers often argue that in some places speed limits are too low and result in a general increase in road accident risk.  Many drivers break the speed limit to a degree when they perceive it is safe.  In the ongoing argument as to whether to increase motorway speed limits often the following view is put forward: By whatever amount it increases, the majority of car drivers that broke the old limit will break the new limit by about as much as they did before.

The Association of British Drivers (ABD) campaigns for more realistic speed limits and improvements in road and vehicle safety.  They claim that driving without due care and attention is the main cause of some road accidents and state a belief that motorway speed limits should be increased to not less than 85mph on rural motorways.
 

Posted speed limits have been criticised as being too arbitrary.  Many drivers ignore them as a limit and instead use them as one indicator of what they then judge to be a safe speed.  Fatal road accidents involving young people are often a consequence of excessive speed.  Car manufacturers are called into question for producing cars where the speedometer is far too vague and for marketing and selling vehicles based on their top speed and how exciting they are to drive.

More than half (55%) of all drivers consistently broke speed limits while 82% of women and 64% of men felt pressurised by other motorists to speed.

In February 2000 it was reported that more than 600 20mph schemes have been introduced and have proven successful, reducing overall pedestrian casualties by 60% and child pedestrian and cyclist casualties by 67%, and that Local Authorities are now permitted to create reduced speed zones in residential areas without government approval.

2.4.2
Traffic Flow and Congestion

A model for the relationship between road traffic accidents and traffic flows was outlined in Dickerson et al. (2000).  This involved identifying a functional relationship between accidents and vehicle flows which drew on the work of Shefer and Reitveld (1997) which identified that the number of accidents involving two vehicles increased exponentially with the number of vehicles.  Encouragingly the accident-flow relationship was identified as being non-linear and varying significantly between road classifications and broad geographical areas.  A rational for previous studies of road accidents and traffic flow is given in Dickerson et al. (2000) is that road users impose accident risk on other road users, but the relationship between road accidents and traffic flows is not well understood.  It is noted that the analysis done did not take into account the severity of road accidents and that it may be that “as traffic flow increases, the distribution of accidents types between slight, severe and fatal accidents may shift towards less serious accidents.”  Also it must be noted that there is also an important effect of and accident on traffic flow itself and there are multiple problems concerning the reporting analysis and distinction of accidents especially on motorways in very busy conditions in the tailbacks caused by hold ups as a consequence of earlier accidents (refs.). 

Congestion and accident risk (S203P) - This study aimed to improve understanding of the extent to which accident risk increases in congested traffic and how this relates to associated changes in road user behaviour and road characteristics. Data on flows, speeds, driver behaviour and road design were collected and analysed. Data for motorways indicated that accident rates were nearly double if congestion was present. In contrast data suggested that for urban and peri-urban sites accident rate in congested conditions was less than half the rate when uncongested. In general, the observed proportion of accidents that were fatal or serious lower was less in more congested conditions.  The results were planned to be used to inform speed and traffic management policies, and show that congestion is not in many cases detrimental to safety.

Contractor: Oscar Faber

Completion date: April 1999

2.5
A focus on road layout and road characteristics

It is reasonable to expect an increase in road accident incidence (especially involving pedestrians) when a one-way road is changed into a two-way road and vice-versa.  Perhaps going from one-way to two-way the reasons are more obvious, but anyway it can be argued that there is increased risk for the majority of road users.  A pedestrian believing a street to be two-way and walking down the right hand side in the direction of road traffic might dangerously start to cross the right lane seeing no oncoming traffic prior to checking for traffic coming the other way. 

The regional highways department in France estimated that road deaths in southern France would be cut be half if all the trees lining the roads were removed.  Collisions with trees are involved in 38% of fatal traffic accidents in that region.  However, others suspected that the real cause and an equally high percentage of such accidents involve excessive speed and/or drink driving.
 Nearly 10% of the 8,000 road deaths in France each year are associated with tree collisions.
  Buildings and large objects like parked lorries and trees along the roadside are a danger to occupants of vehicles that leave the road.

2.6
Rates and risks

2.6.0
Introduction

2.6.1
Rates

Rates are very interesting measures and can be calculated in many different ways to show subtly or completely different things.  Rates are generally of the form of incidence as a proportion of exposure, in other words, occurrence of an event divided by the risk of an event, or observed over expected.  Often both the numerator and the denominator have a very similar spatial and temporal pattern.  Dividing one by the other (effectively normalising the data) can be extremely useful in identifying the differences.  Indeed, mapping the differences (the errors) between the observed incidence and the expected incidence from a model developed to predict the incidence is key to examining the variability in the model fit.  There are many different error measures, they have varying levels of sensitivity but collectively can form a useful set of pictures which reveal the fitness of a particular model.  Visualising such fitness measures helps identify the situations in which the model predicts well and where it predicts poorly.  This can offer big clues as to what exogenous factors are missing from the model and which parameters should be tweaked.

Before digressing slightly into modelling issues, it was mentioned that, rates, including those of road accident incidence, road accident casualties, road accident fatalities, etc. can be calculated in many different ways.  Road death rates for example may be calculated as the number of people who die on the road as a proportion of the total number of people who use the road.  The difficulty in calculating this measure involves finding out the number of people who use the road.  A more easily obtained proxy measure might be the number of resident population who die on the road divided by the total resident population in a given time period.  Imagine now the spatial breakdown of such a measure and at the same time try to think about scale issues, what can be compared, the errors, and the point at which these either render a rate measure as useless or incalculable.  On a global and national scale, it is likely that estimates of both population and road deaths are available.  Change in road death rates may be examined over time, and compared with death rates by other causes.  Maps of road fatalities as a proportion of all fatalities can be made and comparisons of rates and proportions between global and national scales can be made.  Not that it particularly matters, it is perhaps sensible to point out that averaging the rates for all the individual nations would not necessarily return the global rate (although this is arguably of maximum likelihood).  Anyhow, mapping the differences and further analysis can be done from global and sub-global levels.  A calculation of road death rates for a number of countries in 1996 found it to be twice as high for Portugal than Germany, Ireland, Japan and the US, with the UK having one of the lowest rates of all countries.
  There is a direct inference to be made from this in terms of road safety, but to be more robust there is a need to look at the sensitivity of the measure and also investigate whether other statistics paint the same or a similar picture.  Anyhow, back to scale issues: As the number of regions increases with further disaggregation it becomes harder to visualise the patterns at a global level.  This makes it common to focus on sub-global levels and in particular national levels where road death rates may be easily calculable, comparable and mapable down to small area levels.  However this task becomes significantly more difficult and more ambiguities arise as the scale becomes more detailed.  For example, at a small area level is it best to consider all road accident deaths or only those where individuals are registered as being usually resident in the region.  In general as one focuses in there is an increased need to overlap which opens up a whole host of other problems.

Having digressed twice, once into modelling issues and once into spatial scale issues, it is appropriate to come back and consider the type of rates that are most commonly used in road safety research and others which may also be of use.  From a numerator-incidence angle the total can in theory be subset in a vast number of ways but in practice this depends very much on the nature of incidence data.  In some cases the definition of the numerator-incidence subset has clear implications for the appropriateness of different denominators and in others not.  An aforementioned breakdown with respect to demographics (the age/sex/occupation etc. of the victim) should probably be the same for both numerator and denominator (assuming population is the denominator of the rate).  Other commonly used numerator-incidence subsets can be constructed by selecting specific accidents.  In general this can be done with respect to any combination of the following:

· road class/characteristic (and/or/else junction type) on which they occurred,

· road user class of the victim (e.g. pedestrian, cyclist, car passenger/driver) and/or/else the purpose of their journey (e.g. in the course of work, journey to/from school),

· causation/precipitating factors (e.g. road/weather conditions, excessive speed/criminal conditions, etc.)

· other available accident variables (e.g. severity)

Accident subsets might also be created based on the characteristics of the area in which they occurred (e.g. urban/rural, residential/industrial/commercial, etc.) and the times at which they occurred (e.g. over the Christmas period, weekdays/weekends, rush hour/daytime/evening, etc.).  In terms of denominator, rates are calculated

per number of registered road vehicles, per number of accidents, by the amount of road, by various other statistics (e.g. the vehicle kilometerage).  A rate can also be made with respect to time when it is often called a frequency.

2.6.2
Risk

“The media are crucial players in the construction of, and communication about, risk.” (Kitzinger 1999)

Kitzinger 1999 outlines the roll and media processes involved in risk reporting and research.  Although this work does not reference other work that directly concerns the reporting and media coverage of road accidents (road safety and risk), the general nature of the article draws out some important and relevant considerations.  “The first half of this article reflects on the theoretical and methodological considerations which inform studies of ‘risk reporting’ and highlights some of the key questions when designing or assessing such research.  The second half draws out some findings about ‘news values’ and media production processes.”

“There are two major factors affecting the crash risk at a given level of traffic.  The road quality and the traffic behaviour (including the safety quality of vehicles).  The road quality can be improved over time but it is not an efficient option to affect the crash risk in the short run.  The traffic behaviour, on the other hand, can be influenced by police enforcement and advertising campaign producing both short term and sustained effects over time.” (Guria and Mara 1999)

“The difference in risk from the expected risk could be due to several factors. It could be due to:

1. an increase in risky behaviour or;

2. more than expected increase in the level of travel or;

3. less than expected improvement on road infrastructure or;

4. less than expected efforts of police enforcement and advertising programmes or;

5. a combination of all of these.” (Guria and Mara 1999)

Traditionally road accident incidence records and generalised statistics are used to assess the level of road safety and evaluate road safety programs.  “In some cases, the lack of good and reliable accident records have hampered proper analyses.  A promising approach that overcomes this problem is the traffic conflict technique which relies on observations of critical traffic situations for safety analysis...  This paper shows that one way of using the traffic conflict technique effectively is to ensure that conflicts are quantitatively defined, objectively measured and suitably applied.” (Chin and Quek 1997)

Although it was stated in the Introduction (Section   ) that the number of deaths from road accidents, compared to other causes of death, is still unacceptable high, it is important to recognise that “accident frequencies segregated by locations, time and type are generally low.” (Chin and Quek 1997).  “Given this low rate of occurrence and the statistical nature of the problem, the task of deriving statistically significant inferences by merely examining accident counts may not be an easy one.” Furthermore, “relying on accident reports can sometimes give rise to biased conclusions... To overcome these shortcomings, many ways of employing non-accident data have been suggested (see Datta, T.K. (1979) Accident Surrogates for use in Analysing Highway Safety Hazards. In Proceedings, Second International Traffic Conflict Technique workshop, Paris, France, pp. 4-20.).  One of the more recently used forms of non-accident information is traffic conflicts, which are defined as critical incidents not necessarily involving collisions... An appealing aspect is that conflict data can be gathered within a shorter time period compared to accident data.  Thus not only will the analysis be less effected by time-dependent factors, the ethical problem associated with the need of a long accident history will not be an issue.” (Chin and Quek 1997). 

Measuring Exposure to Risk and Accident Rates

The number of child pedestrian accidents, relative to the number of children in the population, is large in Great Britain compared with other countries in the European Union. The frequency with which accidents happen equates to the risk of an accident happening in any particular circumstances multiplied by the amount of exposure to those circumstances.  In this study, child pedestrian exposure was measured by the amount of time children spend walking in different road environments, and the number of times they cross a road in each environment. The risk associated with any defined road environment was estimated by dividing the number of accidents which occur in each category of road environment by the total amount of exposure to that environment.

Bly, P., Dix, M., Stephenson C (1999) Comparative study of European child pedestrian exposure and accidents (S214T).  A research report to DETR by MVA Limited (in association with ITS – Leeds).

2.7
Causation, causality and their geographical variation
2.7.0
Introduction

Most road accidents have several causes; the main ones being human error, environmental problems and mechanical faults.  Human error is a factor in 95 per cent of all road accidents. It can take many forms: Alcohol: Alcohol can have a devastating effect on driving ability. It is the biggest single factor in road deaths, especially among young people. It adversely affects decision making, self criticism, balance, co-ordination, sight, touch, hearing and judgement. Inexperience: With young people particularly, this can lead to mistakes, errors of judgement and irresponsible behaviour, especially driving too fast. Tiredness/illness: This reduces a road user’s ability to cope with road conditions and situations. Other reasons (children 0-15 years) include: Poor parental/adult supervision, small physical stature, stress or being upset, curiosity and taking risks, spirit of adventure, ignorance of the world and its dangers, lack of knowledge and training, inability to judge speed and distance, lack of attention, being easily distracted. All of these can result in children dashing out into the road without looking. Other reasons (Adults) include: Impatience, stress, carelessness, negligence, absentmindedness, irresponsible behaviour, inadequate knowledge and training, ageing, drugs and medicines, a general disregard for personal health and safety.  Environmental problems (weather conditions, road and junction design, and road surfaces) are a factor in around 18 per cent of road accidents.  Weather: rain can reduce visibility and make it harder to stop. Strong winds can be hazardous for cyclists. What problems can ice, snow and fog cause? Road design: busy junctions which are fine for cars may be dangerous for other road users. Road surface: pot holes, bumps and badly maintained roads can cause problems, especially for cyclists. If the road surface is wet and slippery it takes longer to stop when braking.  Mechanical faults are a factor in 5.5 per cent of road accidents. This is a relatively small factor because of annual ‘M.o.T.’ tests to check vehicles’ road worthiness and improved vehicle construction. ROSPA

Accident causation and outcome studies II (S201T)

An earlier project (S201L) developed and piloted a system for the police to record the contributory factors in road accidents, to be used in conjunction with the Stats19 system which records the more objective details of the accident circumstances. Such data, if collected on a consistent national basis, would provide important extra assistance when developing measures to improve road safety. The recently completed Quinquennial Review of the Stats19 system agreed that there will be a trial period during which those police forces which wish to will adopt the system. Their experience will be monitored and fed back to the Standing Committee on Road Accident Statistics (SCRAS) with the view to developing an agreed national system. It would be the intention that this agreed system would be adopted nationally by the time of the next Quinquennial Review in 2002. The earlier project also included the linkage of available sources of medical information about road accident victims to police information about accidents. Data from the Scottish Hospital In-Patient System (SHIPS) have been linked to Stats19 data for some years. Recently, the MTOS trauma data have been linked experimentally with Stats19, which demonstrated that the existing technique could be used with the new data set.

Contractor: TRL

Completion date: May 2001

Outputs: Linkage of Stats19 and Scottish hospital in-patients data analysis for 1980-95 (to be published in 1999).

Accident causation and outcome studies I (S201L)

The target for the reduction of road accidents by the year 2000 is the primary objective for road safety research. Any significant additional sources of data on accident causation will be of clear policy benefit. This project has investigated the scope and availability of police accident databases together with their utility and has developed a standardised national system for the classification of accident causation. This is now being considered for incorporation in the next review of STATS 19 in 1999.

Contractor: TRL Completion date: March 1998

(**Get Report/paper: A new system for recording contributory factors in road accidents; PR/SE/229/96.)

2.7.1
Driver Fatigue

For the three years from 1998 to 2001 almost 600 people have been killed or injured on the M180 and M62 motorways and 15-20% of serious and fatal accidents on these major roads have been as a result of driver fatigue.

In-depth studies of the causes of road accidents have demonstrated that tiredness or sleepiness is a contributory factor in about 10 per cent of accidents overall, and nearly 30 per cent on motorways. Phase I and II of the Driver Fatigue research explored the extent of the problem using interview and postal questionnaire survey methods, and evaluated experimentally a number of potential remedial measures that drivers can take to avoid sleepiness while driving.

Contractor: TRL Completion date September 2000 Driver fatigue related accidents & countermeasures (S231C)

2.8
Campaigns, mitigation, Litigation and Law Enforcement

2.8.0
Introduction

There have been a number of very successful schemes involving law enforcement that have shown to massively reduce road accident incidence.  The crash reduction effectiveness of a network-wide traffic police deployment system Newstead et. al. (2001) – In this particular one the “opportunity-cost benefit/cost ratio for the program was estimated to be 55:1. – An assessment was made of the Random Road Watch (RRW) traffic policing program which involves randomly focussing resources on parts of the network in a manner intended to provide long-term, widespread coverage of the road network. 

2.8.1
Some Safety campaigns

In 1999 there was a leaflet campaign along the A660 in Leeds that detailed locations of accidents along the road in order to “raise awareness of the problem of a large and increasing numbers of accidents on the road involving pedestrians aged 16-30.

In September 2000 the "Roads Sense for Schools" safety initiative, developed in association with the Child Accident Prevention Trust was launched. It aimed to reduce the number of deaths on the roads by making children aware of the need to wear reflective clothing that can be seen by other road users.

In April 2001 the “Pledge to Drive Safely” campaign was launched. 

In May 2001 it was announced that children most at danger from accidents are to get extra road safety lessons under a £10 million government-funded scheme directed at 6-7 year-olds in deprived areas of England.  This scheme forms part of a programme launched in March 2000 to improve road safety for children involving more traffic calming and lower speed limits near schools and other places where children walk, ride and play. 

2.8.2 Mitigation

· Increasing speeding fines

· Reducing road congestion

· Road improvement schemes and increased investment in roads

A £1.2 billion 10-year plan to tackle road congestion in England was unveiled by the Highways Agency in September 2000, involving:

· Installing automatic traffic hold up warning systems on 30% of all English motorways by 2004 to reduce accidents at the back of traffic queues on the most congested lengths

· 200 more motorway monitoring cameras by 2004 to give faster response to breakdowns

· Tripling the number of variable message signs on national roads to 1,500 by 2003 to suggest alternative routes and avoid delays at all intersections

· Providing real-time strategic management traffic through the new national traffic control centre from 2002. 

The opening of a bypass has a dramatic effect on the traffic in a town.  How many and where have bypasses been opened since 1992?  How has road accidents incidence changed as a consequence?

Increasing the number of pedestrian facilities in locations where pedestrians want to cross.

2.8.3
Traffic Calming

Roads take up a significant amount of room.  Naturally roads are denser and take up a greater proportion of room in more urban areas.  In residential streets roads are not only used for carrying traffic, but are also a play area for children. 

When roads are traffic calmed pedestrians take less care when crossing and children are given greater freedom, but this does not necessarily lead to any increase in risk. 

BEHAVIOUR AT MODIFIED SITES (S203N)

This project reviewed the effectiveness and benefits of traffic calming in 20mph zones. The key findings were that accident frequency reduced by 60% and child pedestrian and child cyclist accidents were reduced by 67%. Accidents for all cyclists reduced by 29%, and overall vehicle speeds fell by an average of 9.3 mph. For each 1mph reduction in vehicle speed there was a 6.2% reduction in accidents. Traffic flows were reduced in the zones, but there was no evidence of accident migration onto the surrounding roads.

Review of Traffic Calming Schemes in 20 mph Zones TRL Report no 215 published September 1996 MONITORING OF 20 MPH ZONES (S204F)
2.9
The Statistical analysis of Road Accident Data

Recall from the technology section that: It has been suggested that making speed delimiters mandatory could lead to a large reduction in the number of fatal road accidents in Great Britain.
  Now, this sort of suggestion can be reasonably inferred from road accident statistics where the basis of the inference is an assumption that fatal road accidents involving excess speed would not have occurred if that specific contributing factor had not been present.  From now this is referred to as the casualty reduction potential (CRP) of a road safety measure.  CRP statistics are used to help prioritize remedial treatments and also serves as basis for calculating the effectiveness of a measure.  The examination of trends in road accident data before and after the introduction of a road safety measure or change in the road environment is often the start point for analysis.

What are the benefits and pitfalls of a typical statistical analysis of road accident data?

The number of people killed or seriously injured in road accidents fell by 2% in 1999 compared with 1998.  Child casualties also fell by 3% and all pedestrian casualties by 4%.  On the other hand, the number of cyclists killed rose by 9%.  The number of people killed or seriously injured in road accidents in 1999 in metropolitan areas was half what it was in the early 1980s. (DETR report)

References

Abdalla, I. M., Raeside, R., Barker, D. and McGuigan, D. R. D. (1997) An investigation of the relationships between area social characteristics and road accident casualties, Accidents Analysis and Prevention, Vol 29, No. 5, pp583-593
Broughton, J., Hazelton, M., Stone, M. (1999) Influence of light level on the incidence of road casualties and the predicted effect of changing ‘summertime’.  In the Journal of the Royal Statistical Society A, 162, part 2, pp137-175.
Chin, H-C., Quek S-T. (1997) Measurement of traffic conflicts. In Safety Science Vol.26, No 3 pp 169-185.

Dickerson, A., Peirson, J., Vickerman, R. (2000) Road accidents and traffic flows: An econometric investigation. In Economica 67, pp 101-21.

EC (2000) Commission of the European Communities: Communication from the Commission to the Council, the European Parliament, the Economic and Social Committee and the Committee of the Regions: Priorities in EU Road Safety; Progress Report and Ranking of Actions.

Guria, J., Mara, K. (1999) Monitoring the performance of road safety programmes in New Zealand. In Accident Analysis and Prevention 32 (2000) 695-702.

Kitzinger J (1999) Researching risk and the media. In Health, Risk & Society, Vol. 1, No. 1 pp55-69.

Lehmann, G., Reynolds, T. (1999) The contribution of onboard recording systems to road safety and accident analysis. In Proceedings of International Symposium on Transport Recorders May3-5th, 1999 Arlington, Virginia, USA.

Moellering, H. (1973) The Automatic Mapping of Traffic Crashes. In Surveying and Mapping, 33, No.1, pp467-477.

Moellering, H. (1974) The Journey of Death: A spatial analysis of fatal traffic casualties. Department of Geography University of Michigan Geog.Publ.No13 (Ann Arbor, Michigan) 

Mountain, L., Fawaz, B., Jarrett D. (1996) Accident prediction models for roads with minor junctions.  In Accident Analysis & Prevention, 28, pp 695-707. (Pergamon)

Mountain, L., Maher, M., Fawaz, B. (1998) The influence of trend on estimates of accidents at junctions. In Accident Analysis & Prevention, 30, No 5, pp 641-649. (Pergamon)

Mussone, L., Ferrari, A, Oneta, M. (1999) An analysis of urban collisions using an artificial intelligence model.  In Accident Analysis & Prevention, 31, pp 705-718. (Pergamon)

Newstead, S.V., Cameron, M.H., Leggett, M.W. (2001) The crash reduction effectiveness of a network-wide traffic police deployment system.  In Accident Analysis & Prevention, 33, pp 393-406. (Pergamon)  

O’Day, J., and Moellering, H. (1972) A geographical approach to traffic crash analysis. 

Petch, R.O., Hanson, R.R. (2000) Child road safety in the urban environment.  In the Journal of Transport Geography 8 pp197-211. (Elsevier)

Schefer, D. and Rietveld, P. (1997) Congetion and safety on highways: towards an analytical model. In Urban Studies, 34, pp 679-92.

TFHRC (2001) Synthesis of safety research related to speed and speed limits.  http://www.tfhrc.gov/safety/speed/speed.htm (access date 5/29/01) Publication No. FHWA-RD-98-154

Whitelegg, J. (1986) A geography of road traffic accidents. In Transactions of the Institute of British Geographers N.S. 12: 161-176 (1987) ISSN: 0020-2754.

� October 1999 Traffic management in the evening (S204K).


� September 20th 1999 (Colin Brown) The Independent “Plan for 20mph car limit near schools”.


� The ABD web site http://www.abd.org.uk


� September 14th 2000 (Comment & Analysis) The Guardian “Boys’ toys spin out of control”.


� Report commissioned by Green Flag (motoring assistance company), and carried out by the road safety charity Brake (2001?).


� February 25th 2000 (Lucy Ward) The Guardian “Speedy drivers face tough new penalties”.


� July 6th 2001 (Jon Henley) The Guardian “End of the road for emblem of France”.


� August 10th 2001 (John Lichfield) The Independent “Bikers declare war on the French plane tree”.


� On March 8th 1999 there was had an article in The Guardian titled “Girl’s death spurs action over Portugal’s lethal highways”.


� 21st April 2001 BBC Local Region News report (Before the Selby rail crash?)


� November 12th 1999 (Aron Johnson and Kieran Murphy) Leeds Student “Road Safety”.


� 2000? DETR Ten-Year Road Safety Strategy “Tomorrow's Roads Safer For All”


� January 4th 2000 (Paul Baldwin) The Guardian “Speed limiters proposed for all cars”. October 30th 1998 (Amit Kapoor) Leeds Student “Boffins’ new speed device has no limits”.





