Chapter 2 Version 0.3.2
Literature Review (Part 1):

Road Safety Research Concerning Incidence Rates in Space and Time 
2.0
Summary
This chapter reviews geographical road safety literature concerning the application of geographical mapping and analysis technologies to investigate road accident incidence concentrations in space and time.

Section 2.1 offers a historical overview that moves from the first production of road accident maps on computers in the 1970’s to those produced in the GIS era in the late 1990’s and early 21st Century.

Section 2.2 is a short section about data.  Section 2.3 is an extended section concerning rates.  Section 2.4 concerns the measurement of exposure to road accident risk.  Section 2.5 is the main review of road accident research literature that focuses on the identification and explanation of geographical factors that affect accident rates and concentrations in space and time. 
2.1
Historical Overview

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).  It argued the benefits of producing point maps of accident locations and how they could be used as heuristic devices to identify road accident patterns.  Subsequently the Journal of Surveying and Mapping published ‘The Automatic Mapping of Traffic Crashes’, (Moellering, 1973).  This article concerns the development of an algorithm for spatial geo-coding data -calculating XY coordinates of the location of accidents from spatial information in the originally incidence data, (road names/numbers and distance/direction to junction information).  Moellering (1973) contains point maps of the geo-coded data superimposed on base road maps for both the county of Washentaw and the city Ann Arbor in the United States of America.  These maps produced with a mapping package and a plotter revealed something of the spatial distribution of road accidents and at the time they were quite an achievement.  They were produced before the GIS revolution made mapping easy and when available computer powerful was many orders of magnitude less than today.  At the time, Moellering (1973) expressed the view that the point maps of road accident locations could be used as heuristic devices, and that the coordinate information attached with the incidence data could be of use in further spatial analysis.  
The production of point maps of incidence dates back to at least the late 19th century when John Snow produced a map of cholera incidence in London on which he also plotted the location of water pumps.  The analysis of the incidence maps not only helped identify clusters of infection, but also led to the identification that the disease was water borne (Snow, 1855).  This is a very famous exploratory geographical analysis in geography.  It both champions the production of maps and provides an example of how the analysis of spatial distributions can lead into the formulation of theory about causation.

The eyeballing of point incidence maps has limitations as a spatial analysis method.  They can often be useful for identifying general patterns, but the details that are usually of further interest require something more sophisticated to discern.  With a background map of roads it is possible to identify that Personal Injury Road Accidents (PIRA) cluster around junctions at one scale and around clusters of junctions at larger scales.  Eyeballing can also help identify junctions where there is more PIRA incidence than at others.  However, as data sets become larger spatially and cover longer time periods, the number of points and variation in their distribution increases, and analysing distributions via point map analysis becomes very arduous.
With incidence data sets containing lots of points, many at the same or very similar locations, it is often useful to produce density surfaces.  Density surfaces generally provide a clearer picture of the distribution of point incidences.  With them it is often possible to identify high intensity clusters that were obscured or even hidden in point maps.  Density is a fundamental measure of the concentration of something in a defined space time region.  These regions may be regular or irregular.  Density can be measured at different scales and the output of a density calculation can be at any resolution.  It is common to produce an initial density surface by partitioning space into regular hexagons or squares and measuring the density in each discrete spatio-temporal unit.  Maps of this density surface often reveal much more than a point map, but again these are limited and are often not easily comparable.

Again, prior to the GIS revolution in the 1980’s, computerised geographical density maps were not easily produced.  As GIS technology began to mature in the mid to late 1980’s, density maps of geographical variables such as population, crime and disease have became more common (Chapter 3).  Strangely, it is not until comparatively recently that density maps of road accidents at a fine level of spatial resolution have been published (Surely the first is sooner than those in Dufays et al. (2002)?).

The general absence of maps (particular density maps) in road accident research literature challenges the idea that map based geographical analysis has much to offer with respect to understanding road accident incidence.  Indeed the potential of map based geographical analysis of PIRA has yet to be measured in the light of the recent developments in Geographical Data Mining (GDM) and Geographically Weighted Statistics (GWS). 
The production of point and density maps to ‘get a feel’ for the distribution of data and variable values is part of Exploratory Geographical Analysis (EGA).  Rarely is this alone enough to uncover a new finding about a process understudy and usually more sophisticated data manipulation methods are required.  An initial density surface can often represent the problem at hand better than a point map, yet it is really only a starting point of EGA.  The next step is to dig into the data, classify it and compare the density of different classes, and analyse and compare the rates of different classes.

There is much that can be done via mapping and analysing the density of different PIRA classes.  Essentially that is what this thesis is based on.  It is important because very little work has been published on this topic and few have a clear understanding of the possibilities of using it to improve road safety.

2.2
Data

The vast majority of PIRA Data detail

Data quality – Austin etc…

Data coverage

Spatial and temporal resolution

Geo-referencing by adding both spatial coordinates and a time stamp to road accident incidence data is now done for all recorded personal injury road accidents in GB.  Arguably this should be the case for any road accident whether there is a personal injury or not, and this data should be collected in a central database and made available for research.  The reason for stating this is that the geographical locations of ‘near misses’ or ‘traffic conflicts’ are locations at which personal injury road accidents are more likely to occur.  Although traffic conflict data have been demonstrated to be most useful in predicting casualty incidence (Chin and Quek, 1997) their collection on a large scale is not feasible for this research.

2.3
Rates

Rates are useful measures and can be calculated in many different ways.  There are at least two types of rates that are commonly used in road accident research.  These are rates of incidence as a proportion of some measure of incidence likelihood, and incidence as a proportion of some broader class of incidence.  The former kind of rate can be the number of occurrences of an event divided by the exposure to risk of such an event, it could also be the observed number of accidents divided by expected number of accidents, it could be the number of accidents involving a particular class of vehicle divided by the number of such vehicles.  Some examples of these types of rate are; accidents in good weather divided by the number of kilometres travelled in good weather, child pedestrian accidents divided by the population of children.  Examples of the other kind are; the number of accidents in good weather divided by the number of accidents in all weathers, the number of child pedestrian accidents divided by the number of pedestrian accidents.

In general the main advantages of examining a rate rather than the individual components of that rate are to be gained if their distributions are very similar.  The conversion of a variable to a rate effectively normalises the variable with respect to the other variable and the maps of these rates can reveal an interesting distribution and make it easier to target specific groups.  For example, a map of child pedestrian accident density is very similar to a map of pedestrian accident density.  A map of child pedestrian accident density divided by pedestrian accident density helps identify where child pedestrians are more exposed to risk.

Mapping rates and mapping differences between observed and expected incidence density from models developed to predict incidence density can be a very useful exercise.  Also it should be noted that there are a large variety of difference or error measures that can be mapped.  These measures vary in their sensitivity but can collectively indicate the fitness of different models.  Examining maps of model residuals can help identify patterns that stimulate ideas and hypotheses about why the model predicts poorly in certain areas but well in others.  This can provide clues as to what can be done to improve models such as by incorporating some exogenous factor or tweaking some parameter.

In 1996 the proportion of road death to all death was found to be twice as high in Portugal than in Germany, Ireland, Japan and the US.
  There is a direct inference to be made from this in terms of road safety, but care is needed not to jump to conclusions.  Different countries may have other particularly high causes of death that confuse the issue.  To infer that Portugal has poor road safety because it has a low death rate from cancer is ludicrous.

As mentioned, road accident rates can be calculated in at least two main ways.  One way involves estimating exposure or incidence using non-accident incidence data.  The other involves calculating the proportion of one type of accident to another.  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.

2.4
Measuring exposure to road accident risk 

An individuals’ exposure to road accident risk is a function of the time they spend on the roads.  Their exposure to risk as a pedestrian is greater than thier exposure to risk as a cyclist if they spend more time being a pedestrian than they do cycling.  However this does not mean that their personal risk of being involved in an accident as a pedestrian is higher than the risk of them being involved in an accident as a cyclist.  Risks also vary spatially and temporally together with a great many things.  It may be that an individual spends more time on the road during the day but they are more likely to be involved in an accident at night because in general not being able to see things clearly in the dark amounts to greater risk.  An individual might also be at greater risk in adverse weather conditions, not because they spend more time travelling in bad weather but that when they do the risk of being involved in an accident is generally much higher.  Typically people spend more time on the roads near where they live and work than they do on average everywhere else.  This means that there exposure to risk is higher on the roads that they use more frequently.  

The task of measuring an individuals’ exposure to road risk is almost insurmountable.  Measuring the exposure to risk of a geographical area is also a daunting task.  However there are various geographical variables that can be used as proxies for exposure to risk, for instance, population density.

It is important to consider issues of scale when considering exposure.  At some scale or resolution a proxy measure of exposure may not be calculable or sensible and at some scales it may give a fairly accurate representation.  Consider for example the rate of accidents given by the number of accidents for an area divided by the residential population in that area.  From a national scale down to quite small areas the rate may be useful.  However as resolution increases the rate begins to break down and there become increasing numbers of area in which there are accidents but no residential population.
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.  In the study, rates of child pedestrian accidents have been found to be large in Great Britain compared with other countries in the European Union and in it 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 next section focuses on geographical road safety research relevant to this work.

2.5
Geographical road safety research

In 1986 an agenda for research into the geography of road accidents was published in Transactions of the Institute of British Geographers (Whitelegg, 1986).  It provided a summary and description of various factors related to the geographical distribution of road accident incidence.  It laid down a coherent justification of a geographical approach to mapping and analysing accident concentrations, and questioned how spatial, temporal and spatio-temporal variations in accident rates were related to other geographical variables.  Since this publication there has been a large volume of publications focussing on different aspects of the geography of road accident incidence.  Understandably much of it focuses on accidents involving children and journeys to and from school (Van Der Molen, 1981; Joly et al., 1991; Petch et al., 2000).  Some of it focuses on pedestrian and cycle accidents, and age and gender of casualties and drivers (Elvik, 2000; Kim et al., 1998; Ryan et al., 1998; Evans, 2000; Bedard et al., 2001).  However, little of it is really geographical.  Much of the literature does not contain maps and none of the findings are based on analysis of the distribution and correlation of variables across space and through time.
For example, Ryan et al. (1998) reported a study of age and gender differences in the rates of crash involvement in Western Australia.  In this study, rates of a class of accidents were calculated as the number of that class of accident divided by the number of accidents in total.  The findings were said to be consistent with expected differences in exposure.  For instance, a higher proportion of accidents involving young drivers were observed at nighttime compared with those involving older drivers (which nearly always occurred in daytime).  This is consistent with expectations as it was ‘expected’ that a far greater proportion of young people than old people drive at night and vice versa.  The study was not geographical because it did not try to factor for the difference in exposure and did not produce any maps.
A problem visited in much of the literature concerns measuring exposure to risk.  Because it is so difficult to derive different exposure to risk estimates for different classes of accident, the rates of one class of accidents - based on its exposure, are rarely compared to the rates of another class of accident - based on its exposure.  This means that usually like is not compared with like and few inferences can be made about general patterns of risk.  It should be noted that what derives from an examination of the proportions of accidents broken down by some geographical variable, such as road type or weather conditions, is an indication of the nature of variation in exposure to risk for that type of accident based on that geographical variable.  Nevertheless, examining the proportions of accident breakdowns based on non-geographic criteria for specific accident types, such as by severity of casualties for all accidents involving cars and pedestrians can be useful.  
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: boys from deprived areas (and 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.  There are other publications that focus on aspects of geodemographics and try to relate these to concentrations of accidents.  However none try to distinguish between areas that are similar.  For example, Abdalla et al. (1997) studied the relationship between an areas social characteristics and road accident casualties and found that areas classed as being of low social class had higher accident densities than areas classed as being of higher social class.  In it no attempt was made to identify which areas of low class had higher accident densities than others and therefore no attempt was made to reason why.
There have been numerous attempts at modelling accident incidence rates along different sections of road, but few attempts to predict the number of accidents across the entire network and at a detailed resolution for a fixed period of time.  For example, Mountain et al. (1998) describes some research on predicting the number of accidents at different classes of junction.  The analysis was based on data for several counties for periods of between 5 and 15 years between 1980 and 1994.  Junction characteristics including; the number of arms and method of control, the major road carriageway type and speed limit, and the traffic flow on major and minor approaches were used to classify junctions.  One conclusion was that the ratio of fatal and severe to slight accidents depends on the method of junction control, though it was also accepted that the method of junction control also depended on a great many other things.  Another conclusion was that the ratio of wet to dry accidents depends on the speed limit and the major road entry flow.  Another was that the ratio of dark to light accidents depends on the minor road entry flow.  In all fairness this research really only serves to demonstrate the complexity that can be involved in studying road accidents and describes little if anything about the geographical variation in accident densities.

The attempts at estimating accident frequencies often use data on traffic flow, junction characteristics and other road characteristics, some also attempted to estimate the effect of variables like road geometry, road 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).  Muzzone et al. (1999) outlines a study of collisions in Milan, Italy in which some of these variables were used to predict the number of accidents at intersections in a given time period using artificial neural networks.  Indeed, this is the only reported attempt at predicting accident densities for an entire networked region in the literature.
A model for the relationship between road traffic accidents and traffic flows was outlined in Dickerson et al. (2000).  This approach involved identifying a functional relationship between accidents and vehicle flows and drew on the work reported in Shefer and Reitveld (1997) which identified that the number of accidents involving two vehicles increased exponentially with the number of vehicles.  The accident-flow relationship was identified as being non-linear and varying significantly between road classifications and broad geographical areas.  The analysis did not take into account the severity of road accidents although it was suggested 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 an important effect of an accident on traffic flow itself.  An accident usually leads to a hold up which may in some cases have positive feedback effects making another accident more likely.

Mensah and Hauer (1998) reports research that attempted to develop a function linking the expected accident frequency to traffic flow.  In practice they used average flow for long periods, and learned that in order to model the relationship well far more detailed traffic flow data was needed.

Jones et al. (1996) used K-functions 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 analysis involved splitting accidents into those with a fatality and those without and calculating and comparing their K-function estimates.  This basically amounted to comparing the densities of each accident class in localised sub regions where the values for each class were normalised by their density in larger regions.  By experimenting it was found that at a distance of about 2km evidence of clustering of fatal accidents could be generated for the Norfolk study area.  The results were not a map but a statement that there was clustering that showed that as ambulance response times increase so did the likelihood of a fatality.  Although this result is intuitive it is not geographical as ambulance response times and fatalities were not mapped.
It has been reported that the regional highways department in France estimate that road deaths in the south of France would be cut by half if all the trees lining the roads were removed.  Nearly 10% of the 8,000 road deaths in all France and 38% in the south of France were associated with tree collisions in the 1990s. 
  However, it has been contested that the real cause is not just the trees but the level of speeding and drink driving.

There are some very clear temporal patterns in road accident rates, some of which were started being explored in Chapter 1.  Arguably, the most dangerous hours on British roads are weekdays from 3-6pm and 7-9am.  These are times when it can be argued that exposure is highest as and many people move between work, school and home.  This is therefore when traffic flow and volume are probably very high.  Indeed, traffic, speed and volume vary throughout the day and are different on weekdays than weekends.  They are seasonal and depend on the timing of events that people attend, and peoples’ attendance depends on a great many things including the weather.  Clearly, you cannot tell everything that is to happen by a weather forecast or in retrospect explain everything based on the weather.  However accident risk and accident densities are temporally variable and their distribution is related to such things.

So, road accident incidence varies from hour to hour, day to day and week to week.  There are seasonal patterns linked to the weather, hours of daylight and holidays.  There are patterns that distinguish school and work days from weekend days and holidays.  There are daily patterns matching social activity.  There are high rates during morning, evening and lunchtime busy periods, and low rates late at night.
There have been various attempts to analyse road accident rates through time (Scott, 1986; Branas, 1995; 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.  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, (Guria and Mara, 1999). 

There are a number of 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.  Some has attempted to find relationships with the altitude of the sun and the effects of darkness. 
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).  This is still arguably the case and there is very little in the way of quantitative geographical research literature that investigates the spatial and temporal concentrations of road accidents.

A geographical analysis of road accident rates should at the very least seek to identify the nature of relationships between accident incidence and other characteristics of the human and physical environment.

Notes

It has been shown that the number of deaths from road accidents, compared to deaths from other causes, is very high for some age groups especially (Chin and Quek, 1997; Whitelegg, 1986). 
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� On March 8th 1999 there was had an article in The Guardian titled “Girl’s death spurs action over Portugal’s lethal highways”.


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


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





