Chapter 1: Introduction (Version 0.7)
“Road traffic accidents are an important cause of death and serious injury in developed societies.  The pattern of incidence has marked spatial and temporal regularities and the geography of road accidents can inform us better about the nature of the problem and the extent to which traditional solutions may or may not reduce the level of accidents.” (Whitelegg, 1986)

1.0
Summary

Road accidents, especially those that involve personal injury or death are an undeniable problem.  In the year 2000, around 35 % of all fatal accidents in Britain were road accidents and all road accidents had an estimated financial cost (including; hospital costs, damage to property and vehicles, police and insurance costs, lost output, and a notional sum for pain and suffering) of £16,920 million (source: ROSPA; see URL 1).

An accident is exactly that and generally they do not happen at specific times and places because things have conspired to make it so.  Also they do not happen completely randomly although there is a large element of chance.  In general there are many more near misses than there are collisions, and likewise many more times when a casualty is slightly injured as opposed to being terminally injured.  In this way, occurrences of road accidents are of a stochastic nature.

The conditions, places and times, when an accident is more likely to occur are generally those that coincide with high observed personal injury road accident incidence.  The chance or likelihood of there being a road accident casualty (of a particular type at a particular place and at a particular time), and of an individual being a road accident casualty (at a particular time) are not easily estimated.  The complexity involved in estimating risks and exposures and combining them in a meaningful way is of a very high order.  Much of the theoretically desirable data does not exist and it may be that many important factors cannot be measured directly. 
The nature of traffic and its relationship with road safety and road accident risk is inherently geographical.  This introductory chapter outlines the potential benefits of a geographical analysis of road accident incidence data that seeks to explain its spatial variation over time.  It introduces various relevant road safety and road accident issues which are detailed further in subsequent chapters.
For well over a decade in Britain, it has been possible to study the variations in the distribution of personal injury road accidents across space and through time using a database of personal injury road accident data called Stats 19.  These data underpin this research and much of the work on road safety that is done and are described in more detail in Section 1.3.  Prior to that, Section 1.1 details the aims and objectives of this work and Section 1.2 summarises the general goals of road safety research.  Section 1.4 concerns the geography of incidence in general.  Section 1.5 outlines the 

abductive geographical data mining approach employed in this research.  Section 1.6 introduces the analysis.  Section 1.7 is a chapter outline.  Finally, Section 1.8 concludes this introductory chapter with some closing remarks that link to Chapter 2.
1.1
Aims and Objectives
The Key Objective of this research is to shed new light on the geography of personal injury road accidents in Great Britain since 1992.  The main aim is to achieve this by developing new ways to process and visualise the data.  An additional goal is to develop comparative case studies on two levels, one for all Great Britain and the other focussing on the Leeds District in West Yorkshire.
From a methodological perspective, the thesis aims to explore and evaluate a geographical data mining (GDM) approach based on geographical clustering, and develop new ways of examining the correlation and difference of observed and expected measures.  The approach is introduced in Section 1.5 and the methodology is detailed in Chapter 4.  Further (detailed) aims and objectives of this research are listed in Table 1.0:
	1. Perform analyses and compare the results of analysing Stats 19 incidence data as point data with no spatial aggregation, with spatial aggregations to census geographies, and spatial aggregations to other arbitrary discrete units (e.g. 1 km square cells) or overlapping regions (e.g. within 1 km of a regular set of points). (Investigate the effects of data aggregation on analysis results.)

	2. Examine and compare the geographical distribution of some different accident types (e.g. pedestrian accidents, accidents on motorways, accidents involving children).

	3. Investigate different ways to visualise the changing pattern of accident density and casualty severity (e.g. animated and dynamically linked density and cartogram maps).

	4. Examine spatial and temporal variations in accident and casualty densities.  Attempt to identify where there have been significant increases and decreases of incidence and try to explain these.

	5. Examine the spatial correlation between non-accident data variables and accident incidence across a range of spatial scales.  Does this offer a way to identify at what scales potential explanatory factors are most useful?  Indeed, is there a generic way of focusing on the most important scales and analysing change over time?

	6. Research what maps (of those produced) interest road safety engineers charged with designing, selecting and implementing road safety schemes. 

	7. Set out some recommendations about the appropriate resolutions and scales at which contemporary Stats 19 data can be analysed.

	8. Attempt to reveal how geographical analysis of Stats 19 data might help achieve the UK governments 2010 casualty reduction targets.

	9. Suggest how the collection and analysis of road accident data and data about the roads could be improved so as to make roads safer.


Table 1.0
Aims and Objectives
This thesis (like the research on which it is based) is as much about uncovering new and interesting results by analysing the data as it is about enhancing existing methods and developing new methods to achieve these results.  The work on method development has gone hand in hand with data exploration.

1.2
Road Safety Research Recommendations
For many years geographically referenced data has been collected about road accidents and much research work has been done aiming to improve road safety on the basis of this.  The recommendations from this research apply to three broad overlapping areas:

1. It is relevant to the targeting of educational road safety campaigns that aim to increase awareness of risks and dangers.  Campaigns tend to target specific things, areas and people at risk.  These could be sets of road users (pedestrians, cyclists, car passengers, caravan drivers, etc.), age and social groups (school children, parents, pub goers, etc.), behavioural groups (drink drivers, tired drivers, speeders), and so on.  The media the campaign uses to reach its audience (TV, radio, billboards, posters, newspaper adverts, etc.) and its secondary distribution also effect what are the targets and real audience of these campaigns.  In general, campaigns are for educating people about risks and what they can do to reduce them, for advertising changes in the law, and for directly influencing people’s thought processes aiming to modify their behaviour and opinions.
2. It concerns the targeting of resources for remedial treatments.  These are generally more physical things that range from: engineering schemes like road straightening and upgrading, junction improvements and better signs and signalling; to traffic calming and the provision of crossing amenities and patrols.  The majority of engineering treatments serve a dual purpose aiming to improve the road layout and network so that it is safer and so that it can carry more traffic (of particular kinds) more efficiently.  Remedial treatments tend to be implemented strategically according to a plan, which is flexible, so as to respond to emergency conditions and the dynamics of environmental change.  In general this involves attempts to prioritise and tackle the most important problems directly.  It must be understood that resources for upgrading and maintaining safe, fast and efficient road and integrated transport networks are limited.  Despite concentrations of the economy in activities requiring less transport of workforce or goods in more developed countries, business in general relies on the development and use of transport infrastructure to move commodities and people about.  Clearly, the role of improving and maintaining high levels of accessibility is of key importance and cannot easily be separated from the drive for safety improvements.  Unfortunately, there is no instant remedy to the road accident problem.  Realistically, roads are not going to be closed to all non emergency traffic everywhere in a bid to reduce road casualties.  Also there are arguably no measures that can be implemented over night to significantly reduce risks across the entire network.  Probably the only way to improve the situation and alleviate the problem is in a piecemeal fashion, which is what is currently done.  In doing it there are advantages to be gained by prioritising, planning and coordinating action.  What needs doing, where, when, and in what order to facilitate the traffic needs of a particular region?  There is a need to be proactive as well as being reactive and deal with problems before they arise (by better planning).  There is much to be gained by thinking about the future in the short, medium and long term, and developing tools that enable better predictions to be made for extreme circumstances.  What is likely to arise as a consequence of this or that alteration in the road layout and geographical environment?  What can be learned via the monitoring of remedial treatments?  What works well, where, under what conditions, and where else might such an improvement be gained?  Tackling these questions is a challenge that is integral with the process of developing better targeting and delivery of remedial treatments.  The appropriateness and success of any specific treatment depends greatly on the nature of the local environment, its geography.  Appreciating the role geography can play with respect to improving road safety and estimating the benefits of specific remedial actions is the motivation of this work.

3. It is about suggesting improvements to how existing data is collected, stored, analysed and used in road transport planning and decision making contexts that effect road safety and accident risks.  It is important to consider what data and analytical tools are used by road safety analysts in practice.  Furthermore, it is important to consider what data and tools exist that may be useful but that are not routinely used, and what additional data should be collected that is not, and how this can be analysed to further reduce the numbers of road accident casualties.  In terms of research it is imperative that the data, tools and results of analysis become more widely available for comparison and for enriching further analysis.  Being able to collect, store and analyse increasing amounts of digital data in more automated ways offers new opportunities for approaching the road accident problem. 

1.3
An Overview of Stats 19 Personal Injury Road Accident Data
Stats 19 Personal Injury Road Accident Data (Stats 19) contains detailed information about personal injury road accidents.  The data are geographically referenced in that the spatial location and time of each accident is recorded to around the nearest 10 meters and 10 minutes respectively.  A full list of variables for 1992 to 2001 can be found in Appendix A.  Stats 19 variables and their detail change over time in an attempt to improve it as a resource for road safety research and decision making.

Table 1.1 below contains yearly counts of road accident casualties in Britain broken down by road user class and casualty severity for 1992 to 2002.  The values in the table were derived by querying Stats 19 data held in a database.  The table reveals a number of trends: There are decreasing numbers of serious casualty incidences and year on year decreases in the numbers of pedestrians killed, seriously injured, and slightly injured.
	Year
	Driver/Rider
	Passenger
	Pedestrian

	
	Fatal
	Serious
	Slight
	Fatal
	Serious
	Slight
	Fatal
	Serious
	Slight

	1992
	2018
	25696
	144731
	864
	10712
	75120
	1347
	12848
	37417

	1993
	1807
	24079
	145914
	766
	9519
	75922
	1241
	11422
	35465

	1994
	1780
	24728
	151748
	746
	10006
	77656
	1124
	11806
	35765

	1995
	1826
	24332
	150296
	757
	9942
	76451
	1038
	11259
	34786

	1996
	1869
	23977
	158367
	732
	9907
	79276
	997
	10615
	34838

	1997
	1931
	23861
	165524
	695
	9070
	81121
	973
	10053
	34575

	1998
	1869
	22647
	166391
	646
	8612
	80161
	906
	9575
	34405

	1999
	1880
	22029
	165587
	673
	8138
	79114
	870
	8955
	33063

	2000
	1899
	21745
	167845
	653
	7769
	78339
	857
	8641
	32535

	2001
	1969
	21399
	165181
	655
	7473
	76054
	826
	8238
	31513

	All
	18848
	234493
	1581584
	7187
	91148
	779214
	10179
	103412
	344362


Table 1.1
Yearly Road Accident Casualty Counts by Road User Class and Casualty Severity for 1992 to 2001
(source: Stats19)
There are complex reasons for the statistical trends shown in Table 1.1.  It is possible that there has been both a decrease in pedestrian exposure to risk and a decrease in the risks that pedestrians face.  A decrease in risk may be the result of environmental improvements, improved awareness of the risks, improvements in vehicle technology, and better designs and layout of roads.  Reduced exposure may also be down to a reduction in population on the whole and a reduction in the number of pedestrians in particular.
Stats 19 is not the ultimate road accident data resource.  Personal injury road accidents are only a proportion of all road accidents.  This proportion might be small and will almost certainly vary for different types of accident at different scales.  Information about its geographical variation would probably be very useful for assessing risks.  Anyway, because only personal injury road accidents are part of Stats 19 then it is for sure that many road accidents are therefore not recorded in it.  Arguably the geography of non-injury road accidents is relevant to studies of the geographical distribution of personal injury road accidents.  Intuitively, one might expect that where and when there are more non-injury accidents the likelihood of a personal injury accident is higher, though this may not necessarily be the case.  For instance, some road safety schemes involve narrowing the minor road entry/exit at a junction with a main road.  This may result in improved safety for pedestrians, but there might also be an increased number of accidents involving vehicles banging into each other as there is less room for them to manoeuvre.  It might be more reasonable to expect that the counts of more severe road accident casualties can be used to estimate the numbers of fatalities.  Anyway, the point argued here is that the geographical variation in the rates is worth investigating.  Moreover, Stats 19 is not data about all road accidents, only those which involve a personal injury.

Although Stats 19 data improves over time, there will always be limits to what questions it can be used to answer.  Increasingly though, facilitated via its geographical referencing, Stats 19 data can be analysed and linked with other geographical data.  The main data used in this way in this thesis are census and digital map data.  These auxiliary data are described in Chapter 4.

1.4
Geography of Incidence

Exposure and risk are intricately related.  For any geographical region the distinction is as follows:  Risk is based on the characteristics of the road users and the area, whereas exposure is based on the combined amount of time, number of journeys and interaction of road users in the area.  Both risk and exposure vary geographically and in complex ways are interrelated to a large number of other factors.  They are both very difficult things to estimate but their effects on the likelihood of a road accident are, in a way, implicit in the observed incidence of personal injury road accidents in Stats 19.

The geography of incidence involves mapping incidence in space and time and examining its variation over space and through time.  There are many different scales at which this can be done and many other variables which may have similar geographical patterns.  The geography of incidence has a long history (see Chapter 3 for a literature review), yet it is not until comparatively recently that road accident incidence specifically has been studied geographically (see Chapter 2 for a literature review).  This thesis is based on the premise that an examination of the geographical variation in personal injury road accident data may improve our understanding about the likelihood of their occurrence and help develop strategies for reducing this likelihood and enhancing road safety.
The trends revealed by statistical displays like that shown in Table 1.1 may be useful (as general monitoring tools) but they do not indicate where different types of accident are on the increase and how the variations relate to other geographical variables.  Geography advocates mapping and breaking down the statistics and examining the geographical distribution for patterns of variation.  However, breaking down the statistics spatially in order compare accident incidence between broad geographical areas such as London, Leeds, Aylesbury and the Isle of Wight can mean little because these areas are very different.  Although it is likely that there are geographical variables that can be shown to be statistically correlated with road accident rates in broad geographical regions, it is not until the regions become small enough and there are enough of them that performing a regression analysis will help attain any reasonable conclusions.

Scientifically, it makes sense to attempt to analyse at the highest level of spatial resolution that the data allows and, rather than attempt to develop a single model to fit all circumstances, instead classify which areas are similar and analyse variation in each class with respect to accident incidence.  To make reasonable inferences about any variation identified between different geographical regions it is necessary to be comparing ones which are alike.  No two regions are the same so there are limits to this likeness, however it should be clear that, some geographical regions (some places), some parts of the road network are more similar and consequently it can make sense to be comparing their accident and casualty incidence rates.

It may be that in terms of a number of geographical variables (based on the road layout and area characteristics), there are many junctions and small areas of Leeds, London, Aylesbury and the Isle of Wight that are comparable.  Furthermore it is possible that the variation in accident rates within these areas and between these areas is reflected by geodemographic or other geographical variables at different scales.  Mapping the variation in incidence and building up a model to explain it geographically is what this thesis is all about.  For example, suppose that residential population density is mapped and measured and found to be similarly distributed to accident density.  Further, suppose that statistical tests provide evidence to support the hypothesis that in areas of high residential population density, the number of accidents divided by the residential population is higher than in areas of low residential population density.  Then a reasonable inference is that residential population density is not simply linearly related to accident density and that there maybe a power relationship and or some other similarly correlated variable that might better estimate the variation in road accident density between these regions.  It is possible to rephrase the above into a formal set of hypotheses that can be tested statistically across a range of spatial scales and use the results of the tests to develop models of the variation in accident density.

Examining geographical variations in accident densities and mapping their dynamics is a useful exercise that generally involves searching for explanation of variations in sub-regions of the data.  The detailed spatial and temporal resolution of road accident data means that these sub-regions can be very small and that the dynamics of accident density can be analysed at a high level of temporal resolution. 
1.5
Abductive geographical data mining

“Pattern detection via the identification of clusters is a very simple and generic form of geographical analysis that has many applications in many different contexts.  The emphasis is on localised clustering or patterning because this may well contain the most useful information.”
(Openshaw and Turton, 1998).

Road accident incidence patterns are complex and change all the time.  This study uses an abductive geographical data mining approach to investigate the geographical variation in casualty incidence.  In this context, geographical data mining (GDM) is the process of analysing large amounts of geographical data in order to generate understanding regarding some geographical phenomenon.  Openshaw (1999) offers a more elaborate description of GDM.  In this context, abduction is an exercise that aims to simultaneously uncover some structure within data and some hypothesis of how to explain it, Buttenfield et. al. (2002).
“Abduction, or inference to the best explanation, is a form of inference that goes from data describing something to a hypothesis that best explains or accounts for the data”, Josephson and Tanner (1996).  The evaluation of ‘best’ requires criteria with which reasonable explanations can be graded.  As this can be done in a number of ways (e.g. using likelihoods, estimates of uncertainty, assessments of generality or simplicity), it is itself not straightforward.  Abduction can be distinguished from other ways of reasoning (or inference) yet practically all are part of the same process of generating understanding.  Figure 1.5 illustrates how different types of inference may work together in the process of knowledge discovery.


[image: image1]
Figure 1.5
Different ways of reasoning (inference) work together in the process of knowledge discovery, from initial hypothesis generation to validation and use of concepts generated
(source: Gahegan, 2001)

The geographical data mining approach as employed in this research is exploratory and not confirmatory.  Rather than analysis with a view to accepting or rejecting hypotheses, this research is geared towards examining change over time and attempting to ‘explain’ or ‘model’ geographical variation in road casualty incidence.  Furthermore it is about assessing the explanations or models with respect to scale and simplicity. 

1.6
Introducing the analysis

The Stats 19 data analysis in the thesis is focussed at two different levels.  Chapter 7 analyses the data at a coarser resolution for the entire country.  Chapter 8 analyses the data for the Leeds district and contains a section comparing these results with those at higher levels of resolution, particularly those from Chapter 7.  In both Chapters 7 and 8 the analysis is mainly concerned with examining changes over time.
A tool that is suitable for examining the spatial variation in accident rates with respect to the variation of other variables is the Geographical Analysis Machine GAM/K (Openshaw, 1998).  GAM/K can be used to map significant differences in the spatial pattern of two variables across a range of spatial scales.  It can filter either way to produce two different types of map: one which shows clusters of excess (where there is significantly more of one variable than another); and another which shows clusters of deficit (where there is significantly less of one variable than another).  GAM/K is described in more detail in Chapter 4.
Another set of techniques suited for examining the spatial variation in accident rates with respect to the variation of other variables are based on the notion of geographical weighting as in the Geographically Weighted Regression (GWR) technique, Fotheringham et al. (2002).  The notion of geographical weighting can be applied to formulate Geographically Weighted Statistics (GWS) of all kinds.  A suit of univariate, bivariate and multivariate GWS (including GWR) are used throughout the thesis and are first described in Chapter 4.

1.7
Chapter Outline

Chapter 1: Introduction

Chapter 1 describes the problem of road safety and the general aims and objectives of road safety research.  It introduces the geographical approach that is used in the thesis.  It introduces the data upon which the thesis is based.  It lists the aims and objectives of the thesis and details the thesis structure.

Chapter 2: Literature Review (part one)
Chapter 2 is a literature review of geographical road safety research that examines the incidence rates of accidents in space and time.  There is a vast amount of research reported in the literature that concerns road accident rates, yet a comparatively small amount which is of a geographical nature.  The concept of mapping road accident incidence rates is not new, however rarely are maps of road accident risk and exposure to these risks published.  The discussion in this chapter draws out many issues concerning road safety, road accident risks and the recording of information about road accidents.

Geography of road accident incidence can be approached in numerous ways and there is much research underway.  Chapter 2 offers a historical overview and a review of what has been done, but it also attempts to indicate directions of relevant contemporary research.

Chapter 3: Literature Review (part two)
Chapter 3 concerns the development and application of methods for analysing the distribution of incidence data that is of a geographical nature.  It describes a number of methods deployed to analyse point based incidence data and reviews literature from the related fields of geographical epidemiology and geographical crime pattern analysis. 
Chapter 4: Existing Methods

Chapter 4 reviews Geographical Data Mining (GDM) tools and analysis methods which can be applied to examine and compare concentrations of spatial values across space and through time.  The review highlights further difficulties involved in analysing change over time for something as complex as personal injury road accident incidence.  It introduces the complexities of spatial and temporal scale and their potential effects on results and output maps of statistical measures.  Chapter 4 predominantly describes how the various existing tools and methods work.   
Chapter 5: Method Development
A problem of geographical road accident research relates to the uniqueness of geographical locations and a lack of easy to use methods of developing cross-scale geographical descriptors.  Better explanations of incidence rates at a specific location can be achieved using contextual information concerning the surrounding area and information regarding general geographical patterning.  Context is part of explanation.

Chapter 5 concerns both the adapting of existing and the development of new tools and methods for analysing the data.  The development of methods outlined here is based around the need to treat differently areas where it is likely that a road accident will occur and areas where it is very unlikely that a road accident will occur.  Initially, Chapter 5 is concerned with highlighting the need and describing the problem.  Secondly it concerns adapting methods in ways that reduce the problem.  
Chapter 5 deals with the quandary of what resolutions, scales and levels the data can be appropriately analysed at and considers the effect of using data at different scales, and the importance of neighbourhood.  If the spatial analysis resolution is too course then many of the interesting and relevant patterns can be missed.  A very detailed spatial resolution can introduce computational and data storage difficulties.  Moreover it gives rise to difficulties in visualising and reporting the results, and can make errors have profound effects on the patterns produced.
Chapter 5 is the background to Chapters 6 and which also concern method development but are focussed on the two different analyses of the thesis.

Chapter 6: Estimating Exposure

Exposure to road accident risk changes over time and varies across space relating to a whole host of factors.  Many of these factors can presently only be implicitly taken into account by using limited auxiliary non-accident data, such as, digital maps and census data.  Chapter 6 concerns the development of proxies for exposure to risk and the modelling of road accident incidence using auxiliary geographical data.
Chapter 7: Analysing Change Over Time

The main analysis of this thesis concerns change over time.  In the absence of change over time information for most auxiliary data, the only data considered in this chapter is the Stats 19 data.  Again Chapter 7 is concerned with method development and how existing methods can be applied to analyse the data.  At the end of Chapter 7 the scene is set for the analysis at two different levels in Chapters 7 and 8. 
Chapter 7: Analysis for Britain.

Chapter 7 presents two analyses of the data at a 1km resolution across a range of spatial scales.  Firstly auxiliary data is used to develop a model of Stats 19 accident incidence for the entire period 1992 to 2002.  GAM is used to highlight where the models over and under estimate.  Secondly, Chapter 7 presents an analysis of change over time for yearly time periods for different types of accidents.  The types considered are based on the seriousness of casualties and the types of road users involved.

Chapter 8: Analysis for the Leeds district

Chapter 8 presents results of a repeats analysis of change over time as in Chapter 7.  In this analysis, the resolution was 20m.  A large section of this Chapter is devoted to comparing the results at the two levels.
Chapter 9: Conclusions and research agenda.

This chapter details what was new about this work and revisits the aims and objectives and evaluates progress towards them.

1.8
Closing Remarks
“A road accident is the product of an unwelcome interaction between two or more moving objects, or a fixed and a moving object.  The movement itself, whether of pedestrians or motorists, will be a function of the land use system, residential patterns, population densities, street geometry, location of workplace, shopping precinct, health care centre or other traffic generators.” (Whitelegg 1986)

Society changed dramatically in twentieth century Britain.  In the latter half there were vast increases in the numbers of motorised road vehicles and road journeys.  These increases went hand in hand with the development of the road network and the introduction and enforcement of road law aimed at improving safety and reducing risks.  Theoretically, increased accident risks and higher accident incidence rates did and do not have to be a consequence of increases in traffic.  However, it is generally accepted at this time, that traffic volume and traffic speeds are in some way related to accident incidence and the associated risks.  The way they are related is complex and there are a number of difficulties in mapping risks and comparing their spatial and temporal distribution with observed incidence rates.

The world is neither ideal nor simple!  There is no such thing as perfect information so it cannot be hoped that everything can be controlled for so that road accidents and other traffic accidents never occur.  The hope is that this research will go someway in helping to reduce both the number and severity of accidents, moving towards a utopia with lower vehicle related death rates.
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