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Executive Summary

Introduction

The Government’ s review of speed policy, published in
March 2000, emphasised the need for a greater
understanding of the role of speed in accidents on rural
roads. A research programme at TRL over the last decade
has demonstrated beyond doubt that the faster drivers
choose to travel, the more likely they are to beinvolved in
an accident, and that higher speeds on roads with
otherwise similar characteristics are associated with more
accidents. The programme included an EU-funded project
known as MASTER, under which a speed-accident
relationship (the EURO model) was derived for European
rural single-carriageway roads.

The complexities involved in analyses of this kind,
coupled with the limited data available in the MASTER
project, meant that the effect of speed in the EURO
model was particularly difficult to interpret. Only a
limited amount of the data upon which the model was
based was from the UK. Because of these limitations, the
Road Safety Division of the Department for Transport,
Loca Government and the Regions commissioned TRL
to carry out a more extensive investigation of the
relationship between speed and accidents on rural single-
carriageway roads in England. This report describes that
study. It involved:

e siteselection;

e the collection and analysis of datafrom atotal of 174
road sections across the country, comprising injury
accident data, traffic flow and vehicle speed data, and a
wide range of details of road characteristics, geometry
and layout;

e the application of statistical techniquesto classify the
road sections into relatively homogeneous groupsin
respect of their speed-accident characteristics;

e statistical modelling to relate accident frequency to other
factors such astraffic flow, vehicle speed, and
characteristics of the road itself.

The siteswere all on roads with a 60 miles/h speed limit.
The sample was stratified to cover all road classes and to
provide a good geographical distribution, a wide range of
flow levels, and degrees of hilliness, bendiness and
junction/access frequency. A wide range of mean speeds
(26 to 58 miles/h) and accident rates (0 to 271 per 100
million vehicle-kilometres) was observed.

Results

The homogeneous groups into which the road sections
were successfully classified were defined by a set of 6
variables: accident rate, mean speed, minor junction
density, bend density, access density (i.e. the density of
private drives and other accesses joining the road) and
hilliness. These together reflect the operational
characteristics of the road, or ‘road quality’, and can be
described as follows:

Group 1: Roadswhich are very hilly, with a high bend
density and low traffic speed. These are low
quality roads.

Group 2: Roads with a high access density, above average
bend density and below average traffic speed.
These are lower than average quality roads.

Group 3: Roadswith a high junction density, but below
average bend density and hilliness, and above
average traffic speed. These are higher than
average quality roads.

Group 4: Roadswith alow density of bends, junctions
and accesses and a high traffic speed. These are
high quality roads.

The models devel oped relating accident frequency to
other factors explained a high proportion of the variability
in the data and the effects of the key variables were found
to be strong, plausible and very stable.

The models show that:

e Accident frequency for all categories of accident
increased rapidly with mean speed — the total injury
accident frequency increased with speed to the power of
approximately 2.5 — thusindicating that a 10% increase
in mean speed results in a 26% increase in the frequency
of al injury accidents.

e The relationship between accident frequency, traffic
flow and link section length mirrored that typically
found in other similar studies.

e Accident frequency varied between the Road Groups
defined above. It was highest on the Group 1 roads, and
about a haf, athird and a quarter of thislevel on roads
in Groups 2, 3 and 4 respectively.

e The frequency of tota injury accidents was also found to
increase rapidly with two further measures: these were the
density of sharp bends (those with a chevron and/or bend
warning sign) and the density of minor crossroad junctions.
These increased accidents by 13% and 33% respectively,
per additional bend/crossroad per kilometre. Single vehicle
accidents were particularly strongly affected by the density
of sharp bends (34% increase in accident frequency per
additiond sharp bend per kilometre.)

e The effect of mean speed was found to be particularly
large for junction accidents; these accidents were
roughly proportional to the 5" power of speed,
suggesting substantial potential for accident reduction
from strategies designed to reduce speeds at junctions.

e No other measures of speed were found to influence
accident frequency as strongly as, or in addition to,
mean speed.

e The percentage reduction in accident frequency per
1 mile/h reduction in mean speed implied by the
relationship developed for total accidents depends on the
mean speed. It ranges from 9% at a mean speed of
27 miles/h to 4% at a mean speed of 60 mileg/h.



e The effect of speed on fatal and serious accidents was
stronger (but not statistically significantly so) than for
all accidents taken together. A 10% increase in mean
speed would be expected to result in a 30% increase in
the frequency of fatal and serious accidents.

Discussion

The models presented in this report differ from the previous
EURO model in anumber of ways. The present models are
substantially more robust, being based on a more structured,
extensive and relevant database. They predict a stronger
effect of speed on accidents than did the EURO mode!.
However, in terms of accident reduction potential, speed
management policies applied to urban roads are still likely
to provide the greatest benefits. Thisis because of the vastly
greater number (and more concentrated distribution) of
accidents occurring on those roads.

Thereisalot more work to be done to develop the basis
for speed management policies on rura single-carriageway
roads. The issuesto be addressed, raised comprehensively
in the Government’ s review of speed policy, include:

e the need to define arural road hierarchy according to
road function;

e the need to establish what are appropriate speeds for the
different types of roads in this hierarchy;

e the need to identify means of achieving these
appropriate speeds,

e the need to define a policy for setting appropriate speed
limits, taking account of the hierarchy and of the
appropriate speeds to be achieved.

The present study has provided a basis from which to
progress these issues. The classification of roads into
groups reflecting road quality was fundamental to the
study and this Road Group classification has the potential
to contribute to defining aroad hierarchy.

Conclusions

1 The study has achieved its objective of developing a
speed-accident relationship for English rural single-
carriageway roads which is straightforward to interpret
and apply. The analytical process successfully overcame
the difficulty inherent in this type of study of de-
coupling the effects of inter-correlated variables.

2 Theresulting predictive relationship for total injury
accidents shows that accident frequency rises rapidly
with the mean traffic speed on a given road, and
quantifies this effect. The relationship can be used to
estimate the change in accident frequency resulting from
achange in mean speed on a given road and, if applied
to local or national accident statistics, to estimate the
effects of different speed management strategies.

3 Theclassification of roads into groups reflecting road
quality, which underpinned the analysis, has the
potential to contribute towards the development of a
road hierarchy for rural single-carriageway roads.



1 Introduction

1.1 Background

The Government’ s review of speed policy (Department
of the Environment, Transport and the Regions, 2000)
emphasised the need for a greater understanding of the
role of speed in accidents on rural roads. About 20% of
all road casualtiesin Great Britain are on rural single-
carriageway roads, which represents about two thirds of
the casualties on all rural roads. For fatally and seriously
injured casualties, the corresponding figures are about
30% and 75% respectively.

Research at TRL over the last decade has substantially
increased our knowledge of the relationship between driver
speed and road accidents. The programme has comprised:

e A review of ‘before and after’ studies, largely from
abroad, of the effects on accidents of changing the
posted speed limit (Finch et al., 1994; Taylor et al.,
2000).

e Empirical road-based studies designed to establish
relationshi ps between the accident frequency on road
sections and the traffic and pedestrian flow, vehicle speed
and road geometry for those sections (Taylor et al .,
2000).

e Empirical driver-based studies designed to establish
relationships between the accident involvement of
individual drivers and their individual characteristics,
particularly their typical speed behaviour in relation to
other drivers (Quimby et al., 1999; Taylor et al., 2000).

e An anaysisof theinvolvement of speed in fatal
accidents (Taylor, 2001).

These studies have demonstrated beyond doubt that the
faster drivers choose to travel, the more likely they are to
be involved in an accident, and that higher speeds on roads
with otherwise similar characteristics are associated with
more accidents.

1.2 Road-based studies

The road-based studies comprised separate studies of

urban roads and rural single-carriageway roads. The latter
was undertaken under the MASTER project (MAnaging
Speeds of Traffic on European Roads) (Baruya, 1998). The
resulting ‘EURO’ model relating speed and accidents
(Taylor et al., 2000) was based on data from Sweden, the
Netherlands and England; however, the quantity of English
data used in the devel opment of this model was rather
limited and related mainly to A and B class roads in South
East England.

The processes involved in the development of speed-
accident models such as those in these road-based
studiesis far from straightforward. The complex inter-
relationships between the variables means that extensive
databases and sophisticated statistical analysis
techniques are required. A particular problem is that the
key variables sometimes interact in such away that the
effect of interest (here the association between speed
and accidents) is masked by correlations between these
variables and a third variable (the ‘masking’ variable).

Thisissueis discussed again later in the report and is
explained more fully in Taylor et al. (2000). In the
urban road study, pedestrian flow was found to be such
amasking variable and its identification and
quantification in the speed-accident model enabled a
clear interpretation of the model to be made with respect
to the effect of speed. In the European rural road study,
however, a corresponding masking variable was not
found, probably due to limitations in the data, and the
resulting speed-accident relationship proved to be
particularly difficult to interpret.

1.3 The new study

Because of the limitations of the MASTER study, the Road
Safety Division of the Department for Transport, Local
Government and the Regions (DTLR) commissioned TRL
to carry out a more extensive investigation of the
relationship between speed and accidents on rura single-
carriageway roadsin England. This report describes that
study. It involved:

e siteselection;

e the collection of datafrom atotal of 174 road sections
across the country;

e the application of statistical techniquesto classify the
road sections into homogeneous groups in respect of
their speed-accident characteristics;

e statistical modelling to relate accident frequency to other
factors such astraffic flow, vehicle speed, and
characteristics of the road itself.

Section 2 of this report details the site selection and data
collection procedures used and Section 3 summarises the
key descriptive statistics arising from the data collected.
Section 4 describes the methodology used in the analysis.
Section 5 describes the results of the processto classify the
road sections into groups and Section 6 details the results
of the statistical modelling. In Section 7 the practical
implications of the resulting models are discussed. Section
8 summarises and discusses the overall findings and the
key conclusions are given in Section 9.

2 Data collection

2.1 Introduction

An expanded database was built up from the data available
under the MASTER project. Although only 38 UK sites
were used in the development of the MASTER EURO
model, the MASTER database included a number of
additional sites with more limited data. This existing
database was expanded by adding further sites, so asto
include C and unclassified roads and to give awider
geographical spread. The datarequired for all sitesfor the
study included:

e Accident data (for adefined 5 year period).
e Traffic flow data.

e Vehicle speed data.

e Road characteristics.

e Geometric and layout data.



Of the 174 sites used in the present study, 74 had
previously been studied (including those in the original
MASTER database) and are referred to as‘old’ sitesin
what follows, and 100 were ‘new’ sites.

2.2 Site selection

The ‘new’ sites selected were to be between 1 km and
10km long, to be subject to the national 60 miles’h speed
limit throughout their length, and to contain no major
junctions (where vehicles have to give way to other
traffic). The‘old' sites also satisfied these criteria

The main criteria for selection of the final sample of
new sites were location and road class. Asfar as possible,
the sample was stratified to include about one-third each of
A, B and C or unclassified roads. Sites were to be
distributed fairly evenly acrossthe DTLR regions; since
however, the intention was to complement the existing
MASTER sample, no sites were selected from the South
East (which was already over-represented). Approximately
equal numbers of sites that were straight/bendy, flat/hilly
and had high/low numbers of minor junctions were sought,
insofar as this was possible given the other aims of the site
selection process.

2.3 Speed and flow data

Measurements of speeds and vehicle flowsin both
directions a the ‘new’ sites were made using automatic
equipment at one location within each site, away from
junctions, on a straight section of road (or at a representative
point if the road was bendy). Speed/flow data were collected
over two or more days, including at least one full 24-hour
weekday period from midnight to midnight. Any incomplete
days were excluded from the analysis.

Vehicle speeds were classified in 5 milesth bins from 0 to
100 miles/h for the full 24 hours and also for separate time
periods of the day. A range of variables was developed from
thisinformation, including:

— traffic flow;

— mean speed;

— 85" percentile speed;

— standard deviation of speed;

— coefficient of variation of speed (ratio of the standard
deviation to the mean);

— percentage of vehicles exceeding the speed limit;

— mean excess speed (mean speed of those vehicles
exceeding the limit).

Similar variables were derived from the data for the
‘old’ sites.

The 24 hour vehicle flows at the ‘new’ sites were scaled
to annual average daily totals (AADTS) according to
vehicle type and the day, month and year of measurement
to give an average over the period for which accidents
were considered (see Section 2.5 below). Those for the
‘old’ siteswere scaled in the same way asfar as possible.

2.4 Site characteristic and geometric data

2.4.1 Introduction

The overall purpose of the study was to identify factors
which, in addition to traffic flow and speeds, are
relevant in determining the level of accidents on
different rural single-carriageway roads. As explained at
the start of this report, it was likely that this would
involve identifying a ‘masking’ factor which is strongly
correlated with both speeds and accidents. For example,
roads of lower ‘quality’ — narrow, winding country
lanes - are likely to have lower speeds than roads of
higher ‘quality’, but it is known that they have a high
accident rate. Conversely, well-designed major roads
which are wider and straighter, with fewer junctions and
generous sight-lines, have relatively high speeds
compared to other roads, but relatively low accident
rates. A simple analysis which ignored road ‘ quality’
would thus indicate that high speeds are associated with
low numbers of accidents. However, both common
sense and experience suggests that it is unlikely that, on
either of these types of road taken as a group, accidents
would actually decrease if speeds increased. What the
present study is thus trying to ascertain is what happens
to accidents when vehicle speeds increase or decrease, if
everything else (particularly the geometrics of the road
and the traffic levels on it) remains constant. The
principleis discussed further in Section 4.1.

There are two purposes, then, in collecting data about
road characteristics and geometry. The first isto enable
aclassification of the link sections into homogeneous
groups to be made so that the true speed-accident
relation within each can be established. A broad
descriptor of this classification would be ‘road quality’
and we need to establish what physical features of link
sections (perhaps bendiness, visibility, quality of road
markings, and so on) best define road quality in the
sense of providing the best differentiator between the
classes. Ideally, the national road classification system
of A, B, C and unclassified roads would provide this
grouping, but B class roads, in particular, cover awide
range of functions and design quality so that these
administrative classifications are unlikely to be suitable
in the present context.

The second purpose of collecting road layout data is that
having classified the link sections by road quality, layout
variables may well contribute significantly in an accident
predictive model.

It was therefore important to measure the main variables
that seemed likely to affect accidents directly or indirectly
through being determinants of road quality. A brief review
of the available literature was undertaken to identify
variables that had been used in similar studiesin the past,
notably Walmsley et al. (1998), who studied accidents on
rural trunk roads, and Lee and Brocklebank (1993), who
investigated mean speed on rural roads. Variables which
would not necessarily be expected to influence accidents
but which were easy to measure were also included. The
aim was to assemble at a reasonable cost an extensive and
reliable data set covering all types of rural single-
carriageway road.



2.4.2 Drive-through video recordings

Drive-through video recordings were made for all sitesfor
the purpose of establishing much of the site characteristic
and geometric data. This technique allowed a range of
descriptive variables to be readily obtained. The following
information was extracted.

Discrete data

These variables included:

— type of junction at each end of the section (if any);

— number and type of minor junctions;

— number and type of accesses within the section;

— number of bends, classified as follows:
sharp (marked by chevrons and/or with awarning sign);
medium;
dight.

“Minor junctions’ comprised marked T-junctions
and crossroads within each section, including those
with no-through roads. ‘ Accesses’ included unmarked
junctions, public accesses and private drives (entrance
to afarm, factory, driveway, track, filling station or
public house, etc.), and laybys.

Semi-continuous data
These variables included:
— lighting;

— reflecting road studs;
— kerbing;

— number of lanes,

— road markings;

— land use.

Lighting, reflecting road studs, kerbs and white edge
lines were recorded as being present or absent along most
of the link. This therefore refers to the condition prevailing
over most of the site. The number of lanes was also taken
to be that over most of the link length. Centreline
variables were derived which simply indicated the
presence somewhere on the link of double white lines,
solid lines, broken lines and centre hatching, and the
number of times the type of marking changed.

The overall percentages of each category of land use
adjacent to the road were estimated by the observer. The
main categories were residential, farming, wooded, open
and industrial.

Continuous data
The following variables were recorded:
— visihility;
— verge width and type;
— roadside type.
Values of these variables were sampled from the video
at frequent intervals.

Forward visibility was estimated in three categories:
good (observer would be prepared to overtake in the

absence of an oncoming vehicle), average (observer would
overtake slow vehicle in the absence of an oncoming
vehicle) or poor (observer would not overtake). The
percentage of each site with, for example, good visibility
was estimated as the number of samples classified in the
‘good’ category multiplied by 100 and divided by the total
number of samplesfor visibility.

A similar procedure was used for the other continuous
variables. Verge width was estimated as being less than 1m,
between 1m and 2m, or 2m or greater. The main categories
of verge type were grass verge, pavement, low bank, ditch,
or none. Thisreferred to the feature immediately adjacent to
the road. Roadside type was the dominant vertical feature
nearest to the road, for exampl e trees (overhanging the road
or not), hedge, high bank, fence (‘ closed’ or ‘open’), wall,
open land, reflector posts or buildings.

2.4.3 Other geometric data
A measurement of link length was made for all sites, either
from maps or on-site.

Road width was measured for al sites. In most cases it
related to a point where the speed/flow measurements were
made, but for some it related to a representative point away
from junctions or bends and for others the average of 3
such points.

Hilliness was measured from maps by counting the
number of (10m) contour lines crossed either up or down,
multiplying by 10 to give the total change in height, and
dividing by the link length.

2.4.4 Data checking and processing

Data entry was carefully checked and extreme values
investigated further to ensure they were genuine. The
discrete variables were either retained as whole link
‘binary’ factors (i.e. the feature was either present or
absent) or were divided by the link length, to givea
‘density’ value - for example, bend density as the number
of bends per kilometre.

2.5 Accident data

Details of personal injury accidents were obtained from
TRL’s copy of the STATSL19 national accident database from
1992 to 1996 for the ‘old’ sites and from 1994 to 1998 for the
‘new’ dites. The numbers of fatal, serious and dight accidents
which occurred on the defined link section were obtained.
Minor junctions at the ends of link sectionswereincluded in
the section, but not major junctions. The numbers of accidents
were disaggregated by location (junction/non-junction), by
vehicle involvement (single vehicle/multiple vehicle) and by
severity (fatal/serious/dight).

3 Site characteristics

3.1 Location and road class

The distribution of the 174 sites by region and road class is
shown in Table 1. The sample had a wide geographical
spread, although the North West was under-represented.
47% of siteswere A class roads; 31% were B class and
22% were C class or unclassified (U).



Table 1 Distribution of sites by region and by road class

Region A B c/uU Total
East 9 9 10 28
East Midlands 9 9 8 26
North West 4 2 1 7
South East 27 8 6 41
South West 10 9 4 23
West Midlands 13 9 4 26
Y orkshire & Humberside 9 8 6 23
Total 81 54 39 174

3.2 Geometric data
The following summarises some of the main features.

Road width. Road width varied from 2.0m to 10.2m with a
mean vaue of 6.5m.

Number of lanes. The number of lanes was defined as the
dominant characteristic of the link. Four sites were either
mainly, or entirely, single track roads and all but 3 of the
rest were two-lane roads.

Link length. Link length ranged from 1.0km to 7.0km, with
amean length of 3.0km.

Bendiness. Approximately half the sites had 3 or more bends
per km. About athird had at least 1 savere bend per km.

Hilliness. Just under half the sites were relatively flat, with
atotal rise and fall of lessthan 10m per km. The maximum
hilliness value was 67m per km.

Number of junctions. Over 80% of sites had at |east one
minor junction (including end junctions where applicable).
About a quarter had one or more crossroads and three-
quarters had one or more T-junctions. Total junction
density ranged from O to 6.0 per km (mean 1.1 per km).

Number of accesses. Access density (including public and
private accesses and laybys) ranged from 0 to 57 per km
(mean 8.6 per km).

3.3 Traffic flow data

The annual average daily total (AADT) traffic flow ranged
from 106 to 25750. As Table 2 illustrates, on average, it
was highest on the A roads (9128) and lowest on the C/U
roads (1755).

Table 2 Traffic flow by road class

A B C/U All
Minimum 1732 862 106 106
Mean 9128 4340 1755 5990
Maximum 25750 17365 6566 25750

3.4 Accident data

Table 3 shows the numbers of personal injury accidents,
their severity, accident frequencies and rates by road class,
for all sites. The accident rates shown have been calculated
from the accident and flow data to reflect the number of
accidents per unit of exposure. The unit of exposure used
is 100 million vehicle-kilometres.

The overall proportion of fatal and serious accidents
(27%) was the same as that found by Barker et al. (1998)
for all rural single-carriageway roads in Great Britain.

The overall mean accident rate (calculated as the total
number of accidents divided by the total number of vehicle-
kilometres) was 42 accidents per 100 million veh-km. Rates
were highest on the C/U roads and lowest on the A roads.
They were higher than the equivalent figuresin Barker et
al. (1998) for all rura single-carriageway roads in Great
Britain: 37 accidents per 100 million veh-km compared
with 30 on A roads, 51 compared with 42 on B roads and
62 compared with 45 on C/U roads. Barker et al., 1998
figuresrelate to all accidentsincluding those at major
junctions and might therefore be expected to be higher
than those recorded here. However, it is possible, even
likely, that the present sample is an unrepresentative cross
section of road types — for example, there may be more
bendy and hilly sitesin the sample than in the national
population. Such sites were deliberately included in the
present sample to allow the effects of these featuresto be
properly examined.

Table 4 shows the same data by region for all sites
combined. Rates ranged from 37 accidents per 100 million
veh-km in the South East (where A class roads were
strongly represented — Table 1) to 65 per million veh-km
in the North West.

Table 5 shows the numbers of accidents according to
whether or not they occurred at or within 20m of a minor
junction. The percentage of non-junction accidents was
higher on the lower class roads; the C/U roads had the
lowest non-junction accident density, but the highest rate.

Table 6 shows the number of single vehicle accidents.
The C/U roads had a higher percentage of single vehicle
accidents than the A or B roads; they also had the highest
single vehicle accident rate, but the lowest single vehicle
accident density.

3.5 Summary of speed, flow and accident data

To be consistent with previous studies (Taylor et al.,
2000), the speed data used in the analyses reported here
are those observed in the daytime off-peak period (09:00 to
16:00). In this period, speeds can be considered to relate to
free-flowing vehicles under typical flow conditions. (The
correlation coefficient between the mean off-peak speeds
used here and the equivalent values based on all 24 hours
of datawasin fact very high indeed - 0.99.)

Table 7 shows summary statistics for the speed, flow
and accident data, including some of the key speed
variables defined in Section 2.3. In this table, the mean
accident frequency and rates are calculated as the average
over all sites; they are therefore unweighted by link length,
unlike the figures tabulated in Section 3.4.

The table shows the average 85" percentile speed to be
amost 8 miles/h higher than the average mean speed
(which is slightly more than 1 standard deviation). The 85"
percentile speed varied widely from site to sitewith a
maximum of 67 miles’h, even though the speed limit was
60 mileg/h.



Table 3 Accidents by road class

Annual

average
Accident Accident  two way Accident
No. of accidents Severity frequency density  vehicle rate
Road (% fatal or No. of (acce/site/  Length (acce/ flow  Veh-km  (per 10°
class Fatal Serious Sight Total serious) sites year) (km) year/ km) AADT (x108) veh-km)
A 53 310 964 1327 274 81 3.28 222.6 1.19 9128 354 374
B 21 146 452 619 27.0 54 2.29 168.1 0.74 4340 12.1 51.3
C/U 4 46 168 218 229 39 112 127.9 0.35 1754 35 61.5
All roads 78 502 1584 2164 26.8 174 2.49 518.3 0.84 5990 51.1 42.4

Table4 Accidents by region

Annual

average
Accident Accident two way Accident
No. of accidents Severity frequency density  vehicle rate
(% fatal or No. of (accs/site/  Length (accs/ flow  Veh-km  (per 10°
Region Fatal Serious Sight Total serious) sites year) (km) year/ km) AADT (x108) veh-km)
East 8 94 241 343 29.7 28 2.45 93.7 0.73 5698 8.54 40.2
East Mid 12 83 267 362 26.2 26 2.78 95.0 0.76 4136 6.74 53.7
N West 5 17 52 74 29.7 7 211 12.7 1.17 5540 1.13 65.3
S East 16 115 450 581 22.6 41 2.83 98.3 1.18 9039 15.52 374
S West 11 37 156 204 235 23 1.77 74.5 0.55 3951 4.99 40.9
W Mid 12 58 153 223 31.4 26 1.69 55.9 0.80 5486 511 43.6
Y&H 14 98 265 377 29.7 23 3.28 88.2 0.85 5748 9.05 41.7
All roads 78 502 1584 2164 26.8 174 248 518.3 0.84 5990 51.1 42.4

Table 5 Non-junction accidents by road class
Non- Non- Annual Non-
% of junction junction average junction
accidents accident accident two way accident
No. of accidents which frequency density vehicle rate
Road are non- No. of (accs/site/ Length (acce/ flow Veh-km (per 10®
class  Non-junction Junction Total junction sites year) (km)  year/ km) AADT (x108) veh-km)
A 786 541 1327 59 81 1.94 222.6 0.71 9128 35.4 222
B 449 170 619 73 54 1.66 168.0 0.53 4340 12.1 37.2
C/U 175 43 218 80 39 0.90 127.9 0.27 1754 35 49.3
All roads 1410 754 2164 65 174 1.62 518.3 0.54 5990 51.1 27.6
Table 6 Single vehicle accidents by road class

Sngle Sngle Annual Sngle
% of vehicle vehicle average vehicle
No. of accidents accidents accident accident two way accident
which are frequency density vehicle rate
Road Sngle Multi- single No. of (acce/ Length (acce/ flow Veh-km (per 10®
class vehicle vehicle Total vehicle sites  site/ year) (km)  year/km) AADT (x109) veh-km)
A 290 1037 1327 22 81 0.72 222.6 0.26 9128 35.4 8.2
B 200 419 619 32 54 0.74 168.0 0.24 4340 12.1 16.6
C/U 85 133 218 39 39 0.44 127.9 0.13 1754 35 24.0
All roads 575 1589 2164 27 174 0.66 518.3 0.22 5990 51.1 11.3




Table7 Summary statisticsfor speed, flow and
accident data

Sandard
Mean deviation Minimum Maximum

Mean speed (miles/h) 442 5.85 26.0 57.6
85% _ile speed (miles/h) 51.9 6.69 29.5 67.2
Coefficient of variation 0.17 0.03 0.13 0.29
% exceeding 60miles’h 5.0 6.5 0.0 38.1
Mean excess speed (miles/h) 4.7 25 0.0 125
AADT (flow/day) 5990 4828 106 25750
Accident frequency (per year) 25 2.01 0 8.8
Accident rate (per km per year) 0.9 0.72 0 4.0
Accident rate (per 10° veh-km)  52.6 37.9 0 271

4 Methodology for accident analysis

4.1 Introduction

The main aim of the accident analysis wasto determine
whether (and by how much) accidents would change on a
given link section if everyone drove faster than now, all
else remaining constant. A typical speed-accident plot for
data from arange of heterogeneous roads tends to show a
negative rel ationship between accidents and speed. In the
earlier study of urban link sections referred to in Section 1.3
(Taylor et al., 2000), a simple speed-accident plot
exhibited a negative relationship of thiskind. But when the
links were classified into homogeneous groups, a positive
relationship was found within each group, showing that
higher speeds are associated with more accidents. The
level of pedestrian crossing activity was an important
determinant of the group classification, such that when the
pedestrian effect was accounted for directly in the
modelling, the underlying speed-accident relationship was
shown to be positive. As already mentioned in Section 1.3,
the pedestrian effect had been masking the true effect of
speed. Appendix A illustrates the point more fully.

The speed and accident data from the present sample of
174 links, when taken as a single plot, produces a highly
significant, negative regression coefficient [-1.37 (£0.34)]
between log(accident rate) and log(mean speed),
suggesting a strong negative relationship. Thisis contrary
to what we would expect based on the results of extensive
‘before and after’ studies, namely that if traffic speed
decreases on a given road then accident frequency also
decreases. The main source of this‘perverse’ result is
likely to be a masking factor caused by heterogeneity of
the links.

4.2 Theanalytic procedur e adopted

In approaching the analysis of this data, the assumption

has been made that the heterogeneous sample of link

sections consists of several relatively homogeneous

groups. The masking problem was therefore addressed

using a two-stage process:

e thelinkswerefirst classified into relatively
homogeneous groups;

e the relationship between speed and accidents was then
examined within groups.

Thefirst step, road classification, was addressed by
applying a suitable multivariate technique that can take
account of the correlations between the large number of
descriptive variables. The method used was principal
components analysis. This algebraic techniqueisa
powerful tool for identifying those combinations of
variables which carry the bulk of the variance in the data.
The aim was to extract a principal component (or
components) which was as appropriate as possible for
classifying the link sections by road type. The process
awards ‘scores' to individual links which, in the context of
the present study, reflect those road characteristics which
can provide a satisfactory basis for such aclassification.
On the basis of these scores the links can then be classified
into reasonably homogeneous groups.

The principal component analysis was conducted using
all those variables that describe the main characteristic
features of the road (and which satisfy certain appropriate
statistical criteria), without making any distinction between
dependent and independent variables. The list included
accident rate, which is an important element in road
quality determination. Once groups had been formed in
thisway, the variables used to form them were statistically
evaluated to ascertain their role in group discrimination.
Not all variables will necessarily contribute usefully to this
discrimination and an ‘optimum’ set must generally be
chosen which are justified statistically. To determine the
best discriminating variables a stepwise discriminant
analysis was employed.

Once the homogeneous road groups had been defined
using principal components and discriminant analysis,
multivariate regression models were devel oped between
accident frequency as the dependent variable and a set of
explanatory or independent variables. The group
membership was used in this analysis as an (explanatory)
categorical multilevel factor. The effect of speed variation
on accident frequency within the groups was estimated
using the mean speed as an explanatory variable, alongside
traffic flow, link length, road geometry and environmental
variables where appropriate.

The multiple regression method used was
Generalised Linear Modelling (GLM) (see Section 4.3).
The effects of the explanatory variables and of the road
type factor were estimated using a multiplicative
Poisson model fitted to the personal injury accident
counts for the 5 year period considered.

4.3 Multipleregression analysis

4.3.1 Model forms
Modelling was undertaken at two levels— Level 1 (termed
the ‘core’ model which included basic variables only) and
Level 2 (which included awider range of variables).

The mathematical form of the Level 1 model was:

Accident Count = (YR).k. Q*L" V* exp[Zg, Y, ] Q)

where: YR = number of years of accident data
Q = AADT flow (per day)
L = link length (km)
V = mean speed (mileg/h)
Y. = adummy variablefor group ‘i’ (= 1if inith

group, 0 otherwise)



and the parameters, k, a, b, a, and g, were to be estimated
from the data. The group factor was estimated by G, = exp[g]
for theith group for which Y, = 1. Using AF as " accident
frequency per year’, defined by (Accident Count/ YR), the
log-linear version of the modd is:

Ln(AF) =
In(k) +aln(Q) + b.In(L) +a In(V) +Z[g Y] (2

At Level 2, the core model was extended to include
additional termsinvolving any geometry or feature
variables that were found to have an additional, significant
effect on accident frequency.

The Level 2 model was:

Accident Count =
(YR).k. @*L° V¥ exp[g Y,] . exp[2c X ] ©))

where X, = ith geometry/feature variable and the ¢ are
coefficients to be determined.
Thelog-linear versioniis:

Ln(AF) =
In(k) +aln(Q) + b.In(L) +a In(V) +Z[g Y]
+Z[cX] 4

4.3.2 Procedure

Regression analysisis apowerful tool for identifying the

variablesthat affect accidents. Maher and Summersgill (1996)

cautioned against using it blindly. In devel oping the accident

models, the method of forward selection and backwards
elimination was used, applying the following criteria:

i Thelevel of statistical significance. Thiswasthe
dominant criterion. The measure used was the scaled
deviance difference resulting from the inclusion/exclusion
of the variables, taking account of the appropriate scale
factor attributable to over-dispersion. The scale factor
was estimated from the resulting residual deviance, asin
other similar studies (for example, Taylor et al., 2000).
No variables were accepted at |ess than the 5% level of
significance or rejected at the 1% leve or better without
very careful consideration.

ii The gtability of the modd. Where explanatory variables are
correlated with each other, introducing one tends to affect
the model parameters of the other(s). Any such instability
was carefully investigated at each stage, particularly with
respect to traffic flow, speed and link length.

iii The credibility of the effect. It is desirable that the effect
of avariable is understandable and that the models
should have alogical structure. Models with estimated
coefficients of the ‘wrong’ sign (ie. opposite to what
common sense would indicate) were examined carefully
to check the robustness of the finding.

iv The size of the effect and its ease of measurement.
Variables with alarge effect on accidentsin relation to
their range and which are straightforward for the
engineer to measure were preferred.

Even though alarge number of variables were available
for examination, al were subjected to rigorous scrutiny,
both individually and collectively, and none satisfying the
above criteriawere excluded at Level 2.

All of the continuous variables were treated as
continuous explanatory variables in the regression model.
The categorical variables were used as binary or multi-
level factors depending on their nature. For example,
‘centre line marking’, ‘hatching', ‘lighting’, ‘reflecting
road studs’ etc. were used as binary variables, indicating
whether such features were present or absent.

4.3.3 Accident categories

Mode s were developed initialy for All accidents (2164
accidents). Additional models were devel oped for different
STATSI9 categories of accidents separately, asfollows (the
figuresin brackets are the number of accidentsin the category
and the corresponding percentage of All accidents):

e Junction accidents (754 - 35%)
e Non-junction accidents (1410 - 65%)
e Accidentsinvolving fatal/seriousinjury (KSl) ( 580 - 27%)
(1584 - 73%)
(575 - 27%)
(1589 - 73%)

e Slight injury accidents
e Single vehicle accidents
e Multiple vehicle accidents

5 Classification of road linksinto groups

5.1 Identification and definition of Road Groups

5.1.1 Principal components analysis
Eighteen variables were found to be suitable for usein the
principal components analysis— see Appendix B (B1). The
strongest components extracted were investigated more
thoroughly in terms of their statistical power and their
meaning. The first two, components 1 and 2, were of
particular interest; they explained respectively, 20.1% and
16.1% of the variance in the data (see Appendix B(B2)).
Component 1 had a high score for roads which are
relatively wide and which have a high traffic speed
together with alow accident rate, low bend density, and
good visibility. If areasonably straight, wide road with
good forward visibility can sustain a high traffic speed
with lower than average accident rate then such aroad is
likely to be better designed and of better quality than one
that cannot. Thus the score of component 1 may be
considered as an indicative measure of road quality; this
first principal component istherefore a natural choice as
the road quality factor. Any grouping based on this
component will be primarily related to speed and to those
geometric characteristics which are associated with speed.
Component 2 on the other hand was largely related to
traffic flow and network characteritics, which are not
essentially a characteristic of the road — though flow and
geometry will inevitably be associated to some extent. In the
context of arelationship between speed and accidents,
however, the first principal component was the most
appropriate one for classifying road types. The effect of
variaionsin traffic flow on accidents can be reliably handled
by incorporating flow as a predictive term in the accident
modél. In the subsequent analysis, therefore, component 1
alone was used for the purpose of classification.



The scores of component 1 based on all 18 variables
(see Appendix B (B1)) were used to divide the link
sections into four groups with equal intervals of road
quality. Since these scores are standardised their mean
value is zero and standard deviation unity. The four groups
were formed as follows:

Group 1: Score<-1.0 (24 links; 14%)
Group 2: -1.0<Score<0.0 (58 links; 33%)
Group 3: 0.0< Score<+1.0  (65links; 37%)
Group 4: Score>+1.0 (27 links; 16%)

Table 8 shows the range of traffic flow in each Road
Group to be broad and virtually independent of the
Road Group.

Table8 AADT flow by Road Group

Flow (per day)

Mean Minimum Maximum
Group 1 2767 106 13283
Group 2 5967 229 22745
Group 3 7233 857 25750
Group 4 5908 680 16077
All 5990 106 25750

5.1.2 Discriminant analysis

For practical application of the road type grouping, it is
necessary to reduce considerably the number of variables
used for classification. A stepwise discriminant analysis
applied to the 18 variables was used to determine which of
the onesincluded in this solution were worth retaining; the
analysis suggested that only 6 out of the 18 variables made
an important contribution to the Group discrimination.
These were:

Mean speed
Accident rate
Junction density

(over the period 0900 — 1600).
(per 100 million veh-km).
(no. of minor junctions per km).

Bend density (no. of bends per km).

Accessdensity  (no. of public/private accesses and
laybys per km).

Hilliness (total rise and fall in metres per km).

It would not necessarily be expected as aresult of this
process that the variables that dominated component 1 in
the principal components analysis would emerge as the
most important discriminating variables. Thisis because of
the complex correlations between the variables. The
discriminant analysis maximises the between-group
variance compared to the within group variance, whereas
the principal components analysis operates on the data set
asawhole. Infact it can be seen that only three of the
variables above (mean speed, accident rate and bend
density) were amongst those with the highest loading
scores for component 1 (Appendix B (B2)).

Encouragingly, the six variables above are logical and
plausible. The three density variables and the hilliness
variable, which describe the type of road, encompass all
the primary descriptors that would be natural choices for
road quality.
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These six variables, then, are the ones that will be needed
to classify links into Road Groupsin future applications.
The use of thisreduced set is statistically robust, and the
amount of mis-classification occurring, compared to that
obtained if al 18 variables were used, will be minimal.

In the present study the allocation of linksinto the
Groups defined in Section 5.1.1 and used in the analyses
reported in Section 5.2 onwards (including the multiple
regression analysis described in Section 6), is based on the
full set of 18 variables.

5.2 Characteristics of Road Groups

Table 9 shows for each Group the mean values and the
standard deviations of the 6 key variables defining the
Road Groups.

It can be seen that the primary variation between the
Groups isin mean speed, accident rate and bend density.
The remaining three variables contribute significantly, but
to alesser degree. Thisis aso clear from the box-plots of
the variables shown as Figure 1. In these plots, the boxes
span the 25" to 75" percentile of the plotting variable, the
solid horizontal lines representing the median values. The
circles and asterisks are outliers and extreme values and
the ‘whiskers’ represent the range of the remaining data.

Table 10 summarises the statisticsin Table 9 and Figure
1 for the Group discriminating variables by comparing
Group averages with overall sample averages.

Thus the Groups can be broadly described as follows:

Group 1. Roadswhich are very hilly, with a high bend
density and low traffic speed. These are low
quality roads.

Group 2: Roads with a high access density, above average
bend density and below average traffic speed.
These are lower than average quality roads.

Group 3: Roads with a high junction density, but below
average bend density and hilliness, and above
average traffic speed. These are higher than
average quality roads.

Group 4: Roadswith alow density of bends, junctions
and accesses and a high traffic speed. These are
high quality roads.

Table 11 shows the cross-tabulation of the link sections by
road class and Road Group. It shows an interesting picture.
Whilg thereis, as would be expected, some correlation
between road class and Road Group (more than half of the
“higher quality’ Group 3 and 4 roads are A class roads while
more than haf of the ‘low quality’ Group 1 roads are C/U
roads), this correlation is far from perfect. Road classis
clearly not an adequate differentiator of road quality.

Table 12 shows the distribution of accidentsin the
categories defined in Section 4.3.3, by Road Group. It can
be seen that Groups 1 and 4 tended to have more severe
accidents, more non-junction accidents and more single
vehicle accidents. This suggests that excessive speed for
the conditions may be more dominant on roads in these
two Groups. The proportion of accidents at junctions was
highest on roads in Group 3, which have a high junction
density; the proportions of single vehicle accidents were
inversely related to the proportions of junction accidents,
as would be expected.



Table9 Mean and standard error of the Group discriminating variables

Mean (standard error)

(n = no. of links) Group 1 (n=24) Group 2 (n=58) Group 3 (n=65) Group 4 (n=27) All (n=174)
Mean speed (mileg/h) 35.1 (0.86) 41.2 (0.28) 47.2 (0.33) 51.7 (0.47) 44.2 (0.44)
Accident rate (per 10° veh-km)  107.8 (12.2) 48.6 (3.32) 41.3 (2.64) 39.2 (4.38) 52.6 (2.64)
Junction density (per km) 1.2 (0.24) 1.2 (0.10) 1.3 (0.10) 0.6 (0.07) 1.1 (0.06)
Bend density (per km) 5.1 (0.52) 3.5(0.26) 2.2 (0.20) 1.6 (0.23) 3.0 (0.16)
Access density (per km) 7.9 (0.57) 10.3 (1.20) 8.4 (0.96) 5.8 (0.81) 8.6 (0.56)
Hilliness (rise + fall, m/km) 15.3 (2.80) 14.5 (2.03) 12.7 (1.75) 15.0 (1.70) 14.0 (1.05)
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Table 10 Description of the Road Groups

Group 1 Group 2 Group 3 Group 4
Mean speed Low* Below average* Above average* High*
Accident rate High* Average Below average* Low*
Junction density Average Average High Low*
Bend density High* Above average Below average* Low*
Access density Below average High Average Low*
Hilliness High Average Below average Above average

* indicates statistically significantly different from Average (at 5% level at least)

Table11 Number of link sections by road class and

Road Group
Road Group

Total all
Road class Group 1 Group2  Group 3 Group 4 Groups
Class A 4 24 39 14 81
ClassB 7 19 19 9 54
Class C/U 13 15 7 4 39
All classes 24 58 65 27 174

Table 12 Percentage of accidentsin each accident
category, by Road Group

Accident Group Group Group Group All No. of
category 1 2 3 4 Groups accidents
Slight 70 76 73 70 73 1584
KSI 30 24 27 30 27 580
Junction 25 32 41 27 35 754
Non-junction 75 68 59 73 65 1410
Single vehicle 34 29 22 30 27 575
Multi vehicle 66 71 78 70 73 1589
ALL —Number 203 642 968 351 2164
(%of total)  (9%) (30%) (45%) (16%) (100%)

6 Accident modelling

This Section presents the results of the Generalised Linear
Modelling procedure described in Section 4.3. Theaim
was to devel op accident-predictive models using the Road
Grouping identified in Section 5 as a factor indicating road
quality, and other measures such as traffic flow and speed
as explanatory variables.

6.1 Level 1 models (Core models)

6.1.1 All accidents

The most important explanatory variablesin this model
were found to bethe AADT flow and the link length. Road
Group was aso found to have a significant effect on
accident frequency. With Road Group in the model, the
relationship between mean traffic speed and accident
frequency was significant and positive. In other words,
Road Group has had the effect of unmasking the true
speed-accident relationship. Thisroad quality factor can
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therefore be considered in the present context to be the
masking variable sought. The resulting speed effect in the
model represents the ‘within-Group’ effect.

Encouragingly, the effects of this set of variables and
factors were found to be remarkably stable throughout the
modelling process.

Equations (1) and (3) (Section 4.3) are based on the
implicit assumption that the within-Group speed effect is
constant for each of the Road Groups. The possibility that
this was not the case was tested by allowing the parameter
a to take adifferent value (a,) for each Group. The result
wasthat the a,’ s were not statistically significantly
different from each other and so the assumption of a
common effect was valid.

The resulting Level 1 model for All accidents was:

AF = (3.281x107). Q077 L1000 247 G, (5)
where, G, = 1.000 for Group 1
= 0539 for Group 2
= 0364 for Group 3
= 0.253 for Group 4

The estimated model parameters (for the log-linear
equation (2)), and their standard errors, are presented in
Appendix C (C1)). The model explains about 77% of the
total variation in the accident data attributable to non-
Poisson sources.

The power of mean speed, V, in Equation (5) is 2.48
(x0.60) so we are 95% confident that the value lies
between 1.28 and 3.68. On the assumption that Equation
(5) provides the best estimate of the effect of speed on
accidents, it follows that a 10% increase in mean speed
will result in a27% increase in accident frequency. The
figure of 2.48 is not dissimilar to the coefficient of 2.25
found for urban roads (Taylor et al., 2000), although the
two are not strictly comparable because the urban model
contained an additional speed parameter.

The power of link length, L, is 1.00 (£0.09), indicating
that accident frequency is directly proportional to link
length. In the earlier MASTER rura road study (Taylor et
al., 2000) the power was 0.85 (+0.07) with the number of
junctions also included as a parameter in the model. In a
study of accidents on modern rural trunk roads (Walmsley
et al., 1998), the power of L ranged between about 0.8 and
about 1.0, depending on the type of model.

The power of traffic flow, Q, is0.73 (£0.05), which
indicates that if the flow is doubled then accident frequency
will be increased by 65%. Thisis not significantly different
from the power (0.75 (£0.06)) found in the MASTER study
and istypical of results from other studies.



The Group factors are estimated relative to Group 1,
which has a default value of unity. The factors represent a
progressively decreasing accident frequency when moving
from Group 1 to Group 4 (which parallels the decreasing
accident rate which contributes to the identification of
these Groups). This result suggests that compared to a
Group 1 road, al else being equal, the accident frequency
on aGroup 2 road is 46% lower; on aGroup 3 road it is
64% lower, and on a Group 4 road it is 75% lower.

6.1.2 Accident categories

Separate models were devel oped for the six categories of
accident defined in Section 4.3.3. Table 13 summarises the
coefficients as defined in Equation (1), including the All
accidents result for comparison.

All of the models explain a high proportion of the non-
Poisson variability in the accident data with the exception
of the model for Single vehicle accidents for which the
number of accidents was relatively small. All effects were
statistically significant.

The results show that the effect of flow is quite different for
different types of accident. At one extreme, Single vehicle
accidents are almost proportiona to the square root of flow
(coefficient of 0.47 (+0.08)), while at the other extreme,
Junction accidents are directly proportional to flow
(coefficient of 1.03 (x0.11). It isintuitively sensible that
Junction and Multiple vehicle accidents should show the
strongest flow dependence. Walmdey et al. (1998) aso found
astronger flow dependence for Multiple vehicle accidents
than for Single vehicle accidents on modern rural trunk roads.

The power of L (link length) varies from 0.73 (+0.18)
for Junction accidents to 1.17 (+0.10) for Non-junction
accidents. Again thisis intuitively reasonable as
junction accidents will be less sensitive to link length
than link accidents will be.

The power of V (mean speed) varies from 1.31 (+0.65)
for Non-junction accidents to 5.11 (+1.25) for Junction
accidents. The result for Junction accidentsis a
particularly important one - it supports the growing
evidence that if speeds can be reduced on links then there
will be a substantial beneficial safety effect at the
junctions on those links as well. It also implies the
potential for significant benefits to be achieved from
strategies that slow traffic at junctions.

There is aso a suggestion that the effect of speed on the
more serious (K SI) accidents (power of 2.67 (+0.85)) is
greater than that on slight accidents (power of 2.41
(x0.72)), but this difference is far from being statistically
significant. Andersson and Nilsson (1997) suggest that
injury accidents are proportional to the sgquare of speed and
that fatal/serious injury accidents are proportional to the
cube of speed. The equivalent powers of speed here are
2.48 (+0.60) and 2.67 (+0.85).

6.1.3 Effect sizes

The size of the effect on accidents of flow and of mean
speed implied by each of the models, across the observed
ranges of these variables, has been examined. Details are
given in Appendix C (C2). The effect size of flow —a
measure of the change in the predicted accident frequency
associated with the lowest observed flow and the largest
observed flow - isvastly greater than that of mean speed or
Road Group. Moreover, within each accident category the
effect sizes are the largest for Group 1 roads.

Across the accident categories, the effect sizes are the
largest in all Groups for Junction accidents - the effect
size for Junction accidents on Group 1 roads being
particularly large. This Group includes roads which are
very hilly and bendy, and accident frequencies on these
roads (including accidents at junctions) are particularly
sensitive to increases in both traffic flow and vehicle
speed. Speed management on these roads would therefore
be expected to be particularly beneficial in road safety
terms. Asindicated in Section 5.2, roads in Group 1 tend
to have more Non-junction and more Single vehicle
accidents so measures addressing these accidentsin
particular, for example at bends, will be important.

6.2 Level 2 models

Level 2 models are the Level 1 models presented in
Section 6.1 which have been extended by adding
geometric variables and variables related to other road
features where appropriate. They have the form of
Equation (3) in Section 4.3.1.

Bend density (D_BENDS), based on all types of bends,
did not have asignificant direct effect on accidents
(although it was one of the variables that determined Road
Grouping). However, when bends were disaggregated by

Table 13 Coefficientsin Level 1 modelsfor different accident categories (Core Models— Equation (1))

Sight Non- Single Multiple All

injury KS Junction junction vehicle vehicle accidents
Constant (x 107) 2.530 0.762 6.577 x 10 339.7 16.09 0.511 3.281
Q 0.748 0.670 1.034 0.613 0.465 0.840 0.727
L 0.985 1.043 0.726 1.166 0.944 1.020 1.000
\% 2.408 2.666 5.105 1.309 2.330 2.616 2.479
Group 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Group 2 0.583 0.437 0.398 0.629 0.545 0.538 0.539
Group 3 0.382 0.325 0.251 0.428 0.312 0.381 0.364
Group 4 0.258 0.238 0.101 0.388 0.274 0.242 0.253
%EXp* 71% 7% 55% 74% 41% 7% 7%
No of accidents 1584 580 754 1410 575 1589 2164

* % variability explained by the model
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severity (into sharp, medium and slight) it was found that
sharp bend density (D_SHRPBN) had a significant positive
effect on All accidents. Thiswas aso true for several of the
other accident categories. (A sharp bend was defined as one
having a chevron and/or bend warning sign.)

Similarly, overall junction density (D_NJS) did not have
asignificant effect on All accidents, but when junctions
were disaggregated by type (into crossroads and T-junctions),
crossroad density (D_XRDS) had a significant effect on
All accidents. Thiswas also true for three other accident
categories, including Junction accidents. T-junction
density (D_TJS) also contributed significantly to
predicting Junction accidents.

No other road feature available in the data (including
hilliness and access density, which play asignificant rolein
the definition of the Road Groups) was found to have adirect
effect on accidentsin any category which was both
statistically significant and plausible (i.e. likdly to be causd).

6.2.1 All accidents
The extended (Level 2) model for All accidents was:

AF = (3152)(10-7)Q0728 .L1.039 .V2.431.G. . éO.lZl*DS+ 0.286*DX] (6)

Here, the abbreviation DS is being used for sharp bend
density (D_SHRPBN) and DX for crossroad density
(D_XRDS). The Group factors (G,’s) were:

G = 1000 for Group 1
= 0558 for Group 2
0.391 for Group 3

= 0.285 for Group 4

The estimated model parameters (for the log-linear
Equation (4)), and their standard errors, are presented in
Appendix C (C3). This model explains 80% of the total
variation arising from non-Poisson sources, that is about
3% more than the core (Level 1) model (Equation (5)). If
the parameter values for flow (Q), link length (L) and
mean speed (V) are compared with those for the Level 1
model it can be seen that thereis hardly any changein
them. The Group factors are also very similar. This
suggests that the effects of the additional variablesin the

model are stable and do not interact with the flow and
speed variables. Equation (6) implies that a 10% increase
in mean speed resultsin a 26% increase in accidents, if all
elseis constant; this result is virtually the same as that
predicted by the core model.

The predicted effects of the two additional variables are
such that, on a one-kilometre long section of road, each
additional sharp bend would be expected to increase the
accident frequency by about 13%, while each additional
crossroad junction would be expected to increase it by
about 33%.

6.2.2 Accident categories

Table 14 summarises the coefficients as defined in
Equation (3) of the modelsfor the separate accident
categories, including the All accidents results for comparison.

The table shows that sharp bends have a very substantial
effect indeed on Single vehicle accidents, each additional
sharp bend per kilometre increasing the Single vehicle
accident frequency by 34%.

The effect of crossroad density is greatest for Junction
accidents, which isonly to be expected. A comparison of
the coefficients of crossroad density (D_XRDS) and
T-junction density (D_TJS) suggests that, on the single-
carriageway rural roadsincluded in this study, an
uncontrolled crossroad is about 3 times as dangerous as an
uncontrolled T-junction. On atypical link 5km long with 5
crossroad junctions (average density 1 per km), if one of
the junctionsis changed from a crossroad to a T-junction,
then junction accidents will change by afactor e©257-1-39/
=0.80i.e. a20% decrease.

The effects of the core variables—flow, mean speed and
link length are broadly similar to thoseinthe Level 1 models.
The effect of mean speed inthe model for KS| accidentsis
such that a 10% increase in mean speed would be expected to
result in a30% increase in fatal/serious accidents.

6.2.3 Effect sizes

Effect sizes of the explanatory variables have been
estimated for the Level 2 modelsin the same way as
described for Level 1 modelsin Section 6.1.3. The effect

Table 14 Coefficientsin the Level 2 modelsfor different accident categories (Equation (3))

Sight Non- Sngle Multiple All

injury KS Junction junction vehicle vehicle accidents
Constant x 107 2.881 0.382 1.550 x 10* 216.6 4.944 1.231 3.152
Q 0.747 0.680 0.978 0.619 0.476 0.828 0.728
L 1.024 1.083 0.842 1.203 1.060 1.026 1.039
\Y 2.316 2.792 4114 1.387 2.537 2.372 2431
Group 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Group 2 0.608 0.439 0.592** 0.633 0.559 0.558 0.558
Group 3 0.416 0.329 0.431 0.435 0.327 0.414 0.391
Group 4 0.299 0.245 0.240 0.400 0.297 0.280 0.285
D_SHRPBN 0.116 0.143 - 0.123 0.292 - 0.121
D_XRDS 0.360 - 1.395 - - 0.432 0.286
D_TJS - - 0.287 - - - -
%EXp* 74% 79% 67% 75% 49% 78% 80%
No of accidents 1584 580 754 1410 575 1589 2164

* % variability explained by the model
** not significantly different from 1.0
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sizes for the additional variables (sharp bends, crossroads
and T-Junctions) have also been included. Details are
givenin Appendix C (C4).

The effect sizesfor the additiona variablesare smilar in
size to those for mean speed, the range effect of T-junctions
on the Group 1 roads being the largest. The observed density
of sharp bends on roads in Group 1 was as high as 5 per km.
On such link sections accident frequency is 83% higher than
on sections in the same Group with no sharp bends.

6.3 Other speed parametersand their effectson
accidents

During the modelling process a number of speed
parameters other than the mean speed were tested in the
Level 2 models, both individually and in combination with
other variables. These parameters were:

e Standard deviation of speed.

e Coefficient of variation of speed (Cv)
(ratio of the standard deviation to the mean speed).

e Percentage exceeding the speed limit of 60 milesgh (P).

e Mean excess speed over the 60 miles/h speed limit
(mean speed of those vehicles exceeding 60 miles/h).

The result was that none of these parameters was found
to improve the explanatory power of the models. However,
there are two points worth noting.

In the earlier study of urban roads (Taylor et al., 2000)
Cv was found to have a significant (positive) effect on
urban accidents (and was included with V in Model U1 of
Taylor et al., 2000). In that study, Cv was strongly
negatively correlated with mean speed (V), the regression
coefficient of Cv on V being —0.0078. In the present, rural
road study, Cv had a negative, but statistically non-
significant effect on accidents, for all categories of
accident. Cv was dlightly (but significantly) negatively
correlated with V (regression coefficient of Cv on V of
—0.0012). The effect of V remained stable when Cv was
introduced into the models, and Cv was of no added
benefit. The conclusion is that speed variability as
indicated by Cv did not influence accidents in the present
sample. The difference between the urban and rural results
reflects the different characteristics of the speed
distributions in these two situations.

Inamodel for All accidents, with InV replaced by
In(P+c) (where cisasmall constant added to avoid In(0)),
In(P+c) was found to be significantly and positively related
to accidents, with an estimated coefficient of 0.1137. The
result implies, for example, that if the percentage of
vehicles exceeding the limit is reduced from 20% to zero,
accidents would be roughly halved. However, the model
explains less of the accident variability than the model
with mean speed, and has less practical use, so is not
presented here.

It is also worth remarking on the fact that the results
presented in Sections 6.1 and 6.2 involve mean speed
based only on the off-peak period (0900-1600). As
indicated earlier, the correlation between mean speed
calculated for this period and for the full 24-hour period
was very high indeed; a simple linear regression between

the two variables indicated the 24-hour mean speed was on
average about half amile/h faster. A set of Level 2 models
(i.e. one for each accident category) was developed in
which the mean speed, V, was replaced by the 24-hour
mean speed, V.. All of the results were very similar
indeed to the off-peak models in terms of the parameter
values and goodness of fit. The models based on 'V are
preferred for two reasons: firstly for their consistency with
previous work, and secondly because 24-hour speeds are
effectively made up of several different speed distributions
each reflecting a different period of the day — they are thus
‘hybrid’ distributions, which probably lead to the slightly
weaker speed effects found in the 24-hour models.

6.4 Speed limit

Since the link sections from which the models were
developed were all on roads with the national 60 miles’h
limit, the effect of achange in speed limit (for example, a
reduction to 50 miles/h) cannot be directly assessed.
However, previous work (Finch et al., 1994) indicated that
areduction in speed limit, al else remaining unchanged,
can be expected broadly to result in areduction in mean
speed of about a quarter of the difference between the two
limits. Using this ‘rule of thumb’, a 2.5 miles/h reduction
in mean speed would be expected to be achieved from a
change in speed limit from 60 to 50 miles/h. The
corresponding reduction in All injury accidents predicted
by Equation (6) would be 12% assuming that the mean
speed of traffic on the road before the change was 50 miles/h.
This compares with 8% tentatively deduced in Taylor et al.
(2000). Additional measures would clearly be required,
however, to achieve full compliance with the new limit
and reduce accidents further.

6.5 Road width

Road width has been found in other studies to influence
accidents. In particular, increased road width was
associated with fewer accidentsin the earlier MASTER
study of rural single-carriageway roads (Taylor et al., 2000).
Road width was not, however, a useful explanatory
variable in the present study. This can be explained by the
fact that it is highly correlated with traffic flow. This
feature of the data was also apparent in the earlier principal
component analysis (Section 5.1) in which road width was a
dominant variable in the second component, component 2,
with almost the same loading as flow.

7 Practical implications of the models

7.1 Speed—accident effect by Road Group

Figure 2 shows the speed-accident relationship for the four
Road Groups. It is based on a constant average vehicle
flow of 6000 per day for each Group (this was the average
flow across all links and is well within the range covered
by each Group). For each Group the range of mean speed
plotted is the observed range. The relatively steep curve
for Group 1 means that larger safety benefits would be
expected to result if traffic speeds could be reduced on this
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Figure 2 Speed-accident relationship by Road Group (Level 2 model)
(Accident frequency cal culated with Q=6000veh/day, L = 2km,
sharp bend density = 0.5/km, crossroad density = 0.14/km.)

Group of roads, compared to the same absolute reduction
in mean speed in the Groups of faster, better quality roads.
This result is analogous to that obtained for urban roads
(Taylor et al., 2000), where speed reductions on the
slowest roads were predicted to produce greater accident
benefits than the same speed reduction on faster roads. (In
both cases, a constant proportional reduction in mean
speed gives the same accident reduction on roads in the
different Groups, because the power of mean speed in the
predictive equations is constant.)

7.2 Accident savings per mile/h reduction in mean speed

In the previous studies of the speed-accident relationship on
urban and rural roads (Taylor et al., 2000), the results from
the model's developed were al so presented in the form of
predicted accident savings per 1mile/h reduction in mean
traffic speed. Thiswas to provide a more detailed
understanding of an earlier broad-brush result (Finch et al.,
1994) that ‘a 5% reduction in injury accidents is associated
with each 1 mile/h reduction in mean traffic speed’.

The present result has been used here to update the rural
relationship in Figure 9 of Taylor et al. (2000), as shown
in Figure 3. Each curve represents the predicted injury
accident savings arising per 1 mile/h reduction in the mean
traffic speed (V), for different values of V. Two curves are
shown for the present data, one relating to the All injury
accident model (Level 2) and the other to the Level 2 KSI
model (for fatal/serious accidents); the figure also shows
two additional curves based on the earlier work - one for
the EURO model and one for the urban model (U1). The
ranges of speed plotted reflect the range observed in the
respective studies. The plot also shows the 5% saving line
reported by Finch et al. (1994). The accident savings were
calculated using the following formulae, converting the
results to percentages:
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A (AR, ) AR, =[2.252/V —0.046] . AV
for urban roads (model U1 of Taylor et al., 2000)

A (AFEURO)/ AFro = [1.536/V] . AV

for European rural roads (EURO model
of Taylor et al., 2000)

A (AFRural )/ AFRUra] = [2431 / V] . AV
for English rural roads (present model,
Equation (6))

A (AFRural KS|)/ AFRural KSI = [2792 / V] LAV

for English rural roads (KSI Level 2 model)

where AF is accident frequency, V is mean speed, A
represents a small change and the constants are the
coefficients obtained from the respective models.

It can be seen from Figure 3 that the new result for all
accidents on rural roads is somewhat different from the
previous result for rural roads (the EURO model), which
was based largely on European data, with alimited range
of UK road types. As discussed earlier, the results from
that study were particularly difficult to interpret.

The present result is considered to be a much more
reliable finding as far as English rural single-carriageway
roads are concerned since the study covers awide variety
of rural single-carriageway roads, with mean speeds
ranging from 26 to 58 miles/h. (The lower speeds on these
roads were lower even than those on many of theroadsin
the urban study.)

For the present rural model (Level 2), the percentage
reduction in All accidents per 1 mile/h reduction in the mean
speed (V) is[2.431/V] x 100. Thismeansthat if V is50 milesh
then the reduction is a4.86% per 1 mile/h reduction in the
mean speed. Table 15 shows the range of reduction to be
expected for each Road Group (each is effectively an
overlapping ‘segment’ of the curvein Figure 3).
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Figure 3 Predicted accident savings per 1 mile/h reduction in mean speed

Table15 Accident reduction per 1mile/h reduction in
mean speed (Level 2 model for All accidents)

Range of mean Reduction

speed (miles’h) in AF (%)
Group 1 26.0-41.6 94-59
Group 2 374-473 65-51
Group 3 40.0 - 53.0 6.1-4.6
Group 4 481 -57.6 51-42
All Groups 26.0-57.6 94-42

reduction in mean speed cal culated from the relevant
accident prediction models gives the estimated annual
accident reductions shown in the final column. The mean
speeds observed in the present study for rural single-
carriageway A and B/C/U roads were used to determine
the appropriate percentage reduction in accident frequency
per mile/h reduction in mean speed (5% and 5.5%
respectively) for these roads.

The overall estimate isthat more than 24,000 accidents

7.3 Identifying prioritiesfor speed management

In Taylor et al. (2000) the speed-accident relationships
quantified for urban and for rural roads were applied to
national accident numbers to estimate the potential safety
benefits from speed reduction strategies applied to
different road types. A number of reasonable assumptions
were made about the proportion of accidents that might be
affected on different types of road, and on the typical
speed reductions that might be achievable in each case.
The assumptions take into account the speed reduction
potential of available remedial measures and also the fact
that resources are not unlimited. Table C1 from Taylor et al.
(2000) is reproduced here as Table 16, replacing the rural
road results based on the EURO model with results based
on the present Level 2 model for All accidents.

The table shows the number of accidents occurring
nationally on roads of different type and speed limit. Using
arange of appropriate measures, it is assumed that speed
reductions of varying degrees can be brought about which
will affect certain proportions of these accidents (4" and 5"
columns). For example, it is assumed that on minor urban
roads, 15% of accidents can be affected by introducing
20 miles’h zones giving mean speed reductions of 10 mileg/h,
and that afurther 30% can be affected by lesser measures
resulting in a5 miles/h reduction in mean speed. Applying
figures for the percentage reduction in accidents per mile/h

can be saved nationally. The new results for rural roads
mean that a higher proportion of the total accident saving
would be expected to come from these roads (13%
compared to the 9% suggested in Taylor et al., 2000).
Whilst this represents quite a substantial difference for rural
roads, the overall conclusion remains the same - that speed
management policies have a greater potential to reduce
accidents and casualties on urban than on rural roads.

If only the most serious accidents are considered, the
importance of rural roads for accident reduction is greater.
The assumptions above applied to accidents involving
fatal/serious injury lead to an estimate of an annual
reduction of 801 serious casualties and of 104 fatalities on
rural roads, using the same casualty per accident figures as
in Taylor et al., 2000. (The corresponding figures for
urban roads are 3,144 and 173.)

7.4 Model application

The models devel oped here apply to sections of rural single-
carriageway road (60 miles/h speed limit) between 1km and
7km in length, which do not pass through any major
junctions. The ranges of the other variablesin the data on
which the models are based are given in Appendix C (C5).
These are the ranges over which application of the models
can be considered to be valid. Outside these ranges the
model predictions can be considered to be less robust.
Since the proportional effect of mean speed, V, on
accident frequency, AF, is the same for each Road Group
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Table 16 Potential national accident reductions (based on 1998 data) with the assumptions shown

Assumed

mean % reduction
Speed All Assumed speed in AF per Total
limit accidents proportion reduction 1 mile/h reduction in
(current: per year of accidents (miles/h) reduction accidents
Road type miles/h) (AF) affected V) inVv (per year)
Urban 20 289 0 - - 0
Minor urban 30 74,390 0.15 10 6 6,695
0.3 5 6 6,695
Main urban 30 80,173 0.3 5 3 4,810
0.3 25 3 2,405
Main urban 40 19,109 0.3 3 2 344
0.3 15 2 172
Rural 50 3,818 0 - - 0
Rural single-carriageway (A ) 60 23,217 0.3 4 5 1,393
0.3 2 5 697
Rural single-carriageway (other) 60 21,494 0.3 2 55 709
0.3 1 55 355
Other 60/70 16,433 0 - - 0
All 238,923 24,275

(eg. AF O V2“8for All accidents), the models devel oped
here can be used directly to determine the proportional
change in accidents from a known change in mean speed,
without classifying the road by Group.

However, if the absolute value of predicted accident
frequency is required, then it is necessary first to allocate
the link section to the appropriate Road Group. The
method by which this should be done is shown in
Appendix D. It isimportant to note that, in using the
models in this way, the Road Group must be unchanged
when predicting the change in accident frequency arising
from a change in mean speed.

8 Summary and discussion

8.1 Summary

A comprehensive study has been undertaken of the
relationship between vehicle speeds and accidents on rural
single-carriageway roads in England. This study follows
an earlier investigation of this relationship, which was
based on limited data from several European countries.

An extensive database was devel oped relating to 174
sections of English rural single-carriageway road with a 60
miles/h speed limit, a number of which had been used in the
previous study. Each section was between 1km and 7km
long and included minor junctions (where vehicles on the
road section do not have to give way) within the link section
but excluded magjor junctions (where there is a change of
priority). The data collected for each section comprised:
injury accident data (for 5 years), traffic flow and vehicle
speed data (for a 24-hour weekday period), and awide
range of details of road characteristics, geometry and layout.

The sample was stratified so asto include all road
classes and to provide a good geographical distribution, a
wide range of flow levels, and degrees of hilliness,
bendiness and junction/access frequency. A wide range of
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mean speeds (26 to 58 miles/h) and accident rates (0 to 271
per 100 million vehicle-kilometres) was observed.

The statistical methods of principal component and
discriminant analysis were used to classify the link
sections into 4 relatively homogeneous Road Groups
within which the speed-accident relationship could be
investigated. In this very effective classification, the
Groups were defined by a set of 6 variables: accident rate;
mean speed; minor junction density; bend density; access
density; and hilliness. These together reflect the
operational characteristics of the road, or ‘road quality’,
which can be described as follows:

Group 1. Roadswhich are very hilly, with a high bend
density and low traffic speed. These are low
quality roads.

Group 2: Roads with a high access density, above average
bend density and below average traffic speed.
These are lower than average quality roads.

Group 3: Roadswith a high junction density, but below
average bend density and hilliness, and above
average traffic speed. These are higher than
average quality roads.

Group 4: Roadswith alow density of bends, junctions
and accesses and a high traffic speed. These are
high quality roads.

The multiple regression technique of Generalised Linear
Modelling was used to devel op models relating accident
frequency to speed, flow, Road Group and geometric
variables for anumber of different accident categories (All
accidents; accidents involving fatal/serious injury and those
involving dlight injury; Single vehicle and Multiple vehicle
accidents; and Junction and Non-junction accidents).

The models devel oped explained a high proportion of
the variability in the accident data and the effects of the
key variables were found to be strong, plausible and stable.



The main results were as follows:

e Accident frequency in all categoriesincreased rapidly
with mean speed — the All accident frequency increased
with speed to the power of approximately 2.5 - thus
indicating that a 10% increase in mean speed resultsin a
26% increase in the frequency of al injury accidents.

e The relationship between accident frequency and traffic
flow and link section length mirrored that typically
found in other similar studies.

e Accident frequency varied between the Road Groups
defined above. It was highest on the Group 1 roads, and
about a half, athird and a quarter of thislevel on roads
in Groups 2, 3 and 4 respectively.

e Thefrequency of All injury accidents was also found to
increase rapidly with two further measures: these were the
density of sharp bends (those with a chevron and/or bend
warning sign) and the density of minor crossroad junctions.
These increased accidents by 13% and 33% respectively
for each additional bend/crossroad per kilometre. Single
vehicle accidents were particularly strongly affected by the
density of sharp bends (34% increase in accident frequency
per additional sharp bend per kilometre.)

e The effect of mean speed was found to be particularly
large (power of about 5) for junction accidents,
suggesting substantial potential for accident reduction
from strategies designed to reduce speeds at junctions.

e No other measures of speed were found to influence
accident frequency as strongly as, or in addition to,
mean speed.

e The percentage reduction in accident frequency for a
1 mile/h reduction in mean speed implied by the *All
accidents’ relationship depended on the mean speed. It
ranged from 9% at a mean speed of 27 miles/h to 4% at
amean speed of 60 miles/h.

e Theeffect of speed on fatal and serious accidents was
greater than its effect on All accidents taken together,
though the difference was not stetigtically significant. A
10% increase in mean speed would be expected to result in
a30% increase in the frequency of fatal/serious accidents.

8.2 Discussion

The models presented in this report differ from the rurel
speed-accident model previoudy reported (Taylor et al.,
2000) in anumber of ways. The present models are
substantially more robust, being based on amore structured,
extensive and relevant database. They predict a stronger effect
of speed on accidents than did the previous model; the
reduction in accidents for a1 mile/h reduction in mean speed
was 4.5% to 7.5% in the present study compared with 3% to
5% across the mean speed range covered in the earlier study.
Despite the size of the speed effect established here for
rural roads, it has been shown that in terms of accident
reduction potential, speed management policies applied to
urban roads are still likely to provide the greatest benefits.
Thisis because of the vastly greater number (and more
concentrated distribution) of accidents occurring on those
roads. The assumption in this assessment is that speed
affects (mgjor) junction and link section accidentsin a

similar way and does so similarly on urban and rural roads.
The present study indicated a much stronger speed effect on
accidents at minor junctions compared to that on the
sections between them. This suggests that the effect of speed
on accidents at the major junctions may also belarge. If this
rural speed effect does extend to mgjor junctions, then the
potential for speed management policies to reduce speed on
these roads may be underestimated here.

The classification of roads into Groups reflecting road
quality was fundamental to the study. An aternative simple
classification by road class did not allow a satisfactory
speed-accident model to be developed. Similarly, the use of
aset of variables which excluded accident rate in the
classification proved to be unsatisfactory. The classification
approach adopted was essential to generating the ‘ masking’
(Group) factor sought.

Thereisalot more work to be done to develop the basis
for speed management policies on rural single-carriageway
roads. The issues to be addressed are raised
comprehensively in the Government’s review of speed
policy (DETR, 2000). They include:

e the need to define arural road hierarchy according to
road function;

e the need to establish what are appropriate speeds for the
different types of roads in this hierarchy;

e the need to identify means of achieving these
appropriate speeds,

e the need to define a policy for setting appropriate speed
limits, taking account of the hierarchy and of the
appropriate speeds to be achieved.

The present study has provided a basis from which to
progress these issues. The Road Group classification
developed here has the potential to contribute to defining a
road hierarchy. Hierarchy will be linked strongly to the
existing road class, but B classroads in particular have a
wide variety of geometry and function. In the present
classification they were well distributed across the four
Road Groups (Table 11). Whilst those in Groups 3 and 4
are, broadly, able to sustain higher speeds safely, those in
Groups 1 and 2 are not designed to do so.

The Group classification allocated several A class roads
to the low quality Group 1 and many to Group 2. A casual
observer might well describe a number of these roads as of
“high quality’ in the general sense of the phrase, because
they have high quality signing and marking —alarge
amount of white paint. But in fact they are roads that have
an inherently high accident risk because of their tendency
to be hilly and bendy and/or to have alarge number of
accesses; on top of thisthey carry high traffic flows.
Whilst it is possible that the signing and marking prevents
these roads from being even more dangerous than they are,
it is clear that even when this signing/marking is of the
highest quality, it cannot overcome the risk implicit in the
general (and largely fixed) alignment and nature of the
road. These roads present a particular problemin
treatment, because whilst lower speeds are needed to
reduce risk, the longer journey times that result and the
high levels of traffic flow involved may bring significant
economic disbenefits.
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9 Conclusions

1 The study has achieved its objective of developing a
speed-accident relationship for English rural single-
carriageway roads which is straightforward to interpret
and apply. The analytical process successfully overcame
the difficulty inherent in this type of study of de-
coupling the effects of mutually correlated variables.

2 The resulting predictive relationship for All injury
accidents shows that accident frequency rises rapidly
with the mean traffic speed on agiven road, and
quantifies this effect. The relationship can be used to
estimate the change in accident frequency resulting from
achange in mean speed on a given road and, if applied
to local or national accident statistics, to estimate the
effects of different speed management strategies.

3 Theclassification of roads into groups reflecting road
quality which underpinned the analysis has the potential
to contribute towards the development of aroad
hierarchy on rural single-carriageway roads.
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Appendix A: lllustration of the 'masking' effect

The following example has been constructed to illustrate
the “masking’ problem faced in the analysis of the data
from the present study of rural roads.

A sample of data showing arelationship between two
variables X and Y has been synthesised. Four groups of
data (G1 to G4) were generated, each with alinear
relationship of theform Y =g + b X, with acommon slope
‘b’ but different values of the intercept ‘a’. The values of a
were -8, -9, —10 and —11; the value of b was 2.0. A
random ‘error’ was added to each function value to make it
resemble an observation with error. These ‘error’ values
were drawn from a Normal population with mean zero and
standard deviation 0.25. The values of the independent
variable X were chosen to overlap between the four groups

and the overall range of X was 3.0to 4.5.

Figure Al isthe plot for the four groups separately, each
showing the positive linear relationship between the X and
Y values. The relationships are parallel, since the dlope ‘b’
is common to the four groups. Figure A2 shows a plot of
the same data, ignoring the groups. It also shows alinear
relationship, with a regression equation which has a highly
statistically significant, negative slope. The simple
correlation coefficient is highly significant. It would be
easy from this plot aone to conclude that a negative linear
relationship between Y and X describes these data well,
but this conclusion would not reflect the underlying pattern
in the data.
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Appendix B: Identification of Road Groups

Bl Variablesused

The following 18 variables were found to be suitable for
use in the principal components analysis. The figuresin
square brackets are the variable means.

AADT Annual average daily traffic. [5990]
ACC RATE Accident rate per 100 million

vehicle kilometres. [ 52.6]
D_ACCESS Accessdensity (No. of accesses

and laybys per km). [ 8.6]
D _BENDS No. of (sharp/medium/dlight) bends

per km. [3.0]
D _BUS No. of bus stops/markings/bays

per km. [ 0.4]
D_CNTMRK No. of changesin centre road

marking per km. [ 1.5]
D_NJS No. of minor junctions

(T-junctions/X-roads) per km. [1.2]
D_RDMRK  No. of road markings (slow/arrows/

change lanes etc) per km. [ 2.2]
D_RDSIGN No. of (order/direction/information/

warning) signs per km. [ 5.0]
D_TURNLN No. of separate right/l€eft turning

lanes per km. [0.2]
HILLINESS Total rise and fall (m per km). [ 14]
MEAN_SPD Mean traffic speed (miles/h). [ 44.2]
PC 85ILE 85" percentile speed. [ 51.9]
PC HEDGE % of link with hedge on the roadside. [ 52.0]
PC_OVHNG % of link with overhanging trees. [4.0]
PC_VERGW % of link with wide verge (>2m). [ 11.8]
PC VISGD % of link with good forward

visibility. [ 35.6]
WIDTH Road width (m). [6.5]

B2 Principal components

Principal components analysis algebraically convertsthe
observed data matrix (expressed in terms of cases and
variables) into amatrix in which the components are
defined as linear combinations of the original variables X,
(standardised) as:

Fj:Z.a.X

i

Thefirst principal component is F, and it isthat linear
combination of variables which has the greatest sample
variance; F, has the second greatest variance, and so on.
The g are known as the variable ‘loadings'.

Table B1 presents the variable loadings for the 2
statistically strongest principal components extracted,
showing their association with the 18 variablesin B1
above. Variables which have the highest loading make the
greatest contribution. The first two principal components
explained 20.1% and 16.1% respectively of the variance in
the data. The third and subsequent principal components
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TableB1 Variableloadingsfor thefirst two principal

components
Component

1 2
AADT 0.269 0.749
ACC_RATE -0.548 -0.273
D_ACCESS -0.138 -0.039
D_BENDS -0.555 -0.320
D_BUS -0.047 0.541
D_CNTMRK 0.097 0.274
D_NJS -0.113 0.586
D_RDMRK -0.008 0.144
D_RDSIGN -0.155 0.543
D_TURNLN 0.130 0.551
HILLINESS -0.074 -0.101
MEAN_SPD 0.930 -0.041
PC_85ILE 0.928 -0.087
PC_HEDGE 0.122 -0.091
PC_OVHNG -0.040 -0.211
PC_VERGW 0.194 0.026
PC_VISGD 0.428 0.339
WIDTH 0.390 0.647

Loadings greater than 0.5 are shown in bold.

explained much smaller proportions of the variance in the
data than did the first two components.

The mean speed and the 85™ percentile of speed have a
high positive loading on component 1, indicating that it is
primarily a‘speed’ component. This component is also
negatively correlated with accident rate (ACC_RATE) and
bend density (D_BENDS), asindicated by their negative
loading, and includes positive contributions arising from
the proportion of road with good forward visibility and
from road width.

Thus scores on component 1 will be strongly correlated
with traffic speed and to alesser extent with other
geometric features of the road. A lower than average speed
will produce alow score and a higher than average speed
will produce a higher score for this component. The
negative loading for accident rate means that alower than
average accident rate will produce a higher scoreand a
higher than average accident rate will produce alow score.
Therole of bend density is very similar to that of accident
rate; a high proportion of sections with good forward
visibility and relatively wide roads will also increase the
score on this component.

Component 2 is dominated by AADT flow and road
width (WIDTH), with other characteristics such asthe
density of minor junctions (D_NJS), road signs
(D_RDSGN), bus stops and turning lanes al so featuring.
Hence this component has been identified with high traffic
flows and arelatively dense road network.



Appendix C: Modedl equations, effect sizes and data ranges

ClLog-linear equation for Level 1 (Core) model for All
accidents

The log-linear equation for the Level 1 models (Equation (2)
inthe main text) is:

In(AF) = Constant +
alnQ+b.In(L) +a.In(V) +Z[g Y,]

where g, is the appropriate parameter for the ith Group.

Table C1 Poisson regression model for All accidents

(Level 1)
Variable Coefficient  se(coefficient) t Sg-t
Constant -14.93 2.215 -6.74 <0.0001
In(Q) 0.7268 0.0483 15.05 <0.0001
In(L) 1.0000 0.0912 10.97 <0.0001
In(V) 2.479 0.6039 4.10 <0.001
Groupl 0.000 — — -
Group2 -0.6176 0.1561 -3.96 <0.001
Group3 -1.010 0.2090 -4.83 <0.001
Group4 -1.376 0.2628 -5.24 <0.001

se = standard error t = studentised t-value
sig-t = significance level of t (probability)

The initial Deviance was 1341 (df 173) and the Residual Deviance after
fitting the model was 433 (df 167). This gives a ‘scale factor’ (o2 ) of 2.6.
The model explains 77% of the variation arising from non-Poisson
sources. (2164 accidents analysed.)

C2 Effect sizesfor Level 1 (Core) models

The effect size of avariable is defined here asthe
muliplicative factor by which the accident frequency
would be expected to increase or decrease if the variable
varied from the lowest (Min) to the highest (Max) in the
observed range, assuming everything else is constant.
Table C2 gives the Min and Max values for flow and mean
speed by Group; Table C3 shows the effect sizes within
each Group and for each of the 7 accident category models

Table C2 Flow and mean speed variation by group

AADT Flow (per day) Mean speed (miles/h)

Minimum Maximum Minimum Maximum

(Min) (Max) (Min) (Max)

Group 1 106 13283 26.0 41.6
Group 2 229 22745 374 47.3
Group 3 857 25750 40.0 53.0
Group 4 680 16077 48.1 57.6
All Groups 106 25750 26.0 57.6

in terms of the ratio (Max/Min)*, where ‘X’ is the estimated
power of flow (@) or mean speed (a) in Equation (1) of the
main text.

C3 Log-linear equation for Level 2 model for All
accidents

The log-linear equation for the Level 2 models (Equation (4)
inthe main text) is:

InN(AF) = Congtant + a. In(Q) + b. In(L) +
a.In(V)+Z[g VY, 1+Z[c X ]

where g, is the appropriate parameter for the ith Group and
the X,'s are any other explanatory variables.

In Table C4, the variables that augment the Level 1
models are D_SHRPBN (sharp bend density) and
D_XRDS (crossroad density).

C4 Effect sizesfor Level 2 models

The effect size of avariable is defined here, asin section C2,
as the muliplicative factor by which the accident frequency
would be expected to increase or decrease if the variable
varied from the lowest (Min) to the highest (Max) in the
observed range, assuming everything else is constant. Min
and Max values for flow and mean speed by Group were
givenin Table C2.

Table C3 Effect sizesfor flow, mean speed and Group variation (Core models)

Sight Non- Sngle Multiple All
Accident category injury KS Junction junction vehicle vehicle accidents
AADT flow
Coeff (a) 0.7479 0.6705 1.034 0.6135 0.4647 0.8399 0.7268
Group 1 37.08 25.51 147.68 19.37 9.44 57.82 33.48
Group 2 31.16 21.83 116.13 16.80 8.47 47.57 28.28
Group 3 12.74 9.79 33.74 8.07 4.86 17.43 11.86
Group 4 10.65 8.34 26.32 6.96 4.35 14.25 9.96
Mean speed
Coeff (a) 2.408 2.666 5.105 1.309 2.33 2.616 2.479
Group 1 3.10 3.50 11.02 1.85 2.99 3.42 3.21
Group 2 1.76 1.87 3.32 1.36 1.73 1.85 1.79
Group 3 1.97 2.12 4.22 1.45 1.93 2.09 2.01
Group 4 1.55 1.62 2.53 1.27 1.53 1.61 1.57
Group
Coeff of Group 4 -1.353 -1.436 -2.290 -0.946 -1.293 -1.418 -1.376
Group 1to 4 0.26 0.24 0.10 0.39 0.27 0.24 0.25
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Table C4 Poisson regression model for All accidents

(Level 2)
Variable Coefficient  se(coefficient) t Sg-t
Constant -14.97 2.192 -6.83 <0.0001
IN(Q) 0.7282 0.0477 15.24 <0.0001
In(L) 1.039 0.0903 11.51 <0.0001
In(V) 2431 0.5945 4.09 <0.001
Group 1 0.000 - - -
Group 2 -0.5840 0.1519 -3.84 <0.001
Group 3 -0.9390 0.2043 -4.60 <0.001
Group 4 -1.256 0.2585 -4.86 <0.001
D_HRPBN 0.1213 0.0485 2.50 <0.02
D_XRDS 0.2865 0.1324 2.16 <0.05

se = standard error
t = studentised t-value

sig-t = significance level of t (probability)

The initial Deviance was 1341 (df 173) and the Residual Deviance after
fitting the model was 402 (df 165). This gives a ‘scale factor’ (o2) of

2.4. The model explains 80% of the variation arising from non-Poisson
sources. (2164 accidents analysed.)

Table C5 Effect sizesfor Level 2 M odels

Max-min Sight Non- Sngle Multiple All
range injury KS Junction junction vehicle vehicle accidents
Flow, Mean speed and Group variation
AADT Coeff (a) 0.7471 0.6801 0.9778 0.6187 0.4764 0.8283 0.7282
flow Group 1 * 36.93 26.72 112.57 19.86 9.99 54.67 33.71
Group 2 * 31.04 22.81 89.68 17.20 8.94 45.10 28.46
Group 3 * 12.71 10.12 27.86 8.21 5.06 16.75 11.92
Group 4 * 10.62 8.59 22.04 7.08 451 13.73 10.01
Mean Coeff (a) 2.316 2.792 4114 1.387 2.537 2.372 2431
speed Group 1 * 297 3.71 6.91 1.92 3.29 3.05 3.13
Group 2 * 1.72 1.93 2.63 1.39 1.82 1.75 1.77
Group 3 * 1.92 2.20 3.19 1.48 2.05 195 1.99
Group 4 * 1.52 1.66 211 1.29 1.58 154 155
Group  Coeff of Group 4 -1.207 -1.408 -1.427 -0.9163 -1.214 -1.273 -1.256
Group 1to 4 0.30 0.24 0.24 0.40 0.30 0.28 0.28
Geometry variation
Sharp Coeff (c) 0.1161 0.1428 0.1230 0.2922 0.1213
bend Group 1 0.0-5.00 1.79 2.04 1.85 431 1.83
density Group 2 0.0 - 3.00 142 1.53 1.45 2.40 1.44
Group 3 0.0-417 1.62 181 1.67 3.38 1.66
Group 4 0.0-0.75 1.09 111 1.10 1.25 1.10
X-Road Coeff (c) 0.3600 1.3950 0.4323 0.2865
density Group 1 0.0-1.00 1.43 4.03 154 1.33
Group 2 00-111 1.49 4.70 1.62 1.37
Group 3 0.0- 1.00 1.43 4.03 154 1.33
Group 4 0.0-057 1.23 221 1.28 1.18
T-Junction Coeff (c) 0.2875
density Group 1 0.0-6.00 5.61
Group 2 0.0-2.00 1.78
Group 3 0.0 - 2.50 2.05
Group 4 0.0-1.29 145
* See Table C2
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C5 Data ranges

Table C6 Datarangesfor usewith Level 1 and Level 2 models

Explanatory
variable

A class roads
Mean (range)

B class roads
Mean (range)

C/U class roads
Mean (range)

All roads
Mean (range)

Q(AADT)

V (miles’h)

Sharp bend density / km
Crossroad density / km
T-Junction density / km

9128 (1732 — 25750)
46.0 (32.7 - 57.6)
0.45 (0.00 — 5.00)
0.18 (0.00 — 1.11)
0.81 (0.00 — 6.00)

4340 (862 — 17365)
445 (35.3 - 54.7)
0.62 (0.00 — 3.20)
0.11 (0.00 — 0.77)
0.63 (0.00 — 2.14)

1755 (106 — 6566)
40.1 (26.0 — 52.4)
0.44 (0.00 — 4.17)
0.10 (0.00 — 1.00)
0.37 (0.00 — 1.50)

5990 (106 — 25750)
44.2 (26.0 — 57.6)
0.50 (0.00 — 5.00)
0.14 (0.00 — 1.11)
0.65 (0.00 — 6.00)
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Appendix D: Allocation of link sectionsto Road Groups

For the purposes of accident prediction, link sections must
be alocated to their appropriate Road Group, to enable
application of either the Core (Level 1) or Level 2 model.
This can be done as follows, using Fisher’s classification
function applied to the six key variables identified in the
discriminant analysis (Section 5.1.2).

Fisher’sclassification function

In any classification process a misclassification error
occursif acaseis allocated to awrong group. Thisisa
particular problem when the parent populations overlap.
The probability of such an error can be minimised by
defining the population boundaries according to certain
rules. Fisher’s classification functionis alinear
combination of the variables derived to achieve this:

X:%+Zq§

where b is a constant, the bj’ sare classification function
coefficients and the x;'s are the values (raw data) of the
variables.

Table D1 presents the classification function coefficients
estimated here for the four Road Groups.

Table D1 Classification function coefficients

Road Group
Variable Group 1 Group 2 Group 3 Group 4
Mean speed 5.743 7.151 8.220 9.112
Accident rate 0.0243 -0.064 -0.091 -0.113
Junction density -0.909 -2.188 -2.668 -4.324
Bend density -0.316 -1.392 -2.092 -2.536
Access density 0.691 0.944 1.066 1.140
Hilliness 0.418 0.481 0.531 0.593
(Constant) -108.525 -151.533 -196.711 -239.687

Using these coefficients, four function values (X, X, ,
X, , X, ) need to be calculated, one for each of the four
Groups using the values of the 6 variables for the link
under consideration. Thelink isthen assigned to the Group
for which the X value isthe largest. Using the variables
listed in the first column of Table D1 the procedure for
classification isthus asfollows:

i Calculate for Group 1, using column 1
X,=-108.525 + 5.743* (Mean speed) + ... +
0.418* (Hilliness).
ii Calculate for Group 2, using column 2
X,=-151.533 + 7.151* (Mean speed) + ... +
0.481* (Hilliness).
iii Similarly calculate X, , X, for Group 3 and 4.
iv Compare the values of X, X, X, and X, and choose the
Group with the largest value.

v Allocate the link to that Group.
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Abstract

A research programme at TRL over the last decade has demonstrated beyond doubt that the faster drivers choose to
travel, the more likely they are to be involved in an accident, and that higher speeds on roads with otherwise similar
characteristics are associated with more accidents. The programme included a European study of speed and
accidents on rural single-carriageway roads, but this involved arelatively small proportion of UK roads.

The report describes a more extensive investigation of the relationship between speed and accidents on rura
single-carriageway roads in England. The study involved: site selection; the collection and analysis of datafrom 174
road sections; the application of statistical techniques to group the sections; and statistical modelling to relate
accident frequency to factors such as traffic flow, vehicle speed and other characteristics of the road.

The report presents the resulting speed-accident relationships and discusses their implications for rural speed
management.
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