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1. INTRODUCTICH

In January 1981, the Federal Office of Road Safety
commissioned RACV Consulting Services to undertake a study to
define a practical and systematic procedure for the
identification of hazardous locations throughout Australia.

1.1 STUDY OBJECTIVES

The objectives defined by the Federal Office of Road Safety
for this project were FOUR fold.

1. Feview the available information on methods of i1dentifying
and improving hazardous locations, taking into account:

. relevant researech in Australla and overseas
current practices and approaches
possible new alternatives

2. Identify those facters which contribute to the existence of
hazardous locations.

3. Comment on the adegquacy of the existing metheods identified,
for application in Australia, considering:

the adequacy of current data sources
. the practicality of the methods

4. Based on existing data sources, formulate a practical and
effective procedure for identifving and ranking hazardous
locations and demonstrate its feazibility.

1.2 STUDY PROCEDURE

The study gbjectives outlined above were subseguently
refined to develop a detailed study procedure. The following
tasks were then undertaken,



1.

Establishing the state-of-the-art of hazardous location
identification procedures. & review of the research

literature was undertaken to:

identify the evaluation techniques which have been used,
and to determine their reliability, their acceptance and
the administration and organisational requirements.

. accumulate research findings by others on the
effectiveness of countermeasures.

gain an insight into on-going research into predictive
analysis technigues.

Analysis of existing evaluation procedures in use in
Australia by reviewing the operations of each State
Authority involved in hazardous location research.
Freparation of an inventory of existing Australian
resources. A detailed assessment of each 5tate’s effort in
the field of road accident data and analysis was performed
which included an appraisal of:

the gquantity and gquality of available recad accident data
. the availability of any other accident-related data

data storage, processing and retrieval facilities

finance and staffing
. relationships between agencles.
Defining potential identification procedures. The principle
ocbjective of the study was to develop an identification

procedure which could be implemented immediately., The
various technigues available, the techniques presently in



use in Australia and the constraints on data collection and
processing, provided a framework in which to assess the
range of procedure options that were avallable.

Comparison, selection and testing of the most likely
options. Statistical assessment was undertaken to determine
which procedure option produced a meaningful result. Each
of the options were similarly field tested by:

selecting test locations to include a variety of
development, terrain anrd roadway locations.

applying each procedure using actual accident records.
statistical testing where appropriate

traffic management and engineering evaluation of the

effectiveness of each measure tested,

relative measure comparisons &0 highlight preferred

procedures.

in=-depth testing of the preferred procedure to develop
procedural guidelines.

Definition of the scope of predictive analy=zis. The
possibility of extending preferred procedures was
investigated 5o that Authorities concerpned with road safety
could tackle accident prevention.

Preparation of a zeparate guideline document, outlining
preferred procedures for practitioners,



1.3 QUTLINE QF THE REPORT

This report evolved from the working documents provided to
the Federal Office of Road Safety during the course of the
project. To keep the report manageable, it was necessary to
include only those features, tables, analyses and formulae that
directly bear on the arguments and discussions enclosed. Hence,
any repetitiveness of data and calculations is minimised in the

interest of simplicity and comprehension.

Readers wishing more detailed background te any of the
arguments described are referred to the working documents
available at RACV Consulting Services, 123 Queen Street,
Melbourne, 3000,

1.4 REPORT STRUCTURE

Figure 1.1 shows the overall structure of the Hazardous
Location Report. The format is summarised as follows:

Chapter 2 discusses the identification of hazardous
locations and defines the warious terminclogies used

throughout the report.

Chapter 3 cutlines the overseas research into hazardous

location procedureas.

Chapter 4 summarises the existing investigation procedures

in &ach State in Australia and briefly reviews the existing
data available in sach State, the data reguirements for the
pProposed procedures, and ipprovements to data bases

necessary to accommodate these regquirements.

Section 5 describes potential procedures awvailable for
testing and evaluating harzardous road locations.

Chapter & describes testing procedures for identifying

hazardous locations at urban intersections.
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Chapter 7 describes
hazardous locations

Chapter B8 describes
hagardous locations

the testing procedures for identifying
on urban sections.

the testing procedures for identifying
in rural areas.

. Chapter 9 includes the recommendations resulting from the

testing procedures,

reviews overseas and Bustralian research

into accident reduction factors, and describes further

research required in hazardous location identification and

investigation.

The procedural guidelines for hazardous rcad identification

iz a separate document to this study report. Coplies are

avallable through the Federal Department of Transport, Federal

Office of Boad Safety, Canberra, Australia.



£.1 OVERVIEW

Programmes for identifying hazardous locations go under
various names, s=uch as "Accldent Black Spot Programme", "High
Accident Location Programme® and so on. A fundamental assumption
of all these programmes is that adverse road design plays a
contributory rele in the occurrence of a substantial proportion
of road accidents. OECD (1976) estimated this proportion as
being one-gquarter of all road accidents.

Subsequently, it follows that a substantial proportion of
accidents could be averted by improving the existing road system.
QECD (1976) conservatively estimated this saving as 20 percent.
Hills and Jacobs (1981) pointed to increasing evidence from the
U.E. and the U.5.A. that low-cost remedial measures,
appropriately directed at identified hazardous locations, can be
highly cost-effective in reducing accidents.

Aoceptance of these assumpticons, and of the cost-
effectiveness of appropriately directed location treatments, has
led to a plethora of hazardous location identification programmes
throughout the world. The intention of the remainder of this
chapter is to introduce some of the common objectives, concepks
and terminologies used before embarking on specific descriptions

of procedures in coperation overseas and in Australia.

2.2 DBJECTIVES

It appears that no existing programme for identifying
hazardous locations is concerned solely with identification.
However, some Australian programmes tend to see this part of the
process as being gquite independent of the subseguent
investigations aimed at diagnosing accident problems, evaluating
countermeasures, and developing implementation pricrities.



More commonly, hazardous location programmes have dual
objectives of identifying and investigating hazardous locations.
Quite often, these objectives can be inter-dependent as, for
example, at the Greater London Council (Landles 197%). Here the
accident blackspot programme was aimed at identifying locations
with sufficient accidents of the same type for which cost
effective remedial measures were already available.

The London example illustrates that hazardous location
identification programmes can have integrated objectives well

beyond merely identifying the location of hazardous parts of the

road system.

The general objectives of this type of hazardous location
identification programme, therefore, would include:

{1) identification of road locations at which:

. there is an inherently high risk of accident
losses, and

there is an economically justifiable opportunity
to reduce this accident risk.

(1i) identification of countermeasures options and prigorities
which maximise the economic benefits Erom the programme.

2.3 PHASES OF IDENTIFICATION PROGRAMMES

To match these objectives, a hazardous location
identification programme needs to include the following phases:

(i} locating high risk locations,

{ii) diagnesis of accident problem({s) at these locations,

{iii} idemtification of countermeasures(s) to these acecident
problemis},



{iw) smelecting from countermeasure options and developing
countermeasure ilmplementation priorities to maximise
the economic benefits from the programme.

Fhase (1} will henceforth be called the IDEHNTIFLICATION
FHASE, to match the limited objectives of historical hazardous
location identification programmes. Phases (i1) and (11i) will
be referred to as the INVESTIGATION PHASE, while phase (iv) will
be called the PROGRAMME IMPLEMENTATION phase.

It 15 worth reiterating that these 3 phases need not be
independent. The objectives and procedures of the Identification
Phaze, for instance, can influence the Investigation Phase, and
vice versa., However, the main thrust of this project will be
directed towards the IDENTIFICATION and PROGRAMME IMPLEMENTATION
procedures for hazardous road locations

2.4 DEFINING ROAD LOCATIONS

The first step in identifving hazardous road locations (HRL)
is to define a unit of road location. The definition can be
specific or broad; the location unit might be an individual site

{eg, Llntersection or short road section), or a route or area.

There are competing objectives in formulating road location
definitions. One cgbjective is to maximise the potential number
of accidents which occur at each location to minimize chance
variatign in accident incidence, This usually reguires lgcations
to be as large as possible., Ancther objective is to define each
location as specifically as possible so that investigation and
treatment of identified hazardous locations is aided. This
usually requires locations to be as small as possible.

Intersections are an attractive type of location for use in
HRL identification programmes. They are sufficiently specific to
aid the investigation phase and usually have the potential for
large numbers of accidents, This 1is particularly true for
intersections on major roads,



Road sections between intersections are less attractive
locations. Accidents on sections in urban areas occur relatively
infregquently and usually do not cluster. This situation does not
aid either identification or investigation. To facilitate
section identification, it i1s possible to group contiguous road
sections into a single length bounded by major road
intersections. This process only requires that sections have the
same minor intersection characteristics. Using this definition
of a road section, however, the guestion of whether minor
intersections should be considered as part of the section or not

iz always present.

4.5 IYEE OF ROAD LOCATION

The road system 1s never homogensous, either in terms of
design and coenstruction or the amount of traffic carried. Hence,
it would be guite inappropriate to consider all road locations
collectively (no matter how defined) 1n a single HRL

identification programme.

A normal regional classification for road leocation is
whether the site is located in an URBAN or RURAL area. In urban
areas, it is usual to consider intersection and sections
separately. Sections on local streets are seldom considered
other than in an “"area” definition of location, and only
intarsections with major roads usually have sufficient accidents
to be of interest. 1In rural areas, however, it is usual to
consider intersections and sections together.

wWithin each classification, there can be further breakdowns
if it is useful in the identification phase. Particular
locations may have substantially different accident expectations
depending on the road hierarchy, intersecticen copfiguration, and
the presence of traffic controls. These factors then can be used
to define sub-systems of the urban intersection classification.



2.6 CRITERION FOR HIGH ACCIDENRT RISE

Having defined road location, the next step is to define
what constitutes a "hazardous location". In general, hazardous
locations are normally associated with high risk {or probability)
of accident; the higher the risk of accident, the more likely the

lecation Wwill be considerad hazardous.

There are two criteria commonly used to indicate high risk.
The first is that the number of accidents per unit time 1is
relatively large while the second iz a relatively large accident
rate. The second accident criterion may be defined in various
ways, but essentially is the ratioc of the number of accidents to
the expected number of accidents under pormal clrcumstances,

The numpber criterion measures high accident risk per unit
time. HRisk measured by the rgte criterion i1s related to the type
of measure used in its dencminator, but in general, measures high
risk per opportunity of accident occurrence. Typical
denominaters in rate criterion are wehicle-kilemetres for
sections, and the number of vehicles entering at intersections,
These denominators are commonly referred to as "exposure”.

There is little agresment on which type of criterion 15 most
appropriate for identifving hazardous locations. Proponents of
the number approach have argued 1Lt focusses attenticon on
locations where most aoccidents occur, and hence, the programme
has the most potential to reduce accildents. Proponents of the
rate approach, however, argue #hat it identifies sites where
there is something truly unusual, not just a high level of
traffic,

In terms of achieving the general cbiectives of the HRL
programme {(see Chapter 2.2), there is little difference in the
choice of identification criterion, though some practitioners may
suggest otherwise. Both approaches can identify locations where
treatment could be cost-beneficial., Whether treatment szhould be
ilmplemented, however, and whether this in turn maximally



contributes to the cost-benefitness of the programme, 15 also
related to other identification procedures and to the subsequent

investigations carried out.

An open guestion i1is whether the number or rate approach, or
some alternative or combination of the two, i3 more effective and
efficient in identifying locations where the resources reguired
for subsequent attention are minimised and the economic treatment
benefits are maximised. The eventual choice between these
alternative dependent variables is usually empirically based.

2.7 UHMDERE REPORTING OF ROAD ACCIDENTS

There 1s every reason to believe that World-wide accident
statistics are conservative. Bull and Boberts (1973)
demonstrated that up to one-third of all ipnjuries sustained in
car accidents in the UK failed to appear in police notifications,
particularly when only one vehicle was involved. Similar results
have been found in other countries (McGuire 1%73).

Shinar, Treat and MacDonald (1983) also guestioned the
validity of accident data in the United S5States. They argued that
the least reliable accident reports were those concerned with
road characteristics and accident severity.

Given the ghortcomings that have been documented in
Australian accident reporting (Smith 1976; Hendtlass, Bock and
Eyan 1%80; Wales 1983) it 15 most probable that deficiencies also
exist 1n Australian data bases.

How these shortcomings effect hazardous location
identification is not clear at this stage. It could be that
accidents at some sites are under-reported compared to others; it
may also be that under-reporting is general across all sites.

As there is little information about #he pature of under-
reporting in Australia, it must be assumed that anomalies only
influence the absolute numbers of accidents, rather than the



relative accildent rates. The possibility that an inconsplcucus
hazardous site may be overloocked, however, needs to be

recognised.

2.8 STATISTICAL ASPECTS

A5 noted previously, 1t is usual to define a hazardous
location as one with a relatively high accident risk. The
statistical implications of this definition are similar no matter
whether the risk 15 time-based or accident opportunity based (ie,

exposure-based) .

It is widely assumed that the number of accidents at a
location during a particular period have a Poisson distribution.
This i3 not to say that accident numbers at different locations
or at the same location during different pericods will appear to
come from a Poisson distribution {except under very controlled
conditions, as reported by Erlander, Gustavsseon and Larusson
196%). BRather, they may appear to come from a mixture of Poisson
distributions resembling a Negative Binomial distribution, from
which most leocation-toe-location or year-to-year accident numbers

appear to come {(Hutchinson and Mavnoe, 1977%).

The assumption of the Poisson Jdistribution for accidents at
one lacation during one period appears to be well based (Cameran,
19659, but is not an assumption that can be easily tested.

The mean of the statistical distribution of the number of

accidents in a4 given time interval is:
the time-based risk by the length of the interval, als

the exposure-based risk by the exposure occudrring at the

location during the time interwval.

In erther case, a Poisson distribution of the actual number

of accidents around the mean is a commonly used model, The mean
of the distribution is sometimes referred to as the "expected

accident freguency".



From the Poisson model, it i3 possible to define the
statistical distributions of the number of accidents per unit
time [mean = time-baged risk) and, if =xposure is known, of the
accident rate per unit exposure (mean = exposure-based risk).

Aided by these statistical distributions, it 1s possible to
calculate {at least approximately) the probability of a given
accident number or accident rate at a particular location under
the assumption that its risk (time-based or exposure-based) 1is
the same as the average risk for the sub-system of locations. If
this probability is small, it is usual to conclude that the risk
at a particular location is different from average, where high
risks are of particular interest. Of course, chance may have
played a role and the risk at the location may not, in fact, be
any different from average. This is known as a Type | error.

Similarly, the location may have a high risk, but the
ocbservation period was too short or the location was tooc small,
to generate sufficient accidents for identification, This is
known as a Type II error. The statistical distributions can also
be used to calculate the probability of the Type II error for
various levels of risk relative to the sub-system average.

In general practice, however, these statistical tools are
not essentlal components of HRL identification programmes and,
therefore, are not always used. There are a number of commonly
used alternatives to the procedure of identifying HRL defined as
those with accident experience exceeding a level which would be
gxpected with small probability at the average lewel of risk,
These non-statistical alternatives are:

accident experience exceeding the expected accident

aEperience,
accident experience exceeding twice the expected level,

. accident experience exceeding some arbitrary level (usually
related to the regquired number of identified locations to

match some pre-defined treatment budget) .
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4.9 ACCIDENT SEVERITY

Not all accidents are egqually severe. There is a belief
that the more severe accidents should be given greater weight in
identifying hazardous locations.

There is no agreement regarding how this is best done, One
approach is to give each accident a weight representing the
average "cost of accident”™ in the severity category in which it
falls. 1If this is deone, fatal accidents receive more than ten
times greater weight than that assigned to injury accidents.
Hence, this may causes fatal accidents to dominate the
identification procedure which results in the identification of
spuriaus locations, that 1s, those without high aceident risk.

A compromlse approach is to disproportionately weight the
more severe accidents, but not with extreme weights in proportion
to the average cost., This is a more common approach and many
such weighting systems exist (see Table 2.1). However, because
the approach lacks a firm conceptual base, it is not clear how
the optimum weights should be derived.

TARLE 2.1

SUMMARY OF AUSTRALIAN ACCIDENT SEVERITY WEIGHTINGS

ACT ms¥ OLD  SA'  Tas VIO wat

——

Fatal accident 16 3 4 &0 ] 12
Injury crash where a 4 1B 3 20 1 nia 3
casualty Ls admicted

o hioapltal

Injury crash shere a 4 1.1 i 20 i nia A

casvalty L8 not
admitred to hospital
Property damage only | I

HSTES: 1, In HEwW, this= basic fackor 1s bLow-awa)y acoigents,
. In %A the weightings are approximately based
upon the accadent costs wncluded.
9. In WA the weights are gensrally not used.

SOURCE: State Road and Traffic Safety hAuthorities, 1982

1% =



2.10 ACCIDENT COST

Another reason for taking into account the severity of
accidents occurring at a location is related to the economic
assessment of a proposed treatment during the investigation
phase, The expected accident reduction from the treatment needs
to be quantified in monetary terms, and this in turn, is related
to the total economic loss of past accidents as a proxy for
future expected losses. In this case, it is common to welght
accidents of different severity by the average cost in each

severity category.

However, there is a view that Society is willing to pay more
to prevent future accidents than the cost of past accidents.
Costs of past accidents are known as eXx post costs,. The value
that society is willing to pay to prevent a future accident is
known a&s its ex ante value and this has been estimated as 2 or 3
times the ex post cost of an accident of the same type and
severity (RACV 1983, Lay 19823). 1If ex ante wvalues are used, it
is more likely that proposzed treatment would be Judged cost-

bpeneficial during the investigation phase.

It should be pointed out that methods for estimating ex ante
values of accidents are poorly developed. Ex post cost give a
guide to the lower bound of ex ante values and are more
appropriate for the purpose of weighting accidents of different
severity in the identification phase,

2.11 QTHER ECONOMIC CRITERIA

In making economic decisions regarding which sites and in
what order of priority to treat identified harardous locations,

there are two fundamental guestions:

Among a number of different countermeasures at an identified
location, which ahould be chosen?



Among a number of identified location and chosen treatment
combinations, which should be implemented and in what order?

A refinement of this two-stage decision process (first
attributed to Jorgensen 1966}, 15 a linear programming method
devised by Mahalel, Hakkert and Prashker (1982) which allows the
full range of potential treatments at each location to be
considered in order to maximize the economic benefits from the
programme. This approach produces the optimal economic decision,
but Mahalel et al have shown that it is superior only for small
treatment budgets ($180,000) and little different to the two-
stage process for large budgets ($540,000),

Because the two-stage process is simpler and in more common
use, the economic concepts associated with this approach only
will be described hers,

2.11.1 Location-oriented Criteria

Each potential treatment at an identified location has
expected values of:

Benefits, due to a reduction of future accidents and
consequent economic losses, over a number of years; and

Costs, due to the cost of installation {and, perhaps, re-
installation) and the cost of maintenance, 1f applicable,

over a number of years.

The period over which these economic criteria are usually
considered is somewhat arbitrary, but is usually related to the
longest service life of the treatments being considered (10, 20
or 30 years). A fixed period is used for all Lreatments,

The value of future benefits and costs are normally
discounted to present values using an interest rate usually
eguated to that available from investment in the public sector.



Currently, an interest rate of 10% is commonly chosen bY most
Australian States. Methods of discounting have been described by
Laughland, Haefner, Hall and Clough {1375).

The present value of total benefits over the period
considered is known varicusly as Net Present Benefits (NFB),
Present Worth of Benefits (PWOB), or like terms. Similarly, the
present value of total costs is known as Net Present Costs [(HPC)
or Present Worth of Costs (PWOC).

For comparison between alternative potential treatments at a
location, a number of different economic criteria are commonly
used:

Benefit-Cost Hatio {(BCR) = HPB/HNPC

Het Present Value (HPV) = HPE - NPC

First Year Rate of Return (FYRR), which iz the present value
of benefits in the first year divided by the installation
cost.

Internal Rate of BReturn {(IRR}, which is the discount
interest rate which, if applied, would result in zero NPV.

Treatments expected to result in BCR less than one, or NFV
less than zero, are considered not economically justified. FYERR
and IRR are compared with the returns available from alternative
sources of public investment and, 1f the return from treatment 1is
lower, the project 1s deferred for at least gne year.

The most common method in Australia for choosing between
alternative potential countermeasures at an identified locaticn
iz to choose the one with the highest BCR.



2.11.2 Programme-oriented Criteria

At the programme level, the constraint of the available
budget has an impact on the economlic declisions which is not
normally felt at the location lewvel,

It ias known that a ranking of projects by their individual
BCRs produces a programme with maximum economic benefit in terms
of cumulative NPV. However, the size of this programme may not
be in agreement with the total budget available and some funds
may be wasted because the next project in the BCR ranking may be
too expensive to include in the programme because the budget

would be exceeded,

QECD (197&) recognised the problem and pointed out that the
programme of treatment projects may have to be adjusted to make
use of all of the available funds. They also saw a need for
promoting some projects with favourable long-term effects which
could not be guantified for inclusion in cost-benefit
calculations., HNevertheless, QECD {1978} endorsed the general
principle that "measures are ... put intoc effect unpti]l funds run
out, in order of decreasing effectiveness coefficients”.

2.12 COMMENTS

There are several salient points apd concepts defined within

this chapter:

there 15 a need to assume that adverse road design leads to
accldents and low-cost remedial treatments are highly cost

effective in reducing accidents,.

the hazardous nature of a road locatlon 13 closely
associated with the risk of road accident.

FProgrammes for hazardous road locations should include
identification, investigation and implementation phases to
maximise the resultant bepefits,



Statistics are more useful for testing the robustness of

accident data, rather than for predicting accident rates.

It is appropriate to apportion extra importance to casualty
accidents in determining hazardous road locatlons.

EXx post costs have been assumed to have an advantage over £x
ante wvalues at this time for accident cost-benefit analysis.

Benefit Cost Ratio (BCE) is the most common means in
Aaustralia for choosing between alternative potential

countermeasures.

There i3 a need to study the effects of under-reporting of
road accidents across Australia and how this influences

hazardous road location selection.



3.1 IDENTIFICATION OF HAZARDOUS LOCATIONS

2.1.1 obiectives of Identification Procedures

Conclse objectives of identification programmes are
relatively rare in the literature. One of the first writers to
~articulate a clear objective was Hastings (1969) who stated that,
*the prime cbijective 1s to identify intersections which are not
only hazardous but which alsc have some potential for improvement

by engineering methods",

English (1980) stated that “"the overall goal is to develop a
procedure that will identify hazardous locations (or groups of
them) in some rank ordered way such that countermeasure
works...will reduce all locations to the same relative risk
(lowhp®., While this goal does not appear to acknowledge
feasibility or economic aspects, English did imply later that the
cbjective should maximise accident reduction returns per dellar

spent.

A more clear statement of objectives 1s given by Landles
{1973} when he wrote that the cbjective of the Greater Loadon
Council Black Spot Team is "to implement gquick, relatively
inexpensive accident remedial measures to give a minimum first
vear financial rate of return of 100%". He also indicated that
this had proved to be a rather conservative objective as figures
for the financial vear 197B-1979% indicated a rate of return in
excess of 400%.

The UE Institution of Highway Engineers (1980} suggested the
following objectives and policy parameters should apply to

hazardous location identification and treatment programmes:

. 20% accident reduction by low cost treatment measures



t0% first year rate of return for treatments to specific

gites

25% first year rate of return for treatments covering wider

dreas

Treatment costs to be less than 5000 Pounds Sterling per
Site.

In a later document, the Institution of Highway Engineers
{undated) attempted to operationalise the above objectives and
suggested that, in the early stages of an accident reduction
programme, the objective should be to achieve an average first
vear economic rate of return higher tham 50%. This is necessary
because in later stages of a programme, schemes will be
identified which may not meet the 50% first year return but
nevertheless would be still worth implementing.

In summary, i1t appears that those relatively few writers who
have expressed specific objectives for their identification
programmes see the need for those objectives to go beyond the
identification of hazardous locations and to include a specific

economic objective,

3.1.2 Compliance with Stated Objectives

Some writers have indicated whether their programme meets
the objectives set. An early study of the first 85 sites
implemented as a result of the Greater London Council programme,
for instance, revealed that an overall reduction in accidents of
37% was achieved (Landles 1379).

Wilson (719%77) compared the before and after accident
experience at 40 sites in Hertfordshire which had been i1dentified
and treated with 40 other untreated accident black spots selected
at random. He found an overall accident reduction of 32% at the
treated sites, compared to a predicted 33% accident reduction at



treated sites and a 10% accident increase at the untreated sites.
In addition, there was a first year economic rate of return of
167% at the treated sltes compared with a predicted 50%,

These performance results, however, should be viewed with
caution as indicated by the work of Rgent, Deacon and Dean
{1978). 1In an inlitial assessment of approximately 300 rural
locations in Eentucky comparing the accident experience in the
year immediately before treatment, the authors f[ound total
benefit-cost ratios ranging from 5.3 to 6.4 for the treatment
programme, depending on the length of the segment used for the
identification procedure, However, they recognised that the
accidents in the year before treatment may have been artificially
high due to chance and, therefore, revised the above to produce a
corrected benefit-cost ratio of 2.3 for the whole programme.

The overall conclusion from this review of identification
programme cbjectives is that it 1z appropriate and feasible to
identify locations with inherently high accident risk at which
there is an economically justifiable opportunity to reduce this
risk. Specific objectives, therefore would be:

Relatively inexpensive, quickly implemented countermeasures

only

Minimum target economic benefit (dependent on the economic

criterion used)

. Minimum target reduction in accident risk,

3.1.3 Definition of Locations

There 13 a range of concepts in the literature for defining
road locations. The Institution of Highway Enginesers (1980)
describe identification procedures im which locaticns are
specific gites (intersections or short road sectionz) or have
broader definitions such as routes or areas, the latter normally

being reserved for residential areas.



once defined, locations are then usually considered in sub-
categories of the road system. OECD (1%76) suggested that major
urban areas, main roads and the remaining classes of the road
network should be considered separately.

fegeer and Deen (1377) have suggested that in urban areas,
locations should be classified by their road class. ©On arterial-
collector roads, intersections and mid-block locations should be
considered separately, whereas urban freeways need to be
considered in one-half mile (0.8 km) segments., English (1%80)
proposed an alternative categorisation for Australian roads where
separate consideration should be given to urban intersections,
urban mid-blocks, and rural roads,

There seems to be little agreement in the literature
regarding the lengths of road sections considered as a location
unit. ADI Ltd. (1%81) proposed that one-half kilometre sections
should be considered for identifying black spots on rural
highways. Agent et al (1%76) found that a segment length of 0.3
miles (0.48 km) was considerably superior to a 0.1 mile (0.16 km)

segment length.,

fegeer and Deen (1977) examined the effect of a yariable
section length definition for urban sections, comparing the
critical number of accidents necessary to i1dentify a hazardous
location. However, this approach may be academic in Australian
urban areas if consideration is given to Renshaw and Carter
{1980) who propose that boundaries of individual road sections
should be defined by a change in some cross-sectional element.

Nicholson (1%80) cautions against so called "end effects”
[the misclassification of accidents in sections adjacent to high
risk sections) and recommends the avoidance of sections shorter
than 1 kilometre.

There is little consistency in the literature regarding
syYystems which uniquely identify individual locations. Gibson et
al (undated) describe the nature, advantages and disadvantages of

four typoes of location systems:



Alphabetical (rpads listed in alphabetical order including
the distance from an intersecting road or landmark)

Route meterage (major routes divided into fixed intervals by

special markers)
Grid system {(baszed on a national mapping aystem)

Wode-1link system [(nodes at major intersectlions are assigned
a unigue number and the link between two nodes is described
by the two numbers related to the nodes at each end).

nfortunately, Gibson 2t al failed teo make any
recommendations regarding which system was superior for hagardous

location identification purposes.

3.2 IDENTIFICATION PROCEDURES FROM_ACCIDENT RECORDS

The majority of procedures for identifying hagardous
locations are based on historical accident record information,
Hastings (1963) suggested that the use of accident records is
accepted as the most reliable method of identifying unsafe
intersectigons. He claimed that other procedures suffer from "the
inherent fault that often apparently hazardous locatlons are
treated with caution by drivers, and as a result relatively few

accidents acour ",

There are several methods employed for determining hazardous

locations from accident records,



3.2.1 Hugher of Accidents

A common methoed of identifying hazardous sites is simply to
rank each by the number of accidents which occurred in some
previous period. Agent et al (1976) judged sections of rural
highway to be hazardous if there were at least three accidents in
a 0.1 mile {0,786 km) section during the last year. However, they
found this procedure to be inefficient and likely to identify
spurious locations, ZIZegeer and Deen (1377) used a similar
procedure to rank urban road sections, but found it necessary to
also make use of the accident rate at the identified locations in
establishing their priocrity order for treatment. There would
seam to be some merit in esach of these approaches.

3.2.2 Accident Rate

Accident rate is another common procedure for ranking
hazardous sites. An accident rate is determined by dividing the
number of accidents at each location by some measure of the
exposure at the location. ADI Ltd. (1981!) used accident rate per
vehicle kilometre to rank sections of rural highways. Cutts
(1973) used the accident rate per exposure to rank intersections
to determine those where police enforcement should be directed.

3.2.3 Accjdent Mumber and Rate Combination

The Institution of Highway Engineers {(undated) described the
biases inherent in using either the number or rate methods alone.
They recommended a combination of the two methods and adwvocated
that a number method should be used for initial selection, with a
rate method to determine unusual sites in the initial group and
also the priority ranking for treatment. Hastings (1969)
described a procedure where the number and rate methods are used
simultaneously for ranking urban intersections. The efficacy of
uging a number and rate combination method needs to be further

examined .



Hauer (1980) ha= shown that this problem iz worst for
shorter accident histories and for smaller fractions of
identified sites considered for treatment. However, he describes
procedures for bias correction based on the Poisson assumption.
Abbess, Jarrett and Wright {(1981) also examined the problem and
showed it to be worse for higher accident freguencies in a given

¥Year.

The decision criteria for judging which ranking sites should
be considered hazardous are not always based on statistical
models., English (1980) proposed that the cut-ocff should be
chosen a%t some polnt 1n the ranking where relatively few sites
have most of the accidents. CECD {197&a) make reference ta
numerical ranking technigues, apparently similar toc the
atatistical technigues, but which do not attempt to take account
of random wvariation in the numbers of traffic accidents.

3.2.7 Exposyre Measures

Eanking methods based on accident ratez make use of some
measure of traffic exposure at the location. The exact nature of
this depends on whether the location is a section Or an
interseaction.

For gsgcticns, the common method of measuring exposure 1is
total vehicle volumes (sometimes multiplied by the section length
to produce a measure of vehicle kilometres). Gilibson et al
{undated) described a study of the error limit=s expected from
standard procedures for estimating traffic volumes, and discussed
the effect of such errors on the rate guality control method.

For measuring jptersection exposure, there are many formulae
in the literature. Some of these formulae are deriwved
empirically while others are based on the product of intersecting
flows at conflict points in intersections.



Three basic measures have been used for measuring exposure.
Raff (1953) and Thorson (196%) proposed a sum of the Vehicles
Entering the Intersection approach, Chapman (1367} and Bennett
and Blackmore (1370) argued for a Product of Conflicting Flows
method, while Tanner {(1953) suggested the Sguare Root of the
Product of Conflicting Flows was an appropriate measure of

BXPOIUNE .

The most popular measure seems to be the latter, although
there is a suggestion that both of the former methods are also
viable. Each of these 3 approaches are considered further in
Chapter 6.9.

3.2.8 Compariscn Studies

There have been a number of studies which attempted to
compare the efficiency of different identification and ranking
procedures. The methods were compared on the basis of the rank
order produced, the accident reductions achieved following
treatment, and on the actual economic benefits achieved.

Jorgensen {1966} compared five different ranking methods
calculated for 176 signalised urban intersections where
improvements were subsequently made on four economic criteria.
They concluded that on these criteria, rate guality control,
number followed by rate (long initial list), and the rate based
on sum of the volumes entering the intersection; were preferred,

They alsc found that the rate followed by number, number,
and the rate based on the sguare root cof the product of the
volumes entering the intersection, produced relatively poor

economlc performance,

Jorgensen formed the general conclusion that rate based
methods perform generally better than number based methods for

identifying hazardous urban intersections.



Eenshaw and Carter {undated) compared six different
identification and ranking metheods for short sections of reoad
across a broad range of road classes, The methods compared were
number, number per kilometre, accident rate, accident rate minus
the statistical critical wvalue, accident rate minus the sum of
the zub-system mean rate plus two standard deviationsz, and
accident rate minus the sub-system mean divided by the standard

deviation.

While Renshaw and Carter made a theoerough comparison of the
rankings produced by the s5ix methods, they did not compare the
methods by any final criterion such as economic benefit. Hence,
the relative wvalues of the different methods could not be judged.

Deacon, Zegeer and Deen (1975) compared four different
identification methods to rank 170 sections of Eentucky rural
highways, including egqual numbers of recommended and non-
recommended secticons. The four methods compared were number,
accident rate, egquivalent property damage only (EPDO) number, and
EPDO rate.

Each methods was compared on the basis of cumulative
benefit-cost ratico and cumulative net benefits. For rural
highway sections, the EPFDO number method appeared to perform the
best on economic criteria. Moreover, the two number-based
methods displayed superior economic performance compared with
their corresponding rate-based methods.

McocGuigan {1982} compared the relative efficiency of three
ranking methods namely number, accident rate and Potential Annual
Accident Reduction (PAAR), on their ability to deteéermine the top
20 hazardous urban sections with maximum accident reduction
potential. PAAR represents the difference betwsesen the ocbserved
and expected accident experience calculated from site and traffic

flow characterists,



McGuigan found that the PAAR method was the superior ranking
method and subseguently argued (McGuigan, 1983) that the use of
PAAR 1= likely to significantly improve the effectiveness of road
safety expenditure on identified hazardous locations.

Petersen (1973) has described a so-called "Z-value method"
which resembles McoGuigan's PAAR, but with an extension of the
procedure to incorporate a gquality ceontrol approach based onm a
statistical model.

3.3 PREDICTIVE MODELS

While Hastings (19%69) argued that the use of accident
records is generally accepted as the most reliable method of
identifying hazardous locations, the approach does have certain
limitations. These are summarised below:

. There may be inconsistencies in the accident history of a
specific location.

Historic accident date may not be appropriate for
consideration at locations where major physical changes have

been implemented.

. Historic accident data may not be appropriate at locations
where traffic characteristics have changed.

Different identification ranking procedures can sometimes
lead to different locations being identified.

Accldent records may not be available.

To overcome these limitations, alternative procedures have
been considered which identify hazardous locations from
particular characteristics generally related to accident

gccurrence, These characteristics include:

. Traffic volumes

= 37 =



Traffic conflicts (although these may be represented by

traffic volumes)
5kid resistance
Speads
. Sight distances
Visibility (for night accidents)

Unfortunately, these procedures also have limitations; the
major problems being in deriving the relationships between the
various parameters, and the considerable research effort
necessary to establish these relationships.

3.3.1 Mathematical Models

Establishing mathematical functions is often undertaken by
considering a number of locations with similar physical
characteristics. For such groups, significant relationships
between accident details and characteristics can be determined
using regression analysis or similar technigques.

A problem with this model procedure, however, is that
limited resources conly permit limited amounts of data collection,
over a restricted set of parameters. Hence, large stapdard
deviations are usual in the regression equation, which tends to
invalidate the procedure as a useful predictive tool for
identifying hazardous locations. Models derived by Cribbins,
Arry and Donaldson (1967) and Sparks (19e€8) i1illustrate these

shortcomings,

En alternative modelling procedure is to form relationships
between accident details and locational characteristics for a
single parameter. This type of procedure has been used more
successfully to estimate the possible reduction in accidents as a



result of a particular remedial measure. However, because
studies such as Fox, Good and Joubet (1979) have illustrated
gimilar problems of bias and wvalidity still exist with this
approach, it 15 also inappropriate for defining hazardous

locations in general,

3.3.2 Agcident Conflict Models

As accidents are a low probability event, there is often
insufficient data to derive statistically significant results.
One way to overcome this is to consider traffic conflicts as a
proxy measure for accidents. By observing the fregquency of 'near
accidents' such as emergency braking or hurried lane changes, an
alternative measure of the hazardousness of a location can be

determined.

The technigue can provide zufficient data to allow the
derivation of a predictive model. However, the collation of this
data is extremely resource consuming. While these 'near
accidents' are more freguent than actual accidents, they are
2till relatively infregquent events, and considerable time must be
devoted to the cobservations. Moreover, the collection of the
information is also a relatively skilled technigque reguiring a
judgement based on experience.

QECD (1976) howewver, consider this to be an important
direction for future research into accident occurrence. While
some of the preliminary research has been undertaken,; the
development is still in its infancy, and has not been used yet
for identifying or ranking hazardous locations. In any event,
the main use of the conflict technigque seems to be for
investigating locaticns after identification, as a diagnostic

technigque for determining remedial measures,



3.3.3 Subjective Models

It is possible to overcome some of the difficulties in
defining mathematical relationships between accidents and road
characteristics by using subiective assessment procedures and
‘weighting' the importance of the parameters.

Taylor and Thompson (1377}, for instance, reported on a
group of 'experts’ assessments of important road characteristics
at hazardous locations. The assumption underlying this approach
is that the hazgardous ratings provided by the degree of
convergence of the individual indicateors provides a reasonably
accurate prediction of future accident experience.

Unfortunately, however, the methodology adopted by these
authors required as much effort in collecting resource data as
did the mathematical models. Thus, any advantage of utilizing
the combined experience of the experts assessments is offset, to

some degree, by the cost required for data collecticon.

In addition, by not relying on accident data, the
methodology, in fact, may be less than useful for determining
appropriate countermeasures, since these are usually dependent on
accident type., Thus, a new approach to countermeasures
identification is necessary 1f subjective modelling is adopted

for ldentifying hazardous locations.

Tayler and Thompson (1977) also highlighted specific areas
with this approach that regquire additional research and
development, indicating that substantial effort is still regquired
to develop a subjective modelling approach for the identification
of hazardous road locations.



31.3.4 Comments

A predictive technigue for identifying hazardous locations
would be wvery useful in that it could potentially establish
accident locations. However, the development of such technigues
is still in its infancy compared to accident-based technigues,
and requires the allocation of considerable resources.

In addition, application of predictive analysis would not
entirely overcome the problems of data collection, and in fact,
may be more resource consuming by requiring professional
experience to assimilate the data. Moreover, the data collected
i3 not as easily adaptable to computer analysis.

The major thrust of predictive techniques at this stage,
therefore, appears to be in the investigation of previocusly
identified hazardous locations. Accident conflict modelling and
mathematical modelling seem particularly well suited for
determining appropriate countermeasures, and may alsco be useful
for evaluating particular parameters and the potential for
accident reduction. It is early days in the development of
subjective models and considerable research is still required in

this area before effectiveness can be fully assessed.

.4 INVESTICGATION OF HAZARDOUS LOCATIONS

There have been many studies overseas which have attempted
to identify procedures for carrving out a safety improvement
programme ., Laughland et al (1975), for instance, identified a
managemant system consisting of the following sequence af
eyants

Identify hazardous locations,

. Identify potential corrective improvements,

. Evaluate alternative improvements in terms of effectiveness,



costs, apnd benefits, and establish priorities forx

improvements,

Programme and implement improvement,

Monitor actual results of implemented improvements, and

Evaluate the total highway safety ilmprovements programme .,

This section summarises the procedures that follow the
identification of hazardous locations, and outlines the different
criteria used in defiming each of the parameters.

3.4.1% Identifying Appropriate Countermeasures

It iz generally acknowledged that there are considerable
difficulties in determining the exact problem at identified
hazardous locations., It is difficult, therefore, to select the
Appropriate countermeasures., To avercome these problems, Some
studies recommend a detailed systematic analysis of accident
data, road characteristics, and traffiec information. Such a
rigorous analysis takes account of the minimal information
usually available at particular locations, and avoids premature
conclusions. In addition, the systematic approach enables
analysis to be undertaken by unskilled operators, providing the
procedure is documented effectively.

The level of formal documentation differs significantly
between countries. In the United Kingdom (IHE 1980), for
example, the detail is left to the discretion of the engineear,
whereas in Canada (ADI 1381}, detail has been reduced to a finite
number of work-sheets,

3.4.2 Steps towards Selecting Appropriate Countermeasures

The procedures outlined by Laughland e+ al (1975), Missouri
State Highway Commission (MSHC) (1975), OECD (1976}, Landles
(1980) and ADI (1981) systematically follow phases of office



work, site inspection, further detailed analysis if necessary,

and finally countermeasure definition.

Qffice Work - OECD (1976) summarises the information te be
collated in the office to include location type, and
gpecific characteristics of the location, as well as
accident history in a specific time period in terms of
accident and collision types, number and severity (if
possible in monetary terms). This work generally includes
collision diagrams and a summary of accident statistics.

Site Inspections - Site inspections are recommended to

review the analysis previously undertaken, complete the
inventory of locational data, investigate driver behaviour
te establish whether this could be a primary cause of
accidents, and finally, to understand any driver's problems
by driving through the location.

Landles (1980) includes a comprehensive list of factors that
could be considered during a site imnspection. These include
such things as physical conditions of the road, amount of
signing and other delineation available, and environmental
conditions. The full list is included in Figure 3.1.

In-depth Analvsis - If accident causation has not been
established following this work, 1t may be necessary to

undertake more detailed studies. For example, speed studies
or a more detailed conflict analysis may be regquired to
highlight problems not evident from accident analysis.
Finally, it may also be necessary to investigate police

reports or talk to police, witnesses or local residents.

If there is a significant number of accidents, an in-depth
study would be rescurce consuming. Therefore, it may be
aAppropriate to investigate only the dominant accident types
since these are commonly addressed by the countermeasures.
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Countermeasuze Selection - The identification of the

appropriate countermeasures is not documented in the studies
investigated. It is generally accepted that the cholce of
countermeasures will be cbvicus from the preceding analysis
and is normally based on the professional judgement of the

investigating officer.

OECD {(1976) summarise the procedure by stating that "No
simple formula can be drawn up to define the cruclial step
from diagnosis of problem areas to selection of treatment.
This decision must be made by the engineer, based on his
exparience and judgement..." Laughland et al {1%75) states
that “Someday we may be able to feed a computer with data on
all circumstances and condition and receive back a 100%
foclproof solution. But until that time comes, there is no
substitute for careful, comprehensive and logical analysis
by an experienced person...”

The literature doess provide comprehensive lists of possible
countermeasures which can be considered. Perhaps the most
comprehensive 1is that reported by QECD {1976) which list the
types of countermeasures in five categories, namely,
geometric design, road surfaces, road markings and
delineation systems, road signals and furniture, and traffic
management. Each countermeasure is then discussed together
with its possible use and the accident types which can be
avolided by its implementation.

Other comprehensive lists of countermeasures by Barton
{1977) and English (1981) are also available in hazardous
road locations literature. Sometimes, these include the
accldent reduction effect expected from the use of these
countermeasures, although this is never guaranteed.



3.4.3 Ecopomic Evaluation of Countermeasures

The evaluation procedure is necessary to determine which
improvement would be the most appropriate for a particular
location, and establish the relative priority of all improvements
within the available finances.

Landles (1980} states that “there must be a remedial measure
that will give a good rate of return and that can be implemented
guickly®. Bartelsmeyer (1972) suggests that "it is highly
desgirable that ranking of safety projects should be done so that
the high yvield improvements will be accomplished first". Graham
and Glennon (197%) further emphasise the necessity for ranking by
stating that "give first priocrity to the location that has the

highest average annual net return"”.

QECD (1976) add a further dimension to the ranking procedure
by recognising the limitation of budget constraints. It states
that "the measure with the highest coefficient of effectiveness
will thus be implemented as long as funds last, provided that it
attains the minimum effectiveness in the order of their
decreasing effectiveness coefficients”.

Evaluation in the past has been based principally on
economic analysis. While there are numerous concepts and
approaches for performing such analyses, Lauvghland et al (1975)
in his review of alternative methods in the 054, suggests that
"It is generally agreed that apnalysis identifying annual benefits
and annual costs 15 acceptable for safety improvement
evaluations". Thie appears to be corroborated by the present
literature review, although varicus studies differ in the
treatment of the evaluation parameters.



3.4.4 Evaluation Criteria

There has been considerable debate in transport economics
over evaluating investment infrastructure, but consensus opinion
appears to favour benefit-cost ratio for public works programmes.

This has not been universally accepted. Laughland et al
{1975) suggested that net present value is preferrable for
evaluating improvements at a particular location as maximising
this criteria will ensure maximum total benefits. IHE (1373)
suggests a first year rate of return as its measure of highway
safety benefits. Agent et al (1976) also appeared to favour a
first yvear rate of return based on their objectives.

ADI (1%81) introduced a further evaluation measure by
deriving a cost-effectiveness criterion indicating a relative
cost per accident saved; the lower the relative cost, the higher

the priority for implementation of the countermeasure.

There is little value in discussing the derivation of
particular evaluation parameters in this report, except where
these may be used for application imn Australia. The specific
parameters that have been used in this study are described in

detail in the Procedural Guidelines of this report.

3.4.5 Programme Priorities

Having established individual economic walue and a
preliminary ranking of schemes, it 15 then necessary to determine
the programme of pricrities for implementation. To undertake
this successfully, objectives and policies need to be defined.

Laughland et al (1375} suggested two different approaches
may be considered which result in different programmes:

. Select to ensure that maximum benefits are forthcoming at
each location which means that schemes with highest net



4. HAZARDOUS LOCATION PROCEDURES IN AUSTRALLA

The very existence of this report 13 indicative of the lack
of any previous Australian-wide perspective on hazardous location
procedures. Each of the States and Territories in Australia have
geneérally developed their own procedures for the identification
of hazardous locations guite independently, although recently
there has been discussions between them in an attempt to overcome

particular problems.

By necessity, then, a State-by-5tate analysis was performed
in 1982 to define existing measures and problems inherent in the
development of a National programme of hazardous road location
procedures in Australia. It needs to be recognised that some of
this information may have been superceded by more recent events
at the time of publication of this report.

4.1 IDENTIFICATION OF HAZARDOUS LOCATIQNS

Some of the States have been collectipg and updating
numerical data for hazardous location ldentification for a number
of years, Other States have only recently developed their
procedures and are s5til]l refining their metheods.

In general, the identification procedures adopted by the
States are based on accident numbers, although some States have

adopted an accident rate method. The individual procedures
adopted by =ach State need to be dezcribed in detail

4.1.1 Australian Capital Territory (ACT)

Accident histories of intersections and mid-block locations
Wwere computed eavery three months o determine:

. Ranking of locations based upon the number of accidents

Banking of locations based upon accident severity in which



property damage only., Severity rating factors were derived
from the cost ratios obtained from the different accident

types.

Ranking of locations by accident severity related to
exposure indices, These indicies are defined by the total
number of vehicles entering each intersection, and the
number per million vehicle kilometres for mid-block

locations.
Listing by accident type.

These various factors are combined to produce a list of
possible hazardous locations based upon professional judgement
and local knowledge, Because ACT is relatively compact, the
majority of locations and traffic conditions are well known to

the engineering staff involved in this programme.

4.7.2 Hew Sguth Waleg (NSW)

Accident histories are computed every three months by the
Traffic Accident Research Unit to determine:

. Accident details by local government area both in plain
language and coded detail.

. Accident details by route and section.

This provides the basic accident information to supplement
the identification of harardous locations,

The identification of hazardous intersections by local
government is based upon an accident severity ranking where
severity is defined as either a fatal crash, an injury crash
requiring hospitalization, non-hospital injuries or a tow-away

crash.



Accident severity factors were derived from an analysis of
the 1979 mass accident records for the Sydney Metropolitan area.
The average number of intersection accidents by severity was
obtained using an iterative process, whers the expected number of
intersections with X accidents of a particular severity Was
subsequently determined. From the model, it was then possible to
determine the value of X for which the expected number of
intersections was less than 0.5, This value dencted the limit of
the number of accidents by severity at an intersection regarded
asz unusual, and the appropriate weightings for different

severities of accidents.

This procedure only recently superceded a numerical analysis
in which an intersection was considered hazardous if it
experienced 5 recorded crashes in a quarter or 10 recorded
crashes in a 12 month period.

A definition for mid-block hazardous locations has pot vet
been developed because of locational identification problems
aszociated with the existing coding. This was to be pursued
following the refinement of the locational identities to the
Australiap Mapping Grid Reference. However, in the interim, the
Department of Main Roads determined hazardous road sections

(primarily in the non-metropolitan area) based upon:
FRanking by accident severity per kilometre

. Ranking by non-intersection accident severity per kilometre.

4.1.3 Quesnsland {(QLD)

Accident histories are computed every three months ko
determine accident details by district to provide basic accident
information. The identification of hazardous intersections or
road sections by the Main Roads Department is by district and is
based upon:

Ranking by accident severity in which the severity is



defined by fatal crash, hospitalized injury crash, non-
hospital injury crash, injury crash not reguiring medical
treatment of property damage only.

These factors were derived from the cost ratio of the

different accident types.

Ranking by accident severity related to exposure indices,
defined as the number of accidents per total wehicles (or
its sguare root) for intersections, and the number of

accidents per one hundred million vehicle kilometres for

rogad sections.

The ranking factors were based upon the five year average
severity rating and the last year severity rating, although the
five year average was the predominant factor. The selection
criteria for inclusion in the intersection ranking list was a
severity index of 10 in the last five years or 5 in the last
year. For the road section ranking list, the indices were 8 or 4

respectively.

This computerised identification procedure was a recent
development and had not been fully utilised, particularly the
exposure related ranking facility.

Prior to this more recent development, the State Transport
Department prepared a list of hazardous metropolitan
intersections manually, using the same severity indices which
were used by both the Main Roads Department and the Brisbane City
Council. This latter authority, being the main beneficiary of
the data, developed a simple computer program to list the
accident histories and severity ratings over the last three
years, and then ranked the sites based upon the last year's
severity rating.



benefits would always be selected. Generally these would be

low cost schemes with high benefits.

Select by benefit-cost ratio at each location to ensure that
maximum benefits are derived from the total budget
available. This could include more costly schemes with a
Lower rate of return but with generally longer term

benefits

In an ongoing highway safety planning programme, the second
approach (selected by BCR) produces the maximum benefits of the
programme. This recognises that hazardous locations programmes
can be an integral part of highway improvements, and suggested
countermeasures need to be considered in the light of all other

construction possibilities.

Both 0OECD (1976) and Laughland et al (1975) highlight the
need for a budget to reflect the funds necessary to accomplish
the programme, and recommend performance budgeting technigues
which combine work programmes and budget considerations in

subseguent decision making.

J.4.6 Monitoring Countermeasure Effectiveness

One of the principal deficiencies of highway safety
programmes in the past has been the inadequate follow up and
evaluation of the results of implemented improvements. This is
eéssential to monitor the value of the programme, to generate
information for methodological improvements, and to determine the
effects of various countermeasures on reducing accident and
casualty rates for future use,

The technigues used in monitoring countermeasure
effectiveness include before-and-after studies and control group
comparisons. However, & formal analysis could be used 1f
performance standards can be established.



ADT [1981) suggested that it is also advisable to monitor
the costs of implementing the anlysis procedure. If additional
personnel are required, then there could be significant costs
assoclated with its implementation.

3.4.7 Comments

Although there is a lack of definitive documentation on the
investigation of hazardous locations, and the references which
are available tepnd to be derivatives of each other, the reports
do provide a general framework of work to be undertaken.

However, it should be noted that there are few authorities which
have formalised a hazardous location investigation programme, and
for those who have, the majority appear to be based on

professional judgment.

Any programme which is developed must be a balance between
formalisation and judgement, since in the majority of instances,
locational improvements are site dependent and will rely upon the
experience gained from previous applications of countermeasures,



3.2.4 Beference Values

Mo matter which ranking method is used, it is common to
define a reference value to determine whether a given location 1s
truly different from other locations in the same category. In
general, these references are average values of the ranking
criterion, calculated over all sites in the same category or sub-
system under consideration (e.g. Agent et al, 1376; Zegeer and
Dean, 1977; ADI Led. 19871},

A refinement of this approach is to derive formulae as
functions of traffic flews which represent the expected number of
accidents at each specific location for comparison with the
observed number. Mahalel et al (1982) constructed expected
accident models which included indicies of traffic flows
appropriate to the type of road section. Hocherman and Prashker
{19383) derived formulae for the expected number of various
intersection accidents as functions of the relevant traffic

volumes .

3.2.5 Severity Welghting

The use of welghting factors to give additional weight to
the more severe and more costly accidents i3 common. Gibson st
al (undated) describe procedures for giving additional weight to
more recent accidents;, accidents involwving higher levels of
injury severity, accidents involving a greater number of road
users, and accidents resulting in a greater level of societal
cost, Grabham and Glennon {1975) recommend a procedure where
fatal and injury accidents are given a greater weight than
Property damage only accidents, producing a welghted number
called the equivalent property damage only (EPDO) number.

ADI Ltd, (1981) recommend a ranking procedure for rural
highways in which the accident rate 15 supplemented by a severity
ratico (defined as the number of casualty accidents divided by the
total accidents) and if either of these exceeds a critical wvalue

the site is5 considered to be identified as hazardous.



A simple version of severity weighting is to use fatal or
injury accidents only in the ranking procedure, and this is
commonly done in jurisdictions where only casualty accildents are
reliably and consistently reported.

3.2.6 Statistical Aspects

Some identification procedures make use of statistical
models to assist in setting critical levels for the ranking
criteria., Sites which have ranking criteria above the critical
level are considered hazardous. These models are usually based
on the assumption of a Poisson distribution of the number of

accldents,

Wilson (1977) gives a useful description of statistical
models in the context of hazardous location identification and
draws the analogy with guality control procedures used in
industry., Because of this analogy, number and rate methods which
make use of statistical methods to set critical values are
commonly known as the "number quality control® and "rate guality

control" methods, respectively.

When a statistical model is introduced to set critical
levels for the ranking criteria, it is necessary to first
determine a critical level of accident experience. This assumes
a small level of probability that a particular site may not be
truly hazardous, and its accident risk is really consistent with
the average for all sites in the same category.

If a statistical model is accepted for accidents at road
locations, a conseguence is the so called *regression to the
mean” phenomenon (Hauer, 1980; Abbess, Jarrett and Wright, 1981},
In the present context, this means that an individual leocation at
a4 particular point in time may have an exceptionally high number
of accidents due solely to random chance factors. Any subsegquent
analysis, therefore, would reveal a lesser number of accidents
and would more closely approximate the mean value of intersection
accidents.



4.1.4 Sguth Australis (SA)

The identification of hazardous metropolitan intersectlions
by the Highways Department was by accident cost rate in which
accident costs were related to exposure indices. These costs
have been determined from general insurance statistics for 1977
and 1978 involving potential conflicts at intersections. The
selection criteria for inclusion in the ranmking list was at least
5 accidentsz in the last year.

The identification of hazardous road sections in both
metropolitan and rural areas was based upon an accident severity
index. In computing this index, each accident was welighted by an
appropriate factor of accident ®£ype and cost. The estimated
property damage cost was used for sach type of property damage
accident, while Troy and Butlin's (1971) injury costs were used
a5 a basis for determining injury accident weighting factors.

The hazardous road section ranking procedure used by the
Highways Department also incorporated the AADT, section length,
ten million wehicle kilometres, and accidents by severity.

Programmes were being modified for transfer to a new
computer system. Following this change, the analysis was to be
undertaken on & gquarterly, rather than annual, basiz. The
modification was to include an additional report identifying
location as it accumulated 4 accidents per annum, to provide an
early warning of a possible hazardous situvation.

In addition, further slesmentary programmes were being used
to identify signal reguirements. Based on a 50% reduction in
perszonal injury accidents and 30% reduction in property damage
accidents, the savings possible per year were calculated for
uncontrolled intersections together with the cost of accidents at
each 1ntersection. These figures were then used to rank possible
signal installations.



The South Australian Police Department also identified
hazardous locations for enforcement programmes. The metropolitan
road network was divided into 500 road sections and each accident
was allocated to one of these sections. Section analysis was
carried out every 3 months by time of day and by day of week to
determine enforcement programmes or locations.

4.1.5 Tasmania (TAS)

The identification of hazardous locations was based upon a
ranking of accident severity in which severity was defined by
fatal crash, injury crash regquiring hospitalization, injury crash
not detained in hospital, injury crash requiring first aid only,

major property damage and minor property damage.

The ranking list also incorporated the number of accidents
in each of the severity categories, based upon the last five
vears' accident totals., This ranking methed, however, was

variable,

A computerised identification procedure was being developed
in Tasmania. When ready for use, it will be extremely flexible,
and ranking can be based on location or locational type if

required.

4.1.6 Yictoria (VIC)

The Road Traffic Authority (RTA) were responsible for all
non-designated roads in the State, and determine accident black
spots from the number of casualty accidents over the previous
year. Whenever possible, accident rates are related to exposure,
and accident numbers over the last five vear period are also
investigated to provide additional information.

The Road Construction Authority (RCA)} were responsible for

all designated highways in the State, and based the
identification of hazardous locations upon:

- 50 -



Ranking by the number of accidents over the previous fgur
years, where rarking also incorporated the number of

casualty accidents in the past eight vears.

A comparison of accident rates in which casualty accidents
are related to exposure indicies. These indicies
diffaersantiate between urban and rural intersections and road

sections, as well as road type and urban development.

These classifications enabled black spots to be ranked on
several dimensions so that investigations could be implemented
according to a particular need or prierity. Since this study,
however, RCA's invoelvement in black spot identification has been

substantially reduced.

hecident histories of intersections and mid-block lecations
are computed annually to provide basic accident details by local

government ares,

4.1.7 Western Australja (Wh)

Accident histories were compiled annually to provide
detailed information. The identification of hazardous
intersections was carried out using a flexible computer programme
which allowed ranking by local government area, accident type,
locational type and control type. The programme alsc has the
facility to include a severity index defined by fatal crash,
injury crash and property damage only, and a time-based currency
factor for the last 4 years' data.

The ranking of hazardous intersections took intoc account
these severity and currency factors. Several ranking lists were
produced annuwally for both metropolitan and rural intersections,
and covered a rvange of accident types, road features, control
features, latest controlled installaticns, accidents by sSeverity
for the last year, and the 4 year accident history.



At the time of this review, a method for the identification
of hazardous metropolitan mid-block sections had not been
defined. However, a method for identification of rural road
sections was computed on a trial basis for evaluation. Using
this procedure, the actual accident rate is compared to the
average rate by type of road, and the difference is costed to

produce an accident saving ranking.

4.1.8 Other Considerations

In addition to the formal identification procedures cutlined
above, hazardous locations are also nominated by the public and,
in some States, by the police. These public comments are usually
investigated within the hagzardous locations programmes.

4.1.9 Sumpmary

The identification procedure of hazardous road locations
have been developed independently within each State or Territory.
As a result, there has not been a unified approach to
identification procedures in Australia. The differences
highlighted earlier are further illustrated in the summary table

provided in Table 4.1,



AN AUSTRALIA

State oF Intersections Cactions

Territory

ACT combination of number of combination of number

accidents, sevarity index of accidents, severity
and sevarity raks. itndex and severity rate,

HEW severity index not applicable

WJLb severity index and severity index and

severity rate. SaveErity Tate,

¥IC nuaber of accidents nupber of accidents

({RTA

[RCA) number of accidents and accident rate comparsed

accident rase, 0 Averages values.

WA aumber of accidents. accident cost savings
[being develap=d) .

SA accident cost rate accident severity index
and accident Tate compared
to an upper control limit.

TAL devearity index severity index

53




4.2 INVESTIGATION OF HAZARDOUS LOCATIONS

The identification of hazardous locations is the first phase
of improving safety at these locations. A detailed accident
analysis is then reguired to identify major problems and possible
traffic management measures to reduce these problems. Where
passible, the available countermeasures need to be monitored

following their implementation.

These phases have been handled guite differently by the
relevant authorities. This section, therefore, avoids discussing
the operational aspects of the investigations, and concenkrates
upon other engineering matters. In this respect, the States are
generally unified in their approach, although the depth of the
investigations varies considerably.

4.2.1 Detajled Accident Analvsis

The first step in the analysis of the traffic accident data
is to identify the dominant types of accidents and the
homogeneity of accidents which point to possible traffic
management measures to reduce the problem.

Identification 1s generally based upon the préevious year's
accident records. However, this rarely provides sufficient
intormation for detailed analysis 5o the last three to five vears

data iz often considered.

Identificatien preocedures are usually based upon casualty
accidents: property damage only collisions intreduce additional
complications as they only represent a small percentage of the
actual property damage acclidents reported.



4.2.2 Identification of Countermeasures

Having determined what were the dominant accident factors,
the next step in countermeasure identification 1s to visit the
site., Observations of features such as road geocmetry,
superelevation, surface gquality, delineation and signing
supplement the basic accident data, and can suggest specific

countermeasures that may otherwise be overlooked.

Countermeasures are generally based upon the professiconal
judgement of the relevant engineers. In making these Judgements,
many tend not to rely on a formal detailed analysis involving a
range of solutions, but rather, take into account their knowledge

of these measures and previous eéxperiences with their use.

4.2.3 Economic Evaluation of Countermeasures

The Highways Department in South Australia undertake cost-
benefit analysis to rank sites within their departmental budget.
The Department of Main Roads in NSW on the other hand, performs
cost-benefit analvses to justify expenditure, rather than rank
alternative schemes.

The majer preoblem with economic evaluation is determining
benefits from the reductiom in the number and severity of
accidents. These problems arise from difficulties in defining
the costs of accidents (even average costs) and the percentage
reduction in accidents, for which only the Minor Improvements for
Traffic Engineering and Road Safety (MITERS) programme has
consclidated reduction factors.

Some of the State Road Authorities have undertaken
comprehensive evaluations of traffic management measures to

identify accident reduction factors,



4.2.4 Mopitoring Couptermeasure Effectiveness

Monitoring countermeasures is generally undertaken by
observing the change in accident numbers from year to year., In
addition, comprehensive evaluations are also undertaken when

necessary.

There is a need to increase the monitoring of
countermeasures, not only to determine the appropriateness of the
solution implemented, but also to provide informatieon for future
economic evaluation. This will only be achieved by a conscious
effort on the part of the relevant authorities in investigating

hagardous accident locations.

4.2.5 Implementation Constraipts

The implementation of countermeasures suffers the same time
and cost constraints that all road works appear to suffer;
insufficient funding of hazardous road location programmes
reduces the number of sites which can be treated in any one year.
This can be partially overcome by implementing schemesz through

general maintenance budgets.

By having to include the cest in future departmental
budgets, time constraints are even more critical bacause the
essence of hazardous rocad location improvements is immediate
implementation. Again, Iinclusion in general maintenance budgets

helps overcome the problem to some degree,

These constraints will only be permanently overcome 1f a
sufficiently large budget allocation, covering most of the
envisaged schemes, together with a comprehensive programme of
identification and investigation procedures, is provided,



4.2.6 The Need for Further Research

The whole guestion ¢f countermeasure selection appears to be

very much ad hoc across Australia. There is clearly a need for
additional research in this area as a relatively high priority,
if long term improvements are to be gained at hazardous

locations.

There are 2 immediate needs for additional research into

countermeasure selectlion for hazardous locations in Australia.

General research into moniteoring procedures for evaluating
edfonomic effectiveness of countermeasurss. While some
States are currently involved in monitering their own black
spot programmes, there is no unified approach or established
procedures for this activity. EHResearch effort in this area
would eventually lead toc streamlined monitoring procedures
and thus an overall long term improvement in eliminating

hazardous road locations.

Specific research into the individual effectiveness of all
known and used accident countermeasures. This research
would need to encompass before-and-after accident data {(as a
crude initial measure of relative effectiveness) as well as
performance and behaviour studies of the effects of
implementing individual measures. While this latter
approach may be less accident related, it will provide a
more sSensitive assessment of countermeasure improvements,
that can be expected. HNaturally, both of these approaches
need to include cost-benefit considerations.

4.3 DATA_AVAILABILITY AND REQUIREMENTS

The application of a National identification procedure for

hazardous locations would require a compatible data base in each

State. The compatibility should be in terms of:



Consistent accident reporting criteria where the information
collected and stored is based on the same procedures in each

State.

Consistent information on the location of accidents in order
to attribute an accident to a specific location. This does
not necessitate identical location definition for each
State, although this would still be desirable.

Adeguate statistics to define the accident parameters.
Additional information may also be included in the records
at the discretion of each State, if thisg iz desired,.

Traffic wvolume data for use in the definition of exposure

indicies.

Boad characteristics to define location information for each

site.

A brief summary of the review of the data bases in each
State or Territory 1is described below,

4.3.1 Interstate Accident Reporting

Table 4.2 i1llustrates the existing legal regquirements for
reporting accidents in each State, and the wide wariation which
exists between them., Although each jurisdiction aims tao exclude
the least sericus accidents from the records by omitting propercty
damage only accidents, this minimum regquirement is gquite
different across the States,

Table 4.3 describes the particular practices adopted by each
State in recording accident details. Again, wide variation |is

also apparent.



State or

Terriorty

Road traffic accidents required to be
caported ©o police

ACT
HEW

QLD

Gb

TAS

WL

WA

al
al

bl

bl

al

b]

L
b1

a}

bl

&y
b

AEl accidents

All accidents invalwing perscnal Linjurky
Al1 accidents where aggregake proparty
damage exceeds 5300 (50 prior %o July
1977} .

Al]l accidents Lnvolwing personal injurcy
ALl accidents Jwhare aggregate property
damage excesds $1,000 {3300 prier ko

1978 ¢ $100 prior te 1976).

AlY accidents involving persopal injury
and for Lnjurfy to an animal. These are
repocted by the Police.

All accidents whers aggregate property
danage exceeds $300 [$100 priaor ta 19490
$50 prier o 1975} These are reported by
drivers imwelwed.

All aecidents invoelving per=cnal Lnjury.
All accidents where there is propecty damage
and the owner 1z not present.

All accidents involving personal imjury.
All accidents where there is property
damage or an anmimal is injured and the awper
0r owner's representative is not present.
ALl accidents involwving personal Enjury,
All accidents whers agjeegate property
dapage exceeds $3I00 ($100 prior to 1580
or where property damage lewel is inm
duspute, or where all interested parties

Are not present

SOURCE: S5tate Road and Traffic Safety Authorities,

1582,



Skake Or
Tarritory

Road traffic accidents recorded

ACT

HSW

QLD

SA

TAS

¥ic

Wh

Al]l reported aceidents are included on the data baae,

although minor agcidents ake not always reported.

Reported accldents involving injuty or in which
at least ohe vehicle reguired towing away (all
reported accidents prior to July 1975).

All reported accidents, that is, whan
FOO exceeds $1, 000,

All reported accidents for which location is
positively identified, am injury Ls sustained
ar PDO excesds §390, (This BDO limit could be
replaced by accidents in which at least one
vishicle reguired towing away,

ALl peported accidents, in which an injury
iz gustalined and all reported POO accidents,

kll reported accidents inwvolwving injury and
POO accidents. FOO accidents are predominanely
acoidents where police contemplate legal

action.

All reported accidents where an injury is
sustained or POO exosads $I00,

HOTE: PO = Proparpty Damage Only.

SOURCE:

State Road and Traffic Safety Ruthorities,

1982,



There is clearly a need to increase the compatibility of
accident reporting between States and ensure that interstate
casualty accident data is eguivalent. While accident
investigations are normally based on casualty accidents only, the
lesser order accidents can often be important in helping to
define problems. Furthermore, not all casualty accidents are
necessarily reported as injured parties are often removed from
the accident scene prior to the arrival of the police, or taken

to private doctors Lf injuries are only minor.

Hence, there may be a case for including all casualty and
property damage only (PDO) accidents on a National data file for
hazardous road location identification and investigation
procedures., Naturally, the benefits of a fully detailed MNational
data basze need to be weighed against the cost of Introduction and

maintenance .

4.3.2 pefinition of Accident Locations

Defining the location of accidents is one of the most
important aspects in identifying hazardous locations. The
definitions presently used for urban accidents in each State or
Territory vary considerably, from a full and detailed coding
using node and link characteristics in S5A and the ACT, to the
locational coding based on street names and house numbers in TAS.
Details of the procedures in each 5tate and Territory are

summarised in Table 4.4.

The location of mid-block and road section accidents is
always a problem because of distance coding. This is especially
a problem in rural areas where distance can be large and an error
of only 100m can make a huge difference in accident location,

The only method of overcoming these problems is to provide a
unique number for each road section as reference point. One
suggestion might be to erect kilometre posts on all major
highways.



The use in Tasmania of electricity poles as definition
points is useful for either of these measures. These could be
utilised directly, or used as a reference for a mapping grid

reference system.

4.3.3 Details of Accidents

The accident location procedures summarised in Table 4.4
shows varying degrees of refinement in each State or Territory
report., It is necessary to consolidate these reporting
procedures into a National accident data base if hazardous road
locations are o be compared across Australia. A Mational data
base would also be useful for other accident reporting

considerations as well,

4.3.4 Iraffic Volumes

The traffic volume information in each State or Territory
differs substantially because of the varying degree of
involvement and thelr geographical size. The information ranges
from intermittent counts in some circumstances to comprehensive
permanent counting for both metropolitan and rural areas.

It must be recognised that the resources required to collect
and maintain a traffic volume data base are considerable.
Hevertheless, there is =till a need for a comprehensive data base
for applying hazardous locations identification procedures. This
may necessitate more resources as this information needs to be
consolidated on the accident data base.



State or Location Definition Proceduzes
Terrikory
ACT I - by lecatigpal coding and street names.

ME - by locaticnal E;ﬁiﬁg'ihvuluinq strest names and
distance from nsareat atrest, Eey-point or house
rumber. [ACT are about o change to 4 node and
link system]

H5W I - by local gevernment area and street names

HE - by local government ares, stréast napbe and
tdantifying characteristic of route number
[H5W are considering change to Australian
Mapping Grid Beferencel.

QLD I = by local governement area and streat pnames,

ME - by local government area And street names -

noe details recorded of accident =site.

1Y I & ME - by unigue intersection and link code cowering
both lntarsectlons and sections for rural and
urban areas.

TAS I - by streest pame= only for both urban and rural
dceEas .

ME - by street names and nusbers (urban) or pole
numkrmrs {rurall.

L METED - by grid systems based on MELWAY gsireet directory.
RURAL - by grid system based on an assortment of maps.
WA I - by hisrarchy coding of key roads.
MB - by hierarchy coding and distance from a defined
start point of the key road.
HOTE: I = Intersection
MB = mid-block section
SOURCE: State Road and Traffic Safety Authorities, 1%82.



4.1.5 Road Characteristics

Each of the States compile a road characteristics data base
including road geometry, surface characteristics, skid resistence
and physical (roadside) features. These data are usually
developed by highway divisions or forward planning groups for
their own purposes, and are not necessarily compatible with (or
linked to) accident data bases. Western Australia is the only
State in which the road characteristics data base 1s compatible

with the accident data base and can be linked.

There is obviously a need for considerable development and
commitment of major resources if road characteristics are to be

linked with the accident data base.

4.3.6 Comment

There are significant differences in the data available in
each State or Territory. As previously discussed, there is a
need to provide at least compatible records as a basic
requirement, although the ultimate objective should be to have
one accident record form for the whole of Australia, and
identical accident records for all accident types in each State

or Territory.

There is also a need to link the wvarious traffic information
data bases to the accident records so that information
correlation is readily available. Western ARustralia is the only
State to have taken a major step in this direction with the
development of the "HRoad Traffic Accident Hecords System
(ROTARS), but Ln 1982, this was s5till not fully operational in
the original form envisaged.

- G4 =



2. POTENTIAL HAZARDOUS LOCATIONS PROCEDURES

The review of hazardous leocation procedures overseéas and in
Australia clearly identifies the need to consider a range of

identification methods, namely:

ranking procedures

locaticonal definitions

measures of exposure
. economic criteria
. identification periods.

Testing of these evaluation procedure options considered
identification of hazardous locations for intersections and
sections related to urbam and rural areas, separately.

The testing strategy adopted concentrated initially on urban
intersections, since these locations had been previously
identified as a major problem in hazardous location studies. If
particular relationships were found to exist at these locations,

then these relationships would direct subsegquent investigations

of urban sections and rural locations.

3.1 TESTING PROCEDURES

The 2 approaches of retrospective and prospective analysis
are available for use in evaluating identification procedures.
The major difference between these two approaches i1s that the
former has the capacity to test the performance of a range of
indentification methods against gctyal economic outcomes, whereas
the latter is constrained to comparisons in terms of expected
economic outcome .



The detailed considerations of both these procedures are
cutlined below.

5.1.1 Retrospective Analvsis

In retrospective analysis, the basic phases of the study

include:

Selecting a wide-range of previously invastigated locations,
both with implemented countermeasures and no subseguent

actlicn;

. Using a before-apnd-after accident analysis, determine the
benefits resulting from the countermeasure and the dis-
benefit from no implementation. Benefit calculations should
be based op the difference in actual accidents subsequent to
treatment, compared with the number expected without
treatment;

. Using each identification method, rank all locations and
determine the total benefits for a given number of zites or
implementation cost budgets.

The actual economic return is determined and used as the
comparison criteria for the identification methods. To undertake
such a procedure, it 18 necessary to have available:

. A large sample of treated and untreated sites;

. Acoccident histories for each site, with at least one year

history before-and-after countermeasure installation:

. Actual costs of implemented countermeasures;

An estimate of the expected number of accidents for each
site 1f the countermeasure had not been implemented;

. Engineering decisions for the choice of particular
countermeasures,



An alternative procedure which determines the expected
benefits rather than actual benefits could be considered. In
this instance, the bepnefits would be based on the expected
accident reduction and the expected cost af the selected
treatment at the time the location was investigated., The
expected economic return would be used as the comparison

criterion.

#.1.2 Erospective Analvsis
In prospective evaluation, the study phases include:
Ranking all sites by each identification method;
Selecting the priorities of each ranking;

Determining countermeasures, if any, for each site and
estimating the cost of treatment;

Computing the expected benefits resulting from the
implementation of the countermeasure, Bepnefit calculations
would be based on the estimated accident reduction.

The expected economic return is the comparison criterion for
identification methods. To undertake this procedure, it is

necessary to have available:

A sample of potentially hazardous locations compatible with
a realistic budget allocation for such improvements;

Accident histories at each site for at least three vears,
but preferably five years if no major changes were
implemented;

A Tecord of all improvements over the study period;

Detailed costs of countermeasures;



Realistic estimates of potential accident reduction.

5.1.3 Comparison of Procedures

An accurate retrospective analysis can only be performed
when identification and investigation procedures have been

undertaken for many years.

In this situation, it provides a rigorous comparison of
identification methods, and permits easier analysis of
identification procedure elements. Furthermore, it alleviates
the need for major investigation at each site to determine
appropriate countermeasures. Unfortunately, though, it does
require considerable detail on previously investigated schemes

including reasons for no treatment.

A retrospective procedure, by definition, can only use
existing data and does not provide any new results which may be
of value in identifying previous unknown hazardous road

locations.

on the other hand, while the prospective analysis can
produce usable results in the jurisdiction being studied,
additional research resources are needed for problem diagnosis
and countermeasure selection which could dictate the
identification method.

5.1.4 Study Procedures Bdopted

on balance then, a retrospective procedure szeemed most
appropriate for the study of urban intersecticons, given the
relative wealth of data for hazardous road locations in South
Australia. However, a prospective analysis was more suited for
urban sections and rural locations as data at these locations was
less complete and improvements less common than for urban
intersections.



5.2 SELECTION OF DATA

5.2.1 Urbap Intersections

South Australia has had a long standing policy towards
improving hazardous road locations in the metropolitan area of
Adelaide as a result of the Minor Improvements for Traffic
Engineering and Road Safety (MITERS) treatment and signalisation
programme, As road and traffic data collection in this State is
alsa well advanced, Adelaide was chosen as the appropriate urban

area to conduct a retrospective analysis.

5.2.2 Urban Sections

It was hoped that a retrospective analysis would alsc be
undertaken for urban sections in South Australia. However, a
review of the MITERS sites showed that the urban non-intersection

countermeasures were rTestricked in number Because:

. The new pedestrian signals and school pedestrian crossings
were not sectional treatments, but rather specific
locational treatments, Furthezmore, the identification of
these locations wasg not accident-based.

. The new upgraded street lighting schemes covered
considerable lengths of the main highways which had not been
identified by accidents., While it i3 natural that the total
length had been treated for ease of implementation, this
could have been misleading for any accident analysis.

. The traffic signal co-ordination was an intersection

treatment programme,

A prospective study, therefore, was decided upon. To keep
extraneous influences to a minimum, it was further decided that
the consideration of sections would be undertaken using 1983 as
the base year to use the existing work of other agencies. The



work on urban sections was undertaken in Victoria to minimise

IeSOULrcCes.

5.2.3 Rural Locations

Because of the relative lack of rural highway improvements
for road safety compared with urban installations, it was not
possible to consider a retrospective study for rural locations in
any State. Moreover, a prospective study in a rural area would

require considerable resources in the investigation phase.

Hence, it was decided to undertake the work in the Road
Construction Authority’'s Traralgon division in Victoria to
minimise total resource costs. This area provides two different,
but nevertheless complementary, highways for which the majority

of data was readily available.

5.2.4 The Besearch

The ewvaluationz undertaken in theses three areas, pamely
urban intersections, urban sections and all rural locations, are
discussed in the following chapters of this report.



	View Summary
	Next Page
	Previous Page



