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Summary 

The Australian National Risk Assessment Model (ANRAM) helps road agencies identify fatal and serious 
injury (severe) crash risk across all parts of the road network. ANRAM helps road agencies manage this risk 
through development of treatment programs aimed at reducing fatal and serious injury crashes. This report 
documents the development of ANRAM. 

The aim of this project was to develop an Australian model which could guide future severe crash risk 
reduction programs. Such programs would assist in achieving progress towards the Safe System vision.  

ANRAM provides a mechanism for the identification, measurement and reporting of severe crash risk across 
the Australian road network.  The severe crash risk estimation is based on road infrastructure, speed, traffic 
flow, potentially conflicting vehicle movements, and on severe crash history.  

The ANRAM system provides road agencies in Australia with a tool to implement a nationally consistent risk-
based road assessment program to support the objectives of both SCOTI (Standing Council on Transport 
and Infrastructure) and the National Road Safety Strategy 2011–20.  ANRAM can be used to identify road 
sections with the highest risk of severe crashes.  This will facilitate implementation of treatment programs 
aimed at reducing fatal and severe injury crashes.  This is a progressive approach towards the Safe System 
vision, in line with the existing practice and limited resources.  

Road agencies may use their own approaches to treatment selection.  ANRAM does not define this 
approach; rather it provides a flexible Toolkit that allows jurisdictions to prioritise high-risk road sections and 
to develop targeted treatment options and programs, which reflect jurisdictions’ local conditions and 
resources.  By treating the highest severe crash risk road sections first, road networks will progressively 
attain performance closer to the Safe System goal.  

Local roads and low volume roads in regional areas have had limited access to the traditional road safety 
funding.  The scattered nature of severe crashes made it difficult to reliably identify high-risk sections, and 
even more difficult to economically evaluate effective treatments.  ANRAM’s approach to severe crash risk 
estimation makes it easier to develop and estimate benefits of low-cost targeted treatment programs on 
these local and low volume regional roads. 

The report also provides guidance for implementation of the ANRAM system at a strategic level by 
jurisdictions.  It also includes a section on preparing data, processing results, analysis of high-risk sections 
and initial evaluation of potential treatment options and programs. 
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1. Introduction 

This research report focusses on the key project findings relating to the development of the Australian 
National Risk Assessment Model (ANRAM).  It also provides guidance relating to implementation of the 
model by jurisdictions. 

Other parts of this project developed guidance on evaluating the effectiveness of road safety treatments 
(Austroads 2012a) and reviewed the effectiveness of priority road safety engineering treatments (Austroads 
2012b). 

1.1 Aims and Objectives 
The Safe System approach establishes an ethical position that no one should die or be seriously injured on 
the road.  To fulfil this vision there is a requirement to identify parts or segments of the road network that 
require treatment.  

The traditional approach to identify crash risk is through crash history.  Given that human error may occur at 
any time on the road network, and that the human tolerance to impact forces may be exceeded on many 
sections of the network, an additional method is required to take a broader network-level view to identify and 
treat high risk areas in order to meet the Safe System vision.  

The first aim of the project was to develop an Australian National Risk Assessment Model (ANRAM) which 
could guide severe crash risk reduction programs that help achieve progress towards a Safe System.  

Secondly, the project sought to develop an implementation guide for adoption of the ANRAM by road 
agencies. 

1.2 Background 
In May 2008 the then Australian Transport Council (ATC), now known as the Standing Council on Transport 
and Infrastructure (SCOTI), agreed to a number of measures that should be progressed to further enhance 
Australia’s commitment to road safety.  The following two measures led to Austroads embarking on the 
development of the ANRAM system (Australian Transport Council 2008):  

 Establishing better linkages between road construction and safety outcomes 
through adopting risk-based approaches to the road network and developing 
targeted safety upgrade works for high-risk black spots. 

 Development of programs and treatments to address single-vehicle run-off-
road crashes and other rural crash problems. 

Austroads reports back regularly to SCOTI on the progress of the development of ANRAM and it is expected 
that a recommendation to SCOTI on what role ANRAM can play in meeting the two measures agreed to in 
2008 will be an outcome of this project. 

The National Road Safety Strategy 2011-2020 (Australian Transport Council 2011) also recognises the need 
to complement the traditional reactive road safety programs to build on Australia’s road safety performance.  
The National Road Safety Strategy acknowledged that the majority of crash sites in Australia are widely 
dispersed across the road network and that a broader, more strategic approach to improving the safety of the 
road network can be achieved by treating high crash risk sections. 
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In its Safer Roads Directions statement, the National Road Safety Strategy (Australian Transport Council 
2011) states that all levels of governments are to:  

…have assessed risk on their road network and re-focused road investment programs to 
treat higher-risk sections of the road network (road segments, traffic routes and defined 
areas) in addition to more targeted black spot programs. (Australian Transport Council 
2011, p 54) 

Action number 6 in the First Steps of the strategy, to be undertaken within the first three years, states the 
objective is to:  

Complete Austroads risk-based assessment model; and then systematically assess risk 
levels for highest volume roads and prioritise road sections for safety improvement. 
(Australian Transport Council 2011, p 55) 

 Terminology 1.2.1
This report refers to both AusRAP and iRAP. Both are separate entities with AusRAP being the licensee of 
iRAP’s models for Australia1.  The two terms are used interchangeably throughout the report when referring 
to the model, except when referring to the separate entities. 

 Need for ANRAM 1.2.2
Roper and Turner (2008) presented the results of investigations of Victorian and New Zealand crash data 
showing that only a third of fatal crashes occurred in locations classed as blackspots. New Zealand data also 
revealed that more than half of fatal crashes occurred at locations where no other crashes had occurred in 
the previous five years.  Scattering of severe (fatal and serious injury) crashes across the network suggests 
that if remedial attention is focussed only on blackspots, the opportunity to prevent a large proportion of 
crashes would be missed.  

Roper and Turner (2008) highlighted that the benefit-cost-ratios of blackspot projects have also been 
declining in recent years.  

As noted in Section 1.2, the National Road Safety Strategy (Australian Transport Council 2011) recognised 
these trends. Its directions seek re-focussing of road investment programs towards higher-risk sections on 
the road network.  An adequate risk model needed to be developed, one which could be applied in all parts 
of Australia.  

The project undertook a systematic approach to developing the ANRAM system based on the best available 
evidence and road agency inputs.  Factors that needed to be considered in the model included road usage 
(i.e. traffic volume), road engineering features, speed zones and severe crash performance.  In terms of 
crash risk attributable to the road system, road engineering features and traffic volumes predominately 
influence the crash likelihood.  Speed and selected road engineering features predominantly influence crash 
consequences (i.e. presence and severity of injuries).   

Past history of severe crashes2 provides information relating both to likelihood and consequence of future 
crash events, if no preventative action is taken.  The Safe System approach aims to minimise the risk of 
serious and fatal crashes.  It was thus considered that assessing severe crash risk in a methodical way was 
a fundamental component of achieving this aim. 

The project and development of ANRAM was guided by a project reference group consisting of road agency 
and Federal Government representatives.  They provided guidance on the specific needs, opportunities and 
limitations of their organisations in relation to crash risk assessment. 

1 AusRAP uses the same risk models as iRAP. The ANRAM system used the iRAP v3 Beta 3 (July 2012) algorithms to achieve 
convergence with AusRAP. It should be noted that iRAP v3 was still undergoing reviews and refinements after July 2012 which could 
not be captured in ANRAM due to project timelines. 
2 Severe crashes are those which result in at least one fatal or serious injury. ANRAM focussed on assessing the risk of severe crashes 
in line with the aims of the National Road Safety Strategy (Australian Transport Council 2011) and input of the road agencies. 
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Stage 1 of the project included exploration of risk assessment methods in use at the time.  A number of local 
and international systems and tools were reviewed to inform discussions relating to the design of ANRAM.  It 
was considered whether the iRAP risk assessment model v2.2 could be adopted.  At the time it was used by 
the Australian Automobile Association (AAA) as an advocacy tool to highlight levels of severe crash risk on 
the road network.  There was, however, a concern with its use as a primary risk assessment model for road 
agencies.  iRAP v2.2 took a simplified view of the risk as was required for its intended purpose.  This version 
of the model did not adequately take into account traffic volumes or past crash history.  Both of these were 
important factors for road agencies in the context of how road improvements are funded. 

In the past, ARRB and the Queensland Roads Alliance developed NetRisk which has been utilised in 
Queensland and other states to assess casualty crash risk.  This risk model was focussed on ranking road 
locations based on a limited number of road attributes only and could not meet the objectives set for 
ANRAM. 

While these and other risk assessment models have been developed and applied by different bodies, there 
was a need for a nationally agreed model for adoption by road agencies.  It was recognised by the project 
reference group that iRAP v3 Beta 3 risk algorithms were applicable in the context of the project.  The iRAP 
v3 Beta 3 risk algorithms drew on previous Austroads research and were trialled in previous versions.  The 
reference group agreed that iRAP v3 Beta 3 risk algorithms could be used in ANRAM to achieve 
convergence between the AusRAP and ANRAM.  The formal support for this approach was obtained via a 
Memorandum of Understanding between iRAP, Austroads, Australian Automobile Association and ARRB in 
2012.  

The iRAP v3 Beta 3 risk algorithms were incorporated into ANRAM during Stage 3 of the project (2011–12).  
It should be noted that these algorithms underwent a significant review and differed from previous version of 
iRAP, and were not finalised by the time of system completion.  This will necessitate future review and 
refinements of ANRAM.  

ANRAM can help in progressing towards Safe System outcomes as a result of targeted safety improvements 
at a road network level. 

1.3 Project Structure and Key Findings 
The project was conducted in three stages.  The outputs of the first two stages were documented but not 
published.  The third stage finalised investigations and project outputs, and resulted in the publication of the 
three research reports noted in Section 1.4.  This report presents the findings of Stages 1, 2 and 3 relating 
to:  

 ANRAM development facilitating convergence with AusRAP (Section 3) 

 ANRAM trials (Section 4) 

 an implementation guide for jurisdictions (Section 5). 

A summary of the work undertaken in each stage of the project may be found in Appendix A. 
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1.4 Project Outputs 
The project resulted in the publication of three stand-alone Austroads research reports, as well as the 
ANRAM system: 

 ANRAM development (this report) including peer review and trial, facilitating convergence with AusRAP, 
and an implementation guide.  Accompanying this report is the ANRAM system (ANRAM v1.0), delivered 
as Microsoft Excel-based software, programmed in Visual Basic. This is the key project output. 

 An Introductory Guide for Evaluating Effectiveness of Road Safety Treatments (Austroads 2012a): this 
provides an introduction to practical aspects of the planning and conduct of studies to assess the 
effectiveness of actions to reduce crashes on the road system.  It is designed to assist selection of the 
most appropriate evaluation method and make users aware of the data requirements, and the 
advantages and limitations associated with different methods.  The practical implications of the different 
methods in terms of assessing the validity of studies and of conducting evaluations are discussed.  The 
guide concludes with six case studies which illustrate the methods described.  It is primarily aimed at 
practitioners who are involved in managing or delivering road safety engineering programs.  A well 
designed and executed evaluation can help road managers assess the effectiveness of road safety 
treatments and also help in the estimation of treatment effectiveness of planned future treatments.  

 Effectiveness of Road Safety Engineering Treatments (Austroads 2012b): this report extends the 
knowledge base on the effectiveness of different road safety engineering treatments and may assist in 
informing decision making for the development of future road safety programs.  It presents effectiveness 
values for 57 treatment types (and includes 125 crash effectiveness values, expressed as Crash 
Modification and Crash Reduction Factors).  Factors that express the expected effectiveness of 
treatments are often used by road agencies during the planning of treatment programs, to assist in the 
estimation of the benefit expected (often expressed in terms of benefit-cost ratios).  Programs such as 
iRAP also use these values to help guide decision making. 
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2. Methodology 

The part of the project presented in this report, i.e. development of ANRAM, employed a range of 
methodologies in order to deliver the aims and objectives of the project.  Some of the key methods are listed 
below: 

 Literature reviews were carried out to inform the ANRAM model form and development techniques.  The 
literature was used to inform the project reference group and discussions throughout the project. 

 Consultation with project reference group members was undertaken throughout the project. This involved 
workshops, reference group exercises to develop consensus, report comments and email exchanges.  
Guest speakers were invited to provide inputs on specific matters, e.g. ongoing development of iRAP’s 
risk algorithms.  Peer review comments on the ANRAM prototype were sought from an external expert 
and implemented in the finalisation of the prototype. 

 A consultation process was used to establish the key project directions during Stage 1.  These were 
based on the project aims and objectives, and the specific needs of the road agencies. 

 Development of Excel-based prototypes of the ANRAM system was undertaken based on the directions 
set by the project reference group, using the available iRAP protocols, and informed by the risk 
assessment literature.  A proof-of-concept prototype was developed at the end of Stage 1 and a working 
prototype at the end of Stage 2.  During Stage 3, the prototype was developed further into ANRAM v0.9 
and then ultimately v1.0 following initial calibration and testing.  Appendix A includes a summary of the 
ANRAM system version history throughout its development. 

 Trialling of the ANRAM prototypes was carried out using road inventory data collected from a selection of 
different roads.  The ANRAM outputs were calibrated using observed fatal and serious injury crash data 
to ensure the risk estimates were correlated with observed severe crash history.  

 ANRAM v1.0 (and earlier versions) programmed in Excel using the visual basic programming language.  

 The software was tested by basic application of the entire risk assessment process as intended by the 
road agencies.  Instructions for users were developed and provided with this report during testing. 
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3. ANRAM Development and Structure 

The following sections document development of ANRAM and present how the risk assessment model 
works. 

3.1 ANRAM Objectives 
The key objectives for ANRAM were provided by the project scope in line with the National Road Safety 
Strategy (Australian Transport Council 2011) aims, as follows:  

 ANRAM is to be a nationally consistent approach to determining levels of severe crash risk on sections of 
the national, state controlled and major local government road networks 

 it can identify parts or segments of the road network that require treatment 

 it should be able to guide risk reduction programs, such as infrastructure improvements and speed 
management initiatives 

 it considers factors such as road usage (i.e. traffic volume), road engineering features, speed zones and 
severe crash performance.  

ANRAM was developed to ensure that these objectives were met, as permitted by time and budget 
resources of the project.  

The following sections provide an introduction into the role of ANRAM and its value for jurisdictions and road 
safety funding bodies.  Then, the development of stakeholder consensus on ANRAM is presented, including 
remaining directions for future development.  The convergence with the AusRAP model is also documented.  
Finally, ANRAM architecture and algorithms are explained to document the system design. 

3.2 Role and Value of ANRAM for Jurisdictions 
The ANRAM system provides a viable alternative to address the gaps that currently exist in the assessment 
of severe crash risk and prioritisation of risk reduction road investment.  ANRAM incorporates a formal set of 
rules and protocols which allow these functions to be performed by road safety program managers and road 
safety funding bodies.  

As most jurisdictions have different requirements and policies due to different funding regimes, there have 
been barriers to adopting uniform guidelines for funding programs in the past. ANRAM provides a basis to 
use common outputs across all jurisdictions.  These outputs can be also readily calibrated and tailored to suit 
jurisdiction-specific policies and programs. 

It was recognised, that a unified approach would avoid development of competing risk models and 
inconsistencies in identification and prioritisation of severe crash risk on national, state and local road 
networks.  Adoption of a single national model may lead in time to a uniform and programmed approach to 
funding road network improvements based on severe crash risk reduction.  Thus, measurable steps can be 
taken towards achieving the Safe System implementation under the guidance of the National Strategy. 

ANRAM has been funded and formally supported by Austroads, which is also the formal custodian of its 
intellectual property.  ANRAM is non-proprietary and can be implemented by individual jurisdictions free of 
charge.  Its future development and support will depend on ongoing interest and implementation by the road 
agencies.  A dedicated implementation guide is provided in Section 5 to make this task easier. 
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Adoption of ANRAM as the agreed system for determining risk on the Australian road network would create 
opportunities to: 

1. Establish a baseline measure of risk across all levels of the Australian road network. 

2. Adopt targets for improvements that can be measured and monitored through existing processes such 
as the Austroads National Performance Indicators (NPI). 

3. Establish long-term investment programs to implement countermeasures for the identified risks.  

One of the principal differences between ANRAM and other current risk-based road assessment methods, 
such as NetRisk or iRAP, is the way ANRAM approaches fatal and serious injury (FSI) crashes.  It 
incorporates predictive models based on the relationship between traffic flow and severe crashes occurring 
on the Australian road network.  Then it uses iRAP-based risk algorithms to adjust the predicted FSI crash 
performance (Predicted FSI crashes).  The nationwide approach to the calibration of Predicted FSI crashes 
ensures that the results are comparable across jurisdictions.  The inclusion of the observed severe crash 
history in the final risk assessment (ANRAM FSI crashes) provides further confidence that prioritisation of 
high-risk road sections includes actual safety performance data.  This methodology is described in detail in 
Section 3.5. 

The long-term goal is for ANRAM and the AusRAP model to converge and eventually develop into one 
model acceptable to all stakeholders: jurisdictions, motorist advocacy groups and iRAP.  

The following important points underline the value of adopting ANRAM by Austroads members: 

 ANRAM expresses collective risk as potential fatal and serious injury crashes, typically per kilometre, 
which can be used in economic analysis. 

 ANRAM accounts for individual risk, the Star Rating Score (SRS), a measure compatible with AusRAP. 

 ANRAM allows for prioritising individual road sections on the basis of either risk type, or both, for further 
investigation and treatment. 

 ANRAM is based on Australian fatal and serious injury crash data, hence it has direct national Safe 
System relevance as per the National Road Safety Strategy (Australian Transport Council 2011). 

 ANRAM allows for high-risk road sections to be compared and prioritised nationally. 

These points are demonstrated in more detail in the following sections. 

3.3 Building ANRAM Consensus 
The project sought to develop an ANRAM system which would be acceptable to all Austroads members.  To 
achieve this, each of the three project stages included a formal consultation process with the reference group 
and iRAP representatives.  The reference group consisted of: 

 the Austroads Project Manager  

 road agency road safety managers and experts as nominated by the Austroads Road Safety Task Force 

 a representative of the Federal Government department responsible for the National Black Spot Program 

 an Australian Automobile Association representative.  

Reference group workshops were held during each stage of the project to seek inputs, feedback on 
progress, and group consensus on specific issues.  Similarly, draft report and ANRAM prototype comments 
were sought from the group members.  The reference group and the Austroads Project Manager provided 
directions on various functional parameters of ANRAM to ensure that it was acceptable to the road agencies.  
In particular, Safe System considerations, usefulness of outputs and tool functionality were the main drivers 
of these inputs.  The detailed directions provided by the reference group and the Project Manager are 
summarised in Table 3.1. All have been achieved and are reflected in ANRAM’s design.  The table indicates 
where future development may be required. 

 
 

Austroads 2014 | page 7 



Australian National Risk Assessment Model 

 
 
Ongoing information and data exchange was maintained with iRAP to ensure the convergence of its and 
ANRAM risk algorithms, described further in Section 3.4.  

Table 3.1:   Reference group directions for ANRAM development and their status 

Issue, direction Status 

The model should be robust and as simple as possible. Achieved.  ANRAM balances theoretical correctness of approach with 
realistic expectations of transferability, data availability and simplicity of 
operation.  

The model should predict crashes rather than casualties. Achieved. 
Safe System principles should drive the model and its risk 
parameters.  There was preference for prediction of fatal and 
serious injury crashes as the model output to match the aims of the 
National Road Safety Strategy (Australian Transport Council 2011). 

Achieved. 

The model should provide a measure of infrastructure-related 
severe crash risk and produce a predicted mean number of fatal 
and serious injury crashes.  A hybrid crash risk/crash prediction 
approach should be used to meet most of the requirements. 

Achieved.  Computes a mean predicted number of fatal and serious 
injury crashes (Predicted FSI crashes) based on road stereotype, speed, 
traffic flow and inherent safety of road infrastructure. 

The model should include crash history. Achieved.  Severe crash history for each road section (Observed FSI) is 
requested.  This is then combined with Predicted FSI to produce ANRAM 
FSI crashes – a more stable indicator of severe crash risk. 

The model should be used to provide risk information at route and 
network level rather than for a single road location. 

Achieved.  A minimum length of road section is required to provide stable 
results. 

Both collective and individual crash risk should be provided by the 
model. 

Achieved.  Collective risk is expressed by ANRAM FSI.  Individual risk is 
best represented by the Star Rating Score (SRS). 

Complete the ANRAM system in the general form indicated by the 
prototype (Stage 3). 

Achieved.  Various parts have been transformed from the Stage 2 
prototype to follow the revised ANRAM structure, iRAP v3 and to include 
additional functionality.  The general form and structure were retained. 

Different modules of the model should produce useful outputs to 
meet the needs of different stakeholders (e.g. road agencies, AAA, 
Federal Government infrastructure funding programs). 

Achieved.  ANRAM provides a range of useful outputs informed by the 
consultations, e.g. Star Rating Scores (SRS) broken down by crash 
types, indications of where on the network risk spikes occur, Predicted 
FSI crashes, ability to calculate a reduction in Predicted FSI crashes as a 
result of a proposed safety program, calculation of ANRAM FSI and basic 
benefit-cost ratio analysis.  ANRAM also enables comparison of 
Predicted FSI with Observed FSI to identify road sections where severe 
crashes may be caused by non-infrastructure risks for further 
investigation. 

The model should attempt to cover all parts of the road network, 
including local government roads. 

Achieved.  The trial has included local roads data which will enable 
inclusion of this part of the network in the system.  All other parts of the 
network have already been included in the prototype. 

The 2011–12 consultation workshop requested consideration of the 
cost and complexity of network assessment for local government in 
the finalisation of ANRAM. 

Achieved.  Proposed approach for data collection on remote and local 
government roads in the ANRAM Implementation Guide (Section 5) 
suggests that ANRAM may be populated from locally available asset 
information, site visits, mapping and assumptions (e.g. lack of pedestrian 
facilities on rural roads).  This would make application of ANRAM less 
costly and staff resource intensive than using digital video coding.  

At a future development stage, the model should include facilities to 
provide treatment options, provide user selection of treatments, 
costing and BCR calculations. 

Achieved.  A basic ANRAM Toolkit module was developed.  It allows the 
user to select identified high-risk infrastructure elements for treatment 
(treatment program proposals) and to model reductions in Predicted FSI 
crashes.  This feature was outside the project scope but was deemed 
essential in meaningful implementation of the ANRAM system. 

The model should support monitoring of progress towards the Safe 
System, e.g. via providing information about selected Safe System 
infrastructure indicators. 

Achieved.  This feature is available from the standard ANRAM reporting 
template which provides percentages of different road feature categories 
for each road section or the entire network (similar to iRAP reporting).  
The choice of which road features are considered Safe System will 
remain with the user.  Monitoring of progress over time will need to be 
done outside of ANRAM. 
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Issue, direction Status 

Mean crash prediction model outputs should be calibrated for each 
jurisdiction and each road stereotype. 

Achieved.  The models have been updated during Stage 3 based on the 
available Victorian data (2005–09).  Initial calibration factors for Predicted 
FSI were developed as part of the trial.  The amount of trial data was 
limited.  Data from future pilot trials should be fed back into the model to 
strengthen the calibration factors.  
Predicted FSI outputs are national indicators of severe crash risk based 
on road engineering features, speed and traffic flow.  They do not require 
calibration to each jurisdiction. 
Inclusion of Observed FSI crashes in the ANRAM FSI crashes calculation 
brings jurisdictional, local and road-user-specific safety factors into 
ANRAM outputs.  

The risk assessment methodology developed in this model and the 
AusRAP risk assessment methods should converge over time. 

Achieved.  The ANRAM system used the iRAP v3 Beta 3 algorithms to 
achieve convergence with AusRAP at the time of completion. Ongoing 
effort and development will be required to maintain this compatibility. 
Further and ongoing convergence may be considered in future by 
developing ANRAM under iRAP’s ViDA software platform.  

Model outputs relating to different crash types or different road 
users should be considered. Investigate and consider development 
of pedestrian, motorcyclist and cyclist outputs based on available 
evidence suitable for Australian conditions (may be deferred to 
future revisions). 

Achieved.  Following stakeholder discussions and assessment of 
feasibility, assessment of pedestrian safety was included in ANRAM 
architecture.  As documentation for coding of pedestrians was not 
finalised by iRAP within project timeframes, it was turned off in the 
current version.  It is intended to be restored and finalised as a priority in 
a future ANRAM revision. 
Severe motorcyclist and cyclist crashes were more complex to model but 
may be included in future ANRAM revisions. 

Review of individual risk factors and other iRAP risk algorithm 
parameters where relevant Australian research evidence is 
available.  

Achieved.  Austroads research contributed to iRAP’s revision of selected 
risk factors in iRAP v3.  Future risk factor revisions should be considered 
via the AusRAP technical working group, or a similar body, to maintain 
convergence of the two systems. 

Project team was to assess the minimum lengths of road sections 
which could produce meaningful results. 

Achieved.  A length of 3 km on rural roads and 1 km on urban roads 
should produce a result which is repeatable and comparable with other 
parts of the network.  Longer minimum road sections produce more 
statistically stable results. 

Resolutions need to be reached through stakeholder discussion in 
2011–12 relating to the agreed final ANRAM model functionality.  
The potential options include the following model functions so that 
severe crash risk can then be identified, monitored and addressed 
methodically across the Australian road network:  
 efficient network-level risk assessment  
 Safe System performance indicators reporting 
 analysis and presentation of SRS results 
 development of proposed treatment program alternatives, 

program costs and BCRs (e.g. the Treatment Programs 
Module). 

These options need to be considered in the context of the parallel 
development of iRAP tools and the mutual model compatibility. 

Achieved.  Following consultations additional scope was added to the 
project to create a basic ANRAM Toolkit.  The Toolkit will provide these 
functions as part of the ANRAM system. 

 

The ANRAM prototype completed at the end of Stage 2 (2010–11) was peer-reviewed in late 2011 by an 
independent expert in the field of crash risk modelling.  The expert selected by the Austroads Project 
Manager was Dr Shane Turner of Beca Infrastructure Ltd.  Dr Turner provided detailed comments on the 
scientific merits of the adopted risk assessment methodology, the prototype itself and suggestions on 
reporting.  Each of the comments was considered in the context of the reference group and Austroads 
Project Manager directions, and informed finalisation of ANRAM.  Many small changes were implemented or 
noted for future revision of ANRAM (e.g. inclusion of motorcyclists and cyclists). 
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3.4 ANRAM and AusRAP Convergence 
Existence of two risk models in Australia could lead to potentially conflicting identification of high-risk 
sections which would be difficult to reconcile.  Thus, the project scope sought to formally facilitate 
convergence of ANRAM with the AusRAP model.  Successful development of a Memorandum of 
Understanding to this effect was one of the outcomes of this project.  

Early in the project it was acknowledged that ANRAM and AusRAP risk assessment models had many 
methodological overlaps, even though their application may be different.  It was identified that convergence, 
collaboration and sharing of knowledge between the two models would benefit the ongoing development of 
both.  

This cooperative intent was formally acknowledged through preparation and signing of a Memorandum of 
Understanding between Austroads, iRAP, AusRAP and ARRB.  The aim of the Memorandum was to clarify 
the roles of all the parties during the development of ANRAM and provide direction on how the outputs 
delivered from this body of research will be shared.  

The key points of the Memorandum relating to development of ANRAM under this project included: 

 Austroads would provide the project scope and approve its methodologies.  Through ARRB, Austroads 
was undertaking research and development of ANRAM that built on existing risk-based road assessment 
protocols including iRAP protocols. 

 AAA would contribute to the development of ANRAM through its licence for use of the iRAP protocols and 
through provision of AusRAP data and results, through AAA’s knowledge and expertise of AusRAP 
innovation, development and application. 

 iRAP would make available its road assessment protocols, specifications, processes, expertise and 
online software in accordance with the terms of the iRAP Centre of Excellence licence agreement and 
iRAP membership regulations with AAA. 

 ARRB, through Austroads and the iRAP Centre of Excellence status, would facilitate the development of 
the ANRAM and work towards its convergence with the AusRAP model (iRAP v3 model).  ARRB would 
also assist with the dissemination of research findings. 

The most significant demonstration of the convergence and knowledge sharing was inclusion of iRAP’s v3 
Star Rating Score (SRS) algorithms in the final version of ANRAM.  This removed the need to reinvent the 
fundamental risk assessment algorithms and allowed interchangeability of iRAP v3 and ANRAM input data 
sets3.  This provided project benefits by using in the ANRAM trial the available data from AAA’s new 
AusRAP national rating project and from the South Australian Department of Planning, Transport and 
Infrastructure risk assessment data trial.  iRAP benefited by drawing on the project findings in the 
development of v3 algorithms and the ViDA platform. 

3.5 The ANRAM System 
The following sections document the theoretical background for ANRAM and how it is structured. 

 Format and Structure 3.5.1
The key output of this project, ANRAM, was intended to be a model which meets the objectives listed in 
Section 3.1, as set out in the project brief.  Secondly, the directions of the project reference group and 
Project Manager and feasible suggestions of the peer reviewer were incorporated into the project to provide 
a viable tool for implementation of the National Road Safety Strategy (Australian Transport Council 2011) 
objectives. 

3 Minor adjustment of the data set is currently required. This requirement will be removed in a future update of ANRAM. 
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The most efficient and flexible platform for delivery of ANRAM was as Microsoft Excel-based software, 
programmed in Visual Basic.  This format provided for progressive prototype development.  Transparency of 
structure and algorithms was greater with this format, than for example with a program requiring a dedicated 
compiler.  Excel also provides a base from which a more advanced professional tool may be developed in 
the future.  

The drawbacks of using Excel included limited functionality and slow operation.  Also, ANRAM v1.0 can only 
run in Excel 2010 or later versions.  

The first prototype was completed at the end of Stage 1 as proof of concept.  The working prototype was 
completed at the end of Stage 2 using iRAP v2.2 algorithms.  ANRAM was finalised at the end of Stage 3 
using iRAP v3 Beta 3 algorithms available in July 2012.  It should be noted that iRAP v3 was still undergoing 
reviews and refinements after that time which could not be captured in ANRAM due to project timelines.  
Future reviews and updates of ANRAM may be required to maintain convergence between ANRAM and the 
AusRAP model.  

The ANRAM v1.0 software has been distributed to each jurisdiction and is available from ARRB on request.  

Figure 3.1 presents the structure of the ANRAM system. ANRAM is made up of four modules: 

 Risk Assessment Module (RAM) 

 Crash Prediction Module (CPM) 

 Crash Validation Module (CVM) 

 ANRAM Toolkit. 

These modules show step-by-step processing of information to arrive at a number of useful severe crash risk 
assessment outputs.  The modules and the background risk assessment theory are explained in more detail 
in the following sections.  Section 3.5.8 and Section 5.3.11 provide a summary of useful ANRAM outputs and 
suggests how they may be applied in road safety management.  The ANRAM Toolkit provides a process for 
identification of high-risk sections, their analysis and evaluation of potential road treatment programs. 

Figure 3.1:   ANRAM structure 
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 Risk Assessment Module (RAM) 3.5.2
The Risk Assessment Module is the first step in the estimation of severe crash risk.  It accounts for the 
relative risk of different types of severe crashes due to the effect of road features, speed and levels of 
potentially conflicting traffic.  ANRAM adapted the iRAP v3 Beta 3 risk assessment algorithms, road 
attributes and risk factors relevant to vehicle and pedestrian severe crashes (Star Rating Score, or SRS).  
The iRAP algorithm structure has been modified for the purposes of ANRAM, but it is essentially the same as 
for iRAP v3 (Beta 3) and can report matching results if required. 

Algorithm structure 
ANRAM, same as iRAP, works by computing a total SRS score for each 100 m carriageway segment.  
ANRAM then averages these scores to produce ANRAM SRS scores at a road section level.  Road sections 
are typically 3 km on rural roads and 1 km on urban roads.  These section-based ANRAM SRS scores 
provide a useful risk diagnosis tool.  

The individual 100 m segment scores remain available to users for further analysis if needed. 

The structure of the risk algorithm adapted for ANRAM is presented in Figure 3.2, with additional information 
for the pedestrian risk algorithm shown in Figure 3.3.  These figures do not show additional algorithms which 
are used to calculate values of supplementary attributes such as ‘Traversability’ or ‘External flow influence’, 
or modified response of the algorithm to certain conditions (such as the presence of a cliff).  The figures 
show the risk attributes used to calculate the ANRAM SRS4 values for the following five severe crash types: 

 run-off-road 

 head-on 

 intersection 

 pedestrian 

 other.   

ANRAM SRSs indicate the relative risk of each severe crash type due to the existing road infrastructure, 
speeds and traffic levels.  

The ‘other’ category was chosen to account for all other types of severe crashes occurring on the network.  
The ‘other’ group represents a very significant part of the overall severe crash problem, especially in urban 
areas where a greater variety of risk attributes can be present at the same time.  Analysis of the Victorian 
crash data suggested that this crash category comprised a large proportion of severe rear-end crashes (50–
67%), except on rural undivided roads, where it was around 25%. 

The Other SRS is calculated by taking the average of the Intersection SRS and Head-on SRS.  Inspection of 
iRAP's protocol showed that Intersection and Head-on SRS protocols contained a very broad mix of risk 
attributes which could be attributed to rear-end crashes, and a wide variety of other less common crash 
types, such as lane change, hitting a parked vehicle, side-swipe and loss of control/skidding on the road.  

4 ANRAM SRSs are based on iRAP SRS components. ANRAM simply assembles these SRS components in a different way which is 
better suited to the severe crash prediction methodology used in the Crash Prediction Module. 
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In ANRAM, the SRS scores for each of the five severe crash types are calculated for each 100 m segment 
and then averaged over the whole road section.  Each of the five SRSs at section level is then transformed 
into an ANRAM Weighting Factor as shown in Equation 1. 

Weighting Factori = 
SRSi

SRSij
 1 

where    

Weighting Factori = the section weighting factor for crash type i  

SRSi = the average section SRS for crash type i   

SRSij = the average SRS for crash type i for the relevant road stereotype j  

 
The SRSij values were derived for the six main road stereotypes used in ANRAM from trial data (see 
Section 3.5.3 for more information on the ANRAM road stereotypes).  Thus, the Weighting Factors indicate if 
the road’s individual risk levels are above or below average for each of the five severe crash types.  The 
Weighting Factors themselves are useful ANRAM outputs. 
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Figure 3.2:   ANRAM risk algorithm structure 

 
Note: LOC = loss-of-control. 

Source: Based on iRAP personal communication, May 2012. 

Operating speed
Lane w idth 
Curvature 
Quality of curve 
Delineation 
Shoulder rumble strips 

SRS - Run-off LOC Driver-side Road condition 
Grade 
Skid resistance / grip 
Roadside severity - driver-side offset
Roadside severity - driver-side feature
Paved shoulder w idth driver-side
External f low  influence - AADT per lane

Run-off-road SRS Traversability - median traversability

Operating speed
Lane w idth 
Curvature 
Quality of curve 
Delineation 
Shoulder rumble strips 

SRS - Run-off LOC Passenger-side Road condition 
Grade 
Skid resistance / grip 
Roadside severity - passenger-side offset
Roadside severity - passenger-side feature
Paved shoulder w idth passenger-side
External f low  influence - AADT per lane

Operating speed
Lane w idth 
Curvature 
Quality of curve 
Delinaeation 

SRS - Head-on LOC Centreline rumble strips 
Road condition 
Grade 
Skid resistance / grip 
Head-on severity - median type 
External f low  influence - AADT per lane

                                                     Head-on SRS Traversability - median traversability

Operating speed
Grade 
Skid resistance / grip 

SRS - Head-on Overtaking Differential speed limits
Number of lanes
Head-on severity - median type 
External f low  influence - AADT per lane (opposing)

Operating speed
Intersection type 
Intersection quality 
Grade 
Street lighting

SRS - Intersection Skid resistance / grip 
Sight distance
Chanellisation - splitter and median islands
Speed management / traff ic calming
Intersection severity - intersection type 

Intersection SRS External f low  influence - intersecting road volume

Operating speed
Access points 

SRS - Property Access Service road
Access point - severity
External f low  influence - default f low

Pedestrian SRS Refer to the next f igure

Other SRS = (Intersection SRS + Head-on SRS) / 2                  

     ANRAM SRS

(see Figure 3.3) 
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Figure 3.3:   ANRAM risk algorithm for pedestrians 

 

Source: Based on iRAP personal communication, May 2012. 

Road attributes and risk factors 
The number of road attributes that need to be collected for ANRAM input differs from the number of 
attributes used in risk calculations.  Appendix B lists road attributes which are collected as ANRAM inputs.  
Most fields are common to both iRAP v3 (Beta 3) and ANRAM.  Up to 72 attributes may be collected to 
satisfy the iRAP data specification, however only 42 are currently required for ANRAM calculations.  Thirteen 
additional attributes relate to pedestrian risk, but are not used in ANRAM v1.0 (refer to Section 4.1).  In 
addition to the input road attributes listed in this appendix, there are a number of other intermediate attributes 
that are calculated from the input data (e.g. median traversability).  These are not shown in Appendix B. 

Presence of user - along
Operating speed
Pedestrian along provision - driver-side
Curvature
Curve quality
Sight distance
Lane w idth
Delineation
Grade
Road condition
Speed management / traff ic calming
Parking (side friction) inc. footpath driver-side
Shoulder rumble strips 
Skid resistance / grip 
Street lighting 
Pedestrian along provision - driver-side (severity)
External f low  influence - through vehicle f low  per lane

Presence of user - along
Operating speed
Pedestrian along provision - passenger-side
Curvature
Curve quality
Sight distance
Lane w idth
Delineation
Grade
Road condition
Speed management / traff ic calming
Parking (side friction) inc. footpath passenger-side
Shoulder rumble strips 
Skid resistance / grip 
Street lighting 
Pedestrian along provision - passenger-side (severity)
External f low  influence - through vehicle f low  per lane

Presence of user - crossing
Operating speed
Number of lanes
Median type
Pedestrian crossing facitlities - though road
Pedestrian crossing quality - through road
Intersection type
Intersection quality

Pedestrian SRS SRS - Crossing through road Pedestrian fencing (inc crossing)
Skid resistance / grip 
Street lighting 
Sight distance
Parking (side friction)
Traff ic calming
Pedestrian crossing facitlities - though road (severity)
External f low  influence - through vehicle f low  per lane

Presence of user - along
Operating speed
Number of lanes (side road)
Median type (side road)
Pedestrian crossing facitlities - side road
Pedestrian crossing quality - through road
Intersection type / access point

SRS - Crossing side road Intersection quality
Pedestrian fencing (inc. side road crossing)
Skid resistance / grip 
Street lighting 
Sight distance
Parking (side friction)
Traff ic calming
Pedestrian crossing facilities - side road (severity)
External f low  influence - side road or access point vehicle f low  per lane

SRS - Along

SRS - Along driver-side

SRS - Along passenger-side
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Each individual road attribute used in risk calculations has several categories referring to different levels of 
crash risk.  Each category has a numerical value indicating the increased crash likelihood or severity above 
or below a baseline condition.  Some of the categories may be road-design related (for example, paved 
shoulder width ranges), while others are yes/no binary switches indicating presence/absence of a feature, 
yet others account for the influence of conflicting traffic flows.  Each category has a corresponding risk factor 
value.  Values less than 1.0 indicate a lower risk than the category representing the baseline.  This may 
indicate that the category approaches Safe System performance, e.g. through separation of incompatible 
road users.  Some risk factors relate to crash severity – they are usually high numbers between 10 and 90. 

The values of these risk factors in iRAP were based on the best available research evidence. The factors 
were predominately based on studies of casualty crashes, rather than fatal and severe crashes (Lynam 
2012).  This was viewed acceptable by iRAP in the context of estimating the severe injury risk.  Subsequent 
trials showed a reasonable correlation between iRAP risk scores and both all-casualty and severe crash 
rates in several countries (iRAP 2011).  Preliminary trials carried out on the ANRAM prototype during this 
project (Section 4) also indicated a good level of correlation between iRAP-based crash prediction and 
observed counts of severe crashes.  For these reasons ANRAM adopted the casualty crash risk factors in 
iRAP v3 (Beta 3) in relation to severe crash risk.  

Certain road attributes are used many times throughout the algorithm.  These include:  

 Operating Speed – in five out of five crash type SRSs  

 Skid Resistance – in five out of five crash type SRSs 

 Grade – in five out of five crash type SRSs 

 Curvature – in four out of five crash type SRSs 

 Delineation – in four out of five crash type SRSs. 

Thus, even when the individual influence of one of these attributes is small (i.e. a low risk factor value), the 
overall influence on the total SRS value would be noticeable as each crash type SRS would be affected.  
Another road attribute that may have a large influence on the calculated level of risk is Intersection Type due 
to the very high relative values of the risk factors.  They range from 20 to 70, while most other likelihood risk 
factors are between 0 and 5. 

Table 3.2 shows an example attribute table from iRAP v3 Beta 3 for pedestrian crossing facilities.  The 
casualty crash modification factor values were developed by iRAP drawing on a wide range of international 
research, including past Austroads projects, although they are not explicitly referenced in iRAP’s published 
works.  The risk factors were referenced from toolkit.irap.org and from cmfclearinghouse.org where the 
original sources are referenced.  References on risk factors were being prepared for publication by iRAP at 
the time of writing this report.  

Table 3.2:   Example of a risk factor table from iRAP (pedestrian crossing facilities) 

Category Risk factor value 

Grade separated facility – pedestrian fencing present 0 
Grade separated facility – no pedestrian fencing 0.2 
Signalised with a refuge 1.0 
Signalised without a refuge 2.0 
Unsignalised marked crossing with a refuge 2.0 
Unsignalised marked crossing without a refuge 4.8 
Refuge only 5.1 
No facility 6.7 

Source: Based on iRAP personal communication, July 2012. 
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 Crash Prediction Module (CPM) 3.5.3
The Crash Prediction Module estimates the fatal and serious injury crashes for each road section given its 
length, traffic flow, road infrastructure and speed, over a typical five-year period.  This output is referred to as 
Total Predicted FSI crashes and is made up of the Predicted FSI crashes for the five crash types used in 
ANRAM: run-off-road, head-on, intersection, pedestrian and other. 

The module works by using each of the five ANRAM Weighting Factors from RAM to adjust the relevant 
Mean FSI crash value predicted from the model based on the road stereotype, section length and AADT.  
This way, five Predicted FSI values are produced for each road section.  Aggregated, they form the Total 
Predicted FSI crashes for a given road section.  This is one of the main outputs of ANRAM.  The following 
sub-sections provide a more detailed explanation of the module. 

Safety performance functions 
The prediction models used in ANRAM are sometimes referred to as Safety Performance Functions (SPFs) 
(Hauer 1997, AASHTO 2010, Austroads 2012a).  They are useful in monitoring the predicted severe crash 
performance of a given type of road asset, a cross-section stereotype or an intersection type, or both as is 
the case in ANRAM.  ANRAM uses SPFs based on severe crash performance of six different road 
stereotypes: 

 rural undivided5 – often high-speed roads with little abutting development; may of be arterial or local 
function 

 rural divided/freeway – high-speed highways and freeways with a constructed median, few or no at-grade 
intersections and little abutting development 

 urban freeway – metropolitan freeways and motorways with access controlled via interchanges 

 urban divided – major metropolitan arterials with at-grade or grade-separated intersections, a constructed 
median, typically speed zoned between 60 and 80 km/h 

 urban undivided – metropolitan arterials without a median and typically with a direct property access; 
speed zoned between 40 and 70 km/h 

 urban local – local access and collector roads in metropolitan areas, typically speed zoned between 40 
and 60 km/h. 

For each road stereotype, there are five SPFs for each severe crash type used in ANRAM. Together, 30 FSI 
Safety Performance Functions were developed for ANRAM.  These SPFs were developed from a purpose-
built database combining road inventory information, AADTs and crash records for all of Victoria (2005–09).  
While these SPFs are based on one jurisdiction, they have been made applicable to the rest to the country 
through the ANRAM calibration described in Section 4.2 and Section 5.3.12.  The SPFs used in ANRAM are 
presented in Appendix C.  Table 5.5 contains AADT ranges for which the SPF models were valid. 

5 Future ANRAM development may include development of a rural unsealed road stereotype, if required. 
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Equation 2 shows the generic algorithm used in the calculation of Mean FSI crashes of crash type i for on a 
given road section of stereotype j.  These Mean FSI crash values are used later in calculation of Predicted 
FSI crashes. 

Mean FSIij = L×Aij×AADTBij 2 

where    

Mean FSIij = mean number of FSI crashes of type i for a given road section of stereotype j 
over a five year period 

L = road section length in kilometres, typically 3 km on rural roads and 1 km on urban 
roads, one carriageway 

AADT = carriageway annual average daily traffic flow in vehicles per day.  For dual 
carriageway roads two-way AADTs are divided by two 

Aij = model constant from the SPF for crash type i and road stereotype j (Appendix C) 

Bij = power model exponent from the SPF for crash type i and road stereotype j 
constant (Appendix C) 

 

Calculation of Predicted FSI crashes 
Figure 3.4 demonstrates the process used in the CPM to calculate Predicted FSI crashes.  The Mean FSIij 
represented by the curve in Figure 3.4 is affected by the relative safety effect of road attributes, speed and 
potentially conflicting traffic represented by the Weighting Factorij.  The modified value is Predicted FSIij.  
This process is repeated five times to calculate the Predicted FSI for each crash type for a given road 
section.  These values are then aggregated to provide the Total Predicted FSI crash value for each road 
section.  Equation 3 shows the generic algorithm used in the calculation of Predicted FSI crashes of type i for 
on a given road section of stereotype j.  

The Weighting Factor is specific to each road section (as described in the previous section) and would be 
high if the crash-type-specific SRS was high due to inadequate crash-type relevant road design features 
and/or high operating speeds.  High AADT and section length will also increase the Predicted FSI crash 
value for a given road section.  
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Figure 3.4:   Application of Safety Performance Functions in ANRAM 

 

 

Predicted FSIij = CFij x Weighting Factorij x Mean FSIij 3 

where    

Predicted FSIij = Predicted FSI crashes of type i for a given road section of stereotype j based on 
its specific road attributes, speed traffic flow and potential for vehicle conflicts 
over a five year period 

CFij = calibration factor for crash type i and road stereotype j (Section 4.2) 

Weighting Factorij = specific weighting factor for crash type i calculated for a given road section of 
stereotype j (Equation 1) 

Mean FSIij = mean number of FSI crashes of type i for a given road section of stereotype j 
over a five year period (Equation 2) 

 Crash Validation Module (CVM) 3.5.4

The role of ANRAM FSI crash estimate 
As noted in Section 1.2.2, a significant proportion of fatal and serious injury crashes are scattered across the 
road network.  Most fatalities are rare events and do not occur at blackspots.  Severe crashes may or may 
not reoccur at a given location during a defined period of time even in presence of inadequate road design 
for the road’s function.  Where severe crash counts are low due to chance, there is still a need to identify and 
treat the high-risk features which will otherwise contribute to continuing occurrence of severe crashes over a 
long period of time, e.g. design life of the present road alignment.  This approach is needed in order to 
progress towards the Safe System vision of eliminating fatal and serious injuries. 

ANRAM ensures that the severe crash risk levels are quantified, even on road sections with few crashes on 
record.  This is achieved by calculating ANRAM FSI crash estimates based on Predicted FSI and Observed 
FSI crashes.  
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The ANRAM FSI crash estimate is important as it represents the stable estimate of severe crash risk for 
each evaluated road section.  The estimate is less susceptible to regression to the mean, statistical variation 
and model inaccuracies.  It includes the local, road use and road user factors not included in iRAP’s risk 
algorithms.  ANRAM FSI crash estimates are used in evaluation of treatment options as described in 
Section 5.3.10. 

Calculation of ANRAM FSI crash estimate 
The notion of combining the observed and predicted severe crash values to provide a more sound estimate 
of the potential for future crash numbers was also used in AASHTO (2010).  It is based on the Empirical 
Bayes approach. 

In essence, the Empirical Bayes approach results in the Predicted FSI crash estimate being a proxy for the 
robustness of Observed FSI crashes.  When the Predicted FSI value is low (e.g. short road sections, low 
traffic volumes, low individual risk), then the Observed FSI values are not likely to be high and robust.  When 
the Predicted FSI value is high, it indicates that the Observed FSI value is also likely to be higher and more 
robust.  

The process for calculating ANRAM FSI crash estimates for each crash type on each road section is 
expressed by Equations 4 and 5. 

ANRAM FSIi = w x Predicted FSIij + (1-w) Observed FSIi 4 

where    

ANRAM FSIi = estimate of severe crash risk for crash type i for each evaluated road section over 
a five year period 

 

i = each of the five crash types used in ANRAM  

w = Bayesian weighting mechanism dictating how much emphasis is given to 
Predicted FSI or Observed FSI as expressed by Equation 5 

 

Predicted FSIij = 
Predicted FSI crashes of type i for a given road section of stereotype j based on 
its specific road attributes, speed traffic flow and potential for vehicle conflicts over 
a five year period (Equation 3) 

 

Observed FSIi = Observed fatal and serious injury crashes for crash type i in the given road section  

 

Both Predicted and Observed FSI crash values are based on the standard five-year investigation period 
used throughout ANRAM. 

w = 
1

1 + k × Predicted FSIij / L
 5 

where    

k = overdispersion factor – it indicates if the severe crash frequency data used for the 
SPF model had more variation than predicted by the model.  The k value is a 
constant for each model.  Generally, a high value (k > 1.00) indicates more 
variance and a model which is less fitting the real data than expected.  The weight 
w is low for such models and more weight is always assigned to Observed FSI 
crashes 

 

L = section length in kilometres  
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As seen in the Equation 4 and 5, higher Predicted FSI values will result in lower w and more emphasis given 
to Observed FSI values in the calculation of ANRAM FSI.  This ensures that where there is a prediction of 
high severe crash risk, its estimate should be strongly aligned with observed values6. 

Calculation of w in Equation 5 required the availability of the overdispersion factor k for each of the 30 SPF 
models used in ANRAM. AASHTO (2010) recommended that the k should be derived during the modelling 
process using dedicated statistical software.  This option was not available given the modelling methodology 
adopted early in the project.  The SPF modelling was carried out using linear and log-linear regressions in 
Excel which did not enable calculation of overdispersion parameters. 

AASHTO (2010) did not provide or refer to an alternative method for calculation of the overdispersion 
parameter outside of a statistical package.  A review of literature on the subject indicated a number of 
different methods for estimating the overdispersion parameters by manual or Excel calculations.  When 
tested, each method yielded different k values for the same data sets (Reurings et al. 2006, Al-Khasawneh 
2010, Schermer et al. 2011).  Much of the literature on this specialised subject dealt with refinement of 
statistical methods, rather than practical applications.   

Nevertheless, Schermer et al. (2011) provided the most clear description which was also applicable in road 
safety monitoring.  The method required use of scaled deviance or Pearson’s ϰ2.  Further detailed statistical 
analysis and sensitivity checking of ANRAM outputs suggested that a constant value of k = 0.45 be used in 
all models. 

Future revisions of ANRAM should include SPF models developed using statistical tools allowing calculation 
of individual model overdispersion parameters.  

Differences between Predicted FSI and Observed FSI 
Calculation of ANRAM FSI crashes requires input of Observed FSI data for each of the five crash types for 
each road section (the most recent five years available).  If possible, this process should be automated.  

For a given road section, Predicted FSI crashes may differ from Observed FSI crashes.  The reasons are 
many, but can be grouped into several general types: 

 road use and user factors – presence and behaviour of drivers, cyclists and pedestrians, proportion of 
heavy vehicles, congestion, driver speed moderation (e.g. in response to constrained road geometry) 

 fatal and serious injury crash reporting rates – the latter is less than 100% and subject to variation from 
one area to another 

 statistical variation in observed crash history – this applies particularly to low observed severe crash 
numbers 

 changes in AADT during the 5-year crash period 

 roadworks and changes in speed limit during the 5-year crash period 

 past safety treatments, upgrades and availability of alternative routes executed during the 5-year crash 
period 

 level of speed enforcement – this can vary over time and area, and is likely to influence crash outcomes 

 improvements in vehicle safety, driver education and training – generally, these improve over time 

 unknown risk assessment algorithm inaccuracies – effect of individual risk factors on severe crash 
outcomes may be different for a given road section from the set values used iRAP v3 (Beta 3)  

 SPF models not representing safety performance of a given area – the models are based on regression 
and calibrated at a national level. 

6 These could be either high or low as influenced by local, road use and road user factors.  
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The specific sources and amounts for the difference between Predicted and Observed FSI crashes can be 
difficult to identify and estimate.  Reference group input suggests that the first three points listed above are 
most likely the dominant sources for such differences.  In addition, substantial differences (e.g. more than 
two standard errors) could be used to identify road sections which are subject to factors not currently 
included in the model, which could identify areas for further investigation.  For instance: 

 Predicted FSI ≫ Observed FSI7: operational factors, such as congestion (low speeds) or road user 
behaviour responding to risk perception could be moderating the 
severe crash record.  

 Predicted FSI ≪ Observed FSI6: road user factors such as risk taking behaviour, intoxication, 
speeding or vehicle mix could be contributing to the relatively high 
Observed FSI crashes. Such road sections could be investigated 
as a priority to check if any urgent short-term safety treatments are 
required. 

Finally, the network-level differences between Predicted and Observed FSI were used in the initial calibration 
of ANRAM.  The process is described in more detail in Section 5.3.12.  This step provides jurisdictions with 
extra confidence that ANRAM’s outputs and recommendations are based on relevant severe crash data and 
can be compared across jurisdictions. 

 Summary of the Model 3.5.5
The previous sections described the design of RAM, CPM and CVM modules in detail.  Figure 3.5 presents 
the flow chart of the computational steps involved in producing the main ANRAM outputs, including the 
ANRAM FSI crash estimate.  The main feature is that severe crash estimates can be scrutinised at the crash 
type level (e.g. run-off-road, head-on, etc.), or as a total.  This is important when considering risk-based 
programs targeting selected issues under a road safety policy, e.g. severe run-off-road or pedestrian 
crashes. 

7 ≫ is the mathematical convention for much greater than; ≪ is the mathematical convention for much less than. 
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Figure 3.5:   ANRAM computational flow diagram 

 

 
Figure 3.5 shows the process steps performed at a road section level (typically 3 km on rural roads and 1 km 
on urban roads).  This approach provides reasonably stable severe crash prediction results.  During ANRAM 
development, the use of the fundamental 100 m segment was considered.  At such a fine level, the results 
were subject to significant fluctuations in SRS scores, and hence severe crash predictions.  A similar 
approach to smoothing of results was taken in iRAP and in KiwiRAP. 

It is important to note that ANRAM produces useful outputs at each step of the process.  ANRAM outputs 
and their application are described in more detail in Section 5.3.11.   

 ANRAM Toolkit 3.5.6
The ANRAM model provides a basic Toolkit, enabling users to carry out investigations of severe crash risk 
on the road network and analysis of potential treatment programs.  The Toolkit was not part of the original 
project scope but was provided as part of the ANRAM Microsoft Excel application to make implementation of 
the model easier for jurisdictions.  

The process of analysis and interrogation is based on the following steps: 

 CVM – source the severe crash risk information for the evaluated road sections (filters may be used, or 
data can be exported out for more detailed analysis). 

 Toolkit Section Analysis – investigation of the sources of risk on selected high-risk road sections. 
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 Toolkit Input – selection of potential treatments to address the risk on the selected high-risk sections, 

routes, or the whole road network. 

 Toolkit Output – evaluation and analysis of the benefits for the selected potential treatments (ANRAM FSI 
crash savings, BCR, per treatment or entire program). 

The Toolkit processes and application are described in more detail in Section 5.3.10.  

 ANRAM Calibration 3.5.7
It should be noted that it is appropriate for Predicted FSI and Observed FSI values to vary considerably at 
the road section level as discussed in Section 3.5.4. 

On the other hand, Predicted FSI and Observed FSI values should be similar at the road network level to 
ensure that ANRAM’s Predicted FSI crashes approximate real-world performance.  To achieve this, ANRAM 
was calibrated to align these two parameters at the road network level.  

The SPF models in Section 3.5.3 were based on Victorian data.  There was a need to extend their 
applicability to all Australian jurisdictions.  Thus, calibration was carried out using the observed severe crash 
data combined from several jurisdictions.  This provided a correction for any major under- or over-prediction 
of severe crashes, and allowed the predictive models to be relevant at the national level.  

Calibration factors were developed for each of the 30 predictive algorithms for Predicted FSI (as per 
Equation 3), i.e. for each of the five crash types in each in each of the six road stereotypes. The calibration 
factors are presented together with the trial results in Section 4.2.  

Due to the limitations noted in Section 4.1, the Pedestrian FSI crashes were excluded from this calibration 
process.  The trial was limited to only a number of routes, but did include data from all Australian states.  

For these reasons, the calibration factors included in the version of ANRAM released with this report should 
be considered preliminary.  They are sufficient for ANRAM implementation by the jurisdictions, but their 
robustness should be strengthened in future through inclusion of additional data from pilot projects.  The 
calibration process is described in Section 5.3.12 to guide future calibration.  

 Model Outputs and Applications 3.5.8
ANRAM provides a number of different outputs which may be used in different aspects of severe crash risk 
assessment, safety performance monitoring, identification of project candidate sites and their initial 
evaluation. 

The main output of ANRAM is ANRAM FSI crashes (for a five-year period) for a given road section.  Sections 
with high number of ANRAM FSI crashes per section or per unit length can be identified as high-risk 
sections.  The CVM tab may be exported (refer to Section 5.3.9).  Such an output can be used to prioritise 
high-risk sections across the network. 

ANRAM provides a number of other outputs of equal importance which can be used in different ways.  A 
further discussion on the application of ANRAM outputs is presented in Section 5.3.11.  

ANRAM provides a mechanism for monitoring severe crash risk distribution across the road network at a 
national, state or local government level. 

ANRAM may be used to support and inform decision making in funding of major projects or road 
improvement programs (e.g. risk assessment of design plans, or risk-based asset periodic maintenance).  
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4. ANRAM Trial and Evaluation 

4.1 Trial Design 
ANRAM was trialled on two occasions in order to progress its development towards the project objectives 
(Section 3.1) and to test how well it meets the expectations of the future users (Table 3.1 in Section 3.3).  

A preliminary trial was carried out on the ANRAM prototype in 2010–11.  This trial tested the design concept 
using the iRAP v2.2 risk algorithms and the selected SPF models based on older crash data obtained from 
another Austroads project.  This proof-of-concept trial successfully demonstrated the close relationship 
between the Predicted and Observed FSI crash values.  It provided a demonstration to the project 
stakeholders of the types of useful outputs which ANRAM can produce. 

The final trial of ANRAM was concluded in mid-2012.  The final model included the latest available iRAP v3 
risk algorithms (Beta 3, July 2012) and the full set of 30 SPF models developed from new crash, traffic flow 
and road inventory data.  The main aim of the final trial was to develop initial calibration factors enabling 
application of ANRAM across the jurisdictions.  Secondly, the trial sought to demonstrate the degree to which 
ANRAM provided a reliable estimation of severe crash risk compared to the observed severe crash history.  
Finally, the trial provided an example of the relationship between collective and individual severe crash risk, 
an important consideration in the implementation of future road safety strategies and programs in the 
direction of the Safe System.  

The trial involved 1263 carriageway kilometres of roads from six jurisdictions.  Table 4.1 indicates the 
number of kilometres of road length by jurisdiction and road stereotype available for the 2011–12 ANRAM 
trial.  

Table 4.1:   Kilometres of road carriageway included in 2011–12 ANRAM trial 

 ANRAM road stereotype Total km 

Rural 
undivided 

Rural 
divided/ 
freeway 

Urban 
freeway 

Urban 
divided 

Urban 
undivided 

Urban local 

New South Wales – – – – 36 42 78 

Victoria 83 57 – 77 72 1 290 

Queensland 138 57 79 84 66 5 429 

Western Australia 56 53 – 35 10 – 154 

South Australia 60 98 – 49 – 10 217 

Tasmania 42 21 13 19 – – 95 

Total km 379 286 92 264 184 58 1263 
 

Digital video of these roads was obtained from jurisdictions and auto-clubs, and was coded using the 
available iRAP v3 coding protocols in late 2011/early 2012.  An updated iRAP v3 risk algorithm was made 
available to the ARRB project team in mid-April 2012.  The pedestrian element of the algorithm was revised 
again by iRAP in May 2012, with revised instructions on video coding provided in June 2012.  The draft 
version of iRAP v3 risk algorithms dated 6 July 2012 was included in ANRAM in order to facilitate completion 
of the project.  
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The rolling refinements of iRAP v3 risk algorithms, and consequentially of video coding procedures, were 
accommodated as best as was possible with data re-processing.  Nevertheless, the changes resulted in loss 
of pedestrian movement estimates from the data set. Hence, pedestrian crash risk (SRS values) could not be 
calculated or trialled.  Thus, ANRAM was not calibrated for pedestrians at this time. 

iRAP v3 risk algorithms continued to be revised and refined after July 2012.  Future pilot projects and 
implementation of ANRAM should ensure that the latest version of iRAP algorithms is used in the collection 
of new data.  This will require minor changes to ANRAM and its recalibration.  

The coded road data was divided into appropriate carriageway sections, with some flexibility to 
accommodate logical road stereotype changes.  Each road section was assigned an AADT based on road 
agency data8.  

An attempt was made to map Observed FSI crashes onto each road section, however this was not always 
possible due to lack of consistent geocoding of crashes. Observed FSI crashes were mapped to whole 
routes, or parts of routes.  NSW crash data could not be used as casualty crash severity was divided into two 
groups: fatal and injury, without the serious injury crash sub-group required to define FSI crashes.  This did 
not have a major impact on the trial as the total available road length in that state was relatively short (less 
than 10% of the total). 

All data was verified and checked by ARRB staff before being uploaded and processed in ANRAM. 

Once the data was processed in ANRAM, it was used in the estimation of Predicted FSI crashes for each 
road section.  Initial calibration of ANRAM was carried out using the differences between the Observed FSI 
crashes and the Predicted FSI crashes.  Calibration factors were developed for each of the five crash types 
across each of the six road stereotypes (30 in total).  Calibration factors enable the application of ANRAM 
with a degree of confidence that the predicted results will approximate the observed results at a network 
level.  

Use data from six jurisdictions meant that the initial calibrations are not limited to any jurisdiction.  Predicted 
FSI crashes can be viewed as an abstract severe crash risk indicator based on road attributes, and can be 
compared nationally, across jurisdictional borders.  When ANRAM is used for jurisdiction-based projects, the 
recalibration of the national model using the Observed FSI crash data is recommended.  The calibration 
procedure is described in Section 5.3.12.  

4.2 Calibration Factors 
The main trial result was the set of initial calibration factors presented in Table 4.2.  These factors were 
subject to trial data limitations noted in the previous section.  

Factors close to 1.00 suggest that the unadjusted model output was close to what was observed.  Values 
much lower or greater than 1.00 would suggest that the unadjusted model was unable to predict accurately, 
or that the Observed FSI crash sample was too small for the given road stereotype/crash type combination, 
and subject to statistical variation (e.g. intersection crash type on rural freeways, or head-on crash type on 
urban local roads).  

The process for calibration of ANRAM is presented in Section 5.3.12. 

8 For dual carriageway roads volumes relate to total AADTs for both carriageways. 
 
 

Austroads 2014 | page 26 

                                                



Australian National Risk Assessment Model 

 
 
Table 4.2:   Initial ANRAM calibration factors  

Crash types Rural 
undivided 

Rural divided/ 
freeway 

Urban 
freeway 

Urban 
divided 

Urban 
undivided 

Urban local 

Run-off-road 0.72 1.20 1.61 0.90 1.02 1.40 
Head-on 0.53 1.38 5.29 2.15 0.64 0.40 
Intersection 0.57 12.69 0.84 0.96 0.90 0.56 
Pedestrian 1.00 1.00 1.00 1.00 1.00 1.00 
Other 0.61 1.62 1.06 1.01 0.91 1.23 

Note: Pedestrian FSI calibration factors were set to 1.00 due to the impossibility of calculating these SRS values, due to limitations 
noted in Section 4.1. 

4.3 Other Trial Results 
The trial also sought to demonstrate the degree to which ANRAM provided a reliable estimation of severe 
crash risk compared to the observed severe crash history.  To do this, a more in-depth comparison of 
Predicted FSI vs Observed FSI crashes was carried out for selected road stereotypes.  This comparison was 
undertaken at the route level.   

Figure 4.1 shows an example of correlation between the predicted and observed values for rural undivided 
roads in Victoria, Queensland, South Australia, Western Australia and Tasmania.  The figure indicates 
instances of good alignment between the two indicators, and instances of significant difference.  

It should be noted that some of the roads nominated for the trial by jurisdictions included already identified 
high-risk routes, where the observed severe crash history was unusually high.  Section 3.5.4 discusses other 
possible sources of discrepancies between the model and historical crash records.  Overall, ANRAM 
appeared to provide a reasonable prediction of severe crash risk in most cases.  

Figure 4.1:   Fit between ANRAM Predicted FSI and 
Observed FSI crashes – rural undivided roads 

 

Figure 4.2:   Fit between ANRAM Predicted FSI and 
Observed FSI crashes – rural divided roads/freeways 

 

Figure 4.2 provides a similar relationship for rural divided/freeway roads across different states. There were 
fewer data points available for this analysis, but the divided routes were longer than some of the rural 
undivided roads.  This may explain why the results are more stable, i.e. show a better fit and less dispersion.  
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The correlation analysis was compromised by the limited availability of crash data geographically joined to 
the coded road data in the trial.  Further validation and calibration of ANRAM is to be carried out during 
jurisdictional trials.  The outputs will be fed back into ANRAM to achieve an improved fit between predicted 
and observed results. 

The last aspect of the trial sought to demonstrate the use of ANRAM as a risk assessment and prioritisation 
tool in the context of strategic Safe System implementation.  It was used to rank a sample of road sections 
according to collective and individual severe crash risks.  This aspect is covered in more detail in 
Section 5.2.4.  

4.4 Sources of Error 
It is recognised that the trial results would have been affected negatively by random and systemic error.  The 
effects of such error would appear as anomalies in SRS results, (e.g. unexpected risk spikes) and the 
reduced fit between the Predicted and Observed FSI crashes.  There are numerous sources of such error, 
including: 

 video coding errors, such as over- and underestimating road attribute categories, missing data and 
erroneous entries 

 risk factors not reflecting the actual FSI crash risk due to much of the past research being based on all-
severity or casualty crashes 

 risk algorithm design not reflecting correlations between attributes, e.g. curves typically have wider lanes, 
hence the effect of widening a traffic lane on a curve may have a different effect than on the straight 

 inaccuracies within the SPF models 

 localised changes in AADT not reflected in road agency data, but reflected in FSI crash numbers 

 interpretation of AADT data, e.g. extending one available AADT value over a number of adjacent road 
sections 

 errors in AADT data collection and recording 

 different reporting rates of FSI crashes by jurisdiction or region, not reflected in the AADT-only models 
used in ANRAM 

 interpretation of Observed FSI crash data, e.g. lack of geocoded information for different carriageways of 
divided roads resulting in the need to divide total FSI crashes for the section by two 

 incorrect reporting of Observed FSI crashes, e.g. freeway interchange or ramp crashes being reported as 
crashes on the main carriageway. 

During the trial, efforts were made to address these errors through methodical checking and re-checking of 
input data for each route.  ANRAM calibration also provided a degree of correction for some of these errors.  
These sources of error should also be taken into consideration by jurisdictions when undertaking future pilot 
projects and implementation of ANRAM. 

 
 

Austroads 2014 | page 28 



Australian National Risk Assessment Model 

 
 

5. ANRAM Implementation Guide 

ANRAM is a tool which road agencies can use to identify the highest risk of severe crashes.  This will help to 
facilitate implementation of treatment programs aimed at reducing fatal and severe injury outcomes.  This is 
a gradual approach towards the Safe System vision, in line with the existing practice and limited resources.  

Road agencies may use their own approaches to treatment selection, e.g. Safe System Transformation, 
primary/secondary/tertiary, etc.  ANRAM does not define this approach, rather it provides users a flexible 
Toolkit to select and evaluate most the effective treatment programs.  By treating the highest severe crash 
risk sections first, road networks will progressively attain performance closer to the Safe System goal. 

This section offers guidance on adoption of the ANRAM system by jurisdictions.  The guidance is not 
prescriptive, but rather suggests the areas of road safety planning where the system could be implemented 
and how this could be done.  The choice of application and specific use remains with the jurisdictions.  
Implementation of ANRAM needs to be considered in the context of existing road safety policies and 
practices.  

ANRAM FSI crashes are the main output of ANRAM which can be used for estimation of severe crash risk 
across jurisdictions.  Where Observed FSI data is not available, Predicted FSI crash numbers provide a 
reasonable estimate of infrastructure-based severe crash risk. 

5.1 Background 
Australian road agencies currently have or are developing policies and supporting programs to address high-
risk parts of the road network, especially where volumes are high, in line with the directions set by the 
National Road Safety Strategy (Australian Transport Council 2011).  This re-focussing has been driven by 
the notion that treating only crash cluster locations (blackspots/lengths) addresses only part of the road 
safety problem on the Australian road network. 

ANRAM provides the mechanism for national consistency to be achieved in the identification, measurement, 
reporting and prioritising of proactive investment to address the risk of death and serious injury on the 
Australian road network. 

By adopting the ANRAM system, road agencies have the opportunity to implement a nationally consistent 
risk-based road assessment program.  In doing so they will also meet their obligations to the stated 
objectives of SCOTI and the National Road Safety Strategy (Australian Transport Council 2011) to improve 
Australia’s road safety performance by implementing risk-based road safety assessment criteria. 

ANRAM has built on existing Australian and international risk-based road safety programs such as AusRAP, 
NetRisk, iRAP and KiwiRAP, to create a system directly relevant and applicable for state and local road 
agencies.  ANRAM takes a Safe System approach to risk assessment by focussing on the risk of fatal and 
serious injury crashes that occur on the road network in Australia.  It uses a systematic and consistent 
methodology based on local and international research to identify, compare and prioritise high and severe 
crash risk on sections of the road network. 
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5.2 Adoption of ANRAM into Jurisdictional Road Safety Policy 
The following section deals with the key aspects of adoption of ANRAM and its implementation at the 
strategic level. 

 Benefits of Uniform National Approach to Risk Assessment 5.2.1
A nationally uniform approach to the assessment of severe crash risk across the road network lends itself to 
significant benefits for the enhancement of road safety in Australia.  Allocation of funding for treatment 
programs could be based on the use of ANRAM FSI crashes, a measure which is comparable across 
jurisdictional boundaries but which reflects local road use and conditions.  

ANRAM builds on existing research that underpins risk-based road assessment programs used in Australia, 
New Zealand and in other parts of the world.  Adoption of ANRAM by jurisdictions would offer an opportunity 
to apply this consistent risk evidence in assessment of competing treatment priorities.  

ANRAM outputs support road safety policy and network management policy by: 

 quantifying incremental improvement in risk translated to potential severe crash number changes, and 
investment benefits 

 providing a network performance indicator that can monitor changes over time 

 supporting prioritisation of treatments based on expected severe crash reductions 

 supporting assessment of roads at the planning, design or upgrade stage to determine how to achieve 
closer alignment to the Safe System principles (five star rating) 

 providing a repeatable research-based quantifiable risk assessment methodology 

 addressing the current gap in guidelines to cover the determination of risks and prioritising of treatments 
of road lengths based on risk alone  

 providing a vehicle for the introduction of state and national funding programs targeting the risks on the 
road network. 

 Local Flexibility 5.2.2
At the same time, different types of treatment options could be promoted in different jurisdictions, or regions 
within.  Such treatments would respond to specific types and levels of identified severe crash risk on different 
routes.  ANRAM promotes the use of road agencies’ technical expertise to define the best treatment options 
in response to high risk, available resources, local economies of scale, and climate.  Such locally-sensitive 
treatment proposals could compete for funding at the national level. 

 Removing Barriers to Safety 5.2.3
ANRAM provides a mechanism to address some of the barriers to road safety which exist for state and local 
governments alike, especially in regional areas.  Local governments and regional areas have had limited 
access to the existing road safety funding due to the scattered nature of crashes and the high cost of treating 
this network.  Crashes in these areas tend not to cluster in blackspots or lengths, but occur infrequently 
where individual risk is high (e.g. on curves, intersections).  They still form a substantial part of the overall 
road safety problem as noted in Section 1.2.2. 

ANRAM can provide identification of severe crash risk for roads which have been difficult to include in safety 
improvement programs in the past.  These would include addressing high-risk road infrastructure factors on 
roads where:  

 high numbers of severe crashes are clustered in blackspots and black lengths close together, and 
localised treatments suggested by current road safety program guidelines cease to deliver expected 
improvements 

 severe crashes occur frequently but no treatable crash patterns emerge due to many overlapping road 
and road user factors  
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 moderate numbers of severe crashes are scattered over a significant length, and no repeatable clustering 

of crashes occurs  

 few crashes ever occur due to low traffic volumes, but when they do, the consequences are high due to 
high speeds and remoteness. 

This concept is developed further in Section 5.2.4.  

 Strategic Approach to Safe System Implementation Using ANRAM (Example) 5.2.4
One strategic approach to the use of ANRAM in the Safe System context draws on the concepts presented 
in New Zealand Transport Agency’s High-risk rural roads guide (2011).  It is a strategic guide to addressing 
high-risk on rural roads.  It also draws on SafetyNET, a New Zealand tool for interpretation of crash risk 
using KiwiRAP and crash history data (Durdin & Janssen 2012).   

The example approach is based on identification and prioritisation of road network sections with high 
collective and/or individual risk of fatal and serious crashes.  Figure 5.1 shows this approach in the form of a 
risk matrix.  The collective risk of severe crashes is presented on the horizontal axis (Predicted FSI crashes 
per km).  The individual risk is presented on the vertical axis (the section-averaged total ANRAM SRS).  
Each of the plotted dots represents one of the Queensland road sections from the trial covering all road 
stereotypes used in ANRAM.  

Depending on the collective and individual risk levels, the road sections could be subject to consideration of 
different strategic approaches to treatment9.  

The measure of Predicted FSI crashes per kilometre in Figure 5.1 should be substituted with ANRAM FSI 
per kilometre, which was not available at a road section level from the selected trial data.  Doing so will 
provide a logical connection to the observed severe crash history.  Such a choice could make it easier to 
demonstrate that the approach is grounded in response to existing road safety problems, rather than risk 
assessment alone.  

The following subsections discuss how the example approach could be interpreted in relation to ANRAM 
use. 

Safe System Transformation 
The data overlayed on the risk matrix in Figure 5.1 shows that road sections which fell in the red part of the 
matrix, Safe System Transformation, showed high ANRAM FSI crash frequencies, typically associated with 
higher AADT, road engineering features and speeds which may be inadequate for the situation (high SRS 
values).  Such roads generally suffer from a mismatch between their function, design and use.  Detailed 
inspection of the data in this section of the matrix showed that these roads included arterials through central 
business/entertainment districts, complex multi-leg at-grade junctions and short sections with high frequency 
of major intersections.  Such road sections could be considered for major improvement works such as 
bypasses, grade separations, or rationalisation of access and traffic management, resulting in very 
substantial reductions in fatal and serious injury crashes.  

High ANRAM FSI crash reduction potential may provide economic justification for some high-cost 
infrastructure solutions, e.g. grade separations.  Other Safe System Transformation solutions may be low-
cost but have negative accessibility impacts, e.g. pedestrian separation, road and driveway closures – these 
may need to be managed at high cost (e.g. provision of over- and underpasses, access via a local road 
network). 

The red area could be progressively extended to more roads as the highest-risk sections were treated with 
transformative works.  The solutions would need to adapt accordingly and may not always require a 
substantial transformation of the road environment.  This way all parts of the road network would be 
eventually transformed in the direction of the Safe System. 

9 The terminology has been borrowed from New Zealand Transport Agency (2011), but it has been interpreted to extend to both rural 
and urban roads.  The values shown in Figure 5.1 reflect the trial data and are not suggested intervention thresholds. 
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Figure 5.1:   Example of a risk-based approach to identifying and prioritising road safety actions 

 

* Excludes pedestrian crashes and SRS due to the limitations of the trial. ANRAM FSI crashes per km are a preferred measure of 
collective risk (not available in this example). 

Sources: Risk matrix adapted from Durdin and Janssen (2012) and a sample of ANRAM trial results based on Queensland road 
sections. 

Safer Corridors 
Road sections which fell in the orange part of the matrix, Safer Corridors, in Figure 5.1 displayed increased 
collective and individual risk to the point of requiring decisive and targeted road safety actions.  Safer 
Corridor reviews could focus on addressing high-risk road features and ANRAM FSI crash clusters along 
selected routes.  They may involve black length treatments.  

Safe Corridor actions could include low- to medium-cost treatments, such as shoulder improvements, 
installation of safety barriers, intersection improvements, or a targeted mix of these along a high-risk route.  
In urban conditions, these may also include route-based treatment strategies such as improved access 
management, intersection improvements, pedestrianisation or roadside safety management.  

Also, Safer Corridors could seek to minimise only selected severe crash types through Safe System 
infrastructure works, such as median flexible barriers to address head-on crashes.  

Safety management 
Those road sections in the yellow section of the Figure 5.1 fall into the category of Safety Management.  
Collective and individual risk indicators are not high but of sufficient concern to warrant mass action.  These 
may involve low-cost treatments of blackspots/lengths, road safety audits, mass-treatment programs, skid 
resistance monitoring, and speed management. 
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Safety maintenance 
The majority of road sections in Figure 5.1 fell within the green Safety Maintenance area, i.e. the ANRAM 
SRS scores were either not high (comparatively good to reasonable level of road engineering attributes) or 
the ANRAM FSI crash estimate would be expected at the lower end of the range due to low traffic volumes.  
The strategic approach would identify these as areas of low priority for high-cost investment.  Rather, the 
existing safety record should be monitored and reduced through systemic approaches such as: enforcement, 
speeds management, improvements in delineation standards, road technology innovation, and targeted 
asset management (e.g. pavement rehabilitation/resealing to maintain skid resistance on curves).  Low-cost 
mass-treatment programs may also be effective, e.g. provision of audio-tactile edge or centrelines on lower 
order rural roads. 

Figure 5.1 also shows that clear risk groups emerged among the road sections used in the trial: rural 
undivided roads, urban undivided and divided roads (both arterial and local) and rural and urban freeways.  
The three groups showed distinctive patterns of collective vs individual risk.  For example, freeways 
demonstrated a high level of road engineering features (low ANRAM SRS, low individual risk) combined with 
low to moderate FSI crashes (Predicted FSI shown, collective risk).  Deeper investigation of ANRAM results 
for these groups may reveal the underlying relationships which could be addressed through treatment 
programs and eventual adjustment of design and asset management guidelines. 

 Using ANRAM in Road Safety Programs 5.2.5
This section outlines ways that jurisdictions can use ANRAM to drive changes in the road network, as well as 
highlighting issues for consideration during the development of ANRAM-based road safety programs. 

Most jurisdictions in Australia already possess a hybrid crash risk/crash history road safety program, or a 
sub-program, proactively addressing future crash risk through road safety audits.  ANRAM would 
complement these existing programs by providing a network-based approach to guide severe crash risk 
reduction programs.  

Links to relevant policies and developing program criteria 
ANRAM is well suited to inform mass-treatment road safety programs supporting the National Road Safety 
Strategy in the areas of safer roads and roadsides and safer speeds.  ANRAM could be used to drive run-off-
road and head-on severe crash risk reduction programs for example.  

ANRAM could also be used to prioritise road safety audits.  Analysis and mapping of the ANRAM SRS 
outputs may indicate road segments (100 m) which have multiple high-risk road attributes.  These could be 
analysed on-site by suitably qualified road safety auditors who would then develop location-specific 
solutions.  

The strategic approach example shown in Section 5.2.4 could be used to guide development of intervention 
thresholds and the types of mass-treatments considered by future programs.  This approach to managing 
severe crash risk is already favoured on rural roads in New Zealand (New Zealand Transport Agency 2011).  
As a general guide, no more than 10% of the assessed road network should fall within the Safe System 
Transformation area. 

It is important that road agencies (state or local) considering introduction of a new policy or program ensure 
that key aspects of existing policies and programs are maintained.  Therefore it is suggested that a new 
program that may be developed to facilitate implementation of ANRAM would have criteria that govern 
minimum safety benefit vs cost ratios to be achieved, maximum individual project values, clearly defined cost 
sharing obligations and the need to maintain compliance with work health and safety, environmental and 
heritage acts and regulations. 

Projects could be prioritised by BCR, based on expected savings in ANRAM FSI crashes over the treatment 
life.  The ANRAM Toolkit facilitates development and refinement of project proposals, and offers an initial 
BCR estimation (refer to Section 5.3.10). 
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Relevance to local roads and low volume rural roads 
Traditional road safety benefit-cost assessment criteria rely on both the occurrence of crashes at a location 
or road length, and the quantified expected crash reduction of the proposed treatment.  This is fundamental 
to estimating the benefit from a given investment.  

Local roads and low volume roads in regional areas have had limited access to traditional road safety 
funding.  The scattered nature of severe crashes made it difficult to reliably identify high-risk sections, and 
even more difficult to economically evaluate effective treatments (i.e. no crashes, no benefit).   

ANRAM estimates the average occurrence of severe crashes in each road section by crash type (ANRAM 
FSI), making it easier to develop targeted treatment programs to reduce identified risks.  Low crash 
frequency on local and low volume roads means than many of the favoured treatments would need to be 
low-cost solutions in order to produce good benefit-cost ratios. 

An additional benefit of ANRAM’s network-wide assessment method is that ANRAM outputs can be readily 
incorporated into existing asset management protocols and systems.  Outputs can be linked to specific road 
sections and other condition assessments already undertaken by road managers (e.g. pavements).  This 
provides an opportunity to integrate road safety considerations into decisions that support investment in the 
upgrade and maintenance of local and regional road networks. 

 Response to the National Road Safety Strategy and SCOTI 5.2.6
Under the obligations of the National Road Safety Strategy (Australian Transport Council 2011), jurisdictions 
will be required to demonstrate how they are progressing toward the assessment of risk on their road 
network and how road investment programs have been refocussed to treat higher-risk sections of the road 
network. 

Similarly, jurisdictions should be prepared to respond to their Transport Minister’s interest in what role 
ANRAM will play in the assessment on risk of the roads in their respective states and territories when SCOTI 
is informed of the completion of ANRAM.  The progress of ANRAM has been reported to SCOTI since it was 
agreed in 2008 that there was a need to be (Australian Transport Council 2008): 

 Establishing better linkages between road construction and safety outcomes 
through adopting risk-based approaches to the road network and developing 
targeted safety upgrade works for high-risk black spots. 

 Development of programs and treatments to address single-vehicle run-off-
road crashes and other rural crash problems. 

Thus the adoption of ANRAM assists in progressing towards a Safe System into strategic road safety 
policies and ensures that state Transport Ministers have visibility that ANRAM has been adopted and that 
any reporting of performance or assessment of high-risk roads will be consistent across Australia.  This 
approach can provide an indication of the road network’s progress towards a Safe System as treatment 
programs that employ Safe System principles directed towards the highest risk sections (identified by 
ANRAM) will, over time, result in progressively safer road networks. 

In a similar way to New Zealand, Transport Ministers weekly road fatality briefing reports could include the 
road star rating based on ANRAM SRSs for the roads on which the fatalities occurred.  This simple approach 
helps to build consciousness of the role road infrastructure safety plays in achieving the Safe System 
objectives. 

5.3 Practical Implementation 
The following sections deal with practical the implementation of ANRAM v1.0 at a jurisdiction level.  

ANRAM v1.0 is an Excel 2010 VBA application capable of uploading the iRAP v3 coded data set and 
Observed FSI crashes, and outputting the key indicators of individual and collective severe crash risk.  
Future versions may have different features or modified procedures.  Screenshots in this section are from the 
ANRAM v1.0 tool (version date March 2014). 
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The process for calculating ANRAM FSI crashes described in Section 3.5.4 brings together the Predicted FSI 
and Observed FSI crashes at a road section level.  The estimate of ANRAM FSI crashes reflects the level of 
collective severe crash risk based on road engineering, speed, traffic flow and potential for vehicle conflicts 
(Predicted FSI crashes), and on the locally specific and road user factors (Observed FSI crashes).  Road 
sections can be ranked according to ANRAM FSI values.  ANRAM FSI crashes may be compared across 
jurisdictional boundaries. 

ANRAM SRS can be used as indicators of individual risk of a severe crash based on engineering attributes, 
speed and levels of potentially conflicting traffic.  Table 5.1 provides ranges that categorise the level of 
individual risk based on 20 percentile increments.  These ranges have been determined using the trial data 
and should be considered as broad indicators only.  During future calibration of ANRAM, these 
categorisations should be revisited to provide more representative results, as the data sample will be larger 
(Section 5.3.12 provides more information about future calibration).  Road sections can be ranked 
accordingly.  

ANRAM FSI crashes and ANRAM SRSs may also be used to map the distribution of risk on the network, as 
suggested in Section 5.2.4.  The ANRAM v1.0 Toolkit provides basic functionality to analyse the main high-
risk road attributes and to evaluate the potential treatment programs (refer to Section 5.3.10). 

Table 5.1:   Indicative ANRAM SRS risk categories 

Risk category Run-off-road Head-on Intersection Pedestrian Other Total ANRAM 
SRS 

Very low < 3.7 < 0.2 < 1.0 – < 1.7 < 10.7 

Low 3.7–5.1 0.2–1.0 1.0–4.8 – 1.7–3.9 10.7–19.0 

Intermediate 5.1–6.6 1.0–2.4 4.8–11.0 – 3.9–7.2 19.0–29.3 

High 6.6–9.1 2.4–5.0 11.0–21.0 – 7.2–12.2 29.3–46.2 

Very high > 9.1 > 5.0 > 21.0 – > 12.2 > 46.2 
Note: ANRAM SRS values not calculated for Pedestrian crashes due to the limitations of the trial (as noted in Section 4.1). 

 System Requirements 5.3.1
ANRAM v1.0 system requirements: 

 System: Microsoft Windows 7 (32 or 64-bit) and Microsoft Excel 2010 or later is required.   

 Security settings: ANRAM requires the security settings to be adjusted to allow VBA macros to run. 

 File type: All ANRAM files must be saved as an Excel Macro-Enabled Workbook (file extension: .xlsm).  

The automated calculations require substantial computer processing power. 

 Application 5.3.2
Figure 5.2 illustrates the basic process of ANRAM application at a jurisdiction level to identify road sections 
with a high risk of severe crashes, and to estimate benefits of potential treatment programs.  The iterative 
nature of the process suggests that road managers may fine-tune a range of economically viable road 
infrastructure treatment options.  

ANRAM enables jurisdictions to:  

 Process the input data to obtain ANRAM outputs for each road section and for a selected road network.  
This enables the jurisdiction to evaluate and prioritise road sections with the highest collective and/or 
individual risk. 

 Select road attribute or speed factors for potential improvement through treatment programs in order to 
reduce the overall risk on the selected road sections.  

 Estimate program costs. 

 Run the treatment program scenario and estimate the Predicted FSI crash savings. 
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 Estimate a preliminary BCR for the treatment program option. 

 Evaluate a number of such program options to optimise the mix and extent of treatments. 

It is proposed that Predicted FSI crashes be the fundamental indicator of severe crash risk due to road 
infrastructure, traffic and speed. ANRAM FSI is the overall indicator of severe crash risk which also accounts 
for road user factors by inclusion of Observed FSI crashes. 

Figure 5.2:   Application of ANRAM 
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 Planning and Preparation 5.3.3
It is important to plan which parts of the road network will be covered by ANRAM investigation. This may be 
dictated by: 

 strategic commitment to assess and monitor risk levels across the road network, or its parts (e.g. rural 
roads) 

 priority of funding road safety improvements based on reducing the risk of FSI crashes on certain routes 

 availability of data 

 available budgets. 

It is suggested that each jurisdiction considers a pilot project involving ANRAM implementation.  This will 
provide a better understanding of its outputs and benefits, and provide a more realistic appreciation of 
resources required for ANRAM’s full implementation. 

 iRAP v3 Input Data Coding 5.3.4
ANRAM v1.0 uses the same data input format as iRAP v3 (Beta 3), July 2012 version.  Thus, iRAP data 
meeting this coding standard can be imported into ANRAM v1.0 using the import function.  

iRAP data preparation is subject to a specialised coding process by experienced staff from digital video10.  
The prepared input data file is saved as data upload.xlsx.  The full list of 72 identified road attributes is 
provided in Appendix B.   

ANRAM v1.0 has two additional data fields for each segment: road stereotype (described in Section 3.5.3) 
and jurisdiction.  These data can be entered into the data upload file (column BS and BT) prior to importing 
the data into ANRAM.  The codes for the jurisdiction and road stereotype fields are listed in Table 5.2 and 
Table 5.3. 

Table 5.2:  ANRAM-specific codes for jurisdiction field 

Code Value 

1 NSW 

2 VIC 

3 QLD 

4 SA 

5 WA 

6 TAS 

7 NT 

8 ACT 
 

Table 5.3:  ANRAM-specific codes for road stereotype 
field 

Code Value Applicable AADT 
range(1) 

1 Rural undivided ≤ 12 000 vpd 

2 Rural divided/freeway ≤ 24 000 vpd 

3 Urban freeway 24 000–160 000 vpd 

4 Urban divided 10 000–80 000 vpd 

5 Urban undivided 500–45 000 vpd 

6 Urban local 100–10 000 vpd 

1 For dual carriageway roads volumes are total AADTs for both 
carriageways. 

 

Table 5.3 contains AADT ranges for which the SPF models were valid (referred to in Section 3.5.3 and 
Appendix C).  Users may need to consider selection of the ANRAM road stereotype based on their 
judgement and the AADT range values in Table 5.3.  For AADTs outside applicable ranges, the 
corresponding SPF may no longer be valid.  In particular, a rural undivided road with more than 12 000 vpd 
may need to be coded as urban undivided, while a rural section of freeway with more than 24 000 vpd per 
may need to be coded as urban freeway. 

10 The iRAP coding procedure should be followed. iRAP has developed a coding manual which is available to Austroads members as 
part of the ANRAM Memorandum of Understanding signed in September 2012.  An advantage of coding from video by trained coders is 
that consistency in rating will be achieved.  The use of existing road attribute data, which may vary in form and quality by each 
jurisdiction must therefore be done with care in order to maintain integrity of results.  In addition, the video data itself is likely to be a 
useful asset to road agencies. 
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Road data coding represents a significant effort and cost in the implementation of ANRAM, especially when 
identifying and prioritising risk on large extents of the road network is concerned.  There are a number of 
possible options for approaching this task by jurisdictions: 

 In-house resourcing and carrying out the task – this would require jurisdictions to train data coding staff 
and develop quality control systems to ensure coding consistency. 

 Seeking a service-for-fee from suitably trained service providers with appropriate levels of quality control. 

 Collaboration with established AusRAP partners, the auto clubs, by sharing costs of data coding. 

To improve cost effectiveness, this process can be undertaken along with, and in addition to, other asset 
data management tasks already carried out by jurisdictions such as periodic pavement condition monitoring 
based on the same digital video technology.  Further, some of the data may be derived from jurisdictions’ 
existing road data asset inventories (e.g. lane and sealed shoulder widths, safety barrier locations, etc.).  
Such efficiency improvements would have a potential to significantly reduce the costs of ANRAM 
implementation. Jurisdictions may consider a review of their current asset data inventories for such 
opportunities.  

It has been recognised that the cost of data collection using digital video can be substantial, particularly in 
many regional areas and for local governments.  It is proposed that road data collection in these areas be 
prioritised on the basis of road hierarchy, road use and staff resources.  Financial support for data collection 
in regional local government areas may be required. 

Further work is required during the early implementation of ANRAM to determine resource implications for 
collecting each data item.  An assessment will be required to determine items that require significant effort to 
collect, and a check made against the value of that item in terms of model accuracy.  It may be that the 
model will need to be adjusted in future to assist in this data collection task.  This assessment will need to 
balance these issues of resource requirements versus model accuracy.  Any such decisions will need to 
involve the broader stakeholder groups. 

 Road Sections 5.3.5
It is important to ensure that each discrete road or route has a unique road name so it can be identified in 
later analysis.  If desired, different parts of a longer route may carry additional identifiers relating to their 
location.  As suggested by iRAP, some users may also find it helpful to have different road names for each 
carriageway of a divided road, e.g. A and B, forward and reverse, northbound and southbound.  More 
specific road names will assist in separating the results of many parts of the same route.  On the other hand, 
this will make it more difficult to aggregate and analyse the overall results for a given road or route. 

Roads should be divided into road sections.  Each section, irrespective of road name, must have a unique 
section number, not repeated in the entire data set.  A road section number should be a value, not a text 
string.  The section number should be assigned as part of the iRAP data coding set. 

As general guidance, road sections should be approximately 3 km in length in rural areas.  A 3 km length 
represents a compromise between responsiveness to local SRS changes (shorter), and having adequate 
Observed FSI crash numbers to allow more reliable ranking and prioritisation (longer).  Consistent selection 
of road sections shorter than 3 km may lead to lower correlation with observed crashes.   

In urban areas ANRAM adopts the AusRAP practice of 1 km section lengths.  Higher traffic flows will more 
likely result in higher crash numbers, and thus, in more robust ranking of road sections.  Future practice in 
ANRAM application may yield more refined guidance on the selection of road section lengths. 

Shorter section lengths can be used to accommodate logical road stereotype changes.  For instance, it is 
possible to create a shorter road section of several hundred metres if a major arterial intersection is present.  
This way, the expectedly higher risk can be referenced to a more specific location. Section length should 
also be limited where a road changes its stereotype, e.g. becomes divided.  Figure 5.3 shows how road 
sections are presented in ANRAM v1.0. 
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Figure 5.3:   Example road sections in ANRAM 

 

Source: ANRAM v1.0, RAM tab (2014). 

Each road section has a unique identifier carried over from iRAP input data.  Division of roads into sections is 
best carried out in geographic information software (GIS).  Managing data with this approach will make other 
ANRAM data management tasks easier. 

 Importing Data 5.3.6
In order to derive ANRAM FSI crashes, two sets of data are required for ANRAM.  

The first is the iRAP v3 coded data set.  As described in Section 5.3.4, this data is coded as per iRAP 
protocols and includes an additional two fields to enable it to be processed by ANRAM (jurisdiction and road 
stereotype).  The steps for importing the iRAP v3 coded data set are outlined below.  ANRAM uses the 
imported road data to calculate the Predicted FSI values for each road section (see Sections 3.5.2 and 
3.5.3). 

The second set of data to be processed is the observed FSI crash data for the most recent five-year period, 
segregated into the five ANRAM crash types.  The steps for adding the Observed FSI crash data are also 
outlined below.  The Observed FSI crash data is compared and combined with the Predicted FSI values to 
determine the ANRAM FSI crash values (see Section 3.5.4). 

ANRAM FSI crashes are the main output of ANRAM which can be used for estimation of severe crash risk 
across jurisdictions.  Where Observed FSI data is not available, and therefore ANRAM FSI crashes cannot 
be calculated, Predicted FSI crash numbers provide a reasonable estimate of infrastructure-based severe 
crash risk. 

iRAP v3 coded data importing procedure 
The main menu is used to import the iRAP v3 coded data set, supplemented with the jurisdiction and road 
stereotype data fields, into ANRAM according to the following steps: 

 display the main menu tab (use keyboard shortcut Control + m) 

 click the ‘Import and process data’ button 

 Locate the data upload file to be uploaded (note: ensure that all data is in one sheet, not multiple sheets, 
as ANRAM will only read one sheet) 

 a message box will appear indicating when the data has been imported. 
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Note that importing data may take a number of minutes.  The ‘main menu’ screen may still be displayed 
while data is importing.  This is standard.  For some users ANRAM v1.0 may also appear to close while data 
is being imported.  Also note that you should be able to use other programs on your computer while data is 
importing, however do not copy and paste in any Microsoft product during the data import phase as it may 
disrupt the data import process (the data import macro uses copy and paste functions). 

Note that when importing a new data set, any existing data and results in ANRAM v1.0 will be overwritten.  If 
the old data is to be retained, the Raw Data tab should be copied out to a new spreadsheet and saved.  
Alternatively, it may be exported using the main menu (Control + m).   

Observed FSI crash data input 
Input of Observed FSI crash data is done at a road section level in the CVM tab, according to the five 
ANRAM crash types.  The fatal and serious crash history needs to be obtained and processed outside of 
ANRAM from jurisdictional databases.  Appendix D provides simple guidance on how to translate 
jurisdictional RUM or DCA codes into the five ANRAM crash types.   

The following points should be considered in the preparation of Observed FSI crash data: 

 only fatal and serious injury (hospitalisation) should be included 

 the latest available 5-year crash period should be used and recorded 

 crash data should be geocoded or listed by chainage to enable automated and precise assignment to 
road sections used in ANRAM 

 on divided roads, use crashes belonging to the relevant carriageways only 

 intersection crashes belonging to the relevant carriageway should be used, typically excluding crashes 
more than 20 m back away from the centre of the assessed carriageway (e.g. side road approaches) 

 exclude service road crashes if possible  

 freeway interchange crashes are not included, i.e. crashes on ramps, or at ramp intersections with other 
roads. Merge or diverge crashes that occur on the freeway carriageway are included 

 for each section, where no crashes have been recorded, ‘0’ should be entered. If no observed crash data 
is entered for a section (i.e. all cells are blank), ‘observed’ and ‘ANRAM FSI’ crashes will not be 
calculated for those sections.  This ensures that each road section has correctly assigned observed crash 
data 

 always check crash data for anomalies, e.g. duplicated crashes, incorrect or missing codes, incorrect or 
missing location information. 

Assigning of crash data to individual road sections and carriageways can be done manually (time 
consuming) or automated using GIS software.  The format of the Observed FSI crash data should be based 
on a template shown in Table 5.4, i.e. sorted into the five ANRAM crash types.  The data can be collated 
using a template that matches the road sections as per the CVM tab and then manually pasted as values 
into the ’Observed FSI crashes’ cells of the CMV tab.  Table 5.4 provides an example of Observed FSI crash 
data that has been entered into a template for three roads, one of which is divided into two sections. 

Table 5.4:   Example of Observed FSI crash data input 

Section 
no. 

Road name Running chainage Observed FSI crashes 
Start End Run-off-

road 
Head-on Intersection Pedestrian Other 

1 Chandler Road 0.09 3.09 0 0 0 0 0 
2 Chandler Road 3.10 7.30 1 0 0 0 1 

3 Jacksons Road 0.00 2.70 3 0 2 5 8 

4 Huntingdale Road 0.01 3.11 4 0 5 0 1 

Source: FSI crash data sourced from CrashStats, VicRoads (2012). 
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 Amending or Adding New Data 5.3.7
New road sections and routes can be added to or removed from existing data sets.  This can be done by 
appending additional rows of data below existing data or deleting rows in the data upload.xlsx.  It is important 
to ensure that road section, road stereotype and jurisdiction fields are also completed for each segment.  
Road sections numbers must not be repeated in any ANRAM data set.  Adding or removing road sections in 
data sets should be done in the separate data upload.xlsx file and then imported using the ‘Import and 
process data’ button in the main menu. 

When needed, road attribute categories of individual 100 m segments can be amended, e.g. when coding 
errors are discovered, or road features changed since coding (e.g. following an improvement project or 
completion of roadworks).  The data is coded numerically, i.e. each attribute category corresponds to 1, 2, 3, 
or higher.  These numbers can be changed manually, or by using the ‘find and replace’ function for a range 
of cells corresponding to the road section(s) being amended.  Appendix B lists the road attributes and their 
categories.  The iRAP coding manual provides guidance on the selection of attribute categories.  Also, the 
Lookup tab in ANRAM v1.0 provides a listing of all data attributes categories and category codes used in 
ANRAM.  

Any changes to the Raw Data tab need to be reprocessed in ANRAM v1.0.  To do this, bring up the main 
menu (Control + m) and click the ‘Reprocess data’ button.  Updated results for the amended data can then 
be viewed and analysed as described in Section 5.3.10. 

This process affects only the data already uploaded to ANRAM v1.0.  The original data in data upload.xlsx 
file remains unchanged.  Hence, any amendments will be lost if the original data is re-uploaded, or another 
data set is uploaded.  It is thus advisable to export the Raw Data set to a separate file.  To do this, bring up 
the main menu (Control + m) and select the ‘Raw data’ export option. 

An alternative approach may be to make all data amendments or additions by creating new versions of the 
data upload.xlsx and reimporting the results.  

 Clearing Data 5.3.8
The following steps may be followed to clear all data uploaded to ANRAM v1.0: 

 display the main menu tab (click the control button + m) 

 click the ‘Clear data’ button 

 a message box will appear letting you know when the data and results have been cleared. 

Alternatively, uploading a new version of data upload.xlsx will overwrite any previously uploaded data and 
results already in ANRAM v1.0. 

 Exporting Data 5.3.9
The main menu provides a function to export a number of useful data sets and ANRAM outputs.  All data are 
exported as values only (i.e. no formulas).  To do this, bring up the main menu (Control + m), select one or 
more categories and click the ‘Export data’ button. Multiple options can be selected. 

Data that can be exported includes: 

 Raw data: if any amendments have been made to input data in the Raw Data tab, this option allows the 
amended data set to be saved as a new file. 

 CVM tab: ANRAM outputs can be used to prioritise high-risk sections across the network (e.g. ANRAM 
SRS, Predicted FSI, Observed FSI and ANRAM FSI crashes).  Also included with this exported data are 
the Weighting Factors (which are generally viewed in the RAM tab). 

 Data Viewer set: presents the input data from the ‘Raw data’ tab with descriptive values rather than 
numerical codes.  Allows easier review and analysis of road attribute characteristics outside of ANRAM. 
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 Toolkit Output: presents Toolkit outputs as values only for reference.  May be compared with other 

‘Toolkit output’ results for different treatment program scenarios.  This selection will also export the 
corresponding treatment program data (see below). 

 Treatment program data: this data set is from the ‘Hyp data’ tab.  This is the revised data reflecting 
hypothetical changes to the original data set as a result of the proposed treatment program as entered in 
‘Toolkit Input’.  It is in the same format as a data input file and could be reimported into ANRAM if desired 
(e.g. further amendments to proposed treatment program).  

Data will be exported to a new workbook with each data set on a separate tab.  If ‘Raw data’ or ‘Treatment 
program data’ is exported, a separate file will also be created (for each).  These can be used as an import 
file. 

 ANRAM Toolkit 5.3.10
As discussed in Section 3.5.6, ANRAM v1.0 provides a basic Toolkit that enables users to carry out 
investigations of severe crash risk on the road network and analysis of potential treatment programs.  

Prioritising high-risk road sections 
Following uploading and processing of AusRAP data and input of the Observed FSI crashes for the 
investigated network, users may: 

 apply filters to focus on high-risk road sections, e.g. by filtering out road sections with low SRS, or by 
focussing on road sections with ANRAM FSI crash numbers above a set value 

 add a pivot table to perform more complex analysis 

 create a risk matrix similar to the one in Figure 5.1 in Section 5.2.4 

 export the contents of the CVM tab outside of ANRAM to create a sortable and searchable database of 
risk-ranked road sections.  

These functions fulfil the fundamental intent of ANRAM as the means of identifying road sections with high 
risk of severe crashes, as directed by the National Road Safety Strategy (Australian Transport Council 
2011).  

Toolkit section analysis  
The Toolkit Section Analysis tab provides a summary of ANRAM results for each section.  Identified high-risk 
road sections and routes can be selected for more detailed analysis using the Toolkit Section Analysis tab.  
Using drop-down windows, users may select: 

 Whole network, road or road section: 

1. Select a road or the ‘whole network’ from the ‘Road name’ drop-down list (top left of sheet).  The 
‘Road name’ drop-down list displays roads alphabetically. 

2. Select a section or all sections from the ‘Section’ drop-down list (top left of sheet).  

 All roads/network for one jurisdiction: Select relevant jurisdiction from the ‘Jurisdiction’ drop-down list.  
Note: this will select all roads relevant to the selected jurisdiction.  This option is only relevant where the 
Raw Data tab includes data from multiple jurisdictions. 

Note it may take 1 to 2 minutes for ANRAM v 1.0 to update the tables and graphs.  The Toolkit Section 
Analysis tab may still be displayed while it is processing.  When the data is processed a message box will 
appear indicating that it is complete. 

The Toolkit Section Analysis tab allows closer scrutiny of the ANRAM SRS and Predicted FSI crashes as 
shown in Figure 5.4.  The Toolkit Section Analysis can also help identify which SRS categories make the 
greatest contribution to the overall SRS score.  This is illustrated in Figure 5.5. Prevalence of high risk 
attribute categories (e.g. sharp curves, intersections and roadside hazards) will have a noticeable effect on 
SRS.  For some attributes (including operating speed, skid resistance, grade, curvature and delineation) a 
small individual influence may have a noticeable effect on SRS scores, as discussed in Section 3.5.2.  
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Consideration may also need to be given to attributes that may vary over time (e.g. skid resistance, surface 
condition on unsealed roads). Users may derive their own conclusions about which road attributes should be 
changed in order to improve SRS values, and Predicted FSI crash values.  Through such direct investigation, 
users can easily define the types of treatments that may be required to treat the identified high-risk roads.  
Users are referred to Appendix B where attribute categories and their risk scores are listed. 

Note that if no observed crash data has been entered into the CVM tab for relevant sections, the Toolkit 
Section Analysis will return ‘N/A’ for ‘Observed FSI’ and ‘ANRAM FSI’.  If zero crashes have been recorded 
for the section(s) being analysed, ‘0’ needs to be entered into the relevant cells in the CVM tab.  

Figure 5.4:   Example outputs from ANRAM Toolkit Section Analysis for a selected road 

 

Note: Observed FSI total does not include pedestrian crashes. Source: ANRAM v1.0, Toolkit Section Analysis tab (2014).  
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Figure 5.5:   Example ANRAM Toolkit Section Analysis focussing on high risk attributes for a selected road 

 

Source: ANRAM v1.0, Toolkit Section Analysis tab (2014). 

 

 

High proportion 
of the example 
road has 
roadside hazards 
less than 5m 
from 
carriageway. 

Over 90% of the 
example road 
has trees ≥10cm 
diameter  
(non-frangible). 

67% of the 
example road 
has unsignalised 
intersections. 
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Toolkit input 
The Toolkit Input tab enables users to select the high-risk road sections, routes or the entire network, for the 
purpose of estimating costs and benefits of potential treatment programs.  Using the conclusions reached in 
the Toolkit Section Analysis, users may select a treatment or treatments.  Some of the possible 
investigations include: 

 a single treatment applied conditionally across the whole network (e.g. on rural undivided roads, with a 
speed limit of 100 km/h, where there are currently no shoulders – apply wide sealed shoulders) 

 multiple treatments for a selected route (e.g. reduce speed limit from 100 to 80 km/h, provide safety 
barriers on sharp curves with no barriers, seal shoulders where unsealed) 

 different treatments for different routes within one road network as part of a program (e.g. route A – speed 
limit reduction, route B – audio-tactile edge lines, route C – selective pavement widening). 

There are many more variations.  The key intent of the Toolkit was to provide the user with control over the 
treatment selection and its costing.  Road agencies may use their own approaches to treatment selection, 
e.g. Safe System Transformation, primary/secondary/tertiary, etc.  ANRAM does not define this approach, 
rather it gives users a flexible Toolkit to select and evaluate the most effective treatment programs.  By 
treating the highest severe crash risk sections first, road networks will progressively attain performance 
closer to the Safe System goal.  This reflects the intended audience for ANRAM which would be road safety 
policy and program decision makers at a jurisdiction or regional level. 

The Toolkit evaluates one potential treatment at a time (one treatment per row).  The treatments are inputted 
by first selecting the road section, or route, or the entire network, then by selecting a minimum of one and up 
to three conditional road attributes and categories (e.g. all 80 km/h speed limits, Curvature – sharp, Side 
friction – low).  The treatment section of the spreadsheet on the right, allows amending one of them to a 
different attribute category (e.g. to Side friction – high).  This process can be repeated for up to 12 
treatments.  With each treatment the user is prompted to provide a cost estimate.  

When investigating several incremental treatments on the same roads, it is important to input them in the 
logical order which does not result in replacing one treatment with another.  For example, when proposing to 
improve lane widths, the treatments (rows) should be entered as follows: 

 from medium change to wide 

 from narrow change to medium. 

This way both medium and narrow categories would receive incremental improvements.  Also, users need to 
check that the same high-risk road attribute is not being treated with two different treatments at the one time.  
It is however appropriate within ANRAM v1.0 to apply more than one treatment in one road section or a 100 
m segment11. 

It is important to note that in its computations ANRAM applies the proposed treatment only to those 100 m 
segments which meet the criteria set by the user.  Users should select parts of the network (roads and road 
sections) which have high frequency of a given high-risk attribute needing treatment.  Otherwise, it is 
possible to treat only a small portion of selected road sections.  The Quantity/length column should be used 
to double-check what proportion of the selected network is going to be affected by the proposed treatment.  
Proposed treatments affecting only a small proportion of the overall road length may in some cases result in 
low crash reductions, and low benefits. 

Figure 5.6 shows an example of road attribute categories used to identify the lengths of road (based on 100 
m segments) with high risk of run-off-road into tree FSI crashes.  The treatment of installing a barrier is then 
identified and a preliminary cost is provided.  

11 This may result in the overall treatment length exceeding the road section length.  An example may be treating roadside hazards in 
the same road section on the passenger side and on the driver side.  
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Selection of treatments causes parts of the uploaded raw data to be amended within ANRAM v1.0 and the 
results to be recalculated.  The Toolkit Output tab in the ANRAM v1.0 Microsoft Excel application calculates 
a number of output parameters needed for evaluation of prospective treatment programs. 

Toolkit output 
The Toolkit Output tab presents the treatments that were selected using the Toolkit Input tab (now in 
columns) as they are applied across all road sections in the database (rows).  Many will be empty, while 
others will show estimated lengths of the treatment and costs per road section.  Each road section will have 
its own total estimated treatment cost (capital only).  Filters may be used to easily review the sections within 
the selected road network to which treatments have been applied (i.e. rows where treatment costs are 
greater than $0). 

For each road section ANRAM calculates the Reduction in Predicted FSI crashes (five years), resulting from 
all treatments, across all crash types and the total.  These reductions are compared with the originally 
calculated pre-treatment values to obtain the Predicted FSI CMF (crash modification factor), across all crash 
types and the total.  Equation 6 demonstrates this calculation. 

Predicted FSI CMF = 
∑ Predicted FSI 

i i post
∑ Predicted FSI 

i i pre
 6 

where    

CMF = Crash modification factor based on all severe crash types due to 
proposed treatment options 

 

Predicted FSIi pre = Predicted FSI crashes of type i pre-treatments, i.e. based on the 
original ANRAM input data 

 

Predicted FSIi post = Predicted FSI crashes of type i post-treatments, i.e. based on the 
ANRAM input data amended to reflect potential treatment options 

 

 

Users can observe the effects treatments would have.  When only a small number of segments within each 
road section are treated, the CMF values are high (i.e. little overall change in severe crashes is expected).  
When the treatments are applied at many locations, the CMF values are lower (fewer severe crashes are 
expected to remain after the treatment).  The user can take an extra step to calculate a program-wide CMF, 
based on the total Reduction in Predicted FSI crashes (five years) for all treatments across all road sections.  
This feature enables preparation of complex programs targeting different crash types in different parts of the 
road network.  

Ideally an Empirical Bayes approach using the pre- and post-treatment severe crash estimates would have 
been used to estimate the CMF and any treatment safety benefits.  This, however, is not possible as the 
Observed FSI crash values post-treatment do not exist at the time of modelling (Hauer 1997, AASHTO 
2010).  Therefore, the estimation of CMF is based on Predicted FSI values.  

 
 

Austroads 2014 | page 46 



Australian National Risk Assessment Model 

 
 
ANRAM takes a unique approach to the calculation of the potential treatment benefits.  For each crash type, 
the Toolkit Output applies the CMF to the ANRAM FSI crashes (five years) already calculated in CVM to 
estimate the reduction in ANRAM FSI crashes (five years). Equation 7 shows how the total ANRAM FSI 
reduction is calculated.  The use of ANRAM FSI crashes reflects the site-specific road user issues and local 
conditions which may account for increased or reduced safety benefits from a proposed treatment program 
focussed on road infrastructure.  

Estimated Reduction in ANRAM FSI crashes =∑ (1-Predicted FSI CMFi) × ANRAM FSIii  7 

where    

Predicted FSI CMFi = Crash modification factor based on all severe crash types due to proposed 
treatment options (Equation 6) 

 

ANRAM FSIi = Estimate of severe crash risk for crash type i for each evaluated road 
section over a five year period (Equation 4) 

 

 

The saved ANRAM FSI crashes are then converted to an annual benefit using an agreed FSI crash unit 
cost12.  The monetary benefit is discounted over the treatment life to provide the present value of the safety 
benefits.  For simplicity, the treatment life and discount rate are global variables inputted by users, i.e. it is 
the same for all treatments.  Treatment life can be adjusted down to five years if the treatments being 
evaluated are short-term works such as line marking or delineation.  For most civil works, treatment life of 
15–20 years is adequate (Austroads 2010). 

The ratio of the net present values of the safety benefit to capital treatment cost provides a preliminary BCR 
for each treatment.  A similar program-level BCR can also be calculated by aggregating the benefits and 
costs of all road sections and treatments.  The BCRs should be treated as initial estimates only.  Project and 
program applications should be evaluated through full BCR methods applicable in each jurisdiction.  

Figure 5.7 provides some of the outputs provided, based on the treatment inputs used in Figure 5.6.  The 
CMF and initial BCR values for the individual treatment combinations are shown at a road section level.  A 
total value for the entire program could be obtained from a summary table located in the same tab.  

12 These need to be calculated by each jurisdiction, or set by federal government guidelines. Further information about crash costs is 
included in Appendix E.  The FSI crash unit costs may be based on the typical proportion of fatal crashes to serious injury crashes, and 
be calculated for rural and urban road environments.  Future versions of ANRAM could include a matrix of FSI crash unit costs by crash 
type and environment. 
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Figure 5.6:   Toolkit Input tab in ANRAM with example treatment 

 

Source: ANRAM v1.0, Toolkit Input tab (2014). 

 

Figure 5.7:   An example of ANRAM output (fragments of the table) 

 

Source: ANRAM v1.0, Toolkit Output tab (2014). 

Toolkit input instructions
1. Click 'Load/reload toolkit data' to initialise and to clear all previous analysis.

2. Follow prompts in table from left to right to analyse each proposed mass treatment (one treatment per row). 

0 3. At least one road attribute and category must be selected to evaluate a mass treatment. Up to 3 road attributes may be selected. 

4. Be aware of potential conflict in attribute–treatment logic (refer to the project report).
5. Click 'Calculate  new FSI results' button. 

6. To revise a query, amend attributes/categories and then click 'Calculate new FSI results' again.

Road name Section Attribute 1 Category Attribute 2 Category Attribute 3 Category Quantity /Length Treatment attribute Treatment Capital cost
Green Hwy All sections Roadside severity - Passenger side object Tree ≥ 10cm Roadside severity - Passenger side distance 1 to <5m -Select attribute 3- -- 3.5 Roadside severity - Passenger side object Safety barrier - metal 45,000$     
Green Hwy All sections Roadside severity - Drivers side object Tree ≥10cm Roadside severity - drivers side distance 1 to <5m -Select attribute 3- -- 2.9 Roadside severity - Drivers side distance 5 to <10m 40,000$     
-Select road name- -- -- -- -- -- -- -- -- -- -- --
-Select road name- -- -- -- -- -- -- -- -- -- -- --

Existing Treatment
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 Application of ANRAM Outputs 5.3.11
ANRAM may be used to support and inform decision making in funding of major projects or road 
improvement programs.  Typical examples of application in road improvement programs may include: 

 route safety reviews 

 mass treatment programs 

 road safety programs 

 appraisals of road upgrades at concept design stage 

 assessing road safety value of certain aspects of asset management programs. 

ANRAM provides a number of outputs which may be used in different aspects of severe crash risk 
assessment, safety performance monitoring, identification of project candidate sites and their initial 
evaluation.  Table 5.5 describes these outputs and some of their applications.  New applications for outputs 
are likely to emerge with time, especially if data were to be exported and mapped to geographic information 
systems.  

Section 5.2.5 discusses the potential use of ANRAM in developing proactive road safety programs.  

Section 5.3.10 outlines outputs that may be generated by the ANRAM Toolkit.  The Toolkit Section Analysis 
tab provides a summary of ANRAM results for each section.  This includes information about individual high-
risk road attributes.  By mapping the ANRAM SRS or the iRAP v3 input data for individual road attributes 
onto the road network, users can create geographic distributions of crash factors.  Such information may be 
useful in building business cases for funding and in discussions with the public.  

The ANRAM Toolkit provides program development inputs of interest to decision makers, e.g. estimates of 
severe crash reductions, safety benefits and BCRs.  

High risk road sections may be identified through ranking of ANRAM FSI crashes.  Contents of the CVM tab 
can be exported and sorted to prioritise or rank highest-risk sections across the network.  

ANRAM FSI crash frequency per kilometre could be mapped as an indicator of how severe crash risk is 
distributed across the road network, without the effect of random distribution or clustering of crashes.  An 
example of a similar map is shown in Figure 5.8 showing different collective risk ratings of a part of New 
Zealand’s state road network.  The red road sections represent the highest-risk road sections, and green the 
lowest. 

Similarly, the Predicted FSI crash frequency for road sections could also be mapped to show the distribution 
of severe crash risk due to road infrastructure factors alone.  This would assist in communicating the 
reasoning behind strategic allocation of road improvement projects.  

The differences between Predicted and Observed FSI crashes could serve as a starting point for 
investigations of road-user-based crash problems, not directly dependent on road infrastructure. 

Collective/individual risk matrices, similar to the example shown in Section 5.2.4, could be developed using 
ANRAM FSI crash frequency and ANRAM SRS scores.  As per the New Zealand example in Figure 5.1, a 
separate matrix assessment could be carried out for rural and urban road networks.  The differences in road 
safety performance and infrastructure needs of the two road networks mean that prioritisation of projects 
may need to be carried out separately. 
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Table 5.5:   ANRAM outputs and their applications 

Outputs Definitions and locations Applications 

iRAP v3 input 
data 

A number of defined road attribute and operational data fields 
used as input in to iRAP v3 algorithms, once it has been uploaded.  
This information can be found in the Data Viewer tab of ANRAM 
v1.0 – the attribute categories are expressed in words.  The Raw 
Data tab contains the same information with attribute categories 
coded as numbers. 

Some information could be used in monitoring of Safe 
System infrastructure, e.g. % of the road network 
equipped with flexible median barriers. 

ANRAM SRS 
(AusRAP SRS 
also available) 
(Star Rating 

Score) 

Measure of individual risk related to engineering attributes, speed 
and levels of potentially conflicting traffic.  AusRAP SRSs are 
calculated for each crash type at 100 m level across iRAP v3 
categories. ANRAM SRSs are combined iRAP scores for the five 
crash types used by ANRAM and averaged (smoothed) for each 
road section.  They are reported in RAM tab and repeated in the 
Toolkit Output tab. 
Also, both AusRAP and ANRAM SRS values for each 100 m 
segment can be found in the Results tab of ANRAM v1.0. 

iRAP SRS can be obtained from ANRAM and used in 
AusRAP road network investigations.  
ANRAM SRSs are absolute values and can be used to 
identify road sections with particularly high individual 
risk of a given type of severe crash (head-on, run-off-
road, intersection, pedestrian, other). 

Weighting 
Factors 

The ratio of a road section’s SRS to the average SRS for its road 
stereotype. It indicates deviation above or below the typical severe 
crash risk. It is an individual crash risk indicator.  Weighting 
Factors are calculated for each road section and for each crash 
type. 
Weighting Factors for each road section can be found in the RAM 
tab of ANRAM v1.0. 

Weighting Factors can be used to identify high-risk 
sections regardless of a road stereotype, i.e. can be 
useful in prioritising road sections across a diverse 
road network.  For example focus on all road sections 
with WFROR ≥ 3 would identify the worst sections for 
run-off-road severe crash risk on freeways, urban 
undivided and local roads.  

Predicted FSI 
crashes 

Indicate collective severe crash risk due to engineering features, 
speed and traffic flow. 
Predicted FSI crashes are calculated for each crash type on a 
given road section over a five year period.  
Predicted FSI crashes are listed by road section in the CPM tab of 
ANRAM v1.0 and repeated in Toolkit Output tab.  They are 
repeated for convenience in the CVM tab and in the Toolkit Output 
tab as well. 

Predicted FSI crashes may be used as a repeatable 
and comparable method for estimating collective 
severe crash risk, regardless of location (proactive 
approach).  Predicted FSI crashes may not account for 
all road user or local factors (e.g. intoxicated 
pedestrians). 
Predicted FSI crashes are used in the ANRAM Toolkit 
to estimate the effective CMFs from proposed 
treatment options and programs. 

Observed FSI 
crashes 

Five years of severe crash data for each crash type, and each 
road section, as provided by the user.  An expression of collective 
severe crash risk to the community which reflects any underlying 
road, road user and local factors.  Tends to be unreliable at low 
severe crash counts and can vary simply due to crash reporting 
rates in different areas. 
Observed FSI crashes are inputted by the user in the CVM tab of 
ANRAM v1.0.  They are also presented in the Toolkit Output tab. 

Observed FSI crashes can be used to identify and 
investigate high-risk road sections based on severe 
crash history only (reactive approach).  The difference 
between Observed and Predicted FSI crashes can 
indicate an increased role of local and road use factors 
such as congestion or speeding. 

ANRAM FSI 
crashes 

A snapshot of collective severe crash risk at a point in time based 
on road stereotype, engineering features, speed, potentially 
conflicting traffic and severe crash history. ANRAM FSI crashes 
are calculated for a given road section, for each crash type over a 
five year period. They are more responsive to road user factors 
and local conditions but offer a more repeatable measure of 
severe crash risk. 
ANRAM FSI crashes can be found the CVM tab of ANRAM v1.0. 

ANRAM FSI crashes can be used to monitor collective 
risk changes across different parts of the road network 
over time (e.g. every five years), measuring the 
progress towards the Safe System, prioritising road 
sections for further investigation and treatment options 
and programs.  
They are used in the ANRAM Toolkit to estimate the 
effectiveness of proposed treatments (a proactive 
approach taking into account severe crash history). 
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Figure 5.8:   Example of risk mapping using SafetyNET 

  

Source: Durdin and Janssen (2012). 

 

 ANRAM Recalibration 5.3.12

Future recalibration 
ANRAM v1.0 has been provided with initial calibration factors using the available Observed FSI crashes from 
the main trial, sourced from a number of Australian jurisdictions.  

Future development of ANRAM will involve refinement of national calibration factors as larger data sets for 
calibration become available.  Over time, the model will improve and continue to reflect the safety 
performance of different parts of the Australian road network.  This will provide a solid baseline for national 
comparison of projects. 

Implementation of ANRAM should involve further calibration.  Implementation of updates to iRAP v3 
algorithms should be followed by reprocessing of the trial data and recalibration of the model.  New data from 
jurisdictional pilot projects should be added to the trial data sample to strengthen the robustness of some 
calibration factors.  Whenever possible, Observed FSI crash data should be assigned to each road section. 

Following the release of ANRAM, calibrations could be done at six-monthly intervals to take advantage of 
completed pilot projects.  In the longer term, ANRAM could be recalibrated at longer intervals (e.g. two 
years).  Over time, the model would improve and continue to reflect the safety performance of different parts 
of the Australian road network. 

Calibration should be carried out using the largest and broadest sample of roads possible, from all 
jurisdictions.  It is important to also use urban and well as rural and remote FSI crash data to ensure the 
individual road stereotype models capture the broad range of crash reporting rates in these road 
environments. 

At some point in the future, e.g. five years from release, FSI crash prediction models (SPFs) should be 
updated from new crash and AADT data.  Also, engineering risk factors in the RAM should be updated to 
capture the most current research. 
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Calibration process 
When ANRAM is used for jurisdiction-based projects, the recalibration of the national model using the 
Observed FSI crash data is recommended.  This will make the results more responsive to the specific crash 
issues of the jurisdiction or the investigated routes.  Recalibration helps to target specific areas and crash 
types in state-based programs.  

The following calibration process has been identified following a trial of several alternative calibration 
techniques.  The effects of each technique were tested to check the overall R2 for the Predicted FSI vs 
Observed FSI relationship.  This approach provided the best overall fit with the available data.  A large 
sample of road sections in each stereotype will provide a more accurate calibration than otherwise. 

The following process is recommended for calibration of ANRAM.  It can be semi-automated using pivot 
tables in Excel.  The process is outlined in the steps below: 

1. Calculate Predicted FSI crashes using the existing version of ANRAM. 

2. Assign Observed FSI crashes (5 years) for road section by crash type to each road section in the CVM 
tab.  Extract the data from the CVM tab by using the CVM export function or just copy the CVM sheet 
to a new spreadsheet (paste as values). 

3. Insert a pivot table based on the extracted CVM dataset.  Create separate output tables for Observed 
FSI and Predicted FSI by road stereotype and crash type, as per the example in Figure 5.9. 

 

Figure 5.9:   Example observed and predicted crashes by road stereotype 

 

4. Calculate an adjustment ratio for each road type/crash type field to be recalibrated by dividing 
Observed FSI by Predicted FSI values for that field (see Equation 9).  Note pedestrian crashes cannot 
be calibrated at this time and are set to 1.00. 
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5. For each given road stereotype (j), a new calibration factor should be calculated for each crash type (i) 

as shown by Equation 8. 
 

 

CFij = Adjustment ratioij x CFij old 8 

where     

CFij = the calibration factor for crash type i for the relevant road stereotype j  

Adjustment ratioij = ∑ Observed FSIij 
ij

∑ Predicted FSIij 
ij

 
9 

∑Observed FSIij = sum of all Observed FSI crashes of type i on road stereotype j  

∑Predicted FSIij = sum of all Predicted FSI crashes of type i on road stereotype j  

CFij old = the old calibration factor for crash type i for the relevant road 
stereotype j, as found in Calibration factors tab in ANRAM 

 

6. Update values in the Calibration factors tab to the new (project specific) factors, and reprocess the 
data. The Predicted FSI will be recalculated as per Equation 3 in Section 3.5.3. The total Predicted FSI 
for the route/network should be now much closer to the total Observed FSI.  It should be noted that if 
calculating ANRAM FSI crashes, the observed data will need to be re-entered into the CVM tab. If no 
changes have been made to the road sections, the data used in Step 2 should be able to be re-
entered. However, if changes have been made to any road sections, consideration will need to be 
given to any differences in Observed FSI data that may apply to affected sections. 

 Known Issues 5.3.13
Please note that ANRAM v1.0 uses the iRAP v3 algorithm protocol version from July 2011.  It was since 
amended by iRAP, however these updates could not be accommodated in ANRAM due to timing.  

The pedestrian aspect of the iRAP algorithm and coding guidance were not completed in time for inclusion in 
ANRAM v1.0.  This should not be a problem for assessment of rural and high-speed urban roads where 
pedestrian volumes are low. 

The direction of future development of ANRAM was beyond the scope of the current project.  The 
Memorandum of Understanding provides a framework for cooperation between the partners to progress such 
development.  

One direction which would ensure ongoing convergence of ANRAM and AusRAP models would be inclusion 
of ANRAM in iRAP’s ViDA platform.  This would maintain convergence of risk algorithms into the future.  
Processing of data, analysis and reporting would also be streamlined through this online software.  
Discussions with iRAP during the project indicate that inclusion of ANRAM is technically feasible and that 
access to ViDA would remain free to road agencies. 
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6. Conclusions 

This report details the key project findings relating to the development of the Australian National Risk 
Assessment Model (ANRAM).  It also provides guidance relating to implementation of the model by 
jurisdictions.  

The Safe System vision informed the methods for identifying and evaluating severe crash risk. ANRAM uses 
risk assessment (iRAP v3 Beta 3 algorithms), crash prediction methods and crash history to identify road 
sections with high risk of severe crashes.  Risk estimation is driven by relative safety performance of road 
infrastructure, traffic speed, flow, and potential for vehicle conflicts.  Severe crash history is used to 
supplement the predicted results and account for road-user-related risk.  Road sections may be ranked on 
the basis of individual risk (ANRAM SRS) and collective risk (ANRAM FSI crashes).  ANRAM v1.0 is 
presented in the form of a Microsoft Excel 2010 application. 

An example of a strategic approach to ANRAM implementation at a jurisdictional level is presented in 
Section 5.2.  A more practical guide to implementation and use of the ANRAM system is provided in 
Section 5.3.  It includes instructions for preparing data, processing results, analysis of high-risk sections and 
initial evaluation of potential treatment options and programs.  

ANRAM includes a Toolkit which enables scoping and comparison of proactive road safety treatment 
programs.  Such programs may range between high-cost Safe System Transformation works on highest-risk 
parts of the road network to low-cost systemic improvements on the relatively safe parts of the network.  
ANRAM enables estimation of economic benefits of proposed treatment programs and BCRs.  These can be 
compared across jurisdictions.  This ensures that future risk-based road safety programs can be 
implemented as effectively as the current crash-based programs. 

ANRAM provides road agencies in Australia with a system which may be used to implement a nationally-
consistent risk-based road assessment program to support the objectives of both SCOTI and the National 
Road Safety Strategy (Australian Transport Council 2011).  It allows jurisdictions to reflect their local 
conditions and resources in preparation of the program proposals.  

ANRAM also provides a solution to many situations where road safety partners have not been able to 
investigate and program road safety treatments due to the scattered nature of crashes, e.g. on low volume 
roads in regional areas and on local roads.  

 
 

Austroads 2014 | page 54 



Australian National Risk Assessment Model 

 
 

References 

AASHTO 2010, Highway safety manual, 1st edn, American Association of State Highway and Transportation 
Officials, Washington, DC, USA. 

Al-Khasawneh, M 2010, ‘Estimating the negative binomial dispersion parameter’, Asian Journal of 
Mathematics and Statistics, vol.3, no.1, pp. 1-15. 

Australian Transport Council 2008, Communiqué: 2 May 2008, Canberra, Australian Transport Council, 
Canberra, ACT, viewed 17 May 2012, <www.atcouncil.gov.au/communique/20080502.aspx>. 

Australian Transport Council 2011, National road safety strategy 2011–2020, ATC, Canberra, ACT. 

Austroads 2009, Guide to road safety: part 8: treatment of crash locations, AGRS08-09, Austroads, Sydney, NSW. 

Austroads 2010, Road safety engineering risk assessment: part 4: treatment life for road safety measures, 
AP–T149/10, Austroads, Sydney, NSW. 

Austroads 2012a, An introductory guide for evaluating effectiveness of road safety treatments, AP-R421-12, 
Austroads, Sydney, NSW. 

Austroads 2012b, Effectiveness of road safety engineering treatments, AP-R422-12, Austroads, Sydney, NSW. 

Austroads 2013, Guide to road safety: part 1: road safety overview, AGRS01-13, Austroads, Sydney, NSW. 

Bureau of Infrastructure, Transport and Regional Economics 2009, Road crash costs in Australia 2006, 
report 118, BITRE, Canberra, ACT. 

Durdin, P & Janssen, K 2012, ‘SafetyNET – breathing life into road safety analysis’, Australasian road safety 
research, policing and education conference, 2012, Wellington, New Zealand, Ministry of Transport, 
Wellington, NZ, 11pp. 

Hauer, E 1997, Observational before-after studies in road safety: estimating the effect of highway and traffic 
engineering measures on road safety, Pergamon, Oxford, UK. 

Hensher, DA, Rose, JM, de Ortúzar, J & Rizzi, LI 2009, ‘Estimating the willingness to pay and value of risk 
reduction for car occupants in road environment’, Transport Research Part A: Policy and Practice, vol.43, 
no.7, pp.692-702. 

iRAP 2011, Research and technical papers: crash rate: star rating comparisons, iRAP, London, UK, viewed 
10 October 2012, <http://irap.org/about-irap-3/research-and-technical-papers>. 

Lynam, D 2012, Development of risk models for the Road Assessment Programme, RAP 504.12 & TRL 
report CPR1293, iRAP & TRL, viewed 12/10/2012, <http://irap.org/about-irap-3/research-and-technical-
papers?download=41:development-of-risk-models-for-the-road-assessment-programme>. 

New Zealand Transport Agency 2011, High-risk rural roads guide, NZTA, Wellington, New Zealand. 

Reserve Bank of Australia 2012, Inflation calculator, Reserve Bank of Australia (RBA), Sydney, NSW, 
viewed November 2012, <www.rba.gov.au/calculator/>. 

Reurings, M, Janssen, T, Eenink, R, Elvik, R, Cardoso, J & Stefan, C 2006, Accident prediction models and 
road safety impact assessment: a state of the art, final report, deliverable D2.1 of the RiPCORD-
iSEREST project, Directorate-General for Transport and Energy, European Commission, Brussels. 

Roper, P & Turner, B 2008, ‘Why do we need to take a risk assessment based approach in road safety?’, 
ARRB conference, 23rd, 2008, Adelaide, South Australia, ARRB Group, Vermont South, Vic, 6pp. 

Schermer, G, Cardoso, J, Elvik, R, Weller, G, Dietze, M, Reurings, M, Azeredo, S & Charman, S 2011, 
Recommendations for the development and application of evaluation tools for road infrastructure safety 
management in the EU, deliverable Nr. 7 of  the Road Infrastructure Safety Management Evaluation 
Tools (RISMET) project, ERA Net Road research programme, Institute for Road Safety Research 
(SWOV), Netherlands. 

VicRoads 2012, CrashStats, VicRoads, Kew, Vic, viewed November 2012, 
<www.vicroads.vic.gov.au/Home/SafetyAndRules/AboutRoadSafety/StatisticsAndResearch/CrashStats.htm>. 

 
 

Austroads 2014 | page 55 



Australian National Risk Assessment Model 

 
 

Appendix A Project Structure and Milestones 
The project was conducted in three stages.  The outputs of the first two stages were documented but not 
published.  The third stage finalised investigations and project outputs, and resulted in the publication of the 
three research reports noted in Section 1.4.  A summary of each of the stages is outlined below. 

Stage 1 of the project (2009–10) achieved: 

 An extensive review of the crash risk assessment theory and practice. A wide variety of approaches were 
found, often driven by a specific need for crash risk estimation, e.g. prioritising road sections for funding, 
evaluation of proposed safety treatments or design options. The level of robustness of different risk 
models varied depending on the available evidence, authorship and history of model development (e.g. 
crash database availability, ad-hoc development, funding levels, etc.). A review of crash-predictive 
modelling, an alternative to risk assessment, highlighted an increased robustness of results expressed in 
crash numbers per length per time period. This was offset by reduced transferability to other jurisdictions 
and the limited number of road engineering features used in crash prediction. Evaluations of established 
Australian risk models such as AusRAP and NetRisk were also reviewed. It was concluded that in their 
existing form they did not adequately account for traffic volumes and past crash history, and thus, had 
limited use to road agencies.  

Discussions with the project reference group defined the expectations and the broad parameters for the 
development of ANRAM. It was agreed that ANRAM was to utilise risk assessment, crash prediction 
models and crash records. ANRAM needed to produce a series of indicators of fatal and serious injury 
crash risk based on the road engineering features, AADT and historical crash record.  Estimation of this 
risk would be used to develop mass-action treatment programs for high-risk road sections. An early 
ANRAM prototype was developed and demonstrated.  

 Priorities for research on the effectiveness of road safety engineering treatments were identified, taking 
into account gaps in current knowledge and stakeholder priorities. A qualitative prioritisation method was 
adopted.  

 Work also commenced on the development of guidance for evaluating the effectiveness of road safety 
treatments, including identification of methodologies that could be used in the evaluation of road safety 
treatments. 

In Stage 2 (2010–11), work on each of the project elements continued:   

 During this stage the ANRAM prototype based on the agreed approach in Stage 1 was completed. The 
prototype included three key modules: crash prediction, risk assessment, and crash validation. The 
project commenced an evaluation of the model by conducting a preliminary trial. The prototype used 
iRAP version 2.2 risk algorithms.  

Development was commenced of an implementation guide for adoption of ANRAM by road agencies.  

 Steps were taken towards convergence of ANRAM with the AusRAP model through ongoing discussions 
and information exchange. A Memorandum of Understanding was drafted between Austroads, iRAP, AAA 
and ARRB. An agreement was reached to adopt iRAP version 3 in the final ANRAM version. 

 ARRB, in association with FHWA in the United States, initiated an international collaboration on the 
development of crash reduction/modification factors through the OECD Joint Transport Research Centre. 

 In this context, it was concluded, that assessment of existing literature was the most cost-effective 
approach in filling the remaining gaps in knowledge. Following this, it was agreed with the Austroads 
Project Manager not to proceed with treatment trials. Rather, newly available international information 
was to be assessed, and where appropriate, included in research to address remaining gaps in 
knowledge. Literature reviews of priority topics were commenced. 

 Development of guidance for evaluating effectiveness of road safety treatments continued in Stage 2. The 
draft guide was completed and provided for comment by project stakeholders. 
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During Stage 3 (2011–12) each of the project objectives were finalised: 

 The ANRAM system was completed in Excel format utilising the available iRAP v3 risk algorithms (Beta 
3, July 2012), the 2012 revision of crash prediction models and improved software architecture. In 
addition, ANRAM trials were undertaken to achieve initial calibration of the model based on data from 
several states. Table A 1 summarises the history of ANRAM system versions. A proposed ANRAM 
implementation guide was prepared following Project Manager and reference group inputs. 

 The development of introductory guidance for evaluating the effectiveness of road safety treatments was 
completed. During Stage 3 a number of case studies were incorporated to illustrate many of the 
evaluation methods presented. The document was also reviewed by key Australian and international 
academic road safety experts and published (Austroads 2012a). 

 Literature reviews of priority topics regarding the effectiveness of road safety engineering treatments were 
completed. A report drawing together findings from Stage 2 and Stage 3 was completed and published 
(Austroads 2012b). 

Table A 1:   ANRAM system versions 

Date Version Notes 

July 2010 proof-of-concept Provided to project reference group for review and comment. 

August 2011 prototype Used the iRAP v2.2 risk protocols (June 2010). Provided to project reference group for review and 
comment.  Peer review comment also sought from an international expert. 

August 2012 v0.9 Used the iRAP v3 Beta 3 risk protocols (July 2012). Reference group comments sought on beta 
version.  Comments from project reference group and peer review considered and addressed. 

December 2012 v0.95 Comments on v0.9 from project reference group considered and addressed.  
Wording corrections. Toolkit Section Analysis functionality and information updated. Toolkit Input and 
Output added.  
Sent to Safety Task Force and project reference group for comment. Sent to MRWA for trial (May 
2013). 

April 2013 v0.96M Comments on v0.95 from Safety Task Force and project reference group considered and addressed. 
Bugs addressed.  
Sent to VicRoads, MRWA, Qld TMR and DPTI SA for trials (July 2013). 

August 2013 V0.97 Updates approved by Austroads Project Manager. 
Sent to Safety Task Force for endorsement. 

December 2013 V0.98 Comments received from users considered and addressed. Bugs addressed.  
Project report sent to Austroads Board for endorsement. 

March 2014 v1.0 ANRAM project report published. 
Calibration factors tab added to facilitate jurisdiction and project level calibration. Wording 
corrections, system improvements and minor bugs addressed. 
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Appendix B Road Attributes and Risk Factors 
Table B 1 lists the ANRAM road attributes, including information regarding the type of attribute.  They are 
presented in the order listed in the ‘data upload’ file and ‘raw data’ tab, which corresponds with the format 
generated by iRAP v3 (Beta 3).  Most fields are common to both iRAP v3 and ANRAM.  The last two fields 
(‘jurisdiction’ and ‘road type’) are attributes that have been created for ANRAM. 

Up to 72 attributes may be collected to satisfy the iRAP specification, however only 42 are currently required 
for ANRAM. The types of attributes are: 

 Identifiers – 13 attributes, 3 of which are optional. Used in describing the road segment or defining other 
risk factors. 

 Exposure – 2 attributes. Used directly in calculations (AADT, length). 

 Risk – 30 attributes. Used directly in calculations. 

 Pedestrian – 13 attributes. ANRAM is not currently calibrated for pedestrians, hence these attributes are 
not used in ANRAM v1.0. 

 Supplementary – 14 attributes. Not used in iRAP for calculation of SRS scores for user groups of interest 
in ANRAM, therefore not used in ANRAM calculations. For example, motorcycle and bicycle attributes not 
specifically considered in ANRAM, other attributes feed into the investment planning part of the iRAP 
tools which is not used in ANRAM. 

Table B 2 provides the road attributes with categories and their crash risk factor values.  ‘Column’ 
corresponds to the titles for each attribute in the ‘data upload’ file and ‘raw data’ tab.  Where no risk factors 
apply, a comment is provided.  In addition to the input road attributes listed in this appendix, there are a 
number of other intermediate attributes that are calculated from the input data (e.g. median traversability).  
These are not shown. 

The ANRAM road attributes and risk factors are included in this appendix have been sourced from the July 
2012 version of iRAP v3 Beta 3 are included with iRAP’s permission. Terminology in this appendix reflects 
iRAP v3 (Beta 3, July 2012). 

Table B 1:   ANRAM road attributes 

Attribute Type  Attribute Type 

Road name Identifier (road segment)   Access points Risk attribute 
Section Identifier (section number)   Roadside severity –  

passenger side distance 
Risk attribute 

Carriageway Identifier (carriageway)  Roadside severity –  
passenger side object 

Risk attribute 

Distance Identifier  
(distance along chainage) 

 Roadside severity –  
drivers side distance 

Risk attribute 

Length Exposure attribute  
(length of segment) 

 Roadside severity –  
drivers side object 

Risk attribute 

Latitude Identifier (location)   Intersection type Risk attribute 
Longitude Identifier (location)  Intersection quality Risk attribute 
Landmark Identifier (location, optional)  Intersecting road volume Risk attribute 

Vehicle flow (AADT) Exposure attribute (AADT)  Median type Risk attribute 
Motorcycle % Supplementary  Upgrade cost Supplementary 

Bike flow Supplementary  Comments Identifier  
(text field, optional) 
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Attribute Type  Attribute Type 

Pedestrian flow across the road Pedestrian  
(not currently used) 

 Roadworks Identifier 

Pedestrian flow along the road  
driver-side 

Pedestrian  
(not currently used) 

 Skid resistance / grip Risk attribute 

Area type Identifier (Rural / urban)  Street lighting Risk attribute 
Number of lanes Risk attribute  Centreline rumble strips Risk attribute 

Speed limit Risk attribute  Service road Risk attribute 
Operating speed (85th %ile) Risk attribute  Speed management/traffic calming Risk attribute 

Operating speed (mean) Risk attribute  Differential speed limits Risk attribute 
Lane width Risk attribute  Sight distance Risk attribute 

Paved shoulder – drivers side Risk attribute  Meets car spec Supplementary 

Paved shoulder – passenger side Risk attribute  Motorcycle speed limit Supplementary 

Shoulder rumble strips Risk attribute  Truck speed limit Supplementary 

Curvature Risk attribute  Image reference  Identifier  
(text field, optional) 

Quality of curve Risk attribute  Car star rating policy target Supplementary 

Delineation Risk attribute  Motorcycle star rating policy target Supplementary 

Grade Risk attribute  Ped star rating policy target Supplementary 

Road condition Risk attribute  Bike star rating policy target Supplementary 

Sidewalk – passenger side Pedestrian  
(not currently used) 

 Pedestrian fencing Pedestrian 
(not currently used) 

Sidewalk – drivers side Pedestrian  
(not currently used) 

 Pedestrian crossing facilities – side 
road 

Pedestrian  
(not currently used) 

Land use – passenger side Supplementary  Intersection channelisation Risk attribute 

Land use – drivers side Supplementary  Pedestrian observed flow along  
the road passenger side 

Pedestrian  
(not currently used) 

Parking (side friction) Pedestrian  
(not currently used) 

 Pedestrian peak hour flow across  
the road 

Pedestrian  
(not currently used) 

Pedestrian crossing facilities Pedestrian  
(not currently used) 

 Pedestrian peak hour flow along 
 the road driver-side 

Pedestrian  
(not currently used) 

Pedestrian crossing quality Pedestrian  
(not currently used) 

 Pedestrian peak hour flow along  
the road passenger-side 

Pedestrian  
(not currently used) 

Bicycle facility Supplementary  Jurisdiction Identifier 

Facilities for motorised two wheelers Supplementary  Road type Identifier (road stereotype) 
Source: ANRAM v1.0, Raw Data tab (2014). 
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Table B 2:   iRAP v3 and ANRAM road attributes with crash risk factors (where applicable) 

Column Attribute Category Category 
ID 

Rural 
Risk factors 

Urban 
Risk factors 

Notes 

A Road name – Road segment descriptor. 
B Section – Unique section number. 
C Carriageway Carriageway A of a divided 

carriageway road 
1 – Carriageway identifiers. 

Carriageway B of a divided 
carriageway road 

2 

Undivided road 3 
Carriageway A of a 
motorcycle facility  

4 

Carriageway B of a 
motorcycle facility 

5 

D Distance – Distance along chainage. 
E Length – Length of segment (should 

be 0.1 km). 
F Latitude – Location identifier. 
G Longitude – Location identifier. 
H Landmark – Location identifier. 

Optional – leave blank if 
not required. 

I Vehicle flow (AADT) – AADT value used in 
calculations. For dual 
carriageway roads 
volumes are total AADTs 
for both carriageways. 
This item is typically added 
after coding. 

J Motorcycle % Not recorded 1   This item is typically added 
after coding. 
Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 1.  

0% 2   
1%–5% 3   
6%–10% 4   
11%–20% 5   
21%–40% 6   
41%–60% 7   
61%–80% 8   
81%–99% 9   
100% 10   

K Bike flow None 1   Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 1. 

Very low 2   
Low 3   
Medium 4   
High 5   
Very high 6   

L Pedestrian flow across 
the road 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

M Pedestrian flow along 
the road driver-side 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 

N Area type Rural / open area 1 Rural identifier Used to select the relevant 
rural or urban identifier. Urban / rural town or village 2 Urban identifier 

O Number of lanes One 1 1 1  
Two 2 0.02 0.02 
Three 3 0.01 0.01 
Four or more 4 0.01 0.01 
Two and one 5 0.5 0.5 
Two and three 6 0.02 0.02 

P Speed limit See note. Refer to Operating speed. 
Q Operating speed  

(85th percentile) 
See note. Refer to Operating speed.  

This item is typically added 
after coding. 

R Operating speed (mean)  See note. Refer to Operating speed.  
This item is typically added 
after coding. 

 Operating speed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Rural Rural 
+ cliff 

Urban Urban 
+ cliff 

The maximum value of 
‘Speed Limit’ or ‘Operating 
Speed (85th percentile)’ is 
selected. 
Risk factors for ‘Rural’, 
‘Rural + cliff’, Urban or 
‘Urban + cliff’. 

< 30 km/h 1 0.008 0.200 0.008 0.200 
35 km/h 2 0.013 0.233 0.013 0.233 
40 km/h 3 0.019 0.267 0.019 0.267 
45 km/h 4 0.027 0.300 0.027 0.300 
50 km/h 5 0.037 0.333 0.037 0.333 
55 km/h 6 0.049 0.367 0.049 0.367 
60 km/h 7 0.064 0.400 0.064 0.400 
65 km/h 8 0.081 0.433 0.081 0.433 
70 km/h 9 0.102 0.467 0.102 0.467 
75 km/h 10 0.125 0.500 0.125 0.500 
80 km/h 11 0.152 0.533 0.152 0.533 
85 km/h 12 0.182 0.567 0.182 0.567 
90 km/h 13 0.216 0.600 0.216 0.600 
95 km/h 14 0.254 0.633 0.254 0.633 
100 km/h 15 0.296 0.667 0.296 0.667 
105 km/h 16 0.343 0.700 0.343 0.700 
110 km/h 17 0.394 0.733 0.394 0.733 
115 km/h 18 0.451 0.767 0.451 0.767 
120 km/h 19 0.512 0.800 0.512 0.800 
125 km/h 20 0.579 0.833 0.579 0.833 
130 km/h 21 0.651 0.867 0.651 0.867 
135 km/h 22 0.729 0.900 0.729 0.900 
140 km/h 23 0.813 0.933 0.813 0.933 
145 km/h 24 0.903 0.967 0.903 0.967 

 
 

Austroads 2014 | page 61 



Australian National Risk Assessment Model 

 
 
Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

Operating speed 
(continued) 

> 150 km/h 25 1.000 1.000 1.000 1.000 
< 20 mph 31 0.010 0.215 0.010 0.215 
25 mph 32 0.019 0.268 0.019 0.268 
30 mph 33 0.033 0.322 0.033 0.322 
35 mph 34 0.053 0.376 0.053 0.376 
40 mph 35 0.079 0.429 0.079 0.429 
45 mph 36 0.113 0.483 0.113 0.483 
50 mph 37 0.154 0.536 0.154 0.536 
55 mph 38 0.205 0.590 0.205 0.590 
60 mph 39 0.267 0.644 0.267 0.644 
65 mph 40 0.339 0.697 0.339 0.697 
70 mph 41 0.424 0.751 0.424 0.751 
75 mph 42 0.521 0.805 0.521 0.805 
80 mph 43 0.632 0.858 0.632 0.858 
85 mph 44 0.758 0.912 0.758 0.912 
90 mph 45 0.900 0.966 0.900 0.966 

S Lane width Wide (≥ 3.25 m) 1 1 1  
Medium  
(≥ 2.75m to < 3.25 m) 

2 1.1 1.1 

Narrow (≥ 0 m to < 2.75 m) 3 1.4 1.4 
T Paved shoulder ‒ 

drivers side 
Paved ≥ 2.4 m 1 0.6 0.6  
Paved 1 < Width < 2.4 m 2 0.65 0.65 

Paved 0 < Width ≤ 1 m 3 0.8 0.8 
None 4 1 1 

U Paved shoulder ‒ 
passenger side 

Paved ≥ 2.4 m 1 0.6 0.6  
Paved 1 < Width < 2.4 m 2 0.65 0.65 

Paved 0 < Width ≤ 1 m 3 0.8 0.8 
None 4 1 1 

V Shoulder rumble strips Not present 1 1.25 1.25  
Present 2 1 1 

W Curvature Straight or gently curving 1 1 1  
Moderate curvature 2 2.2 2.2 
Sharp curve 3 3.5 3.5 
Very sharp 4 6 6 

X Quality of curve Adequate 1 1 1  
Poor 2 1.25 1.25 
Not applicable 3 1 1 

Y Delineation Adequate 1 1 1  
Poor 2 1.2 1.2 

 
 

Austroads 2014 | page 62 



Australian National Risk Assessment Model 

 
 
Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

Z Grade 0 to < 4% 1 1 1  
4 to < 5% 2 1.3 1.3 
5 to < 7.5% 3 1.4 1.4 
7.5 to < 10% 4 2 2 
10%+ 5 3 3 

AA Road surface condition Good 1 1 1  
Medium 2 1.1 1.1 
Poor 3 1.25 1.25 

AB Sidewalk – passenger 
side 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 5. 

AC Sidewalk – drivers side n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1.Set 
value to 5. 

AD Land use – passenger 
side 

Undeveloped areas 1   Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 1. 

Farming and agricultural 2   
Residential 3   
Commercial 4   
Not Recorded 5   
Educational 6   
Industrial and manufacturing 7   

AE Land use – drivers side Undeveloped areas 1   Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 1. 

Farming and agricultural 2   
Residential 3   
Commercial 4   
Not Recorded 5   
Educational 6   
Industrial and manufacturing 7   

AF Parking (side friction)  Low 1   Attribute used as part of 
pedestrian model 
calculations. ANRAM was 
not calibrated for 
pedestrians at this time, 
due to limitations noted in 
Section 4.1. Set value to 1. 

Medium 2   
High 3   

AG Pedestrian crossing 
facilities 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 7. 

AH Pedestrian crossing 
quality  

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

AI Bicycle facility Off-road path with barrier 1   Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 4. 

Off-road path  2   

On-road lane 3   

None 4   

Extra wide outside  (≥ 4.2 m) 5   

Signed shared roadway 6   

AJ Facilities for motorised 
two wheelers 

Exclusive one way 
motorcycle path with barrier 

1   Note that this attribute is 
not used in ANRAM 
calculations. Set value 
to 6.  Exclusive one way 

motorcycle path without 
barrier 

2   

Exclusive two way motorcycle 
path with barrier 

3   

Exclusive two way motorcycle 
path without barrier 

4   

Inclusive motorcycle lane on 
roadway 

5   

None 6   

AK Access points   L S L S Risk factors for likelihood 
(L) and severity (S). Commercial access 1+ 1 1.1 50 1.1 50 

Residential access 3+ 2 1.05 50 1.05 50 
None 3 1 0 1 0 
Residential access 1 or 2 4 1.01 50 1.01 50 

AL Roadside severity – 
passenger side distance 

0 to < 1 m 1 1 1  
1 to < 5 m 2 0.8 0.8 
5 to < 10 m 3 0.35 0.35 
≥ 10 m 4 0.1 0.1 

AM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Roadside severity – 
passenger side object 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Safety barrier – metal 1 4 4  
Safety barrier – concrete 2 5 5 
Safety barrier – metal 
motorcycle friendly 

3 4 4 

Safety barrier – wire rope 4 0.4 0.4 
Aggressive vertical face 5 55 55 
Upwards slope – (rollover 
gradient) 

6 45 45 

Upwards slope – (no rollover 
gradient)  

7 40 40 

Deep drainage ditch 8 55 55 
Downwards slope 9 45 45 
Cliff 10 90 90 
Tree > 10 cm  11 60 60 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

AM 
 

Roadside severity – 
passenger side object 

(continued) 

Non-frangible sign/ post./pole 
≥ 10 cm  

12 60 60 

Non-frangible structure/bridge 
or building 

13 60 60 

Frangible structure or building 14 30 30 
Unprotected barrier end 15 60 60 
Large boulders ≥ 20 cm high 16 60 60 
None 17 35 35 

AN Roadside severity – 
drivers side distance 

0 to < 1 m 1 1 1  
1 to < 5 m 2 0.8 0.8 
5 to < 10 m 3 0.35 0.35 
≥ 10 m 4 0.1 0.1 

AO Roadside severity – 
drivers side object 

Safety barrier – metal 1 4 4  
Safety barrier – concrete 2 5 5 
Safety barrier – metal 
motorcycle friendly 

3 4 4 

Safety barrier – wire rope 4 0.4 0.4 
Aggressive vertical face 5 55 55 
Upwards slope – (rollover 
gradient) 

6 45 45 

Upwards steep slope (> 75 
degrees) 

7 40 40 

Deep drainage ditch 8 55 55 
Downwards slope 9 45 45 
Cliff 10 90 90 
Tree > 10 cm  11 60 60 
Non-frangible sign/ post./pole 
≥ 10 cm  

12 60 60 

Non-frangible structure/bridge 
or building 

13 60 60 

Frangible structure or building 14 30 30 
Unprotected barrier end 15 60 60 
Large boulders ≥ 20 cm high 16 60 60 
None (> 20 m) 17 35 35 

 
 

Austroads 2014 | page 65 



Australian National Risk Assessment Model 

 
 
Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

AP Intersection type   L S L S Risk factors for likelihood 
(L) and severity (S). Merge lane 1 20 15 20 15 

Roundabout 2 50 15 50 15 
3-leg (unsignalised) with 
protected turn lane 

3 35 45 35 45 

3-leg (unsignalised) with no 
protected turn lane 

4 45 45 45 45 

3-leg (signalised) with 
protected turn lane 

5 30 45 30 45 

3-leg (signalised) with no 
protected turn lane 

6 35 45 35 45 

4-leg (unsignalised) with 
protected turn lane 

7 55 50 55 50 

4-leg (unsignalised) with no 
protected turn lane 

8 70 50 70 50 

4-leg (signalised) with 
protected turn lane 

9 35 50 35 50 

4-leg (signalised) with no 
protected turn lane 

10 45 50 45 50 

(Do not use this code) 11 0 0 0 0 
None 12 0 0 0 0 
Railway crossing – passive 
(signs only) 

13 3 150 3 150 

Railway crossing – active 
(flashing lights / boom gates) 

14 1 150 1 150 

Median crossing point – 
informal 

15 2 45 2 45 

Median crossing point – 
formal 

16 1 45 1 45 

Mini roundabout 17 55 35 55 35 
AQ Intersection quality Adequate 1 1 1  

Poor  2 1.2 1.2 
Not applicable 3 0 0 

AR Intersecting road volume Very high (≥ 15 k) 1 1.0 1.0  
High (10 k to 15 k) 2 0.5 0.50  
Medium (5 k to 10 k) 3 0.25 0.250  
Low (1k to 5 k) 4 0.125 0.125  
Very low (1 to 1 k) 5 0.063 0.063  
Not applicable 6 0.0 0.0  
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

AS Median 
type 

Crash type: 
Head on – 

Lane 
departure 

Safety barrier – metal 1 0 0 Severity risk factors for 
Head On (Lane departure) 
and Head On (Overtaking) 
crash types. 

Safety barrier – concrete 2 0 0 
Physical median width > 20 m 3 4 4 
Physical median width  
10–20 m 

4 16 16 

Physical median width  
5–10 m 

5 36 36 

Physical median width 1–5 m 6 69 69 
Physical median width up to  
1 m 

7 81 81 

Continuous central turning 
lane 

8 75 75 

Flexipost 9 85 85 
Central hatching (> 1 m) 10 64 64 
Centre line 11 100 100 
Motorcyclist friendly barrier 12 0 0 
One-way 13 0 0 
Wide centre line  
(0.3 m to 1 m) 

14 81 81 

Safety barrier – wire rope 15 0 0 
Crash type: 
Head on – 
Overtaking 

Safety barrier – metal 1 0 0 
Safety barrier – concrete 2 0 0 
Physical median width >20 m 3 0 0 
Physical median width  
10–20 m 

4 0 0 

Physical median width  
5–10 m 

5 0 0 

Physical median width 1–5 m 6 0 0 
Physical median width up to  
1 m 

7 0 0 

Continuous central turning 
lane 

8 25 25 

Flexipost 9 0 0 
Central hatching (> 1 m) 10 82.5 82.5 
Centre line 11 100 100 
Motorcyclist friendly barrier 12 0 0 
One-way 13 0 0 
Wide centre line  
(0.3 m to 1 m) 

14 100 100 

Safety barrier – wire rope 15 0 0 
AT Upgrade cost Low 1   Note that this attribute is 

not used in ANRAM 
calculations.  
Set value to 1 

Medium 2   
High 3   

AU Comments – Text field. 
Optional – leave blank if 
not required. 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

AV Roadworks No roadworks 1 1 1 Note that this attribute is 
not used in ANRAM 
calculations. Can be used 
to manually identify 
segments with roadworks 
present, and exclude them 
from risk value 
calculations if desired. 

Minor roadworks in progress 2 1 1 

Major roadworks in progress 3 0 0 

AW Skid resistance / grip Sealed – adequate 1 1 1  
Sealed – medium 2 1.35 1.35 
Sealed – poor 3 2 2 
Unsealed – adequate 4 3 3 
Unsealed – poor 5 5.5 5.5 

AX Street lighting Present 1 1 1  
Not present 2 1.17 1.17 

AY Centreline rumble strips Not present 1 1.25 1.25  
Present 2 1 1 

AZ Service road Present 1 1 1  
Not present 2 1 1 

BA Speed management / 
traffic calming 

Present 1 1 1  
Not present 2 1.25 1.25 

BB Differential speed limits Not present 1 1 1  
Present 2 1.3 1.3 

BC Sight distance Adequate 1 1 1  
Poor 2 1.42 1.42 

BD Meets car spec Meets specification 1   Note that this attribute is 
not used in ANRAM 
calculations.  Leave value 
blank. 

Does not meet specification 2   

BE Motorcycle speed limit n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank 

BF Truck speed limit n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank 

BG Image reference – Text field. 
Optional – leave blank if 
not required 

BH Car star rating policy 
target 

n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank. 

BI Motorcycle star rating 
policy target 

n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank. 

BJ Pedestrian star rating 
policy target 

n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank. 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

BK Bike star rating policy 
target 

n/a Note that this attribute is 
not used in ANRAM 
calculations. Leave value 
blank. 

BL Pedestrian fencing Pedestrian fencing full 100 m 
length 

1 0 0  

Pedestrian Fencing at 
pedestrian crossing 

2 1 1 

No pedestrian fence 3 1.2 1.2 
BM Pedestrian crossing 

facilities – side road 
  L S L S Risk factors for likelihood 

(L) and severity (S). Grade separated facility 1 0.2 90 0.2 90 
Signalised with refuge 2 1 90 1 90 
Signalised without refuge 3 2 90 2 90 
Unsignalised marked 
crossing with refuge 

4 2 90 2 90 

Unsignalised marked 
crossing without a refuge 

5 4.8 90 4.8 90 

Refuge only 6 5.1 90 5.1 90 
No facility 7 6.7 90 6.7 90 

BN Intersection 
channelisation 

Present 1 1 1  
Not present 2 1.1 1.1 

BO Pedestrian observed 
flow along the road 

passenger side 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 

BP Pedestrian peak hour 
flow across the road 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 
This item is typically added 
after coding. 

BQ Pedestrian peak hour 
flow along the road 

driver-side 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 
This item is typically added 
after coding. 

BR Pedestrian peak hour 
flow along the road 

passenger-side 

n/a. Refer to note. ANRAM was not calibrated 
for pedestrians at this 
time, due to limitations 
noted in Section 4.1. Set 
value to 1. 
This item is typically added 
after coding. 
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Column Attribute Category Category 

ID 
Rural 

Risk factors 
Urban 

Risk factors 
Notes 

BS Jurisdiction NSW 1 – Jurisdiction identifier. 
VIC 2 
QLD 3 
SA 4 
WA 5 
TAS 6 
NT 7 
ACT 8 

BT Road type Rural undivided 1 – Road stereotype identifier.  
Refer to Table 5.5 for 
applicable AADT range. 

Rural divided/freeway 2 
Urban freeway 3 
Urban divided 4 
Urban undivided 5 
Urban local 6 

Source: ANRAM v1.0, Raw Data tab (2014) and iRAP personal communication, July 2012. 
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Appendix C ANRAM Safety Performance Functions 
Safety Performance Functions (SPFs) are mathematical models developed to estimate the expected 
average crash frequency for a particular road or intersection stereotype given traffic volumes (AASHTO 
2010).  They are a useful tool for monitoring the safety performance against the network average or other 
related parameters (e.g. a performance band).  ANRAM uses 30 SPF models developed for each of the six 
road stereotypes and for each of the five severe crash types.  The SPF models developed for ANRAM form 
part of Equation 2 and are used in calculation of Predicted FSI crashes.  Table 5.5 contains AADT ranges for 
which the SPF models were valid.  

The general form of the ANRAM SPF models is given by Equation A1 and is similar to Equation 2.  The road 
section length (L) was not part of the SPF, it was included as part of the ANRAM Mean FSI calculations.  

R2 is a measure of how well the dependent variable (the mean of severe crashes per kilometre) is likely to be 
predicted by the independent variable.  It is defined as the proportion of the variability in the data set that is 
accounted for by the model.  A value closer to 1.00 indicates that the model fits the data well.  Table C 3 
provides the R2 values for each SPF model used in ANRAM to indicate their relative strengths.  

The values indicate that AADT was a strong contributor to mean severe crash frequency for both rural road 
stereotypes, for urban undivided and urban local road stereotypes.   

FSIij = Aij x AADTBij A1 

where    

FSIij = mean number of FSI crashes per kilometre of type i for a given road section of 
stereotype j 

AADT = carriageway annual average daily traffic flow in vehicles per day. For dual 
carriageway roads AADTs are divided by two 

Aij = model constant from the SPF for crash type i and road stereotype j (Table C 1) 

Bij = power model exponent from the SPF for crash type i and road stereotype j 
constant (Table C 2) 

Table C 1:   SPF model constants (Aij)   

Crash type Road stereotype 

Rural undivided Rural divided Urban 
freeway 

Urban 
divided 

Urban 
undivided 

Urban local 

Run-off-road 6.5E-03 2.30E-05 1.26E-05 3.07E-05 7.96E-04 7.58E-03 
Head-on 4.68E-05 1.31E-08 2.95E-07 1.66E-06 1.45E-05 1.08E-03 
Intersection 4.95E-06 7.7E-07 1.80E-07 3.43E-01 1.59E-04 4.86E-04 
Pedestrian 1.62E-06 1.50E-06 1.06E-06 1.37E-05 4.60E-05 2.42E-07 
Other 1.99E-05 1.04E-5 2.25E-5 5.69E-05 1.83E-05 3.91E-04 
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Table C 2:   SPF model power exponents (Bij)   

Crash type Road stereotype 

Rural undivided Rural divided Urban 
freeway 

Urban 
divided 

Urban 
undivided 

Urban local 

Run-off-road 0.427 1.000 1.000 1.000 0.712 0.522 
Head-on 0.847 1.480 1.000 1.000 1.000 0.576 
Intersection 1.126 1.000 1.000 0.106 0.943 0.885 
Pedestrian 1.000 1.000 1.000 1.000 1.000 1.628 
Other 1.000 1.000 1.000 1.000 1.144 0.858 

 

Table C 3:   R2 values for the SPF models 

Crash type Road stereotype 

Rural undivided Rural divided Urban 
freeway 

Urban 
divided 

Urban 
undivided 

Urban local 

Run-off-road 0.865 0.613 0.332 0.020 0.815 0.461 
Head-on 0.696 0.524 0.079 0.032 0.917 0.652 
Intersection 0.926 0.292 0.023 0.036 0.936 0.736 
Pedestrian 0.230 0.342 0.108 0.265 0.669 0.753 
Other 0.908 0.791 0.770 0.011 0.958 0.834 

 

The low R2 values for urban divided road and urban freeway stereotypes would suggest that AADT did not 
have a strong effect on the severe crash frequency per km.  This may not be an accurate conclusion, as the 
underlying relationship could have been obscured by other road factors not accounted for by the models.  

Further scrutiny of the urban divided road data suggested that:  

 The road stereotype was not homogenous across the AADT range used. For instance, divided urban 
roads contained 80 km/h, 70 km/h and some 60 km/h speed limits. 

 Distribution of road sections by AADT suggested two sub-types: inner and outer metropolitan. 

 Each sub-type would have had its own design and traffic flow characteristics (e.g. different frequencies of 
signalised / unsignalised intersections and access points, levels of congestion). 

 Absolute severe crash numbers were low for some crash types (e.g. head-on) leading to larger statistical 
error, i.e. a lower R2. 

Severe crashes on urban freeways were dominated by other crashes, with the rear-end crashes being the 
dominant crash type within that group.  Run-off-road crashes were also a substantial contributor.  There were 
low numbers of severe crashes in the remaining crash types (intersection, pedestrian, head-on), leading to 
high error and low R2 values for these models. 

Low R2 values do not mean that the models should be set aside, but rather that other factors may be more 
useful at explaining the Predicted FSI crashes per kilometre.  This aspect has been already included in 
ARNAM via the iRAP v3 risk algorithms. 
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Appendix D RUM/DCA Codes and ANRAM Crash Types 
Table D 1 shows how to translate jurisdictional RUM or DCA codes into the five ANRAM crash types.  Charts 
depicting crash codes for each jurisdiction are provided in Appendix A of the Austroads Guide to Road 
Safety, Part 8: Treatment of Crash Locations (Austroads 2009). 

Table D 1:   ANRAM crash types 

Jurisdiction ANRAM crash types 

Run-off-road Head-on Intersection Pedestrian Other 

New South Wales 
(RUM codes) 

70–79, 80–89 20 10–19, 21–29 00–09 30–39, 40–49,  
50–59, 60–69, 90–99 

Victoria and 
Tasmania  

(DCA codes) 

170–179, 180–189 120 110–119, 121–129 100–109 130–139, 140–149,  
150–159, 160–169,  

190–199 

Queensland 
(DCA codes) 

700–708, 800–808 201 100–109, 200,  
202–207 

000–009 300–310, 400–408,  
500–506, 506, 600–610, 

900–907 

Western Australia 
(RUM codes) 

70–79, 80–89 21 10–19, 20, 22–27 01–09 30–39, 40–49, 50–59, 
60–69, 90–99 

South Australia 
(Crash type) 

07, 12 05 04, 08 06 01–03, 09, 10, 11, 13, 14 

Tasmania  
(DCA codes,  

same as Victoria) 

170–179, 180–189 120 110–119, 121–129 100–109 130–139, 140–149,  
150–159, 160–169,  

190–199 

Northern Territory 70–79, 80–89 20 10–19, 21–29 00–09 30–39, 40–49, 50–59, 
60–69, 90–99 

Australian Capital 
Territory 

70–709, 80–809 201 10–109, 20,  
202–209 

00–009 30–310, 40–409,  
50–509, 60–609, 90–909 

Source: Austroads (2009). 
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Appendix E Crash Costs in Australia 
Crash costs may be calculated based on the human capital approach (traditional method) or the willingness-
to-pay approach.  The Austroads Guide to Road Safety, Part 1: Road Safety Overview (Austroads 2013) 
provides further information regarding crash costs.  It should be noted that ‘in recent years, there has been a 
re-focussing amongst the Australian jurisdictions and New Zealand in the way the cost of road trauma is 
calculated, from the ex-post or human capital method to the ex-ante willingness-to-pay (WTP) approach’ 
(Austroads 2013). 

The human capital approach …. identifies all the losses which occur as a result of road 
traffic crashes as a total cost to the nation. This includes loss of life and life quality, loss of 
productivity, medical, legal and court and property damage costs. (Austroads 2013). 

The WTP approach estimates the value of life in terms of the amounts that individuals are 
prepared to pay to reduce risks to their lives (this is the value to the individual on an ex-
ante basis, or before the fact). This approach uses people’s preferences (either stated or 
revealed) to ascertain the value they place on reducing risk to life, and reflects the value 
of intangible elements such as quality of life and joy of living. (BITRE 2009) 

Table E 1 indicates the cost of road crashes for different severities for both the human capital approach and 
willingness-to-pay approach, in 2011 dollars. 

Table E 1:   Cost of road crashes (human capital and willingness-to-pay) 

Crash severity Cost of road crashes using different methods 

Human capital approach (1) Willingness-to-pay approach (2) 

Fatal crash $3 083 000 $7 192 000 (urban) 
$7 111 000 (non-urban) 

Serious injury crash $307 500 Serious injury 
$350 500 (urban) 

$219 000 (non-urban) 

Hospital injury 
$85 000 (urban) 

$64 000 (non-urban) 

Other injury crash $17 000 $18 500 (urban) 
$23 000 (non-urban) 

(‘minor injury’ in Hensher et al. 2009) 

Non-injury crash $11 500 – 
Note: costs are in 2011 Australian dollars, calculated from original sources using the Reserve Bank of Australia inflation calculator (RBA 
2012).  
Sources:  
1 BITRE (2009) provided these estimates in 2006 dollars. 
2 Hensher et al. (2009) provided these estimates in 2007 dollars. 
 
In the context of application of crash costs in ANRAM, the users should select an agreed value of a fatal or 
serious injury crash to be used in comparison of options.  This value may be based on the overall proportions 
of fatal to serious injury crashes in urban and rural conditions. 
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Glossary 

AAA: Australian Automobile Association. 

AADT: Annual average daily traffic. 

ANRAM: the Australian National Risk Assessment Model.  The version developed during this project 
(ANRAM v1.0) is an Excel 2010 VBA application. ANRAM includes the following modules:  

Risk Assessment Module (RAM): computes the relative risk of different types of fatal and serious 
injury crashes due to the effect of road features, speed and levels of potentially conflicting traffic. 
The outputs of the RAM are the crash type ANRAM SRSs and weighting factors.   

Crash Prediction Module (CPM): estimates the predicted fatal and serious injury crashes for each 
road section given its length, traffic flow, road infrastructure and speed, over a typical five-year 
period. The main output of the CPM is the Total Predicted FSI crashes for each road section.   

Crash Validation Module (CVM): computes expected fatal and serious injury crashes for each 
road section by comparing and combining Predicted FSI and Observed FSI crashes to produce 
ANRAM FSI crashes. The output of the CVM is the Total ANRAM FSI crashes for each road 
section over a five-year period.   

ANRAM Toolkit: enables users to carry out investigations of FSI crash risk on the road network 
and analysis of potential treatment programs. 

ANRAM FSI crashes: indicates the expected collective fatal and serious injury crash risk based on road 
stereotype, engineering features, speed, potential conflicting traffic and severe crash history.  The ANRAM 
FSI value for each crash type is calculated by combining the Predicted FSI and Observed FSI crashes using 
a Bayesian weighting factor.  Total ANRAM FSI crashes is the aggregate of the values for five crash types, 
for each road section, over a five-year period. 

ATC: Australian Transport Council. 

AusRAP: Australian Road Assessment Program. 

Collective risk: a measure that indicates crash frequency as experienced by the community, that is the 
number of crashes per unit of time.  It can be expressed per section, per kilometre, or per intersection.  
ANRAM outputs Total ANRAM FSI crashes per road section which is converted to Total ANRAM FSI 
crashes per kilometre to provide a comparison rate of collective risk.    

CPM: Crash Prediction Module.  

CVM: Crash Validation Module.  

FSI crash: Fatal or serious injury crash. 

Individual risk: is a measure of risk to an individual road user expressed per kilometre of travel by a vehicle, 
or vehicle-kilometres travelled (VKT).  It is collective risk adjusted for road user exposure.  Individual risk is 
often measured by fatal and serious injury crash rates, or risk assessment scores.  ANRAM SRS scores 
averaged for a given road section are an approximation of individual risk. 

iRAP: International Road Assessment Programme. 

KiwiRAP: New Zealand Road Assessment Programme. 
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Mean FSI crashes: an intermediate output of ANRAM calculating a mean number of FSI crashes over a five 
year period of a given type based only on the road stereotype and AADT.  Mean FSI crashes are based on 
FSI Safety Performance Functions.  Thirty such functions were developed for ANRAM (six road stereotypes 
and five crash types).  Total Mean FSI is an aggregate of five crash types for each road section.  

Observed FSI crashes: indicates the observed fatal and serious injury crashes over five years in the road 
section.  ANRAM uses Observed FSI disaggregated according to the five crash types (run-off-road, head-on, 
intersection, pedestrian and other, where the ‘other’ category accounts for all other types of crashes 
occurring on the network).  Observed FSI crashes are one of the key ANRAM inputs. 

Predicted FSI crashes: indicates the collective severe crash risk over a five year period due to engineering 
features, speed, traffic flow and potential for vehicle conflicts.  For each crash type in a given road section, 
the Predicted FSI crashes value is calculated by adjusting up or down the Mean FSI value by the relevant 
weighting factor derived from ARNAM SRS.  The Total Predicted FSI crashes for a given road section is 
calculated by aggregating the predicted values for the five crash types.  

RAM: Risk Assessment Module. 

Safety Performance Functions (SPFs): is a relationship between crash frequency per kilometre per unit of 
time and traffic flow (AADT) developed for a particular road stereotype from observed data.  Additional 
independent variables may also be incorporated, e.g. terrain, or abutting land use. SPFs may also be 
developed for different intersection types, based on approach flows.  

SCOTI : Standing Council on Transport and Infrastructure. 

Severe crashes: fatal and serious injury crashes. 

Star Rating Score (SRS): is a measure of individual risk related to engineering attributes, speed and levels 
of potentially conflicting traffic. 

AusRAP SRSs are calculated for each crash type at 100 m segments across iRAP v3 categories.  

ANRAM SRSs are based on the components of iRAP v3 Beta 3 SRSs and can be used as an 
indicator of individual risk of a severe crash of a given type. ANRAM SRSs are averaged 
(smoothed) for each road section. 

ViDA: The online platform for iRAP. 
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