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EXECUTIVE SUMMARY 

Introduction and Aims 

The purpose of this study was to identify road safety issues specific to Outer Urban Areas 

(OUAs) of Melbourne, and to provide recommendations and estimated benefits of proposed 

strategies for addressing high priority areas.  To achieve this aim the project was divided 

into five complementary phases: 

 

 Phase 1: Identification and collection of available data sources; 

 Phase 2: Definition of outer urban areas (OUAs); 

 Phase 3: Analytical tasks; 

 Phase 4: Identification of previous and current investment; and  

 Phase 5: Identification of solutions to address problems. 

 

Phase 1: Identification and collection of available data sources 

To develop an up-to-date definition of OUAs of Melbourne relevant to the project aims 

(Phase 2), we used an accessibility/remoteness index (ARIA+(2006)) combined with 

supplementary measures of population growth, growth in home ownership, number of 

businesses, and the registered vehicle fleet.  The descriptive analysis (Phase 3 Part I) utilised 

Victorian Police-reported crash data (2008-2012). The logistic regression analyses (Phase 3 

Part II) utilised Victorian Police-reported crash data (2000-2013), with added market group 

data for crashed vehicles.   

 

Phase 2: Definition of outer urban areas (OUAs) 

A modified version of the accessibility/remoteness index (ARIA+ (2006) was proposed to 

define outer areas of Melbourne as well as inner urban Melbourne and regional areas of 

Victoria for the purpose of comparative analyses (Phase 3).  Six local government areas 

(LGAs) were identified as OUAs of Melbourne:  Cardinia, Casey, Hume, Melton, Whittlesea 

and Wyndham. 

 

Phase 3: Analytical tasks 

The analysis was conducted in two parts.  In Part I, a descriptive analysis identified a fatality 

rate more than two times higher and a serious injury (SI) crash rate 40% higher for OUAs, 

when compared to inner urban Melbourne.  Results of the descriptive analysis also included 

a much higher average speed zone for fatal and SI (F/SI) crashes in OUAs (75 km/h cf. 63 

km/h), a higher proportion of crashes involved younger adults (10-21yrs), and a lower 

proportion involving older drivers (70+ years) for OUAs.   

 

In Part II of the analysis, a logistic regression with three separate models (crash-based, 

driver/vehicle-based, and road user-based) was used to identify factors significantly over or 

under-represented in OUAs compared to inner urban Melbourne.  Factors identified as 

significantly over-represented F/SI crashes in OUAs included: higher speed zones 

(especially on main roads), local roads, intersection crashes involving vehicles from the 

same, adjacent and opposite directions, large sports utility vehicles (SUVs) or utilities driven 

by males, and small vehicles driven by females. 
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Phase 4: Identification of previous and current investment and prediction of changes 

Those factors found to be significantly over-represented in OUAs (Phase 3) were ranked by 

priority, by adding crash prevalence data for OUAs.  A desktop review on current road safety 

strategies and action plans at the National, Victorian and LGA levels, was conducted to 

determine whether these priority areas for OUAs were being currently targeted.  Based on 

the findings of high priority areas (Phase 3) and review of how well these are being addressed 

by current road safety strategies (Phase 4), the following five key priority areas were 

recommended:  

 

 Increased focus and investment in Local Roads infrastructure; 

 Increased priority on Speed-related interventions; 

 Intersection treatments (adjacent/same direction crashes): signalised 

intersections/roundabouts; 

 Promote uptake of safer vehicles; and 

 Expanded program of Barrier treatments (runoff road and head-on crashes).  

 

Phase 5: Identification of solutions to address problems 

In the final phase, the eMETS (Macro Estimates for Target Setting) modelling technique 

was used to estimate the benefits of three initiatives proposed for the outer urban LGAs.  

Based on the list of recommended road safety focus areas identified in Phase 4, three 

programs aimed at reducing SCs over the long term in outer urban Melbourne were 

investigated conceptually.  These were: 

 

 Speed zone changes in current 80 km/h and 100 km/h speed zones; 

 Intersection improvements; and 

 Reduction in the average age of the vehicle fleet. 

 

Speed zone changes 

For changes to current 80 km/h zones, a 10 km/h speed limit change in all current 80 km/h 

speed zones is estimated to lead to an annual reduction of between ten and 50 SCs (including 

four fewer fatalities), based on a conservative 3 km/h reduction in average travel speed, and 

between 15 and 75 SCs (including six fewer fatalities) based on a 5 km/h reduction in 

average travel speed.  For 100 km/h speed zones, a 10 km/h speed limit change in all current 

100 km/h speed zones is estimated to lead to an annual reduction of between ten and 35 SCs 

(including four fewer fatalities), based on a conservative 3 km/h reduction in average travel 

speed, and between ten and 50 SCs (including six fewer fatalities) based on a 5 km/h 

reduction in average travel speed.    

 

Intersection improvements    

The top 19 intersections in OUAs were identified, based on recording more than six SCs 

over the period 2008-2013.  Three have since been converted to roundabouts and one has 

received significant upgrades, leaving 15 in the analysis. Measures such as local intersection 

speed limits, speed/red light cameras, cut-through or ‘squircle’ intersections, signalised and 

non-signalised roundabouts were considered. Overall, a target SC reduction of 40% was 

chosen representing the average effectiveness of a mix of intersection treatments across the 
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sites. When applied for these sites, these measures would likely result in reductions of 8-11 

SCs per annum. 

 

Reduction in the average age of the vehicle fleet  

A theoretical analysis of the benefits of a younger vehicle fleet was carried out using the 

latest Used Car Safety Ratings (UCSRs) (Newstead et al, 2016) to estimate the benefits had 

the vehicle in which the seriously injured or killed occupants were travelling been three, five 

or ten years newer.  The analysis included crashes involving passenger and light commercial 

vehicles (utilities and vans) manufactured between 1974 and 2013 with a valid UCSR.  

Overall, it was estimated that a projected reduction in the average age of the vehicle fleet by 

three, five and ten years would lead to annual reductions by 76, 123 and 215 SCs (F/SI) 

respectively.   
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ADDRESSING OUTER URBAN ROAD SAFETY IN METROPOLITAN 
MELBOURNE 

 

1. INTRODUCTION 

1.1 BACKGROUND 

Since 1989, the Victorian road toll has more than halved with the lowest on record occurring 

in 2013. Victoria has been at the forefront of implementing effective road safety initiatives 

addressing high priority issues and has been successful in delivering significant road safety 

improvements within the Safe System approach. Despite these gains, in 2015, 252 people 

still lost their lives and more than 6,000 were seriously injured. 

 

In the continued effort to address high priority areas and issues, the Monash University 

Accident Research Centre (MUARC) Baseline Program Sponsors identified that there are 

emerging road safety concerns in outer urban areas (OUAs) of Melbourne. To address these 

concerns, the MUARC Baseline Road Safety Management Group called for a proposal to 

undertake a research project to identify and understand the problem areas and issues. The 

aim of gaining such understanding was to inform implementation of best-practice programs 

and initiatives. Specific issues to be addressed by the study included: 

 To provide a working definition of OUAs (such as growth areas only or 

municipalities that border or are on the outer fringe of the Melbourne Statistical 

Division (MSD)). 

 Identify traffic growth in OUAs in the last ten years and provide a comparison 

against state-wide and greater urban trends. 

 Identify crash trends in OUAs over the last ten years and provide a comparison 

against state-wide and greater urban trends on an absolute and rate basis (per 

population and travel distance, and examine crash types to identify over and under-

represented types relative to the greater urban areas. 

 Identify road infrastructure investment in OUAs over the last ten years and provide 

a comparison against state-wide and greater urban investment rates. 

 Based on historical rates of investment and projected rates of population increase, 

forecast road trauma trends for the coming decade in outer urban Melbourne and 

the greater urban area. 

 Identify the role future trends in OUAs will play in meeting specified targets for 

casualty reduction over the coming decade and investigate the potential need to 

focus additional resources on OUAs to meet targets. 

 

Figure 1 shows the current growth areas of Melbourne that have been designated for urban 

use which lie on the fringe of metropolitan Melbourne. They are on and around major 

regional transport corridors and include areas in outer north-west districts such as Melton, 

Sunbury, Caroline Springs, Hume and Epping North, and south-east districts such as 

Pakenham, Cranbourne and surrounds.  
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Figure 1: Current Urban Growth for metropolitan Melbourne 

 

The Australia Bureau of Statistics (ABS) reported that the largest population growth in 

Australia has been in these outer suburbs in the last ten years, and is expected to continue in 

the coming years. Moreover, the housing market in these areas provide affordable homes for 

young families and couples, who may be at higher risk of being involved in specific road 

crashes associated with their demographic characteristics (e.g., young and inexperienced 

drivers, driving inexpensive vehicles, and with young children attending school).  

 

The Victorian Government’s Metropolitan Strategy ‘Melbourne 2030’ aims to continue 

sustainable development of these growth areas and improve transport options., This includes 

improvements to the existing public transport network; co-ordinating development of all 

transport modes to provide a comprehensive transport system; giving more priority to 

cycling and walking in planning urban development; and promoting the use of sustainable 

personal transport options.  

 

While the growth areas will continue to play a major role in sustained metropolitan 

development, as noted by the Baseline Program Sponsors there are associated road safety 

issues such as increased travel, traffic congestion, and provision of safe environments for all 

road users. It is imperative that safety considerations are integrated into current and future 

planning including a need to better understand the current and emerging road safety issues 

in these areas compared to the rest of Melbourne. 

 

1.2 STUDY DESIGN 

This research was conducted in five complementary phases. 
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Phase 1: Identification and collection of available data sources 

Prior to an investigation of road safety issues, it was important to source the most appropriate 

and relevant data that could be used to define OUAs, articulate the road safety problem in 

these areas and make informed and effective suggestions for countermeasures. The first 

phase focussed on collecting the available data sources on which to assess the current and 

predicted demographic, land-use and transport changes, and potential contributing factors to 

crash risk in these areas as well as the greater Melbourne metropolitan area and state-wide 

for comparison.  

 

The potential data sources included for defining outer urban areas were: 

 Population growth; 

 Growth in home ownership (Source:  ABS 1380.0.55.010); 

 Growth in number of businesses (Source: ABS 1410.0); and 

 Growth in registered motor vehicles (Source: ABS Motor Vehicle Census, 2012). 

 

The scope and detail of the analysis in subsequent sections was determined by the data that 

could be collected in this phase.  The selection of data sources specific to each phase of the 

project is described in methods for the relevant section.   

 

Phase 2: Definition of OUAs 

The purpose of this phase was to derive a consistent definition for OUAs of Melbourne for 

the purposes of conducting a comparative analysis of crash trends with other regions of 

Melbourne and the state.      

  

Phase 3: Analytical tasks 

In this phase, a comprehensive analysis of all data identified and classified by area in Phases 

1 and 2 was undertaken to quantify crash problems and trends and understand the relative 

risks and absolute rates of crashes in the OUAs compared with inner urban areas of 

metropolitan Melbourne, regional areas and the state as a whole. Analysis focussed on a 

number of areas including mapping of crash clusters, identification of crash types and high 

risk road user types, contributing environmental, infrastructure, vehicle and behavioural 

factors. 

 

The analyses was conducted in two main parts.  Part I involved a descriptive analysis, which 

included a comparison of SC crashes (F/SI) relative to population numbers (in the defined 

areas), and initial comparisons by road user demographic, road environment, speed, and 

crash-related variables.  Part II used logistic regressions to estimate the odds of an outer 

urban F/SI crash to one in an inner urban city area.  The approach taken was to investigate 

three models separately (crash-based, road user-based, and person-based analyses).  

 

Phase 4: Identification of previous and current investment 

The purpose of Phase 4 was to determine whether investments in road safety were being 

appropriately targeted at problems specific to outer urban areas.  Those factors identified as 

significantly over-represented in OUAs (Phase 3 Part II) were ranked by crash prevalence in 

OUAs.  A desktop review of current road safety strategies (from National to LGA level) was 

then conducted to determine whether these high priority factors were being targeted in 

current road safety strategies and action plans.  
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Phase 5: Identification of solutions to address problems 

The purpose of this final phase was to determine how future projected and required 

investment in OUAs (Phase 4) could be best targeted against key road safety issues 

(identified in Phases 3 and 4) to meet road safety targets.  Three initiatives were determined 

based on the findings of Phases 3 and 4.   The eMETS (Macro Estimates for Target Setting) 

modelling technique was then used to estimate the benefits of these initiatives proposed for 

the outer urban LGAs.   
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2.  PHASE 2: DEFINITION OF OUTER URBAN AREAS (OUAS) 

2.1 AIMS 

The objective of this phase was to derive a consistent definition of the OUAs for the purposes 

of the comparative analysis to be undertaken in the project. Consideration of area definition 

was undertaken by comparing current ABS definitions with broader definitions of ‘inner’ 

and ‘outer’ urban areas of Melbourne using alternative criteria.  

Validation of the various options for defining the OUAs was made against other key data 

sources including population and travel growth forecasts as well as growth in vehicle 

registration numbers. From this analysis a robust definition of the OUA was made that 

clearly differentiates the study focus area from the rest of metropolitan Melbourne in terms 

of its infrastructure, travel and demographic characteristics and road trauma profile and 

projections. 

 

2.2 METHODS 

ARIA+ coding 

Victoria is divided into five regions on the basis of the Accessibility and Remoteness Index 

of Australia (ARIA+ 2006) (see Figure 2.1).  These are: 

 Major cities (ARIA+ score <0.2) 

 Inner regional (0.2 <= ARIA+ < 2.4) 

 Outer regional (2.4 <= ARIA+ < 5.92) 

 Remote (5.92 <= ARIA+ < 10.53) 

 Very Remote (ARIA+ >= 10.53) 

 

Note that Victoria has no Remote or Very Remote regions at LGA level. 

 

 

 

Figure 2.1:  ARIA+ regions for all of Victoria (left image) and for Melbourne and surrounds (right 

image).  Colour legend:   Red=Major cities, Orange=Inner regional, Green=Outer regional, 

Blue=Remote. 
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Proposed modified ARIA+ 

A modified ARIA+ scale was developed to allow a distinction between inner and OUAs of 

Melbourne.   The following definitions for these regions were: 

 Inner urban:  ARIA+ = 0 

 Outer urban:  0.01 <= ARIA+ < 0.5 

 Inner regional:  0.5 <= ARIA+ < 2.4 

 Outer regional:  2.4 <= ARIA+ < 5.92 

 

Some LGAs were found to be miscategorised due to changes in these regions since 2006.   

  

Defining OUAs – supplementary measures 

A number of supplementary measures were included in order to obtain an up-to-date 

definition for OUAs of Melbourne for the purposes of this project. These supplementary 

measures were: 

 Population growth 

o Average rate of change, 2006-2011 (Source:  ABS 1380.0.55.010) 

 Growth in home ownership (Source:  ABS 1380.0.55.010) 

o Total of mortgaged and owned outright 

o Average rate of change, 2007-2011 

 Growth in number of businesses (Source: ABS 1410.0) 

o Total number of businesses employing people 

o Average rate of change, 2007-2011 

 Growth in registered motor vehicles (Source: ABS Motor Vehicle Census, 2012) 

o Total registered motor vehicles of all types 

o Average rate of change, 2007-2011 

 

LGAs identified as outer urban for Melbourne 

Based on the modified final ARIA+ (2006) definition, the following six LGAs were 

classified as OUAs of Melbourne:   

 Cardinia 

 Casey 

 Hume 

 Melton 

 Whittlesea 

 Wyndham   

 

These LGAs are all located to either the North, West or Southeast of Melbourne CBD (Figure 

2.2).  This proposed definition was used for all subsequent comparative analyses of casualty 

crashes between Outer Urban Areas of Melbourne and other areas of Melbourne and 

Victoria.   
 



ADDRESSING OUTER URBAN ROAD SAFETY IN METROPOLITAN MELBOURNE  7 

 

Figure 2.2:  The six LGAs identified as Outer Urban regions of Melbourne, based on the final 

modified ARIA+ (2006). 
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3.  PHASE 3 - PART I:  DESCRIPTIVE ANALYSIS   

3.1 AIMS 

The purpose of Phase 3 was to identify which aspects of SC crashes were significantly 

different for OUAs when compared to inner urban areas (IUAs) of Melbourne and other 

regional areas of Victoria.  Available measures included the ratio of SIs to fatalities, road 

users and road user types, speed-related factors, road environment factors and crash types.     

 

This analysis phase consisted of two parts. Part I involved a descriptive analysis of crashes 

in OUAs of Melbourne, including a comparison with other areas of Victoria including inner 

urban and regional areas. This first part of the analysis is described below.  

  

3.2 METHODS 

Data sources 

The dataset utilised for the descriptive analysis was Police-reported casualty crashes 

occurring in Victoria between 2008 and 2012 inclusive.  This included 68,571 crashes 

(25,784 F/SI) and 166,601 persons (30,460 F/SI).  No location data was available for 727 

crashes (1.1%). 

 

Modifications to the acquired dataset were as follows: 

 Latitude/longitude geocoded 

 ARIA+ score - determined by postcode of crash 

 Postcode of residence - geocoded as latitude/longitude (16.5% N/A) 

 

3.3 RESULTS 

The location of all F/SI crashes occurring between 2008 and 2012 were plotted for 

Melbourne and surrounding areas, using the modified ARIA+ (2006) definition.  OUAs were 

colour coded red (see Figure 3.1).  
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Figure 3.1:  Fatal and SI crashes by ARIA+ (modified).  Colour legend:  Green=inner urban, 

Red= outer urban, Blue= Inner regional, Pink= Outer regional, Yellow= Remote. 

 

Fatal and SI crashes relative to population:  outer urban vs. other regions 

The fatality rate for OUAs was 2.3 times higher than for IUAs of Melbourne, and 13% below 

the state average.  The serious injury (SI) rate for OUAs was 40% higher than IUAs 

Melbourne, and 3% higher than the state average (Table 3.1). While not the focus of this 

report, it is acknowledged that fatality and SI rates remain worst in outer regional areas. 

 

Table 3.1: Fatal and Serious Injury (F/SI or SI) Police-reported crash data for 

Victoria over five years separated by region.  All values shown are average 

per annum for the period 2008-2012. 

 Fatal SI Fatal per 100,000 pop. SI per 100,000 pop. 

Inner urban 54 2145 2.0 80 

Outer urban 43 1030 4.7 112 

Inner regional 153 2181 10.4 148 

Outer regional 39 445 14.0 158 

State 289 5801 5.4 109 
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Fatal and SI crashes by age and gender:  outer urban vs. inner urban 

A greater proportion of children and younger adults (aged 0-19), and a lower proportion of 

older road users (aged 60+), were involved in casualty crashes in OUAs when compared to 

IUAs of Melbourne (See Table 3.2). 

 

Table 3.2:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by Age and Gender for each region.  Values shown are 

proportion (%) of all crashes in that region. 

 Inner Urban Outer Urban 

Age (yrs) Male Female 

Not 

known 

M + 

F Male Female 

Not 

known M + F 

0-9 1.0% 0.7% 0.1% 1.8% 1.8% 1.3% 0.1% 3.2% 

10-19 5.6% 3.6% 0.1% 9.3% 10.3% 5.9% 0.0% 16.2% 

20-29 16.3% 10.0% 0.1% 26.3% 16.2% 9.5% 0.1% 25.8% 

30-39 11.5% 6.7% 0.0% 18.2% 11.5% 5.2% 0.0% 16.7% 

40-49 8.4% 5.1% 0.0% 13.5% 8.8% 5.6% 0.0% 14.4% 

50-59 5.9% 4.6% 0.0% 10.5% 5.5% 4.3% 0.0% 9.8% 

60-69 3.9% 3.8% 0.0% 7.7% 3.9% 2.8% 0.0% 6.7% 

70-79 2.9% 3.4% 0.0% 6.3% 2.0% 2.0% 0.0% 4.0% 

80-89 2.0% 2.5% 0.0% 4.5% 1.0% 1.2% 0.0% 2.2% 

90-99 0.3% 0.3% 0.0% 0.3% 0.0% 0.1% 0.0% 0.1% 

(blank) 0.3% 0.4% 0.5% 0.4% 0.4% 0.3% 0.2% 1.0% 

Total 58.1% 40.9% 1.0% 100% 61.4% 38.1% 0.5% 100% 

 

Fatal and SI crashes by road user type:  outer urban vs. inner urban 

A greater proportion of drivers/passengers (29% more), and a lower proportion of 

pedestrians (46% less) and cyclists (74% less) were involved in casualty crashes for OUAs 

when compared to inner urban Melbourne (see Table 3.3).  

 

Table 3.3:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by Road user type for each region.  Values shown are proportion 

(%) of all crashes for that region. 

Road User Type 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 
All regions 

Driver 41.8% 52.7% 50.6% 45.2% 13.3% 46.4% 

Passenger 15.7% 21.2% 21.4% 22.7% 13.3% 18.8% 

Motorcyclist 13.4% 13.2% 16.9% 24.9% 66.7% 15.5% 

Pedestrian 16.7% 9.0% 6.1% 3.9% 3.3% 11.2% 

Bicyclist 11.7% 3.0% 3.9% 2.2% 3.3% 7.3% 

Pillion passenger 0.6% 0.7% 0.9% 1.0% 0.0% 0.7% 

Unknown 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 

Other passenger 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 

Other driver 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Fatal and SI crashes by distance from home:  outer urban vs. inner urban 

A greater proportion of casualty crashes in OUAs involved trips where the road user was 

>10km from home (16% more F/SI crashes), a pattern which was more pronounced for trips 

>40kms from home when compared to inner urban Melbourne (58% more F/SI crashes) (See 

Table 3.4).  

 

Table 3.4:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by distance from home for each region.  Values shown are 

proportion (%) of all crashes in that region. 

Distance from 

home (km) 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

0-10 55.7% 48.9% 31.2% 18.5% 0.0% 43.9% 

10-20 14.7% 20.3% 15.5% 11.5% 6.7% 15.4% 

20-30 5.4% 7.5% 8.3% 8.4% 3.3% 6.9% 

30-40 3.1% 3.4% 5.6% 7.0% 3.3% 4.2% 

40-50 1.1% 2.2% 4.2% 3.5% 0.0% 2.4% 

50-60 0.6% 1.6% 4.1% 3.1% 0.0% 2.1% 

60-70 0.5% 0.6% 2.8% 2.2% 13.3% 1.4% 

70-80 0.4% 0.6% 1.9% 2.2% 3.3% 1.0% 

80-90 0.2% 0.5% 2.1% 1.4% 13.3% 0.9% 

90-100 0.1% 0.3% 1.5% 1.4% 6.7% 0.7% 

100-110 0.1% 0.2% 1.3% 1.2% 0.0% 0.6% 

110-120 0.1% 0.2% 1.0% 1.4% 0.0% 0.5% 

120-130 0.3% 0.1% 1.1% 1.6% 0.0% 0.6% 

130-140 0.2% 0.1% 0.8% 1.0% 0.0% 0.4% 

140-150 0.1% 0.2% 0.6% 1.2% 0.0% 0.4% 

>150 1.3% 1.5% 6.5% 22.5% 33.3% 4.7% 

(blank) 16.0% 11.9% 11.7% 11.9% 16.7% 13.7% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

The following summarises crashes by distance from home for OUAs when compared to 

IUAs: 

 Crash <10 km from home-12% 

 Crash 10-30 km from home:  +38% 

 Crash 30-40 km from home:  +10% 

 Crash >40 km from home:  +58% (8% vs 5%) 

 

Fatal and SI crashes by crash type:  outer urban vs. inner urban 

A greater proportion of casualty crashes in OUAs involved single vehicle crashes when 

compared to inner urban (71% more).  Crashes in OUAs also involved a much higher 

proportion of rollover crashes when compared to inner urban Melbourne (300% more) (See 

Table 3.5).  
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Table 3.5:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by Crash type for each region.  Values shown are proportion (%) 

of all crashes in that region. 

Crash Type 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

Collision with vehicle 60.6% 54.1% 39.6% 28.2% 13.8% 50.8% 

Collision with a fixed object 14.2% 24.4% 34.0% 34.1% 34.5% 23.2% 

Struck pedestrian 17.9% 9.9% 6.8% 4.8% 0.0% 12.4% 

No collision and no object struck 3.9% 4.7% 6.6% 11.7% 31.0% 5.5% 

Vehicle overturned (no collision) 1.5% 4.5% 7.9% 14.2% 13.8% 4.8% 

Fall from or in moving vehicle 1.3% 1.2% 1.8% 1.8% 3.4% 1.5% 

Collision with some other object 0.4% 0.7% 1.7% 3.1% 3.4% 1.0% 

Struck animal 0.1% 0.5% 1.6% 2.2% 0.0% 0.7% 

Other accident 0.1% 0.0% 0.0% 0.1% 0.0% 0.1% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 

 

Fatal and SI crashes by speed zone:  outer urban vs. inner urban 

A higher proportion of crashes occurred in higher speed zones for OUAs when compared to 

inner urban Melbourne.   There were 74% more crashes in 70-90 speed zones in OUAs, and 

~600% more crashes in 100+km/h speed zones of OUAs, when compared to IUAs.   There 

were less crashes in speed zones of <40 km/h (61% less), 50 km/h (20% less) and 60 km/h 

(54% less) for OUAs (Table 3.6). 

 

Table 3.6:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by Speed zone for each region.  Values shown are proportion (%) 

of all crashes in that region. 

Speed zone 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

30 0.2% 0.1% 0.0% 0.1% 0.0% 0.1% 

40 3.9% 1.4% 0.9% 1.1% 3.4% 2.4% 

50 22.5% 17.9% 14.2% 8.3% 0.0% 18.2% 

60 44.8% 20.6% 19.7% 11.0% 3.4% 31.3% 

70 9.7% 12.9% 5.6% 0.8% 0.0% 8.2% 

75 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

80 11.8% 23.4% 12.3% 6.5% 20.7% 13.1% 

90 0.1% 1.4% 1.4% 0.5% 0.0% 0.7% 

100 3.3% 18.2% 38.4% 63.7% 62.1% 20.7% 

110 0.0% 1.0% 3.7% 1.4% 0.0% 1.4% 

Not known 3.7% 3.0% 3.8% 6.5% 10.3% 3.8% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

The weighted mean speed zone for crash locations was 75 km/h in OUAs and 63 km/h in 

IUAs.  This suggests that crash energies would be estimated to be 40% higher for crashes 

occurring in OUAs (cf. IUAs).  Based on Nilsson’s classic relationships between speed limit 

and injury traffic crashes (Cameron and Elvik) this would predict a fatality rate 2x higher 

for OUAs, and a SI rate that was 66% higher for OUAs. 
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Fatal and SI crashes by road geometry:  outer urban vs. inner urban 

A higher proportion of crashes occurred in mid-block locations in outer urban compared to 

inner urban (29% more).  A lower proportion of crashes occurring at intersections in OUAs 

(23% less) (Table 3.7). 

 

Table 3.7:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by road geometry for each region.  Values shown are proportion 

(%) of all crashes in that region. 

Road geometry 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

Not at intersection 43.3% 55.8% 67.9% 77.5% 93.1% 55.1% 

'T' Intersection 27.4% 24.5% 15.5% 10.1% 6.9% 22.0% 

Cross intersection 26.3% 16.6% 14.9% 11.5% 0.0% 20.4% 

Multiple intersections 2.4% 2.7% 1.1% 0.2% 0.0% 1.9% 

'Y' Intersection 0.3% 0.2% 0.3% 0.4% 0.0% 0.3% 

Unknown 0.2% 0.1% 0.3% 0.3% 0.0% 0.2% 

Dead end 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 

Fatal and SI crashes by lighting condition:  outer urban vs. inner urban 

A much greater proportion of crashes occurred in dark conditions with no street lighting for 

OUAs when compared to IUAs of Melbourne (see Table 3.8). 

 

Table 3.8:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by lighting condition for each region.  Values shown are 

proportion (%) of all crashes in that region. 

Lighting condition 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

Day 61.9% 57.6% 67.1% 72.3% 86.2% 63.7% 

Dark street lights on 28.5% 22.1% 10.2% 4.4% 0.0% 20.2% 

Dark no street lights 1.7% 11.0% 15.8% 17.1% 13.8% 8.4% 

Dusk/dawn 5.8% 6.9% 5.7% 4.8% 0.0% 5.8% 

Dark street lights unknown 1.0% 1.3% 0.6% 0.5% 0.0% 0.9% 

Unknown 0.7% 0.6% 0.4% 0.6% 0.0% 0.6% 

Dark street lights off 0.3% 0.5% 0.2% 0.3% 0.0% 0.3% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

Fatal and SI crashes by DCA group:  outer urban vs. inner urban 

A greater proportion of leaving carriageway crashes, and lower proportion of pedestrian, 

rear end and manoeuvring crashes occurred for outer urban when compared to inner urban 

areas of Melbourne (see Table 3.9). 

 

Table 3.9:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by DCA (Definition for Classifying Accidents) group for each 

region. Values shown are proportion of all crashes in that region. 



14 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

DCA group 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

100-109 (pedestrian) 18.0% 9.9% 6.9% 4.8% 0.0% 12.5% 

110-119 (adjacent) 13.9% 13.3% 11.8% 8.9% 0.0% 12.8% 

120-129 (opposing) 14.7% 14.0% 12.4% 9.3% 10.3% 13.5% 

130-139 (same direction) 19.0% 16.6% 8.2% 5.2% 0.0% 14.3% 

140-149 (manoeuvring) 6.3% 5.0% 3.5% 2.6% 3.4% 5.0% 

150-159 (overtaking) 0.6% 1.7% 1.8% 1.3% 0.0% 1.1% 

160-169 (on path) 6.4% 4.0% 5.1% 5.6% 3.4% 5.6% 

170-179 (off path on straight) 18.4% 28.4% 32.9% 35.4% 20.7% 25.4% 

180-189 (off path on curve) 1.9% 5.9% 16.1% 25.6% 62.1% 8.6% 

190-199 (passenger/misc.) 1.1% 1.1% 1.4% 1.4% 0.0% 1.2% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

The top three F/SI crashes by DCA group for OUAs and IUAs were: 

 Top three outer urban:  Off path on straight, same direction, opposing direction 

(59%) 

 Top three inner urban:  Same direction, off path on straight, pedestrian (55%) 

 

The following differences in F/SI crashes by DCA code for OUAs when compared to IUAs 

were:  

 28% fewer cross traffic (DCA 110) 

 41% more right near-side where emerging turning vehicle hit from right (DCA 113) 

 66% more head-on (DCA 120) 

 14% fewer right turn against (DCA 121) 

 69% fewer multi-lane same direction (DCA 133-137) 

 56% more emerging from driveway (DCA 147) 

 11x fewer vehicle door impacts (DCA 163) 

 77% greater vehicle to broken down vehicle crashes (DCA 162) 

 Both OUAs and IUAs were 60% to left (DCA 170/171), 40% to right (DCA 

172/173) 

 60% more likely to leave the road on a left-hand bend in OUAs cf. IUAs (DCA 

182/183) 

 

Fatal and SI crashes by day of week:  outer urban vs. inner urban 

The results for casualty crashes by day of week indicated a disproportionate number of 

crashes occurring between Thursday and Saturday for the whole Melbourne Metropolitan 

area, but that this pattern was more pronounced in OUAs (see Table 3.10). 
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Table 3.10:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by day of week for each region. Values shown are proportion (%) 

of all crashes in that region. 

Day of week 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

Monday 13.3% 13.9% 12.1% 11.3% 13.8% 12.9% 

Tuesday 14.4% 12.6% 11.6% 11.6% 10.3% 13.1% 

Wednesday 14.8% 13.8% 13.0% 10.8% 3.4% 13.8% 

Thursday 16.1% 15.2% 13.2% 14.0% 6.9% 14.9% 

Friday 16.0% 15.5% 14.6% 14.2% 10.3% 15.4% 

Saturday 13.7% 15.5% 17.7% 20.4% 17.2% 15.7% 

Sunday 11.5% 13.4% 17.8% 17.6% 37.9% 14.2% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 

 

The key differences in crashes by day or week were: 

 Thursday-Friday worst in inner urban (13% worse than expected) 

 Thursday-Saturday worst in outer urban (8% worse than expected) 

 

Key differences in crashes by day of week comparing across all regions were: 

 Thursday/Friday worst in inner/outer urban areas 

 Saturday/Sunday worst in inner/outer regional areas 
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Fatal and SI crashes by time of day:  outer urban vs. inner urban 

The results for casualty crashes by time of day (Table 3.11) suggested a more pronounced, 

shorter and earlier morning peak in OUAs (6:00-7:00), a dip in crashes between 7:00 and 

12:00 not occurring in IUAs, and a longer and later afternoon/evening peak in OUAs (15:00-

20:00) (see Table 3.11).          

Table 3.11:  Percent of persons with Fatal or Serious Injury (F/SI or SI) for Victoria 

(2008-12) by time of day for each region. Values shown are proportion (%) 

of all crashes in that region. 

Time 

(24hr) 

Inner 

urban 

Outer 

urban 

Inner 

regional 

Outer 

regional 

Not 

classified 

All 

regions 

  0:00 2.3% 2.4% 2.2% 1.6% 0.0% 2.2% 

  1:00 1.9% 1.8% 2.1% 2.3% 0.0% 1.9% 

  2:00 1.7% 1.8% 1.6% 1.3% 0.0% 1.7% 

  3:00 1.4% 1.7% 1.5% 1.2% 3.4% 1.5% 

  4:00 1.3% 1.6% 1.2% 0.8% 0.0% 1.3% 

  5:00 1.4% 2.2% 1.5% 1.3% 0.0% 1.6% 

  6:00 3.2% 4.4% 2.8% 1.9% 0.0% 3.1% 

  7:00 4.3% 3.6% 3.0% 2.0% 0.0% 3.6% 

  8:00 5.6% 3.7% 3.7% 4.2% 0.0% 4.7% 

  9:00 4.9% 3.1% 4.4% 3.2% 0.0% 4.4% 

  10:00 4.3% 3.5% 5.1% 5.5% 3.4% 4.5% 

  11:00 4.6% 3.8% 5.7% 7.9% 20.7% 5.1% 

  12:00 5.1% 4.5% 6.5% 7.3% 17.2% 5.6% 

  13:00 5.0% 5.1% 5.9% 8.6% 13.8% 5.6% 

  14:00 5.1% 5.2% 6.6% 7.0% 6.9% 5.7% 

  15:00 7.2% 7.3% 7.8% 9.5% 10.3% 7.6% 

  16:00 7.2% 7.4% 8.6% 8.5% 10.3% 7.8% 

  17:00   8.1% 7.8% 7.2% 6.6% 3.4% 7.7% 

  18:00 6.9% 7.8% 6.3% 5.2% 3.4% 6.7% 

  19:00 4.8% 5.5% 4.1% 4.5% 0.0% 4.6% 

  20:00  4.0% 4.7% 3.8% 2.4% 0.0% 3.9% 

  21:00 3.8% 4.2% 2.9% 2.4% 3.4% 3.5% 

  22:00 3.1% 3.4% 2.9% 2.0% 3.4% 3.0% 

  23:00 2.8% 3.4% 2.4% 2.9% 0.0% 2.8% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

3.4 SUMMARY (PART I: DESCRIPTIVE ANALYSIS) 

The results of the descriptive analysis showed a fatality rate 2.3 times higher and a SI rate 

40% higher in OUAs when compared to IUAs.  The proportion of younger road users (aged 

10-21), particularly males, was also higher, while the proportion of older road users (70+ 

years) was much lower for OUAs.  The proportion of casualty crashes occurring a greater 

distance from home and in dark conditions with no street lights was much higher for OUAs, 

and the average speed zone was also higher by more than 10 km/h.  There was a lower 

proportion of crashes occurring at intersections, a higher proportion of single vehicle 

crashes, and a higher proportion of head-on crashes for OUAs.  The significance of these 

differences identified for OUAs was addressed in Part II of this phase. 
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4.  PHASE 3 - PART II: LOGISTIC REGRESSION ANALYSIS 

4.1 AIMS  

The purpose of Part II of the analysis was to identify which aspects of F/SI in OUAs of 

Melbourne were different when compared to IUAs.  This included both the magnitude of 

any differences (odds ratios) and whether they were statistically significant. 

 

4.2 METHODS 

Data sources 

The data used for this analysis was Victorian Police-reported crash data between the years 

2000 and 2013 with added market group data for crashed vehicles.  The data used excluded 

cases of train and plane occupants, riders of horses, and occupants of unknown motor and 

undefined vehicle types, unknown unit types and agricultural machinery, and self-propelled 

plant equipment. 

 

Analytical approach 

The approach taken was to use three separate logistic regression models starting with an 

analysis by crash-based variables, followed analysis by driver/vehicle-based variables, and 

finally analysis by road user/person-based variables.  A three model approach was used 

because of the difficulty in accounting for the exaggerated precision produced when 

analysing repeated measures.  This approach was also much simpler to interpret, as an earlier 

attempt incorporating all variables became extremely complex and difficult to interpret.  

Crash variables found to be significant were repeated in models that had vehicle cases and 

significant crash and vehicle variables were repeated in models which were person-based.  

  

Given the emphasis of this project was on location (comparing inner with OUAs), it was 

believed that the crash variable were the appropriate base to work from when searching for 

vehicle and person-based influences.  The contribution of vehicles and person was 

considered of most importance after establishing the key locality-based factors.  Details of 

the three separate models are provided below: 

 

1.  Crash-based analysis: (e.g., DCA code, location type, speed zone) 

The first dataset consisted of unique SI and F/SI crashes. From this dataset, crash variables 

such as time, light, road geometry, traffic controls, road type, wet surface and crash type by 

broad DCA groupings were analysed.  Each crash type was analysed by intersection type 

(not intersection, signalised and unsignalised).  In addition off-path crashes were also 

identified as single or multi-vehicle. 

 

2.  Driver/vehicle-based analysis (incl. vehicle age and type) 

The second data set consisted of drivers/motorcyclist riders of passenger vehicles, heavy 

vehicles and motorcycles/mopeds involved in serious and fatal crashes.  The data was 

analysed for vehicle controller and vehicle variable effects.  These vehicle and controller 

variables included vehicle age and market group; driver age and sex as well as belt/helmet 

use; the hit-run variable; and a variable that indicated aggressivity by classing the injuries as 

from this vehicle only, the other involved road-users only or both the occupants of this 
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vehicle and other road users.   Crash model variables (from Analysis 1 above) were used in 

this model to correct for crash related effects. 

 

Person Age groupings used (years): 75+, 65-74, 55-64, 35-54 (ref.), 25-34, 16-24, 0-15 

 

Vehicle Age groupings used (years): <3, 3-5 (ref.), 6-10, 11-15, 16+  

 

Market Groupings Used:  Commercial utility, commercial van, heavy vehicle, 

motorcycle/moped, large, medium (ref.), small, light, people mover, large SUV, medium 

SUV, small SUV. 

   

3.  Road user-based analysis (e.g., age, helmet/belt use, injury level) 

- including interactions with wet surface and crash model variables 

 

Lastly, a third dataset of all F/SI persons was analysed by road user type, sex, age, 

helmet/belt use, injury level, and interactions which included interactions with wet-surface 

and crash model variables. Crash-based variables (from Analysis 1 above) were used in this 

model to correct for crash related effects. 

 

Road user types used: Vehicle occupant (reference), motorcyclists/pillion, pedestrian, heavy 

vehicle occupant, bicyclist 

 

Injury level categories:  Fatality, SI (reference) 

 

The final model was checked for robustness re-analysis with condensed age groups and re-

analysis with only pedestrians.  Generally, no further relationships of significance were 

found and results were of the expected magnitude; however condensing the age groups to 

create a 65+ and a 16-34 group allowed significance for the non-significant estimates for 

bicyclists aged 16-34 (c.f. 35-54).  In addition, condensing the over 54 years into one group 

(with other age groupings remaining unchanged), provided significant estimates for 

motorcyclist age comparisons.  Results of interest with condensed age groupings have been 

presented in the results section. Missing data was not inputted in the logistic regression 

unless declared as a category in the output. 

 

In all analyses, the integer variable “years” was included to correct for changes overtime.  

For the crash analyses, the odds of an outer urban F/SI crash was found to increase on 

average by 4% (95% CI: 1.02-1.07, p<0.0001) per year. 

 

4.3 RESULTS 

1. Crash parameter-based analysis 

The wet/dry conditions of the road was not a significant contributor to the crash model and 

was not included. The crash type ’overtake’ was included in the crash model as it contributed 

to the model likelihood significantly, however its parameter estimates were not significant.   

All other parameters held significant levels in the crash model.  Significant effects for the 

crash model are presented.  Odd ratios presented are the odds that a F/SI crash occurs in an 

outer urban rather than an IUA.  For a full table showing significance levels, see Appendix 

7.1.  
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Outer urban F/SI crashes were more likely (when compared to IUAs): 

 in higher speed zones (especially on main roads) 

 on local roads, 

 on weekend nights (particularly on-path type crashes) 

 on divided roads IF   

o the crash was multi vehicle opposing or adjacent direction  

o a single vehicle off-path at an intersection  

o a same direction crash at a signalised intersection  

 on curved roads at mid-blocks including 

o multi-vehicle off path  

o single-vehicle  

 a single vehicle off-path at an un-signalised intersection  

 an adjacent direction intersection crash 

 an opposing direction crash (at signalised intersections and mid-blocks) 

 an on-path crash occurring at a week-end night 

 a same direction crash at intersection and mid-blocks 

 

Outer urban F/SI crashes were less likely (when compared to IUAs): 

 on highways generally (except on 110kph freeways), 

 on divided roads IF the crash was 

o a same direction crash not at an intersection 

 a manoeuvring crash not at an intersection 

 an on path crash occurring on a weekend day 

 a same direction crash not at an intersection 

 

2. Driver/vehicle parameter-based analysis 

The belt/helmet use and hit-run were not significant contributors to the vehicle/controller 

model and were not included. The aggressivity variable was included in the 

vehicle/controller model as it contributed to the model likelihood significantly, however its 

parameter estimates were not significant.   All other parameters held significant levels in the 

vehicle/controller model; although sex was only significant when interactions were included.  

Significant effects for the vehicle/controller model are presented.  Odd ratios presented are 

the odds that a vehicle involved in a serious or fatal crash occurred in an outer urban rather 

than an IUA.  For a full table showing significance levels, see Appendix 7.2. 

 

Controllers/vehicles involved in outer urban F/SI crashes were more likely: 

 to be with large vehicles (large SUVs and utilities) driven by males  

 to be with small vehicles driven by females 

 to be male controllers IF 

o it is a not a- motorcycle crash 

o driving a large SUV 

 to be controllers 15 years and under 

 

Controllers / vehicles involved in outer urban fatal and SI crashes were less likely: 
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 to be light vehicles driven by males 

 to be motorcycles 

 to be newer vehicles (aged six to ten years) particularly in  

o on path crash or 

o off path multi-vehicle mid-block 

 to be vehicles over 16 years IF 

o an off path single vehicle crash at an intersection 

 to be controllers aged 65 and older 

 

3. Road user parameter-based analysis  

In the third, injured person model, a road user's sex was not found to be significantly different 

between inner and outer urban regions (model3) however, so that other results could be said 

to be adjusted for gender indifference, the variable was included in the model.  Significant 

interactions were found for road users by age group, injury level, road surface wet or dry, 

speed zone and road dividedness.  Significant interactions were found for age groups with 

road user type, road dividedness and speed zone. For a full table showing significance levels, 

see Appendix 7.3. 

 

Injuries were more likely to be fatal in outer urban regions if the road user was: 

 a bicyclist; 

 a motorcyclist; or 

 a vehicle occupant (not heavy vehicle occupant) 

 

 

A person was more likely to be involved in F/SI crash if they were: 

 aged 0-15 years and  

o a bicyclist within low and mid speed zones (much greater risk in low-speed 

zones)  

o a pedestrian within low and mid speed zones (much greater risk in low-

speed zones) 

 aged 55 years and over and  

o a pedestrian within high speed zones on a divided road 

o a motorcyclist within high speed zones 

 a bicyclist (rather than a vehicle occupant) and 

o aged 0-15 years or 55 years and over within a high speed zone 

 

A person was less likely to be involved in outer urban F/SI crash if they were: 

 aged 16-34 years and a bicyclist 

 aged 25-34 years and a pedestrian within high and mid speed zones  

 aged 55-64 years and a bicyclist within low speed zone  

 a motorcyclist and 

o aged 16-24 years and survived a high speed (zone) crash on a dry road 

o aged 55 and over and survived a high speed (zone) crash on a dry road 
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4.4 SUMMARY (PART II: LOGISTIC REGRESSION ANALYSIS) 

The approach applied in Part II of the analysis used three logistic regression models 

separated by parameter type (crash, driver/vehicle, and road user-based). For all three models 

a number of key parameters were found to be significantly over-represented (or under-

represented) for casualty crashes in OUAs compared to IUAs.  Those parameters found to 

be significantly over-represented in OUAs included: higher speed zones, local roads, divided 

and curved roads, large SUVs and utilities driven by males, small vehicles driven by females, 

and a fatality involving a bicyclist, motorcyclist or a vehicle occupant.  To prioritise the 

impact of those parameters identified as significantly different in OUAs, the prevalence of 

crashes involving these parameters was included in Phase 4.     
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5. PHASE 4:  IDENTIFICATION OF PREVIOUS AND CURRENT 
INVESTMENT AND PREDICTION OF CHANGES 

5.1 AIMS 

This phase aimed to determine whether current investments or strategies in road safety were 

appropriately targeted through analytical projections.  In this phase, analysis outcomes from 

Phase 3 will be combined with crash prevalence data and a review of road safety investments 

from Federal, State and LGA sources collected in Phase 1.  

 

Results of this analysis were used to infer whether future investment in road trauma in outer 

urban Melbourne is likely to be adequate to meet the objectives of the current Victorian road 

safety strategy. Furthermore, if a shortfall is identified, the magnitude of either the additional 

investment required in outer urban road safety or redistribution in investment from the rest 

of Melbourne to OUAs is required to meet strategy targets. 

 

5.2 METHODS 

Approach 

The approach taken was to combine outcomes derived from Phase 3 (logistic regression) 

with crash prevalence data to identify those parameters of highest priority.  This was 

followed by a desktop review of current road safety strategies and action plans at National, 

Victorian and LGA levels (Table 5.1), to determine whether those priority factors for OUAs 

were being adequately targeted within current planned investments.  For a parameter or 

factor to be included in the ranking and review process, it must have been: a) significantly 

over-represented (or under-represented) in OUAs (Phase 3); and b) have a crash prevalence 

in OUAs of 3% or higher.  A prevalence of <3% was considered unlikely to be a high priority 

for a targeted road safety strategy in OUAs.  Once the ranking was completed for significant 

parameters identified in Phase 3, a desktop review process was completed using all current 

available road safety strategies at National, Victorian and LGA level.  A list of strategies 

reviewed is provided in Table 5.1. 
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Table 5.1:  National, Victoria and Local Government road safety strategy and action 

plans reviewed. 

Document Title Scope Year(s) 

National Road Safety Strategy  National 2011-2020 

National Road Safety Action Plan National 2015-2017 

Austroads Review of the National Road Safety Strategy (2011) National 2015 

Towards Zero 2016/2020. Victoria’s Road Safety Strategy & Action Plan Victoria 2016-2020 

Cardinia Shire Council Road Safety Strategy LGA 2016-2025 

City of Casey Road Safety Strategy LGA 2015-2018 

Hume City Council Community Safety Action Plan Draft LGA 2015-2019 

Melton City Council Road Safety Action Plan LGA 2013-2016 

City of Whittlesea Integrated Transport Strategy LGA 2014 

Wyndham Integrated Transport Strategy LGA 2016 

 

5.3 RESULTS 

1. Crash parameters over-represented in outer urban areas, ranked by prevalence 

Crash-based parameters identified as significantly over-represented in OUAs (Phase 3) 

featured strongly when ranked by crash prevalence in OUAs (Table 5.2).  These included 

casualty crashes on local roads, divided roads (excluding same direction and off path 

crashes), and higher speed zones.   The desktop review identified that all of these parameters 

were included as a focus in current National and Victorian strategies.  For LGA strategies, 

there was focus identified for all parameters in approximately half of the LGA strategy 

documents reviewed.   Most strategies targeting these crash-based parameters are likely to 

be infrastructure-based, so it is perhaps not surprising that strategies by LGAs show less 

focus in these areas (given national and state governments have the greatest responsibility in 

this area).  One exception to this is for higher speed zones which was over-represented 

ranked third in priority (Table 5.2).  In this case, there is potential for significant benefits 

through speed-related strategies such as reviews of speed limit zones, reductions to speed 

limits, and speed enforcement on local and other roads. 

 

http://roadsafety.gov.au/nrss/files/NRSS_2011_2020.pdf
http://roadsafety.gov.au/action-plan/files/National_Road_Safety_Action_Plan_2015_2017.pdf
https://www.onlinepublications.austroads.com.au/items/AP-R477-15
https://www.towardszero.vic.gov.au/__data/assets/pdf_file/0010/183556/STU_0206_RS_STRATEGY_2016_web.pdf
https://www.cardinia.vic.gov.au/download/downloads/id/203/road_safety_strategy_2016.pdf
https://www.casey.vic.gov.au/files/assets/public/health-safety/road-safety/road-safety-action-plan-2015-2018.pdf
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiWg8vQjp7TAhXFf7wKHWSxBScQFggZMAA&url=http%3A%2F%2Fwww.hume.vic.gov.au%2Ffiles%2Fsharedassets%2Fhume_website%2Fyour_say%2F2015%2Fcommunity_safety_action_plan%2F143626_hume_community_safety_ap_v5.pdf&usg=AFQjCNF-Hqwl73B-Tv2xvk8_E9rhtjDGSA
http://www.melton.vic.gov.au/files/assets/public/services/health-safety-and-wellbeing/road-safety/road_2_zero_action_plan_2013-2016_final.pdf
https://www.whittlesea.vic.gov.au/media/1467/integrated-transport-strategy-2014-pdf.pdf
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwibiJX_jp7TAhUHu7wKHWUeAc4QFggZMAA&url=https%3A%2F%2Fwww.wyndham.vic.gov.au%2Fsites%2Fdefault%2Ffiles%2F2016-07%2FWyndham%2520Integrated%2520Transport%2520Strategy%2520-%2520June%25202016.pdf&usg=AFQjCNGt32sgM1fL-QF7vbf1dCSCurTUfw
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Table 5.2  Crash-based parameters identified as over-represented in OUAs with crash 

prevalence included (for OUAs)  

Parameter Rank Odds 

Ratio(s) 

Prevalence 

(%) 

Focus in current strategies? 

National Victoria LGAs 

Local roads* 1 2-7 36 Y Y Y: Car, 

Mel,Wyn 

Divided road (excl. same 

direction and off path) 

2 1.2 22 Y Y Y: Car, 

Mel,Wyn 

Higher speed zones 3 3-249 20 Y Y Y: Car, 

Cas,Mel, 

Wyn 

Intersection crash                       

- adjacent direction 

6 1.5 11 Y Y N (Car*, 

Mel*,Wyn*) 

Opposite dir. crash– midblock 

+ signalised Inters 

6 1.2-1.6 11 Y Y N  (Car*, 

Mel*,Wyn*) 

Curved roads off path – single 

vehicle 

8 1.8-2.6 5 Y Y N (Car*, 

Mel*,Wyn*) 

Intersection crash off path – 

single vehicle 

8 1.8-2.2 5 Y Y N (Car*, 

Mel*,Wyn*) 

Unsignalised intersection – 

same direction 

10 1.3 4 Y Y N (Car*, 

Mel*,Wyn* 

LGA abbreviations: “Car”=Cardinia, “Cas”=Casey, “Mel”=Melton, “Wyn”=Wyndham. 

* indicates broader strategies with potential to reduce casualties. 

 

Serious casualty (SC) crashes in OUAs were found to be significantly less likely to be on 

highways generally (except 110 km/h freeways).  For OUAs casualty crashes on highways 

represented 10% of all crashes (vs. 22% for IUAs).  This may simply reflect a lower 

proportion of all roads in OUAs are classified as highways. When combined with the finding 

of significantly higher proportion of local road casualty crashes in OUAs, these findings 

support the need to increase safety of local roads through infrastructure-based funding.  

 

2. Driver/vehicle-based parameters over-represented in outer urban areas, ranked by 

prevalence  

Two driver or vehicle-based parameters were identified as significantly over-represented in 

OUAs and ranked high priority when prevalence data was included.   These were large 

vehicles (SUVs and utilitites) driven by males, and small vehicles driven by females (cf. 

medium vehicles).   No specific focus on these factors was identified at National, Victorian, 

or LGA levels.  However a number of broader proposed initiatives may indirectly reduce 

SCs in OUAs for these factors.  These include vehicle-based strategies such as education 

programs to promote purchase of safer vehicles, or national and state level support for the 

development of safer vehicle technologies (see Table 5.3). 
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Table 5.3.  Driver/vehicle-based parameters identified as over-represented in OUAs 

with crash prevalence included (for OUAs). 

Parameter Rank Odds 

Ratio 

Prevalence 

(%) 

Focus in current strategies? 

National Victoria LGAs 

Large vehicles (SUVs, 

utilities) driven by males 

4 1.4-1.6 19 N* N* N (Car*,Cas*, 

Whi*,Wyn*) 

Small vehicles driven by 

females (cf. medium 

vehicles) 

5 2.0 13 N* N* N  (Car*, 

Mel*,Wyn*) 

LGA abbreviations: “Car”=Cardinia, “Cas”=Casey, “Mel”=Melton, “Wyn”=Wyndham. 

* indicates broader strategies with potential to reduce casualties. 

 

 

Two other driver or vehicle-based factors were found to be under-represented in OUAs.  The 

first was newer vehicles, which were significantly less likely to be involved in SC crashes 

in OUAs, (20% outer urban areas vs. 26% inner urban).  When combined with the findings 

above (Table 5.3), this suggests a potential benefit in reducing SC crashes in OUAs would 

exist through shifting to a younger vehicle fleet, particularly for SUVs, utilities and small 

passenger vehicles.   

The second driver-based factor under-represented in OUAs was older drivers (>=65yrs), 

representing (9% outer urban vs. 13% inner urban).   One explanation for this finding is that 

a relatively smaller proportion of road users in OUAs are older drivers.   

 

3. Road user parameters over-represented in outer urban areas, ranked by prevalence 

A fatality in OUAs was significantly more likely to be a vehicle occupant (excluding heavy 

vehicles), and represented 3% of fatal crashes occurring in OUAs compared to 1% 

prevalence for IUAs, ranked 11 in priority). The current National and Victorian level 

strategies do not contain a specific focus on reducing SI to vehicle occupants.  However a 

number of more general speed-related, road user-related and road infrastructure-based 

National and Victorian strategies are likely to lead to reductions to vehicle occupant SCs in 

OUAs. These include roadside barrier treatments in arterial roads and reductions in speed 

zones.  At the LGA level, four of the six LGAs (Cardinia, Casey, Hume, Whittlesea) included 

broader vehicle-based strategies aimed at improving the safety of the vehicle fleet or vehicle 

occupants, including education-related activities for safer installation of child restraints (See 

Appendix Tables 7.4). 
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Table 5.4.  Road user-based parameters identified as over-represented in OUAs with 

crash prevalence included (for OUAs) 

Parameter Rank Odds 

Ratio 

Prevalenc

e (%) 

Focus in current strategies? 

National Victoria LGAs 

Vehicle occupant (excl. 

heavy vehicles) 

11 1.3 3 N* N* N 

(Car*,Cas*,H

um*,Whi*) 

LGA abbreviations: “Car”=Cardinia, “Cas”=Casey, “Mel”=Melton, “Wyn”=Wyndham. 

* indicates broader strategies with potential to reduce casualties. 

 

A SC crash in OUAs was less likely to be a cyclist aged 16-34 years.  SC cyclist crashes in 

this age group represented 1% of crashes in OUAs (vs. 6% inner urban). 

 

5.4 SUMMARY AND POSSIBLE ACTIONS 

Based on these findings the following areas of action/intervention were judged to have the 

greatest benefit for addressing F/SI crashes in OUAs of Melbourne: 

 Increased focus and investment in local roads infrastructure 

 Increased priority on speed-related interventions 

 Intersection treatments (adj/same dir. crashes):  signalised 

intersections/roundabout 

 Promote uptake of safer vehicles 

 Expanded program of barrier treatments (runoff road and head-on crashes)  
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6. PHASE 5: IDENTIFICATION OF SOLUTIONS TO ADDRESS 
PROBLEMS 

6.1 AIMS 

The final phase of this project aimed to determine how future projected and required 

investment in OUA road safety identified in Phase 4 could be best targeted against the key 

road safety issues in the OUAs identified in Phase 3 to meet road safety strategy targets.  

 

In this phase, modelling approach consistent with the MUARC eMETS was employed to 

estimate the likely impact of various road safety initiative packages that could be applied to 

the OUA. The modelling approach operates at a macro-level and includes consideration of 

a range of countermeasures that are expected to have a sizeable and cost-effective impact on 

the reduction in severe road trauma based on the profile of crashes being targeted.  

 

Within the growth areas of metropolitan Melbourne, the project applied the modelling 

process to the future levels of road trauma projected in Phase 3. The road trauma benefits of 

packages of countermeasures applied to the outer urban road safety problem were 

considered. Countermeasures will include infrastructure investment and complementary 

behavioural, vehicle fleet, and speed management initiatives. Indicators of the benefits of 

the countermeasures were identified using estimated reductions in fatality and SI rates. 

 

6.2 METHODS 

eMETS (Macro Estimates for Target Setting) 

The eMETS modelling technique, utilised to model the potential benefits of the Victorian 

Towards Zero Action Plan 2016-2020, was used to estimate the benefits of three initiatives 

proposed for the outer urban LGAs.  Based on the recommended road safety focus areas 

identified in Phase 4, three programs aimed at reducing SCs over the long term in outer urban 

Melbourne were investigated conceptually.  These were: 

 Speed zone changes in current 80 km/h and 100 km/h speed zones, where around 

40% of SCs currently occur; 

 Intersection improvements; and 

 Reduction in the average age of the vehicle fleet. 

 

The final measure, a reflection of the wider fleet in Victoria, would likely be the most 

difficult to implement, but it was explored to see whether the theoretical benefits might be 

commensurate with a broader policy investigation into this issue. 

 

The two other priority areas recommended – local roads and expanded barrier treatments, 

were not chosen for the purposes of applying the eMETS modelling. The recommendation 

of increased focus and investment for local roads is a broad recommendation regarding 

allocation of funds toward those roads currently the responsibility of LGAs. However the 

two strategies modelled here for speed zone changes and intersection treatments are directly 

applicable to this broader strategy.  Barrier treatments feature strongly in the current 

Victorian Road Safety Strategy (2016) for high speed high volume rural roads.  Some high 

volume high speed roads in OUAs may be already covered by this existing strategy.  It would 

therefore need to be determined first which high speed high volume roads in OUAs do not 

fall under the current strategy but should be given priority. 
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6.3 RESULTS 

Speed reductions 

 Benefits calculated from Nilsson’s Power Model, using meta-estimates developed 

by Elvik in 2009 (in Cameron and Elvik, 2010) 

 Power estimates (based on ‘rural roads/freeways’ due to the 80-100 km/h speed 

zones currently applicable) 

o Fatalities: 4.6 (95% confidence intervals (CIs) 4.0-5.2) 

o SIs: 3.5 (95% CIs 0.5-5.5) 

 The targeted travel speed reductions would need to be reinforced with suitable 

general deterrence and specific enforcement measures  

 

Current 80 km/h speed zones 

 Assume all 80 km/h speed zones change to 70 km/h, targeting a 3 km/h or 5 km/h 

travel speed reduction 

 Current mean travel speed estimate (from mobile speed camera data, 2008-2013: 78 

km/h) 

 Current annual SCs: 20 fatalities, 230 SIs 

 New mean travel speed estimate: (a) 75 km/h; (b) 73 km/h 

 Injury reduction ratios (with 95% CIs) 

o (a) 3 km/h reduction 

 Fatalities: 0.83 (95% CIs 0.82-0.86) 

 SIs: 0.87 (95% CIs 0.81-0.98) 

o (b) 5 km/h reduction 

 Fatalities: 0.74 (95% CIs 0.71-0.77) 

 SIs: 0.79 (95% CIs 0.69-0.97)  

 New estimated annual SCs (with 95% CIs where appropriate) 

o (a) 3 km/h reduction 

 16 fatalities; 200 SIs (95% CIs 185-225) 

 Total SCs: 216 (95% CIs 201-241) 

 Annual savings: four fatalities; 30 SIs (95% CIs 5-45); or 34 SCs 

(95% CIs 9-49) 

o (b) 5 km/h reduction 

 14 fatalities; 185 SIs (95% CIs 160-225) 

 Total SCs: 199 (95% CIs 174-238) 

 Annual savings: six fatalities; 47 SIs (95% CIs 7-70); or 53 SCs 

(95% CIs 13-76) 

 

Summary:  A 3 km/h travel speed reduction achieved from a 10 km/h speed limit change 

in all current 80 km/h speed zones will likely lead to savings of between ten and 50 SCs 

annually, made up of four fewer fatalities and between five and 45 seriously injured 

persons.  A 5 km/h travel speed reduction will likely lead to savings of between 15 and 75 
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SCs annually, made up of six fewer fatalities and between seven and 70 seriously injured 

persons. 

 

Current 100 km/h speed zones 

 Assume all 100 km/h speed zones change to 90 km/h, targeting a 3 km/h travel 

speed reduction 

 Current mean travel speed estimate (from mobile speed camera data, 2008-2013: 93 

km/h) 

 Current annual SCs: 23 fatalities, 175 SIs 

 New mean travel speed estimate: (a) 90 km/h; (b) 88 km/h 

 Injury reduction ratios (with 95% CIs) 

o (a) 3 km/h reduction 

 Fatalities: 0.86 (95% CIs 0.84-0.88) 

 SIs: 0.89 (95% CIs 0.84-0.98) 

o (b) 5 km/h reduction 

 Fatalities: 0.78 (95% CIs 0.75-0.80) 

 SIs: 0.82 (95% CIs 0.74-0.97) 

 New estimated annual SCs (with 95% CIs where appropriate) 

o (a) 3 km/h reduction 

 19 fatalities; 155 SIs (95% CIs 145-170) 

 Total SCs: 174 (95% CIs 164-199) 

 Annual savings: four fatalities; 20 SIs (95% CIs 5-30); or 34 SCs 

(95% CIs 9-34) 

o (b) 5 km/h reduction 

 17 fatalities; 144 SIs (95% CIs 129-170) 

 Total SCs: 161 (95% CIs 146-198) 

 Annual savings: six fatalities; 31 SIs (95% CIs 5-46); or 37 SCs 

(95% CIs 11-52) 

 

Summary:  a 3 km/h travel speed reduction achieved from a 10 km/h speed limit change 

in all current 100 km/h speed zones will likely lead to savings of between about ten and 35 

SCs annually, made up of four fewer fatalities and between five and 30 seriously injured 

persons.  A 5 km/h travel speed reduction will likely lead to savings of between about ten 

and 50 SCs annually, made up of six fewer fatalities and between five and 45 seriously 

injured persons. 
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Intersection improvements 

The top 19 intersections in outer urban areas were identified, based on recording more than 

six SCs over the period 2008-2013 inclusive (Table 6.1).  Three of these have since been 

converted to roundabouts and one has undergone two significant upgrades, leaving 15 in the 

analysis.  Of these 15, eight are multi-lane versus multi-lane intersections in urban or 

becoming urban areas with speed limits between 60 and 80 km/h.  Measures such as local 

intersection speed limits, speed/red light cameras as well as more innovative solutions such 

as the cut-through or ‘squircle’ could be considered.  Two of the remainder were junctions 

between a freeway and an arterial/highway, potentially candidates for a signalised 

roundabout pair or other innovative solution, along with local speed limit reductions, for 

example.  The remainder appeared potential candidates for roundabout installation. 

 

Summary:   Overall, a target SC reduction of 40% was chosen which, when applied to the 

20 annual SCs, would likely result in reductions of 8-11 SCs per annum in the long term, 

if current levels of growth are maintained. 
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Table 6.1:  Intersection locations in outer urban areas ranked as highest by SC over the period 2008-2013 inclusive (F/SI), including notes and 

possible countermeasures (green shaded sites indicate those where significant infrastructure changes already implemented). 

Number 

Fatal/SI 

crashes 

Rank GPS 

latitude 

GPS 

longitude 

Intersection Road Names Signalisation 

type 

Speed 

Zone 1 

(km/h) 

Speed 

Zone 2 

(km/h) 

Notes Possible 

Countermeasures 

14 1 -

37.64335 

144.95147 COBURG-

CRAIGIEBURN RD & 

COOPER ST/SOMERTON 

RD 

Signalised 80 80 Urban multi-lane vs 

multi-lane 

SRLC; local reduced 

speed limit (LRSL) 

12 2 -

38.04579 

145.34109 PRINCES FWY EAST & 

CLYDE RD 

Signalised 80  Freeway vs multi-lane 

(crashes at slip road 

intersections?) 

Roundabout pair or 

Roe/Berkshire-type 

10 3 -

37.83944 

144.74708 LEAKES RD & 

PALMERS RD 

Signalised 80 70 Rural multi-lane vs 

multi-lane 

Roundabout 

9 4 -

37.65188 

145.02371 COOPER ST & EPPING-

KILMORE RD 

Signalised 70 60 Urban multi-lane vs 

multi-lane 

SRLC; local reduced 

speed limit (LRSL) 

9 4 -

38.18493 

145.21874 WESTERN PORT HWY 

& ROBINSONS RD 

Unsignalised 100 80 Rural Roundabout 

8 6 -

37.84638 

144.66947 SAYERS RD & TARNEIT 

RD 

Signalised 70 60 Urban multi-lane vs 

multi-lane 

SRLC; local reduced 

speed limit (LRSL); 

roundabout; cut-through 

8 6 -

38.19904 

145.31064 BAXTER-TOORADIN 

RD & CANNONS CREEK 

RD 

Unsignalised 100  Converted to 

roundabout Oct-2014 

 

7 8 -

37.81757 

144.67539 DOHERTYS RD & 

TARNEIT RD 

Unsignalised 100 80 Converted to 

roundabout mid 2012 
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7 8 -

38.04755 

145.26475 HALLAM SOUTH RD & 

ORMOND RD 

Unsignalised 80 60 Urban multi-lane vs 

multi-lane; converted 

from a T-intersection 

mid-2014 and 

signalised 

SRLC; local reduced 

speed limit (LRSL) 

6 10 -

37.69207 

144.7442 MELTON HWY & 

GOURLAY RD 

Signalised 80 60 Main arterial vs multi-

lane residential access 

Restricted access; 

SRLC; local reduced 

speed limit on arterial 

Number 

Fatal/SI 

crashes 

Rank GPS 

latitude 

GPS 

longitude 

Intersection Road Names Signalisation 

type 

Speed 

Zone 1 

(km/h) 

Speed 

Zone 2 

(km/h) 

Notes Possible 

Countermeasures 

6 10 -

38.05989 

145.33818 BERWICK-

CRANBOURNE RD & 

GREAVES RD 

Signalised 80 70 Urban multi-lane vs 

multi-lane 

SRLC; local reduced 

speed limit (LRSL); 

roundabout; cut-through 

6 10 -

38.02527 

145.30529 PRINCES HWY EAST & 

WEBB ST 

Signalised 80 60 Urban multi-lane vs 

multi-lane 

Could restrict access 

and use Narre Warren 

North Road & Princes 

Highway intersection 

6 10 -

38.21166 

145.46842 SOUTH GIPPSLAND 

HWY & ROSSITER RD 

Unsignalised 100  Converted to 

roundabout May 2015 

 

6 10 -37.6375 145.09554 WHITTLESEA RD & 

GORDONS RD 

Unsignalised 80 60 Became left-in, left-out 

by early 2013. Changes 

early 2016 removed all 

cross traffic turns 

 

6 10 -

37.63832 

144.93092 DAVID MUNROE DVE & 

STAINSBY CRES 

Signalised 80 60 Urban multi-lane vs 

access 

Roundabout 

6 10 -

37.68758 

144.56755 MELTON MAIN RD & 

BARRIES RD 

Signalised 60  Urban multi-lane vs 

access 

Roundabout 
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6 10 -

37.86088 

144.66702 HOGANS RD & 

TARNEIT RD 

Signalised 70 60 Urban multi-lane vs 

multi-lane 

Roundabout 

6 10 -

38.02799 

145.31996 MONASH FWY & 

PRINCES HWY 

Signalised 80  Freeway vs multi-lane 

(crashes at slip road 

intersections?) 

Roundabout pair or 

Roe/Berkshire-type 

6 10 -

37.88714 

144.756 POINT COOK RD & 

DUNNINGS RD 

Signalised 70 60 Minor urban arterial vs 

access road 

Roundabout 
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Vehicle safety (younger vehicle fleet) 

Vehicle crashworthiness has improved steadily by year of manufacture over the past 40 years 

(Newstead et al., 2016).  Over the years 2000 to 2010, the average crashworthiness of the 

Australian light vehicle fleet has improved by 27%.  This represents a saving of around 2,000 

deaths over the time period (Budd et al., 2015).  In recent years, focus on vehicle safety has 

shifted from preventing vehicle occupant injuries in the event of a crash to preventing the 

crash occurring in the first place, through the development of vehicle-based technologies. 

The most promising of these include Autonomous Emergency Braking Systems (AEB), and 

Electronic Stability Control (ESC), and are now commonly available or mandatory for newer 

vehicles.  ESC for commercial vehicles has been estimated to have large potential benefits 

with reduction in F/SIs (Budd et al., 2015), which is particularly relevant for OUAs based 

on our findings.  Therefore any strategy that increases the rate of uptake of these newer 

vehicles will lead to reductions in F/SIs. 

 

A theoretical analysis of the benefits of a younger vehicle fleet was undertaken.  This used 

the latest Used Car Safety Ratings (UCSRs) (Newstead et al, 2016) to estimate the benefits 

had the vehicle in which the injured or killed occupants were travelling been three, five or 

ten years newer.  The analysis included crashes involving passenger vehicles (including 

sedans, station wagons, SUVs, taxis and people movers) and light commercial vehicles 

(utilities and vans) manufactured between 1974 and 2013, with a valid UCSR.  This resulted 

in a pool of 4,644 SCs over six years, representing 75% of total SCs. (Note that the vast 

majority of SCs not included in the analysis (23% of total) were those where vehicle safety 

data was either not available or not applicable, including involving a heavy vehicle, bicycle, 

powered two-wheeler, pedestrian on motorised wheelchairs, or pedestrian on skates or 

skateboards). 

 

The crashworthiness rating, expressed as the SI rate per 100 drivers involved, was derived 

from the mean of the market group for the vehicle involved corresponding to the same year 

of manufacture.  To determine the benefits of the occupants being in a newer vehicle, the 

mean crashworthiness rating for the same market group, but for three, five and ten years 

newer was determined and the reduced numbers of SCs calculated, assuming that the new 

risk levels applied for all occupants and that the risk of crash involvement remained the 

same.  Where the new vehicle would have been newer than the most recently available yearly 

data for that vehicle market group (typically 2013 or 2014), the data from the most recently 

available year was used.  If the market group of a vehicle was not available within the dataset 

for a given SC crash (32% of cases), crashworthiness was estimated using tare mass (30%) 

or vehicle type (1%) to identify the most likely market group.  If the vehicle was 

manufactured between 1964 and 1981 (1%), we used average vehicle crashworthiness data 

corresponding to the vehicle manufacture year.  

 

The mean year of manufacture for passenger vehicles (included commercial vans and utes) 

involved in SC crashes occurring between the years 2008 and 2013 inclusive was 1998, 

representing an average vehicle age of 11 years (based on the vehicle manufacture date).  

The mean crashworthiness ratings and benefits are shown in the table below (see Table 6.2). 
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Table 6.2. Estimated benefits of reduced vehicle age in outer urban SCs. Dataset 

includes passenger vehicles (including station wagons, SUVs, taxis and 

people movers) and light commercial vehicles (utilities and vans. 

 Existing 3 years newer 5 years newer 10 years newer 

Crashworthiness rating 4.10 3.70 3.45 2.96 

Number of annual SCs 774 698 651 559 

Reduction in annual SCs 

(approx. F/SI) 

- 76 

(~5 F/71 SI) 

123 

(~7 F/116 SI) 

215 

(~13 F/202 SI) 

 

As for the previous estimates, these calculations assume 100% of the nominated SCs are 

addressed and the benefits are available immediately.  

 

Summary:   Overall, a projected reduction in the average age of the vehicle fleet by three, 

five and ten years would lead to reductions in annual SCs by 76,123 and 215 respectively.   

 

6.4 SUMMARY (IDENTIFICATION OF SOLUTIONS TO ADDRESS PROBLEMS) 

Three potential strategies were modelled for effectiveness in OUAs based on those identified 

to have the greatest road safety benefit (refer section 5):   

 

1. A 10 km/hr reduction in speed limit for all 80 km/h and 100 km/h speed zones 

 

A conservative 3 km/h reduction in mean travel speed resulted in a total annual reduction of 

between 20 and 85 SCs.  A 5 km/h reduction in mean travel speed reduced SCs by between 

25 and 125 per annum. 

 

2. Intersection improvements for those intersection sites with at least six casualty 

crashes reported over the period 2008-2013 inclusive 

 

Improvements to 15 intersections were estimated to result in reductions of between eight and 

11 SCs per annum. 

 

3. Vehicle safety improvements through a younger vehicle fleet  

 

Projected reductions in the average age of the vehicle fleet by three, five and ten years were 

estimated to reduce SCs per annum by 76, 123 and 215 respectively.  
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APPENDIX 1 
 

 

 

LIST OF ABBREVIATIONS & TERMS 
 

 

 

AEB  Autonomous Emergency Braking Systems 

ABS      Australian Bureau of Statistics 

 

ARIA      Accessibility/Remoteness Index of Australia 

 

CBD      Central Business District 

 

CI Confidence Interval - Provides a range of values which is likely to contain 

the parameter of interest (e.g., 95% CI) 

 

DCA      Definition for Classified Accidents (VicRoads) 

 

ESC  Electronic Stability Control 

eMETS    Macro Estimates for Target Setting - A modelling technique used to estimate 

the potential benefits of road safety initiatives 

 

F/SI      Fatal or serious injury 

 

IUA  Inner Urban Area 

LGA  Local Government Area 

 

Main Roads Declared roads which are not freeways, highways or tourist roads 

 

MSD      Melbourne Statistical Division - Used by the ABS to define the region and  

boundaries of Melbourne 

 

MUARC  Monash University Accident Research centre 

 

OUA  Outer Urban Area 

 

SC      Serious Casualties - Refers to crashes involving a serious injury or fatality 

 

SI      Serious Injury - Defined as someone admitted to hospital 

 

SUV      Sport Utility Vehicle - A term used to define a particular vehicle market 

Segment 

 

UCSR  Used Car Safety Rating 
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APPENDIX 2 
 

PHASE 3: DATA TABLES - LOGISTIC REGRESSION 
 

Table 7.1 Significance levels of Crash parameters 

    95% Confidence Interval  
Reference Parameter Level Fixed variables (which interact with the parameter) Estimate Low High p-value 

Road Type Comparisons at fixed speed zones     

Highway 

Freeway  
 >=100 km/hr 0.38 0.26 0.56 <.0001 

 50-90 km/hr 2.76 2.24 3.39 <.0001 

Main 
 >=100 km/hr 33.28 10.04 110.30 <.0001 

 50-90 km/hr 2.55 2.23 2.92 <.0001 

Local 
 50-90 km/hr 6.51 5.06 8.37 <.0001 

<=40 km/hr 4.88 1.14 20.93 0.033 

Main Local 
 50-90 km/hr 2.55 2.02 3.22 <.0001 

<=40 km/hr 2.85 1.68 4.85 0.0001 

Freeway Local  50-90 km/hr 2.36 1.79 3.12 <.0001 

Speed Zone comparisons for fixed road types 
    

 50-90 km/hr  >=100 km/hr 

Freeway 2.63 2.10 3.30 <.0001 

Highways 19.09 13.13 27.76 <.0001 

Main Roads 249.00 79.31 782.00 <.0001 

<=40 km/hr  50-90 km/hr 
Main Roads 2.91 1.90 4.48 <.0001 

Local Roads 2.61 1.80 3.77 <.0001 

Times of Day comparisons       

Weekday Weekend 
Not on Path 1.12 0.75 1.66 0.591 

On Path 1.11 0.51 2.42 0.784 

Day Night 
Not on Path 1.76 1.15 2.69 0.009 

On Path 3.21 1.40 7.35 0.006 

Weekend Day Weekend Night 
Not on Path 1.54 1.13 2.09 0.006 

On Path 2.58 1.41 4.71 0.002 

Weekday Day Weekend Night 
Not on Path 1.40 1.08 1.82 0.011 

On Path 1.89 1.14 3.13 0.013 
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Table 7.2  Significance levels of Vehicle/Controller Parameters 

  

 

 

95% Confidence 

Interval  

Reference Parameter Level 

Fixed variables (which interact 

with the parameter) Estimate Low High p-value 

Vehicle Types Compared with Medium vehicles 
   

Medium Vehicle 

Commercial - Ute Male Driver 1.64 1.20 2.25 0.002 

Large Male Driver 1.18 1.00 1.40 0.053 

SUV - Large Male Driver 1.36 0.99 1.86 0.059 

SUV - Small Female driver 2.05 1.22 3.43 0.006 

Motorcycle 
Male Driver 0.61 0.49 0.76 <.0001 

Female driver 0.49 0.32 0.74 0.0006 

Light Male Driver 0.75 0.60 0.93 0.009 

Vehicle Age groups compared with 3-5 years old vehicles 

    

3 to 5 years 

6 to 10 years Not off-path 0.74 0.57 0.97 0.027 

6 to 10 years Multiveh offpath, Not at 

intersection 0.28 0.12 0.64 0.003 

16+ Single offpath, at intersection 0.53 0.36 0.76 0.0006 

Female Controllers compared with Male Controllers 

    

Female   Male 

Motorcycle, Not on path crash 1.35 1.09 1.68 0.007 

Motorcycle, on path crash 1.54 1.14 2.09 0.005 

Large SUV, not on path crash 1.46 1.05 2.03 0.025 

Large SUV,  on path crash 1.67 1.13 2.47 0.010 

Controller Age groups compared with those aged 35-54 years 
    

35-54 years 

0-15 years   3.14 1.56 6.35 0.001 

65-74 years   0.78 0.63 0.97 0.026 

75+ years   0.56 0.44 0.71 <.0001 

Aggressivity:  Other road user injuries compared with injuries in the vehicle of the data.  
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KSI persons in this 

vehicle only 

All KSI persons are other road users   0.03 1.04 0.94 0.501 

KSI persons in this vehicle and other 

road users 

  0.07 1.08 0.96 0.202 
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Table 7.3a  Significance levels of Injured Persons Parameters 

  

 

 

95% Confidence 

Interval  
Reference Parameter Level Fixed variables (which interact with the parameter) Estimate Low High p-value 

Fatal compared with major injury      

Major 

injury 
Fatal 

Bicyclist 2.65 1.56 4.51 0.0003 

Motorcyclist 1.35 1.09 1.67 0.006 

Vehicle Occupant 1.33 1.07 1.65 0.010 

Heavy Vehicle Occupant 0.77 0.32 1.84 0.550 

Pedestrian 1.19 0.96 1.48 0.120 

Injured Person Age groups compared with 35-54 years old age group for Bicyclists 
 

35-54 years 

0-15 years 

Not divided, high speed 2.50 0.94 6.70 0.068 

Divided, High speed 2.36 0.88 6.32 0.087 

Not divided, mid speed 6.40 3.30 12.38 <.0001 

Divided, Mid-speed 6.04 3.04 11.98 <.0001 

Not divided, low speed 18.73 7.55 46.46 <.0001 

Divided, Low speed 17.68 6.92 45.22 <.0001 

16-24 

Not divided, high speed 0.60 0.31 1.14 0.119 

Divided, High speed 0.50 0.26 0.96 0.036 

Not divided, mid speed 0.58 0.31 1.06 0.077 

Divided, Mid-speed 0.48 0.26 0.90 0.021 

Not divided, low speed 0.41 0.17 0.97 0.042 

Divided, Low speed 0.34 0.14 0.82 0.016 

25-34 

Not divided, high speed 0.27 0.15 0.51 <.0001 

Divided, High speed 0.26 0.14 0.49 <.0001 

Not divided, mid speed 0.34 0.19 0.62 0.0004 

Divided, Mid-speed 0.32 0.18 0.59 0.0002 

Not divided, low speed 0.36 0.15 0.85 0.019 

Divided, Low speed 0.34 0.15 0.81 0.015 

55-64 
Not divided, low speed 0.23 0.05 0.96 0.044 

Divided, Low speed 0.22 0.05 0.93 0.040 

Injured Person Age groups compared with 35-54 years old age group for Bicyclists 

 (age groups over 55 condensed) 

35-54  55+ Divided, High speed 1.71 0.96 3.03 0.068 

Injured Person Age groups compared with 35-54 years old age group for Pedestrians 
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35-54 years 

0-15 

Not divided, mid speed 2.75 1.78 4.23 <.0001 

Divided, Mid-speed 2.59 1.62 4.16 <.0001 

Not divided, low speed 8.05 3.90 16.60 <.0001 

Divided, Low speed 7.60 3.53 16.33 <.0001 

25-34 

Not divided, high speed 0.57 0.37 0.88 0.011 

Divided, High speed 0.54 0.35 0.83 0.005 

Not divided, mid speed 0.71 0.48 1.04 0.077 

Divided, Mid-speed 0.67 0.45 0.99 0.047 

55-64 
Not divided, low speed 0.24 0.06 0.93 0.039 

Divided, Low speed 0.23 0.06 0.91 0.036 

Injured Person Age groups compared with 35-54 years old age group for Pedestrians(age groups over 65 condensed) 

35-54 years 55+ 
Not Divided, High Speed 1.48 0.96 2.26 0.075 

Divided, High speed 1.56 1.02 2.39 0.040 

 

Table 7.3b  Significance levels of Injured Persons Parameters, continued 

 
 

 95% Confidence Interval  
Fixed variables (which interact with the parameter) Estimate Low High p-value 

Bicyclists compared with vehicle occupants 
        

0-15 years 

high speed, not divided roads, dry road, not fatal 8.97 1.92 41.93 0.005 

 high speed, not divided roads, wet road, not fatal 7.06 1.54 32.38 0.012 

high speed, not divided roads, dry road,  fatal 17.94 3.15 102.00 0.001 

 high speed, not divided roads, wet road,  fatal 14.12 2.52 79.09 0.003 

high speed,  divided roads, dry road, not fatal 9.76 2.09 45.65 0.004 

 high speed,  divided roads, wet road, not fatal 7.68 1.68 35.23 0.009 

high speed,  divided roads, dry road,  fatal 19.51 3.44 110.80 0.001 

 high speed,  divided roads, wet road,  fatal 15.36 2.75 85.84 0.002 

16-24 years 

high speed, not divided roads, dry road,  fatal 5.66 1.04 30.62 0.044 

 high speed, not divided roads, wet road,  fatal 4.45 0.83 23.80 0.081 

high speed,  divided roads, dry road,  fatal 6.15 1.14 33.13 0.034 

 high speed,  divided roads, wet road,  fatal 4.84 0.91 25.73 0.064 

25-34 years 
high speed, not divided roads, dry road,  fatal 5.54 1.09 28.23 0.039 

 high speed, not divided roads, wet road,  fatal 4.36 0.87 21.87 0.073 
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high speed,  divided roads, dry road,  fatal 6.03 1.19 30.59 0.030 

 high speed,  divided roads, wet road,  fatal 4.75 0.95 23.68 0.058 

55-64 years 

high speed, not divided roads, dry road, not fatal 4.34 1.02 18.37 0.046 

 high speed, not divided roads, wet road, not fatal 3.41 0.82 14.19 0.091 

high speed, not divided roads, dry road,  fatal 8.67 1.68 44.65 0.010 

 high speed, not divided roads, wet road,  fatal 6.82 1.34 34.63 0.021 

high speed,  divided roads, dry road, not fatal 4.72 1.12 19.88 0.035 

 high speed,  divided roads, wet road, not fatal 3.71 0.90 15.35 0.070 

high speed,  divided roads, dry road,  fatal 9.43 1.84 48.22 0.007 

 high speed,  divided roads, wet road,  fatal 7.42 1.47 37.38 0.015 

 65-74 years 

high speed, not divided roads, dry road, not fatal 6.98 1.49 32.65 0.014 

 high speed, not divided roads, wet road, not fatal 5.49 1.19 25.26 0.029 

high speed, not divided roads, dry road,  fatal 13.95 2.47 78.92 0.003 

 high speed, not divided roads, wet road,  fatal 10.98 1.97 61.28 0.006 

high speed,  divided roads, dry road, not fatal 7.59 1.63 35.36 0.010 

 high speed,  divided roads, wet road, not fatal 5.98 1.31 27.34 0.021 

high speed,  divided roads, dry road,  fatal 15.17 2.70 85.30 0.002 

 high speed,  divided roads, wet road,  fatal 11.94 2.15 66.19 0.005       
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APPENDIX 3 
 

Phase 4: SUMMARY OF LGA Road Safety Strategies 

Table 7.4:  Cardinia road safety strategy summary 

 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed Traffic calming 

measures 

Education Speeding & hoon 

behaviour 

(enforcement?) 

- 

Road Users Educ for 

children 0-12yrs 

and 

parents/carers 

Youth Road 

Safety education 

programs 

Vulnerable road 

users: pedestrians, 

cyclists, 

motorcyclists 

Older road 

users (>50yrs) 

Infrastructure Address 

unsealed roads 

Road and path 

maintenance 

Advocate Vic/Aus 

Govt for safer 

infrastructure 

Older road user 

support 

Vehicles Educ on child 

restraints 

Promote safer 

new/used veh 

Safer council 

vehicle fleet 

Promote heavy 

veh safety 

 

Table 7.5:  Casey road safety strategy summary 

 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed Reduce speed 

limit -  local 

street & pedest. 

areas 

Speed monitor & 

enforcement – main 

& arterial rds 

Young driver 

enforcement 

Review reduce 

speed limits - 

rural roads 

Road Users Educ for 

children and 

elderly 

Younger driver and 

rider educ review 

Young driver 

enforcement 

Older road user 

educ & training 

review 

Infrastructure Improve child 

cycling + 

walking areas 

Pedestrian area 

improvements 

review 

  

Vehicles Child restraint 

educ 

Educ purchase 

safer vehicles 

Safe vehicle 

policy 

Monitor 

developments in 

tech. (V2V, V2I) 
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Table 7.6:  Hume road safety strategy (2015-2019 draft) summary 

 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed None specified -   

Road Users L2P driver 

mentor program 

Driver educ 

programs in 

schools (incl. 

drink/drug driving) 

Road safety educ 

for refugees, 

parents/carers 

Educ on child 

restraints, 

Bicycle educ & 

training 

Infrastructure Provide safe 

road network 

Provide safe 

walking & cycling 

paths 

Walking and 

cycling strategy 

2010-15 

Educ on safe 

walking & 

cycling paths 

Vehicles Educ on child 

restraint fitting 

   

 

Table 7.7:  Melton road safety strategy summary 

 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed Educ on 

speeding/hoons 

Identify speeding 

hot spots 

Enforcement and 

advisory 

 

Road Users Educ on 

distraction, 

fatigue, veh & 

passenger safety 

Educ on alc and 

drugs, school 

programs 

Educ on 

pedestrians, older 

drivers, bicycle, 

motorcycles 

Develop traffic 

school & educ 

centre 

Infrastructure Seek funding for 

blackspot 

program 

Seek funding for 

safer roads and 

roadsides 

Audit of rural and 

urban roads and 

roadsides 

Road hazard 

reporting 

Pedestrian 

access 

Vehicles Educ on child 

restraints 
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Table 7.8:  Whittlesea road safety strategy summary 

“During the five year period from January 2007 to December 2011, there were 1,457 casualty 

crashes in the City of Whittlesea. This included 31 fatal crashes and 468 crashes that resulted 

in SI. The rate of crashes was lower than many other parts of Melbourne and there were no 

accident types or locations that require priority attention”. 

 
 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed Educ – speed 

reduction program 

Speed awareness 

trailers 

Speed 

enforcement 

Hoon hotline 

Road Users Promote cycling in 

schools 

Motorcycle safety 

program 

Educ – young 

dirvers, 

pedestrians 

Educ – drink 

drive, fatigue, 

older drivers 

Infrastructure None specified    

Vehicles Educ - child restraint 

use  

Promote 

motorcycle & 

vehicle safety 

  

 

Table 7.9:  Wyndham road safety strategy summary 

 “Reduce the number of accidents on Wyndham roads – especially those that result in death 

and/or serious injury”. 

 
 Strategy 1 Strategy 2 Strategy 3 Strategy 4 

Speed Educ - speeds Road design to 

reinforce low 

speeds 

  

Road Users Educ – road user 

behaviour 

Vulnerable road 

users – monitor 

trends 

  

Infrastructure Improved 

pedestrian and 

cycling 

connectivity 

Improved Public 

transport, reduce 

reliance on cars 

Apply for 

blackspot and 

SRIP funding 

Road network 

design reinforce 

low speeds, 

Arterial rd rating 

(AusRAP) 

Vehicles Heavy vehicle 

routes & safety 

Promote 

sustainable/diverse 

transport options 

Monitor 

autonomous veh 

developments 

 

 


