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EXECUTIVE SUMMARY 

Improving vehicle safety is a primary focus for meeting road safety targets in Australia and 

New Zealand. Previous research has identified constant improvements in occupant protection 

performance in a crash (crashworthiness or secondary safety) of new light vehicles entering the 

fleet. This study quantifies how crashworthiness improvements in new light vehicles have 

contributed to improvement in the average crashworthiness of the whole light vehicle fleet over 

the years 2000 to 2010 and the resulting reductions in deaths and serious injuries. Based on 

improvements over these ten years, the study then estimated further road trauma savings 

expected from continued improvement in the crashworthiness of the light vehicle fleet over the 

years 2011-2020.  

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 (crash risk or primary 

safety) through the development vehicle based technologies. Electronic Stability Control 

(ESC) is a notable example of such a technology which evaluation has shown to be highly 

effective in reducing crash risk. A number of emerging crash avoidance technologies are now 

being made available in new vehicles in Australia and New Zealand which have the potential 

to further reduce serious road trauma through reducing crash risk. The final aim of this study 

was to estimate the potential contribution emerging vehicle crash avoidance technologies will 

make to reducing serious road trauma in Australia and New Zealand. In doing so the study 

aimed to identify which technologies should be adopted with the highest priority based on 

expected trauma reductions and economic benefits. 

Analysis in this study was based on data and output from the Used Car Safety Ratings (UCSR) 

research program including data on the crash involved light vehicle fleet in Australia and New 

Zealand over the years 2000-2010. Secondary safety performance of the crash involved light 

vehicle fleet was estimated through applying the crashworthiness ratings from the UCSR by 

vehicle make and model and year of manufacture. Future trends in vehicle secondary safety 

were estimated by projecting the likely crashed vehicle fleet, its market group composition and 

crashworthiness profile to 2020. Potential benefits of emerging vehicle crash avoidance 

technologies were estimated by applying estimated effectiveness of these technologies based 

on prospective evaluations to the projected crashes vehicle population to 2020. Crash 

avoidance technologies considered were: Electronic Stability Control (ESC) (for all vehicles 

in New Zealand and light commercial vehicles in Australia), Autonomous Emergency Braking 

Systems (AEBS), Fatigue Warning Systems (FWS), Lane Departure Warning Systems 

(LDWS) and Lane Change (Blind Spot) Warning Systems (LCWS/BSWS). 

RETROSPECTIVE EFFECTS OF VEHICLE SAFETY IMPROVEMENTS 

Analysis in this study has identified a strong trend to improving cross sectional secondary 

safety of the light vehicle fleet ratings over the crash years 2000 to 2010 in both Australia and 

New Zealand. Over the years 2000 to 2010, the average crashworthiness of the Australian light 

vehicle fleet has improved by 27% as shown in Figure E1. This represents a saving of around 

2,000 deaths over the time period. Figure E2 shows the number of observed vehicle occupant 

deaths in Australia over the period 2000-2010 along with the number that would have been 

expected if the cross sectional secondary safety of the Australian vehicle fleet had remained 

the same as in 2000. 
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1 INTRODUCTION 

Vehicle safety is a cornerstone of the Safe Systems framework for road safety management 

and planning, with vehicle safety improvement a key element of all government road safety 

strategies, both state and national. Improvement in vehicle safety is vital for achieving road 

trauma reduction targets set out in state and national road safety strategies in Australia and 

New Zealand. Vehicle safety also continues to be an area of focus by the media, motoring 

clubs, vehicle manufacturers and consumers alike. Consumers continue to place increasing 

priority on safety issues when purchasing a vehicle, with vehicle manufacturers leveraging 

this priority in marketing. In response to market demand, vehicle manufacturers offer an 

ever-increasing range of safety features in their vehicles.  

The age profile of the vehicle fleet has a fundamental influence on road safety, both in terms 

of crash avoidance technologies (primary safety) and levels of protection provided once a 

crash occurs (secondary safety). This is because there have been considerable advances in 

the safety of vehicles over the past 40 years. There are also differences in the safety 

performance of different vehicle market groups, whose mix in the Australasian vehicle fleets 

has changed substantially over this period. Larger vehicles often provide good protection for 

their own occupants but impose greater risk on other road users. The converse is often true 

for smaller vehicles. It is of interest to establish how changes in the age profile, market group 

composition and secondary safety performance of the light vehicle fleet have influenced 

historical road trauma trends. It is also of interest to project how expected changes in these 

parameters will likely influence future road trauma trends. There is also a raft of crash 

avoidance (primary safety) technologies likely to enter the light vehicle fleet in the short to 

medium term. Understanding how these technologies are likely to influence future road 

trauma trends is also important for setting road safety targets as well as for prioritising which 

of these technologies should be prioritised. 

In this study, primary (crash risk) and secondary (injury risk in a crash) safety trends, both 

retrospective and projected, in the Australian and New Zealand light passenger and light 

commercial vehicle fleets were modelled separately. Secondary safety improvements were 

projected to the year 2020 under two main scenarios: business as usual, representing a 

continuation of current trends in fleet composition and historical crashworthiness 

improvements; and a scenario of ‘stalled’ safety improvements, in which no further 

secondary safety gains are made. It compared estimates of the fatal and serious injuries for 

the baseline year of 2010 with those projected to 2020. Projections were derived from trends 

in vehicle age and secondary safety performance by market group within each market group 

and jurisdiction. The light vehicle fleet of 2000-2010 involved in injury crashes served as 

the basis for the projections which estimated expected deaths and serious injuries from 

crashes in each year of the projection. Based on the projected fatal and serious injuries to the 

years 2011 to 2020, savings to the community associated directly with projected future 

vehicle safety improvements and fleet trends were estimated.  

For examining potential primary safety improvements, crash types sensitive to the emerging 

technologies were identified as described in existing local studies (Anderson et al, 2011 and 

Scully et al, 2010).  The technologies considered include Electronic Stability Control (ESC), 
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Autonomous Emergency Braking Systems (AEBS), Fatigue Warning Systems (FWS), Lane 

Departure Warning Systems (LDWS) and Lane Change (Blind Spot) Warning Systems 

(LCWS/BSWS). For these safety technologies, crash and injury reductions have not been 

evaluated using real-life data, with the notable exception of ESC (e.g. Scully et al, 2010). 

The effectiveness of the other four safety systems was approximated using estimates 

provided by Anderson et al (2011). Although these were based on empirical data in the sense 

of estimating likely benefits from crash studies, they do provide a basis for prioritising one 

technology over another by defining the likely range of crashes prevented. Projection of 

future incremental fleet safety benefits due to crash avoidance technologies considered 

reflected current fitment rates. 

1.1 SCOPE 

Australian and New Zealand injury crash data were obtained from the Police reported crash 

data used in the database established for the MUARC Used Car Safety Ratings (UCSR) 

research program. The Australian1 data were aggregated across five states that together 

account for more than 90% of all Australian injury crashes (BITRE, 2009)2: New South 

Wales, Victoria, Queensland, Western Australia and South Australia. Ten year total 

Australian fleet projections, and ten year market group and jurisdictional proportions, were 

quantified using crash history from the years 2000 to 2010 in the five available jurisdictions. 

All New Zealand data on reported injury crashes was made available for this project from 

the Ministry of Transport’s Crash Analysis System (CAS). 

For this project a light vehicle was defined as a motor vehicle with a tare weight up to 3.5 

tonnes and includes both regular passenger vehicles and light commercial vehicles. Market 

groups of passenger vehicles were categorised to match those used in the UCSR (Newstead, 

Watson et al. 2012). This categorisation allowed for subsequent matching of crashworthiness 

and aggressivity estimates by market group to quantify secondary safety performance.  These 

market groups are based on those used by the Federal Chamber of Automotive Industries 

(FCAI, www.fcai.com.au) and are displayed in Appendix M. The following abbreviations 

for the market groups are used throughout the report: 

SL - Light    SUVC- Compact 

S - Small    SUVM- Medium 

M - Medium    SUVL- Large 

L - Large    CU - Commercial Utility 

PM - People Mover    CV - Commercial Van 

 

                                                 
1 Unless otherwise defined, and in the context of analysed data of this project, ‘Australian’ refers to the 

aggregation of these five states only. 
2 Table A2.2 of Appendix A2 presents the 2006 injury crash costs, and Table A2.3 presents the injury counts 

for Australia by jurisdiction. 
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In addition, light vehicles appearing in the crash data analysed were limited to those without 

missing year of manufacture data due to the requirements for vehicle age profiling, and to 

those of an age where crashworthiness ratings could be applied to enable examination of 

prospective changes. Crashworthiness ratings estimates were only available for vehicles with 

a year of manufacture of 1964 and beyond so prospective age profiling was limited for each 

crash year to vehicles aged 46 years and below. This encompassed the majority of the light 

vehicle fleet which has an average lifetime of around 22 years. 

Fatal and serious injury reductions were estimated for the years 2011-2020 using trends in 

vehicle secondary safety, crashed fleet size and market group composition over ten years 

(2000-2010).  In addition to general secondary safety improvements, projections were made 

showing the additional benefits of fitment of each of five safety technologies to new vehicles. 

The five safety technologies are described in Section 1.2; and evidence or assumptions about 

their effectiveness made in developing models of injury reductions is discussed in Section 3. 

The Australian fitment of four emerging safety technologies (excluding ESC) was modelled 

in two ways: the first assumed zero fitment prior to 2014 and 100% fitment from 2014 (T1 

in Figure 1), the second assumed a classic gradual uptake fitment model passing from 0% in 

2010, to 70% in 2020 (T2). In Australia, injury reductions associated with fitment of the fifth 

emerging technology, ESC, were only estimated for new commercial vehicles and fitment 

was modelled from existing data available for Victorian new car purchases. Actual Victorian 

fitment rates in new vehicles were used for vehicles up to a 2011 year of manufacture, after 

that a sigmoidal uptake is modelled to ensure that 100% fitment is achieved by the end of 

2016 when the technology becomes mandated. The fitment rate in new vehicles was assumed 

to be the same for crashed vehicles of the same year of manufacture. These three fitment 

models are depicted in Figure 1.   

 

Figure 1: Australian fitment models for ESC and emerging safety technologies (T1 

and T2). 

For the New Zealand analysis, scenarios were modelled in which the technologies 

considered were assumed to be mandated for all vehicles entering the fleet in 2014. Under 

this scenario two thirds of the fleet would have the technology fitted by 2020 reflecting the 
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fleet age profile for New Zealand in 2011. As New Zealand currently does not mandate 

fitment of ESC in new vehicles, safety benefits were estimated for the entire light passenger 

vehicle fleet, not just for light commercial vehicles as in the Australian analysis. Despite 

lack of mandated fitment, the prevalence of ESC in New Zealand new vehicles was very 

high in the latest available data. 

Analysis used the secondary safety ratings reported in the UCSR described in Newstead, 

Watson and Cameron (2012), to estimate expected relative fatal and serious injuries 

associated with each crashed passenger vehicle crashes in 2010 and for vehicles projected to 

be crashed the next ten years. The data set of light vehicle crashes used for this project was 

limited to only those involved in an injury crash to provide consistency across each 

jurisdiction. An injury crash was defined as a vehicle crash where at least one person 

involved in the crash is injured. It is possible that passenger vehicles involved in an injury 

crash may have had no injured occupants. It is also possible that passenger vehicles involved 

in an injury crash had no occupants at all.  

Investigating the potential interaction of safety effects and crash avoidance technologies 

considered was generally out of the scope of this study. For example, a certain crash type 

may be prevented by more than one type of technology, and a vehicle may contain a number 

of these technologies that prevent the same crash type. However, the degree of overlap of 

the crash types addressed by various technology combinations was estimated from the New 

Zealand crash data for some technology combinations to provide some guidance on how 

estimated benefits might be biased.  Further discussion of effectiveness overlap is presented 

in Section 8. 

Estimates of economic benefits in this report are costed as present value 2010 $AUS for the 

Australian analysis and 2011 $NZ for the New Zealand analysis which reflect the slightly 

more recent New Zealand data available for the analysis. 

1.2 AN OVERVIEW OF SAFETY FEATURES/TECHNOLOGIES 

CONSIDERED  

There are two ways in which safety features can reduce the burden of injury associated with 

vehicles. Firstly, primary safety features reduce the risk of a vehicle becoming involved in a 

crash. Examples of primary safety features include ESC and Anti-lock Braking Systems 

(ABS). The other way that safety features can reduce the burden of injury is by preventing 

injuries or reducing the severity of injuries when a crash occurs. These safety features are 

called secondary safety features and airbags, safety belt pre-tensioners and child restrains 

are common examples. Primary safety features reduce crash risk, while secondary safety 

features reduce the severity of injuries, or reduce the risk of injury, when a crash occurs. 

The emerging technologies examined in this report are primary safety features. Analysis in 

this report is based on the premise that, when present in a vehicle, primary safety features 

will prevent a percentage of serious and fatal injury crashes. Consideration of secondary 

safety in this study is incorporated in the stalled safety improvements and business as usual 

modelling. 
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There are four factors that must be known in order to model the effectiveness of the chosen 

emerging technology at reducing crashes or injuries within this study: 

(i) the types of crashes where the technology is effective; 

(ii) the expected or measured crash or injury reduction for the type of crash; 

(iii) the fitment rate of the technology within the population of crashed vehicles; and 

(iv) the projected level of injury in the crash types considered in the absence of the safety 

feature being assessed. 

In this study: 

(i) crash types sensitive to the emerging technologies have been selected following 

techniques described in literature (Anderson et al, 2011 and Scully et al, 2010);  

(ii) there is good scientific evidence of the effectiveness of ESC, (Scully, 2010), however 

the effectiveness of the other four safety features were determined using the estimates 

of Anderson (2011); 

(iii) current and past fitment rates for ESC were available, however fitment rates for the 

remaining technologies, in the years up to a 2010 year of manufacture, were 

considered so low as to be zero; and  

(iv) real crash data were used to determine the 2010 base year level of injury.  

The remainder of Section 1.2 describes the five safety technologies considered in the study. 

Section 3 outlines details of how crashes sensitive to the technologies were identified and 

how fitment rates were modelled.  

1.2.1 Electronic stability control (ESC) 

Scully et al (2010) described ESC as an in-vehicle safety technology designed to prevent a 

driver from losing control by applying wheel brakes or reducing engine power when it has 

identified that the direction of travel is not as intended.  It does this by using sensors that 

measure a vehicle’s steering wheel angle, lateral and rotational acceleration and the speed at 

which individual wheels are rotating, to continuously monitor the direction of travel.  It is 

now standard on most regular passenger vehicles and four wheel drive wagons in Australia 

through a mandate which has recently been extended to apply to light commercial utilities 

from 2016 onwards. As yet there is no mandate for ESC fitment to any vehicle in New 

Zealand. 

1.2.2 Emerging vehicle safety technologies 

Anderson (2011) evaluated the likely relative benefits of emerging vehicle safety technology 

using New South Wales (NSW) Police reported crash data from 1999-2008.  The report also 

described the technology. This section summarises Anderson’s description of four of these 

technologies considered to have the most potential for passenger vehicle injury crash 

reduction. Costs from Anderson’s 2011 report are included in the summary below. It should 

be noted that the technologies listed here are also featured in the future road map of the 

Australasian New Car Assessment Program (ANCAP) further endorsing their relevance for 

consideration in this study. 

Forward Collision Warning/Avoidance (FCWS) 
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Forward Collision Warning uses laser/radar sometimes in combination with cameras to 

monitor the distance to and the speed of objects in a vehicle’s path and alerts the driver of 

danger. It is left to the driver to respond appropriately to the warning with the car not 

intervening in any other way. Anderson (2011) documented that it was standard fitment to 

the Mercedes S Class and the Audi A8 although this technology is now filtering down to a 

wider range of more affordable new vehicles. 

Forward Collision Detection and Intervention (also known as AEB) targets rear-end crashes 

by taking the forward collision warning a step further with the inclusion of an autonomous 

braking intervention by the vehicle (AEBS). The system can also warn the driver and prime 

the braking system. Some systems only work at lower speeds (up to 30km/hr or 50km/hr) 

whilst others work at higher speeds using a combination of short and long range radar 

technologies. Whilst originally developed to avoid collisions with other vehicles or fixed 

objects, these systems are now being adapted to prevent pedestrian crashes. A related feature 

is Adaptive Cruise Control (ACC) which actively controls acceleration and braking of the 

vehicle to maintain set distance headway to a preceding vehicle. ACC generally works at 

vehicle speeds between 60km/hr and 180km/hr. 

Emergency Brake Assist is an enhancement to the braking system which senses emergency 

braking or rapid lift off from accelerator pedal, and works with ABS and ESC to apply the 

maximum braking force.  It is common amongst popular new cars and is often combined 

with electronic brake force distribution which distributes braking force automatically 

amongst each wheel according to the available grip. 

FCWS specifically reduce or prevent rear-end collisions, collisions with stationary objects 

on-path, and run-off road crashes at the end of a road or T-intersection.  Because they detect 

objects in the path of a vehicle or generally reduce braking distance, they are expected to 

reduce the frequency or injury severity of some other crash types which may (or may not) 

involve a vehicle or object passing in front of the vehicle with the forward collision 

avoidance system.  For example: collisions with unprotected road users on the carriage way, 

intersection collisions, collisions with vehicles travelling in the opposite direction, collisions 

with objects falling from other vehicles. 

In 2010 the cost of collision detection, ACC and ABS was estimated at approximately $2,700 

(Anderson, 2011), although as seen with other safety technologies this is expected to 

decrease rapidly as the technology becomes more common. 

Side Blind Spot/Lane Change Warning (LCWS/BSWS) 

This technology targets crashes that occur during intentional lane changes. When a road user 

attempts a lane change without noticing a potential hazard, typically in the driver blind spots 

of the vehicle, the system alerts the driver. 

This technology uses sonar, radar or cameras to detect the presence of other road users 

alongside of the vehicle and uses a number of sensors to determine whether or not a lane 

change or merger is intentional and alerts the driver of danger. It is left to the driver to 

respond appropriately to the warning. It was first seen standard or optional in Mercedes and 

Audi passenger vehicle models and optional for $1,275-$1,550 in Volvo passenger vehicle 

models but is now becoming more widely available in cheaper new vehicles. 
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Lane Departure Warning (LDWS) 

This technology targets unintentional departure from a lane. It uses forward and side viewing 

cameras to identify reflective lane markings to establish a vehicle’s position within a lane.  

It then takes information on steering angle, measures of the intention of the driver and applies 

these to complex algorithms to alert the driver if the computer deems the lane departure as 

unintentional.  Some systems go as far as taking corrective action usually in the form of 

applying braking to a single wheel to correct the path of the vehicle back into the intended 

lane. The feature started as standard on some Audi and Mercedes models and optional in 

BMW, Volvo and other Audi and Mercedes models with costs varying from $1,400 to 

$2,075. The feature is becoming more widely available and is expected to get much cheaper. 

Fatigue Warning System (FWS) 

This technology targets crashes resulting from driver fatigue such as those that occur when 

the driver is not in control. Fatigue may be detected by using infrared cameras to detect 

changes in eyelid movements of the driver, by using sensors to detect erratic steering wheel 

movements or a combination of these.  Once fatigue is detected the driver may be alerted 

with an audible signal. Fatigue warning systems commenced as standard to the Mercedes S 

Class and were available from 2010 on Volvo trucks for $1,500. They are also becoming 

cheaper and more widely available. 

 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



8 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

2 CRASH DATA SOURCES AND MANAGEMENT 

Analysis on this project was based on crash data from MUARC’s UCSR research program 

covering Police reported crash data from New Zealand and five Australian jurisdictions. 

Crash cost data was taken from figures published by BITRE (2009). 

2.1 CRASHWORTHINESS DATA 

As defined by Newstead et al. (2012), the crashworthiness rating of a vehicle is a measure 

of the risk of death or serious injury to the driver of that vehicle when it is involved in a 

crash where a vehicle is towed away or someone is injured. Each rating is expressed as a 

percentage, representing the number of drivers killed or admitted to hospital per 100 drivers 

involved in a tow-away crash. This risk is estimated from large numbers of records of injury 

to drivers of that vehicle type that were involved in real world crashes reported to Police. 

Crashworthiness ratings are calculated by multiplying injury risk (probability that a driver 

involved in an injury or tow-away crash was injured) by injury severity (probability that a 

driver injured in a crash was killed or severely injured). The latest update of the 

crashworthiness ratings available for this study can be found in Newstead et al. (2012) and 

are reproduced by market group and year of manufacture in Table B1 (Appendix B) of this 

report. 

Newstead et al (2012), defines aggressivity ratings as a measure of the serious injury rate for 

drivers of other vehicles and unprotected road users involved in collisions with vehicles from 

the given market group. It is calculated using similar methodology to the crashworthiness 

ratings with the key difference being the injury outcome focus is on the other road user 

colliding with the rated vehicle and not the vehicle occupants. The total safety rating is a 

measure of the combined crashworthiness and aggressivity of the vehicle with each 

component weighted by its relative influence on injury outcomes across the observed 

distribution of real world crash types. 

Crashworthiness, aggressivity and total safety ratings were attached to crashed vehicles in 

the crash data so that fleet averages could be estimated.   

Australian forecasts of crashworthiness ratings (by market group) by years of manufacture 

up to 2020 were made from the available data so that injury savings could be forecast. 

Forecasts are differentiated from crash data by the use of italic and red font in Table B1 

(Appendix B). Aggregate market group forecasts were made by linear regression of data 

from 1973 to 2010. Forecasts for SUV, utility and people mover market groups were made 

using all available years of manufacture and an exponential line of best fit. Forecasts for all 

other market groups were made using all available years of manufacture and a logarithmic 

line of best fit. Forecast curves may be found in the Appendix B.   

2.2 AUSTRALIAN CRASH DATA 

Police reported crash data used in this project were that used for the UCSR and included data 

from New Zealand and five Australian states: New South Wales (NSW), Victoria (Vic), 

Queensland (Qld), Western Australia (WA) and South Australia (SA). This data covered the 

complete years, 2000-2010, except for Queensland where no 2010 data and only partial data 

for 2000 and 2005 were supplied. Further details as well as counts of cases for each 

jurisdiction and crash year are tabled in Appendix A.  
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Crashed Vehicles 

 The total number of occupants in a crashed vehicle is not known reliably for Victoria. 

Australian occupancy rates were averaged over four states.  The Australian average 

was assumed for Victoria. 

 Crashes with parked vehicles listed as cases in the crash data were considered to be 

multi-vehicle crashes.  

Issues with identification of crashes sensitive to emerging vehicle technologies 

 South Australia does not have a crash type code variable similar to the ‘DCA’ or 

‘RUM’ code used in other states. 

 Illegal speeding was able to be identified only for New South Wales, South Australia 

and Western Australia and is determined from Police judgement on crash causation.   

 Exceeded driver blood alcohol concentration (BAC) limits were identifiable only for 

New Zealand, Queensland, South Australia, Victoria and Western Australia, and 

there may be some under-reporting in these states. 

 Fatigue as a factor was only present in the New Zealand and Western Australia data 

as judged by Police as a contributing factor.  

 Identification of crashes at roads with edge line marking could be estimated with the 

use of various variables in all jurisdictions.  

o Highways and expressways could be identified:  

 for New South Wales and South Australia as divided roads and dual 

freeways;   

 for Victoria and Queensland as divided roads; and   

 for Western Australia as highways from the highway coding or 

highway road name.  

o For New Zealand highways and expressways could not be identified, 

however sealed and bitumen roads could.  

Issues with merging of safety ratings onto crash data 

 Safety ratings for specific vehicle models were available only for vehicle models 

with a year of manufacture >1982. 

 Safety ratings were not available for all models with a year of manufacture >1982 

and pre 1982 vehicles. 

o For 1982 vehicles and beyond with a known market group, average safety 

ratings by market group and year of manufacture were assigned. 

o For all other vehicles, average safety ratings by year of manufacture were 

assigned. 

 Vehicles manufactured prior to 1964 were not considered but represented a very 

small proportion of the light vehicle fleet. 
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2.3 AUSTRALIAN CRASH DATA PROFILE 

In order to provide the background against which estimates of effects of changing secondary 

safety and the effectiveness of emerging vehicle technologies were made, analysis of the 

profile of crashes observed in Australia is presented in the following sections. The analysis 

focuses particularly on vehicle type as well as those crash types which are likely to be saved 

by the emerging technologies considered. 

2.3.1 Vehicles per crash 

Multi-traffic unit crashes were the predominant crash type involving light vehicles in the 

analysis data with an average of 1.8 vehicles per crash. In Western Australia, vehicles per 

crash averaged 2.0 in 2010 (Table A1.6). Multi-unit crashes usually involved other passenger 

vehicles; there were 1.6 to 1.7 passenger vehicles (with a valid year of manufacture) per 

injury crash (Table A1.7).  Vehicles per crash disaggregated by crash year and jurisdiction 

are presented in Tables A1.6 and A1.7 of Appendix A1.  

2.3.2 Vehicle occupancy 

Over each of the 11 years of crash data, the average recorded occupancy for Australian 

passenger vehicles was 1.5. From 2006, occupancy by jurisdiction was also measured at 1.5 

persons per vehicle. Average occupancy in 2010, (and in 2009 for Queensland) by 

jurisdiction and market group is displayed in Table A1.8 of Appendix A1. The 2010 

weighted average occupancy over the four states used 2009 data for Queensland.  Victoria 

has been excluded because vehicle occupancy data are not reliable.  Crashed commercial 

utilities and vans possessed the lowest 2010 average occupancy rate of 1.3.  Light to medium 

cars had a slightly higher occupancy rate of 1.4 persons per vehicle. The highest occupancy 

rate was within the people mover market group as expected. 

2.3.3 Crash types 

The proportions of each crash type examined in this report varied little from 2000 to 2010, 

over all of Australia and within each jurisdiction or market group; so only data for 2010 have 

been presented. Queensland data for 2009 was included only for the Australian aggregates. 

Figure 3 displays the 2010 proportions of passenger vehicle injury crashes for: multi-vehicle, 

intersection rear-end, unprotected vehicle, pedestrian, heavy vehicle, head on and roll-over 

crashes.  These categories are not mutually exclusive and the figure shows that 60%-80% of 

all passenger vehicle injury crashes involved more than one vehicle. This proportion was 

highest in Western Australia where the proportions of intersection and rear-end crashes were 

also higher than for other states. These two features demonstrated the high proportion of 

Western Australian injury crashes occurring in urban areas, where 84% of all passenger 

vehicle injury crashes occurred in metropolitan locations (Figure 2).  Multi-vehicle, 

intersection and rear-end crashes represented the greatest proportion of crashes in the small, 

light and compact SUV market groups, likely a reflection of largely urban exposure. 
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Figure 2:  2010 Proportions of passenger vehicle injury crashes for Metropolitan 

and Rural (including remote) locations, for Australia, by jurisdiction.  

The proportions of unprotected road user (motorcycle, bicycle and pedestrian – noted as 

unprotected vehicles in the charts) crashes were greatest in Victoria.  These crash types were 

most prevalent in the people-mover, van, and medium and large SUV market groups. Greater 

proportions of medium than large SUVs were involved in pedestrian crashes, again likely 

reflecting their higher urban exposure. 

The highest proportion of heavy vehicle and head-on crashes were observed for large SUVs, 

vans and utilities.  The proportion of roll-over crashes was highest with large-SUVs and 

utilities. Both these traits represent higher proportion of rural exposure for these vehicle 

types. 

The greatest proportions by crash type, regardless of jurisdiction or market group, were for 

the types: multi-vehicle, rear-end, single vehicle and intersection. Proportionally 20%-40% 

of crashes were single vehicle crashes. Amongst the less frequent crash types utilities and 

vans featured strongly. 
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Figure 3: 2010 Proportions of passenger vehicle injury crashes for various crash 

types, for Australia, and by jurisdiction or market group. 

 

2.3.4 Driver age profile 

The influence of Australia’s ageing population was observed as a small increase in the 

proportion of older drivers of injury-crash involved passenger vehicles (Figure 4). 

The driver age distribution was similar over each jurisdiction. People movers and SUVs were 

more likely to be piloted by 35-54 year old drivers and light, small and medium vehicles 

were more popular for both younger and older drivers. Further details, including graphs by 

driver age and market groups can be found in Appendix A1. 
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Figure 4:  2001-2009 Proportions of older drivers of injury-crash passenger vehicles, 

for Australia  (2005 is not included because of incomplete Queensland 

data).  

2.3.5 Vehicle age profile 

The proportions of vehicles of each age (crash year - YOM) and each age group were 

determined for each year of crash for all of Australia, by jurisdiction and by market group. 

Figure 5 displays the proportions for the combined 2000 to 2010 data by jurisdiction.  It may 

be seen that the with the exception of South Australia, which is noticeably older, the fleets 

in each state had a similar age distribution.   

Other age profiles including those by market group may be found in Appendix J. 

 

Figure 5:  Vehicle Age distribution by jurisdiction for crash data from 2000 to 2010. 

2.3.6 Vehicle safety profile 

Summaries of crashed vehicle safety rating averages over the crash years, 2000-2010 are 

presented in Figures 6 to 8. A range of 2.2% units was used in each vertical scale, except for 

the plot of small and light vehicle crashworthiness, where the range had to be extended due 

to a greater change over the time period. The average estimates are obtained by averaging 

over all the injury crash involved passenger vehicles within a crash year according to the 

vehicle age profile.   
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It may be observed from Figures 6 to 8 that over 2000-2010, crashworthiness, and total safety 

ratings have declined, nationally, and for each jurisdiction and market group.  Aggressivity 

ratings have remained fairly constant with evidence of a small increase of about only 0.1% 

units nationally over the 11 year period. South Australia, Queensland and Western Australia 

performed worse than the national average on the measures of crashworthiness ratings, total 

safety ratings and aggressivity although the long term trends in each jurisdiction were 

similar. 

The small and light vehicle market group fleets had the poorest crashworthiness while large 

and medium SUVs had the best. The commercial van and utility and medium and large SUV 

fleets consistently had the poorest aggressivity, with increases of up to 0.7% units seen for 

commercial vehicles over the period (i.e. the aggressivity of the commercial fleet has become 

worse over time). Conversely, small and light vehicles displayed the best aggressivity, 

however, light vehicle aggressivity has increased (by 0.1% unit) over the period. The 

medium SUV fleet has shown the largest decrease in aggressivity over the period, dropping 

from 4.8% to 4.4% over the period.  The next best improvement was seen in people movers 

where a 0.3% unit drop in aggressivity was observed over the period.  People movers also 

saw a 1.4% drop in the total safety ratings, which was the greatest drop in total safety ratings 

observed for all market groups over the period. Large drops of about 1.0% in average total 

safety ratings were seen for light vehicles, compact SUVs and medium SUVs. 
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2.4.1 Vehicle safety profile 

 

Figure 9:  New Zealand crashworthiness ratings for licensed vehicle fleet by fleet 

year overall and by market group. 

Figure 10 shows the New Zealand estimates of average fleet aggressivity by year. These also 

generally show a similar ordering of market groups to the Australian estimates shown in 

Figure 7. The Australian fleet has on average a similar aggressivity to the New Zealand fleet. 
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Figure 10:  New Zealand aggressivity ratings for licensed vehicle fleet by fleet year 

overall and by market group. 

Figure 11 shows the New Zealand estimates of average total secondary safety by fleet year, 

which measures combined crashworthiness and aggressivity, but with a greater weight given 

to the crashworthiness ratings as these are the more influential on overall injury outcomes. 

Comparison with the Australian estimates shows the Australian fleet has on average superior 

(lower average) total safety than the New Zealand fleet reflecting the superior 

crashworthiness of the Australian fleet.  
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Figure 11:  New Zealand total secondary safety ratings for licensed vehicle fleet by 

fleet year overall and by market group. 

2.4.2 Relationship between crash and on-road fleets 

The data from New Zealand enabled a comparison to be made between the on-road fleet 

secondary safety ratings and the crash fleet secondary safety ratings. This was important as 

the crash fleet does not constitute a random sample from which the nature of the on-road 

fleet can be directly inferred. For example, vehicles that are commonly used by high-risk 

driver groups (particularly young drivers) will be overrepresented in the crash fleet relative 

to the on-road fleet. Similarly, vehicles that have a high degree of usage in congested urban 

settings will have a high rate of crashes (but not necessarily the more severe crashes). The 

following two figures show a comparison of mean crashworthiness and aggressivity for the 
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crash fleets and the on-road fleets in New Zealand over the course of a decade from 2003 to 

2012. 

 

Figure 12:  Comparison of average crashworthiness for the crash fleets and the on-

road fleets in New Zealand. 

 

 

Figure 13:  Comparison of average aggressivity for the crash fleets and the on-road 

fleets in New Zealand. 

These figures show that the crashworthiness of the crash fleet is generally slightly poorer 

than the crashworthiness of the licensed vehicle fleet (which can be considered to 

approximate the on-road fleet), but the overall trend in improving safety is similar (Figure 

12). In terms of aggressivity (Figure 13), there is little discernible trend in either series, 
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although the on-road fleet was assessed to have higher levels of aggressivity at the latter end 

of the period than the licensed vehicle fleet.  

The implications of these analyses are that general trends and levels are likely to be similar 

for crashworthiness, and that general levels are likely to be similar for aggressivity when 

modelling changes in the crash fleet as a surrogate for the licensed vehicle fleet. 

2.5 CRASH COST DATA 

For the Australian analysis, the unit injury costs for fatal and serious crashes and their 

associated vehicle related costs have been taken from the Bureau of Transport Economics’ 

report that described a methodology to estimate the costs due to road crashes in Australia 

(BITRE, 2009). This report took a hybrid human capital approach to estimating the 

magnitude of different components of the costs of injury from road crashes. The alternative 

to the human capital approach is to include the cost of pain and suffering and reduced quality 

of life.  This willingness to pay method involves estimating the maximum amount of money 

a person is willing to pay to reduce risks to his or her safety. The New Zealand analysis used 

a valuation of crashes and injuries used in the economic evaluation of transport projects and 

policies, which are based on the willingness to pay approach (Ministry of Transport, 2008). 

Both the willingness to pay and the human capital approaches have their deficiencies. The 

reader is referred to BITRE (2009) for a detailed description of the disadvantages and 

advantages of both approaches. BITRE (2009) recognised that as willingness to pay includes 

elements that the human capital approach does not include in its estimates of cost, the former 

approach usually gives higher values of the cost of injury than the human capital approach.  

The hybrid approach used by BITRE (2009) includes: a notational age dependant value for 

the quality of life that would be lost by the unknown individual in the event of their 

premature death; an allowance for pain, grief and suffering that the family and relatives of 

the deceased suffer; costs to employers for the disruption caused; the cost of a premature 

funeral and the costs of prosecuting culpable drivers. Despite all the quality of life inclusions 

in the hybrid approach BITRE (2009) estimates the full ‘willingness to pay’ costs at 52% 

higher than their hybrid approach.  

The Australian analysis uses the 2006 values estimated by BITRE (2009), further updated 

to year 2010 prices. The methods used in estimating crash costs in this report are detailed in 

Appendix A.  The estimates themselves are displayed in Table 3 . 
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3 SCENARIOS CONSIDERED 

This project evaluated future safety levels if current trends in the vehicle fleet continue and 

the additional savings that would be made if specific primary safety technology fitment were 

increased or mandated. This section details the specific scenarios considered. In all scenarios 

applied to the Australian data, the safety technology was assessed in terms of its ability to 

prevent fatal and serious injuries from occurring. Since crashes that result in only minor 

injuries and/or property damage constitute a relatively small proportion of safety benefits of 

the technologies considered, for simplicity the benefits were calculated as thought the crash 

was prevented completely rather than allowing for cases where serious and fatal injuries 

were replaced by minor injuries. For the New Zealand data analysis, the costs of minor 

injuries prevented were also considered, although the cost of each minor injury is very small 

compared to the costs of fatal and hospitalised injuries using New Zealand willingness to 

pay estimates. 

3.1 SCENARIOS FOR CRASHWORTHINESS IMPROVEMENTS  

Projected fatal and serious injuries for 2011 to 2020 were estimated in two ways: 

A. using projected crashworthiness ratings based on previous trends from 2000-2010 

and (business as usual); and 

B. using 2010 crashworthiness ratings assuming no improvement since that year 

(stalled crashworthiness).  

3.2 SCENARIOS WITH MANDATORY FITMENT OF FORWARD 

COLLISION WARNING SYSTEM WITH AUTONOMOUS 

EMERGENCY BRAKING SYSTEMS (AEBS) 

The Australian crash data profiling of Section 2.3 found that 60%-80% of 2010 injury 

crashes involving passenger vehicles were multi-vehicle crashes and 20%-45% were rear-

end crashes, although the injuries in the rear-end crashes were generally less severe. Due to 

the prevalence of these types of crashes and existing evidence that AEBS is the most relevant 

technology for preventing rear-end crashes (Anderson, 2011), scenarios of AEBS were 

considered. 

FCWS directly target forward on-path collisions. FCWS with automatic braking are 

considered capable of preventing some forward collisions when the travelling speeds are 

greater than 60km/hr (Anderson, 2011), however, mitigation of collisions with stationary 

objects is more successful at lower speeds. Given that AEBS have been developed to work 

at a range of speeds, the scenario has been considered both in all speed zones and in speed 

zones limited to ≥80km/hr. Both scenarios are applicable if future advances make this 

technology effective at all speeds.  Anderson (2011) found that removal of crashes where 

speeding was involved only reduced crash benefits slightly so for this scenario, crashes 

where speeding was a factor were included.   

As summarised in Table 5, the ‘narrow’ sensitivity crashes were defined (Anderson, 2011) 

as crashes with vehicles travelling in the same direction which were hit in the rear, crashes 

whilst reversing in traffic and crashes with objects or vehicles parked/stopped on path. 
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‘Broadly’ sensitive crashes were crashes which involved a collision with something in the 

path which was either not a vehicle or not travelling in the same direction.  This set 

potentially included: crashes with trains, pedestrians, animals and objects falling in their 

path, crashes at intersections, crashes with vehicles heading in the opposite direction, crashes 

whilst manoeuvring when entering/leaving parking or footways or U-turning into a fixed 

object, and crashes whilst overtaking including only head on, pulling out, cutting in or 

turning. 

3.3 SCENARIO WITH MANDATORY FITMENT OF FATIGUE WARNING 

SYSTEMS (FWS) AND LANE DEPARTURE WARNING SYSTEMS 

(LDWS) 

Australian single vehicle crashes also were shown to have reasonably high (20%-40%) 

prevalence (Section 2.3.3) in 2010.  Single vehicle and particularly roll-over single vehicle 

crashes (which contributed to less than 5% of injury crashes) usually have serious outcomes. 

These serious injury crashes, as well as heavy vehicle and head-on crashes, often occur when 

a vehicle is out of control potentially through driver fatigue and thus lend themselves to 

prevention via FWS and LDWS. 

Diamantopolou (2003) defined fatigue related crashes as either those where the vehicle’s 

controller was described by Police as being sleepy, drowsy or fatigued and/or the vehicle 

was involved in a “loss of control” type crash where no other relevant factor such as 

overtaking or speeding could be identified as a factor for the manoeuvre.  

As fatigue was either not recorded or not reliably recorded as a factor in the Police reported 

crashes for all states, only “loss of control” crashes where speeding and alcohol were not 

recorded as outside the respective limits were identified as broadly sensitive to FWS. Even 

then, speeding as a factor could not be identified in Queensland and Victorian data and 

drivers exceeding BAC limits could not be identified in New South Wales. Exceeding the 

speed limit was added to the exclusion criteria of Anderson because Diamantopolou (2003) 

identified it as a separate contributing factor to the crash and as such if a choice was made 

to speed, driver risk-taking would be more likely than fatigue to be the main cause of the 

crash. However, it is acknowledged that speeding could be a result of fatigue rather than 

conscious choice. 

For FWS, Anderson (2011) defined narrowly applicable crashes as “loss of control” where 

alcohol was not considered a factor (driver BAC was below the 0.05% limit).  Broadly 

applicable crashes were those where the FWS would not be as effective due to the effects of 

alcohol (BAC>0.05%).  In this study, a conservative approach was taken where all selected 

crashes were considered broadly applicable due to uncertainty around driver BAC levels in 

the available data.   

A narrower set of crashes were also defined as a variation to this scenario for the LDWS 

only, focusing just on crashes with no alcohol or speeding that were on higher speed 

(>=80km/hr) highways or expressways. The alcohol and speeding limitations remove 

crashes that may not be benefited by the technology. The ‘highway/expressway’ limitation 

was imposed because LDWS need to identify reflective lane markings which may not be 
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In New Zealand, although ESC fitment is not mandated in new vehicles, about 90% of cars 

and commercial vehicles sold new from 2009 have had ESC fitted4. Scenarios of mandated 

fitment were tested on the whole fleet, where only a little over 10% additional savings could 

be expected from policy that lifted fitment rates to 100%.  

This scenario took the same approach as Newstead (2007) in that it was assumed that ESC 

prevented 32% of single vehicle injury crashes (and all consequent serious and fatal injuries) 

entirely. This means that the evaluated crash reduction used in this scenario is from the most 

recent and largest study.  

                                                 
4 From web site fuelsaver.govt.nz/safety, accessed 8 September 2013. 
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4 METHODOLOGY 

The methodology of the Australian analysis component of this report is an adaption of the 

methodology used by Keall, Newstead and Scully in 2006 in the MUARC report “Projecting 

effects of Improvements in Passive Safety of the New Zealand Light Vehicle Fleet to 2010”.  

This approach estimated the composition of the future fleet by market group and age range 

in conjunction with a projection of future crashworthiness ratings. The projected estimates 

were made for the whole of Australia and disaggregated by jurisdiction or market group. 

Australian crash data from the years 2000 to 2010 was used to make the projections. 

The New Zealand analysis modelled trends in injury and injury severity for the crash types 

considered in an integrated analysis. Using social cost estimates (which form a weighted 

count of injuries suffered) for each crash type over the ten year period 2003-2012, 

projections were made using negative exponential statistical models to the year 2020. This 

approach accounts for the influence of several factors, including fleet composition, changes 

in driving patterns and behaviours, as well as gradual environmental changes (due to road 

improvements, for example). Exponential models are appropriate for representing changes 

over time that may arise from approximately constant proportional changes in rates (such as 

incremental improvements in fleet safety or road network safety). 

The modelled scenarios examined the effect of adding vehicles to the fleet carrying the 

chosen safety technologies. Vehicles added with a year of manufacture beyond 2010 have 

an effect on improving the safety of the fleet. An assumption was made that improved 

crashworthiness, which by definition improves the injury outcome for the driver, also 

improved the injury outcomes for other occupants. 

Section 4.1 details the process of determining the crash reduction factors which were applied 

to the projected fatal and serious injuries, to estimate the potential benefits of the emerging 

technologies.  

4.1 CRASHES SENSITIVE TO ESC AND SAFETY TECHNOLOGIES 

AND THE EXPECTED INJURY REDUCTIONS 

For each scenario, crashes sensitive to the emerging safety technology were identified using 

a modification of the methodology of Anderson (2011) presented in Section 3. The 

methodology of Anderson (2011) was used to identify crashes broadly and narrowly affected 

by forward collision detection, lane change, lane departure and driver fatigue in the 2000-

2010 crash data. Crashes sensitive to ESC were identified as single vehicle driver injury 

crashes in commercial vehicles.   

Anderson (2011) estimated the fitment of emerging technologies to prevent 75% of narrowly 

sensitive crashes and 25% of broadly sensitive crashes. Anderson (2011) further assumed 

that injury and fatal crashes were equally reduced, an assumption also used here. The 

expected injury or crash reduction has been calculated based on the sum of  

the product of 0.75 and the proportion of crashes narrowly sensitive to the technology and 

the product of 0.25 and the proportion of crashes broadly sensitive to the technology.   

Crashes broadly sensitive to LDWS were identified using the methodology of Anderson 

(2011) although the percent effectiveness used in the calculations was considered high when 
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compared with the recent literature values listed in the study on LDWS by Visvikikis et al 

(2008). Anderson (2011) used an effectiveness of 75% whereas literature values for the same 

target crashes were summarized by Visvikikis (2008) to range from 16%-48% reduction for 

fatal injuries and 12%-36% for serious injuries. It was therefore considered that in using the 

approach of Anderson (2011), 25% effectiveness would be applied in this study to the 

identified LDWS broadly sensitive crashes. This matched the 25% applied by Anderson to 

the broadly sensitive crashes for all other emerging technologies. 

Anderson (2011) examined ten years of New South Wales crash data (1998 to 2008) and 

calculated fatal crash and injury crash reductions.  Anderson’s reduction rates are presented 

in Table 7 , for comparison with the crash reductions calculated in this study for the period 

(2000-2010) for New South Wales and for the combined jurisdictions of New South Wales, 

Victoria, Western Australia and Queensland. In this table ‘Injury’ crashes refers only to non-

fatal injury crashes.  Compared with Anderson (2011), higher potential crash reductions 

were estimated here for Forward Collision Avoidance.  Differences in the manner Anderson 

identified highways, and in the sensitivity reduction applied (75% rather than 25%) explain 

differences seen in LDWS reductions.  Also, exceeded BAC limits could not be identified 

in the New South Wales data for this study, whereas Anderson was able to identify exceeded 

BAC for this jurisdiction. As fatigue as a factor could not be identified in all states, this 

variable, when present was not used to identify fatigue crashes in this study and would 

explain the higher crash reductions seen in Table 7 . 

Table 7 displays the crash reductions for fatal and non-fatal injury crashes estimated for the 

emerging technologies other than ESC. Estimated crash reductions for FWS and LDWS are 

small and likely to be under-estimated because of the uncertainties in determining speed 

zones, road classifications and exceeded alcohol and speed. Estimated crash reductions for 

LCWS were small because the counts of crashes sensitive to this technology were relatively 

small. 

The process for estimating crash reductions due to ESC fitment in light commercials was 

similar. For each of the two market groups, the proportion of single vehicle driver injury 

crashes (or injuries from single vehicle driver injury crashes) of all crashes (or of injuries 

from all crashes), was multiplied by the 32% reduction in crash risk found by Scully (2010).    
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Crashes sensitive to emerging technologies could not be counted using the methods of 

Anderson (2011) from South Australian data because crash data did not contain a road user 

movement or ‘DCA’ coding for crash types.  Western Australian percentage reductions were 

applied to South Australian projections. 
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4.1.1 Overlap of Crash Types 

The Australian methodology evaluates each safety technology independently. However, 

crash and injury savings attributed to each safety technology cannot actually be summed to 

produce the total savings possible if all the technologies were fitted within the vehicles. This 

is because crashes may be sensitive to more than one safety technology.   

Police reported crashes identified as sensitive to ESC, LDWS and FWS overlap 

considerably.  All three system sensitivities include off path, “loss of control” crashes, on a 

straight or curved piece of road, which don’t involve the making of turns, running off the 

end of a road, being out of control on the carriageway or mounting traffic islands.  Essentially 

these three safety technologies prevent a lot of the same broadly defined kinds of crashes.  

However, the method employed in crash prevention by ESC is quite different from LDWS 

and FWS and this would mean that they could act to prevent different sub-sets of the 

overlapping crash types.  FWS will help prevent any kind of fatigue related crash, whereas 

LDWS and ESC respond only in specific circumstances, however when these are met, their 

targeted approach is likely to be more effective.  ESC will help a driver retain control from 

an over- or under- steer event, which is often related to road curvature or low friction road 

surfaces (e.g. wet or gravel), whereas both LDWS and FWS usually act solely as warning 

devices, although LDWS may also include automated steering correction.  In contrast, 

LDWS are less able to function in wet weather, due to the obstruction of the optical system, 

and do not work at all on unsealed roads or roads without edge lines, so by definition are the 

least functional on the surfaces on which ESC is the most functional.  In addition LDWS are 

most efficient at higher speeds, whereas both ESC and FWS will function well at lower 

speeds.   

The following are minor overlaps in infrequent crash types which would contribute 

insignificantly to double counting if safety benefits were summed.  In addition, they are, 

mostly overlaps in crashes broadly sensitive to the technology, so it is possible that, by being 

only a ‘broad’ sensitivity, there is no overlap at all.   

Lane Departure and Forward Collision type broadly sensitive crashes overlap for:   

 not overtaking head-on crashes. 

Forward collision and Lane Change type broadly sensitive crashes overlap for:  

 pulling out, same direction crashes (which are narrowly sensitive for 

LCWS).  

 leaving and entering parking manoeuvring.  

Table 11 shows some New Zealand examples of the extent of overlap of the estimated 

benefits when more than one technology is being assessed. For example, if the combined 

benefits of LDWS and FWS are being assessed, the benefits of each technology separately 

are added, but then discounted by 23% (the right-hand column) to remove double-counted 

crashes. If different technologies address different causal factors in crashes (as seems likely) 

then this approach will be conservative. 
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Figure 14:  Australian Crashed passenger vehicles involved in injury crashes, with a 

year of manufacture. 

Crashed vehicles involved in injury crashes (with a year of manufacture) were also projected, 

disaggregated by market group or jurisdiction. Plots of these may be found in Appendix G. 

4.2.2 Crashed vehicle jurisdictional and market group proportion projections 

Proportions of the total crashed passenger vehicles (with year of manufacture and 

involvement in injury crashes) for market groups and jurisdictions were also plotted and 

projected to 2020 using logarithmic relationships.  Medium and compact SUV trends were 

a better fit with a linear relationship.  Queensland trends were quantified without the 2000 

and 2005 data and there was no 2010 data for Queensland. 

It was seen that by jurisdiction, from 2000-2010, the proportion of Australian crashes that 

were from New South Wales, Victoria and South Australia decreased, as the other states 

increased proportionally. In 2010, 31% of crashes from these five states were from New 

South Wales, 21% from Queensland and 20% from Victoria. South Australia contributed 

11% and Western Australia 17%. 

Utilities, vans and small cars also proportionally increased over the years 2000-2010.  

Medium and compact SUVs increased rapidly in proportion; so much so that a logarithmic 

line of best fit was not appropriate, and a linear trend line had to be applied.  Figure 15 shows 

the trends in SUV market group proportions: the logarithmic relationship as a broken line 

and the linear relationship as a solid line. 

Plots of crashed vehicle proportional projections disaggregated by market group or 

jurisdiction may be found in Appendix H. These projected proportions were used with the 

total fleet projection for each crash year to estimate the projected fleet by jurisdiction or 

market type for each of the years 2011 to 2020 (Appendix I). 
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Figure 15:  SUV proportions of Australian Crashed passenger vehicles involved in 

injury crashes, with a year of manufacture. 

Projected market group proportions were further applied to the jurisdictional fleet count 

estimations to estimate utility and van fleet sizes within each state. Utility and van fleets by 

jurisdiction needed to be estimated to project injury reductions from mandated ESC fitment. 

Crashed vehicle fleet projections including commercial vehicle projections by jurisdiction 

may be found in Appendix I. 

4.2.3 Vehicle age profiles 

Age group proportions were linearly regressed against crash year for Australia (Figure 16), 

each jurisdiction and each market group and for commercial vehicles by jurisdiction. The 

trends were used to predict the age group proportions in 2011 to 2020. These predictions 

were then applied proportionally to predict the vehicle age distribution in crash years 2011 

to 2020, which was then used with the fleet projections (Appendix I) to predict crashed 

vehicle counts for each vehicle age within each future crash year. The results are shown for 

two actual and two projected crash years for Australia in Figure 17. 

  

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



42 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

 

Figure 16:  Vehicle Age group distribution by crash year crash data from 2000 to 

2010, Australia. 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



PROJECTING SAFETY IMPROVEMENTS IN THE AUSTRALASIAN LIGHT VEHICLE FLEET  43 

Figure 17:  Vehicle Age distribution and projected distribution for four crash years: 

two actual and two projected, Australia. 

A particular pattern that was observed for large SUVs impacts on the evaluation of scenarios 

later in the report. It was seen in Figure 15 that proportionally the large SUV market share 

is declining. And from Figure 14, the conclusion that they are also declining in number may 

be made. If one examines Figures J59 and J43 in Appendix J, it is clear that the proportion 

and count of large SUVs aged 0–6 years are declining. Given that fitment of technology is 

the greatest in new vehicles, the impact of technology fitment in large SUVs will be poor.  

Low injury savings associated with safety technology fitment in large SUVs are clearly 

illustrated in Tables 16 to 19 of Section 6.  

4.3 NET GAIN IN SAFER VEHICLES FROM 2010 

The crashed vehicle fleet gain from 2010 by vehicle year of manufacture was estimated, for 

each projected crash year. For example, the gain in crashed vehicles with a 2009 year of 

manufacture in the crash year of 2012 was the difference between the crashed vehicles aged 

three in 2012 and the vehicles aged one in 2010.  If there were more of these vehicles crashed 

in 2012 than in 2010, there was a net gain; if there were fewer, there was a net loss. 

Net gains were a primary interest in this analysis as, without the entry of large numbers of 

used imported vehicles into Australia, they represent the vehicles added to the fleet (and 

subsequently crashed) beyond 2010 with new safety features. The modelled scenarios 

examined the penetration effects over time from the annual addition of vehicles carrying the 

chosen safety technologies. Although removing vehicles of poorer crashworthiness or 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



44 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

vehicles without ESC does have an effect on injury savings, these effects are of limited 

influence in the future scenarios considered. Furthermore, the effects of this decision are 

further mitigated by assessing the fleet profile against a projected crash population in future 

years which will reflect the estimated fleet size. 

It is also of significance to point out that the sum of the net gains from the 2010 base year 

by crash year (2011 to 2020) for data disaggregated by jurisdiction or market group does not 

total to the same value as the sum of the net gains by crash year for the aggregated states. 

This was due to artefacts of the modelling process which had to compensate for missing data 

as well as project fleet mix which is subject to some error. The errors in the state based sums 

were relatively small compared to the Australian total used hence the overall error is 

expected to be small. 

An example of how the net gain was calculated is presented in Appendix K.  The net gain 

calculation was made for each age profile: aggregated data, jurisdictional data and data by 

market group.  An example of the way this was calculated is presented in Appendix K. 

4.4 PROJECTED INJURIES 

Driver injuries were estimated by multiplying crash vehicle counts by crashworthiness 

ratings (applied by market group and year of manufacture). Crashworthiness ratings 

produced by two methods were used: a) crashworthiness ratings projected into 2020 for 

vehicles manufactured in the years 2011 to 2020; and b) crashworthiness ratings maintained 

at 2010 vehicle year of manufacture levels for vehicles manufactured in the years 2011 to 

2020 (termed stalled crashworthiness).   

Although vehicle projections (Section 4.2.1), and net vehicle gains for each crash year, were 

made using the vehicle age distribution, crashworthiness ratings were applied by year of 

manufacture (and market group for data disaggregated by market group), and by not vehicle 

age, to crashed vehicle counts.  This did not prevent the summation of net gains by vehicle 

age and crash year.   

The crashed vehicles used for injury estimations were projected over ten years, with an age 

profile of vehicles from 0 to 46 years. This age range was chosen because a 46 year old 

vehicle in 2010 had a year of manufacture of 1964 and 1964 is the earliest year to have a 

crashworthiness rating estimated. Estimated driver injuries could not be derived from crash 

counts when a vehicle was older than 46 years using the methodology presented in this 

report.  In this study, crashed vehicles aged 47 to 74 years amounted to less than 1% of the 

crashed passenger vehicles in the crash year 2010, over the aggregated and disaggregated 

data groups.  

Occupant injuries were estimated by multiplying driver fatal and serious injury counts by 

the average 2010 (and 2009 for Queensland) vehicle occupancy by jurisdiction and market 

group (Refer to Section 2.3.2 and Table A1.8 of Appendix A1).  Occupancy rates were 

unavailable for Victoria, so the four state averages were used for this jurisdiction.  Market 

group occupancy rates were also calculated as a weighted average over the four available 

jurisdictions: Western Australia, South Australia, Queensland and New South Wales.  The 

total of estimated occupant injuries from crashed vehicles aged 0 to 46, for the crash years 
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2010 and 2020, and for the net gain from 2010, over the crash years 2011 to 2020 are 

presented in Table 13 of Section 5 (Baseline).   

 

4.5 SCENARIO INJURY SAVINGS 

The total fatal and serious injuries in 2010 were compared with those projected for 2020 

using the two models of projected crashworthiness: crashworthiness ratings assumed to stay 

at 2010 levels, and crashworthiness ratings projected for vehicles manufactured beyond 

2010.  In addition, the fatal and serious injuries from only net gain vehicles of 2010 and 2020 

were also compared.  The 2010 to 2020 comparisons were made with projected changes to 

market group distribution and with two variants of modelling the future fleet size: one with 

the fleet size projected to 2020 and one with the fleet size maintained at 2010 levels. The 

results of the latter model are considered in the sensitivity analysis of Section Error! 

Reference source not found.. 

The remaining scenarios considered the effects of additional injuries prevented by the use of 

vehicle safety technologies.  The injury savings for these scenarios were also modelled with 

two variants of projected fleet size and the two variants of projected crashworthiness ratings. 

The percentages of fatal and serious injuries estimated to be prevented by each technology 

were applied only to the net gain vehicle occupant injuries for each crash year and year of 

manufacture. 

Fatal and serious injury reductions associated with each technology were calculated by 

applying the expected reductions (from Section 4.1) and proportion fitment (Figure 1) to the 

net gain in fatal and serious injuries.  For each set of injuries associated with a vehicle of 

year of manufacture from 2010 to 2020, the appropriate fitment proportion was multiplied 

by the appropriate injury reduction rate to get the number of injuries reduced by the fitment 

of the technology. 

The projected effect of ESC was more complicated than that of the other safety technologies 

examined, mainly because ESC had a presence in the fleet prior to 2011.  The 2010 and 

projected 2011-2020 crashworthiness ratings have the effects of ESC on vehicles 

manufactured prior to 2011 factored into them.  The ESC fitment scenario therefore made 

the assumption that because the market penetration of ESC was low in 2010 for commercial 

vehicles, the portion of the crash risk change attributable to ESC was insignificant, and thus 

the proportion projected into 2020 was also insignificant. However, even considering this 

assumption, to apply a crash risk and associated injury reduction factor for ESC on vehicles 

with a year of manufacture less than 2011 would amount to ‘double dipping’, since the effect, 

although deemed insignificant, has already been factored into the analysis.  In this study a 

conservative approach to calculate injury savings has been adopted with respect to ESC 

savings; this means that estimated reductions in injuries through reduced crash risk 

attributable to ESC fitment was not applied to vehicles with a year of manufacture less than 

2011. 

Calculating the savings from ESC in vans and utilities was carried out in the market group 

disaggregated data only. The evaluated injury and cost reductions associated with ESC for 

the net gain crashed vehicles in all of Australia and in each state were summed for vans and 
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utilities.  These summations were then subtracted from the baseline net gain injuries and 

associated costs for Australia and for each state, to provide the savings associated with ESC 

for Australia and for each state.  As previously discussed (Section 4.3), summing the 

disaggregated net gain effects will possibly overestimate the group net gain effect.  The 

overestimation will be counteracted by underestimations from the conservative approach to 

ESC fitment and in not considering the effect of removal of less safe vehicles. 

When savings were calculated in each of the scenarios, comparisons were only made 

between estimates using the same future crashworthiness model (A – business as usual or B 

– stalled crashworthiness) and the same fleet projection model. 

4.6 COST OF SAVINGS  

The cost per fatal and serious injury saved, discounted for each crash year (as described in 

Section 2.5), was calculated through multiplication of the net gain vehicle occupant injury 

savings, by vehicle age and crash year, to determine the cost of the savings in overall injuries.  

Because present value costs apply to a particular crash year, the costs were calculated for 

each injury count by crash year.  

4.7 BREAK-EVEN COSTS 

Australia 

The cost savings and fitted net gain vehicles were totalled for each scenario by crash year 

for the aggregated states and by jurisdiction or market group. For each crash year the savings 

cost was divided by the estimated number of registered vehicles fitted with the technology 

in that crash year.  A scaling factor was used to scale up the fitted net gain crashed vehicles 

to estimate the registered vehicles fitted with each technology.  The sum over each of the 

crash years 2011 to 2020 produced the ‘Break-even’ cost or cost benefit per vehicle.  This 

gave a rough indicator of how much additional expenditure per vehicle is possible before 

the additional cost outweighs the injury savings benefit estimated for the technology.   

The net gain vehicles with technology fitment were determined by the product of fitment 

rates and projected net gain crashed vehicle totals by year of manufacture.  The scaling factor 

used to estimate the fitted registered vehicles was the proportion of 2010 new vehicles, from 

vehicle sales record, involved in injury crashes.  2010 crashed vehicles and 2010 year of 

manufacture was the most recent crash cohort available. This was best estimator of future 

vehicle crash rates and the fitted net gain vehicles consisted entirely of vehicles 

manufactured in 2011 or beyond.    

The 2010 injury crash involved vehicles were identified as the sum of those where the year 

of manufacture equalled the crash year and half of those vehicles where the year of 

manufacture was one year less than the crash year.  The latter were included to reflect that 

the year of manufacture is rounded; meaning that a vehicle manufactured in July 2010 only 

has half a year of exposure in 2010.   

New vehicle sales, as reported by the Australian Bureau of Statistics (2013), were scaled 

into jurisdictions and market groups using 2012 jurisdictional data and using 2010 market 

group data reported by the Federal Chamber of Automotive Industries (2013).  The 2010 

estimated new passenger vehicle sales, excluding the contributions of Tasmania, Northern 
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5 RESULTS: RETROSPECTIVE EFFECTS OF VEHICLE SAFETY 
IMPROVEMENTS IN THE AUSTRALIAN AND NEW ZEALAND VEHICLE 
FLEETS 

In constructing a model of future vehicle safety benefits upon which to apply estimates of 

emerging vehicle technologies, the first task was to examine the retrospective cross-sectional 

safety of the vehicle fleet. There is a lack of any current objective measure of primary safety 

(crash avoidance) associated with various vehicle types and noting that even with the advent 

of ESC, primary safety is largely driven by driver and not vehicle characteristics. 

Consequently, assessment of the retrospective safety effects of the vehicle fleet has focused 

on secondary safety improvements which can be derived by the measures of secondary safety 

from the UCSRs program by make and model of vehicle, market group and year of 

manufacture. 

Changes in the average cross sectional secondary safety of the fleet related to changes in 

vehicle mix have been estimated for both Australia and New Zealand separately based on 

the profile of crashes vehicles. For each crashed vehicle in each year, the UCSR 

crashworthiness and aggressivity ratings were assigned to each vehicle either directly by 

make and model of vehicle if available, by market group and year of manufacture if a make 

and model based rating was not available or only the market group and year of manufacture 

was known or by year of manufacture if market group was unknown. All the vehicles in the 

crash data could be assigned a rating on this basis. The average crashworthiness and 

aggressivity was then calculated within each year across all vehicles crashed in that year to 

show the improvement in secondary safety. The improvement in secondary safety can be 

considered a measure of the reduction in total vehicle related road trauma related to 

secondary safety improvements in vehicles. 

Analysis showed that the average aggressivity of the vehicle fleet has not changed over the 

period of study. Hence all secondary safety improvements in the vehicle fleet will be driven 

by improvements in vehicle crashworthiness so only the analysis of cross sectional fleet 

crashworthiness trends over time are detailed here. 

Figure 18 shows the cross sectional improvement in crashworthiness of the Australian 

vehicle fleet from 2000 to 2010. Over that period, the average crashworthiness of the fleet 

has improved by just over 27%. In other words, improvement is vehicle crashworthiness 

have led to a 27% reduction in the expected number of deaths and serious injuries to vehicle 

occupants over the period 2000 to 2010. To illustrate the effects on observed fatalities of 

vehicle occupants in Australia of the measured improvements in crashworthiness, Figure 19 

plots the observed annual vehicle occupant fatalities in Australia along with the number that 

would have been expected without any improvements in the crashworthiness of the vehicle 

fleet since 2000. The cumulative saving in fatalities over this time was 1999 or an average 

of nearly 200 per year. It was not possible to plot a similar chart for serious injuries since 

there is no national Australian data on serious injuries to vehicle occupants from road 

crashes.  
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6 RESULTS: PROJECTED FUTURE ROAD TRAUMA SAVINGS DUE TO 
SECONDARY SAFETY IMPROVEMENTS 

6.1 AUSTRALIA  

6.1.1 Australian Baseline Future Projections Model 

Projected injury involved crashes for the Australian vehicle fleet from 2011-2020, the 

number of fatal and serious injuries resulting from these crashes, and present value costs 

assigned to occupant injuries from crashes were used as a baseline against which to 

evaluative crash and injury savings. This was completed for each vehicle safety technology 

fitment scenario considered later. Projected crashes, fatal and serious injuries and costs were 

derived using projections of the vehicle fleet size, market group mix and average 

crashworthiness under two different scenarios as described in the methods.  

Table 13 uses two methods of projecting future crashworthiness:  

A crashworthiness ratings for vehicles manufactured from 2011 to 2020 were 

obtained from projections using regression estimates of trends (business as 

usual). 

B. crashworthiness ratings of 2010 were used for vehicles with a year of 

manufacture from 2011 to 2020 (stalled crashworthiness). 

Table 13 shows the number of crashed vehicles, fatal and serious injuries and costs in the 

2010 vehicle fleet along with that projected in 2020 under the two crashworthiness projection 

scenarios. It shows these both in aggregate as well as broken down by each state considered 

in the Australian analysis as well as by vehicle market group. 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



54 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

The comparison of 2020 and 2010 crash year injuries gives the estimated savings in annual 

fatal and serious injuries expected from safety improvements in the vehicle fleet over ten 

years for the two crashworthiness projection scenarios considered and reflecting predicted 

vehicle age and market group distributional changes. These savings result from safer 

vehicles entering the fleet over time and the retirement of less safe, older vehicles from the 

fleet. The savings also reflect the safety implications of trends in vehicle purchase and 

retention of specific vehicle types. These savings are summarised in Table 14. 
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The scenario of stalled crashworthiness in Australian vehicles manufactured in 2011 to 2020 

produced lower estimated savings in the number and cost of injuries than the business as 

usual scenario because crashworthiness is expected to continue to improve under the 

business as usual scenario. Overall 950-1,470 fewer fatal and serious injuries were estimated 

in Australia in 2020 compared to in 2010 due to vehicle secondary safety improvements, a 

saving of between 25% and 38%. This represents a saving in costs to the community of 

AU$816-$968M or between 49% and 58%.  

Of the states, New South Wales displayed the largest absolute reduction in fatal and serious 

injuries (434) and South Australian the smallest (195) reflecting the relative sizes of the 

crashes vehicle population. Estimated percentage savings in fatal and serious injury crashes 

were greatest in South Australia (44%) and lowest in Western Australia (32%) with these 

jurisdictions also setting the boundaries in percentage cost savings at 62% and 54% 

respectively.  

With respect to vehicle type, the largest absolute injury savings between the two years was 

seen in large vehicles (988, 19%) and the largest percentage reduction in people movers (98, 

33%); the smallest was injury savings seen in large SUVs (77, 16%) and the smallest 

percentage injury reduction in small and light vehicles (14%).  

Gains in injuries (and vehicle fleet) between 2010 and 2020, were seen for medium SUVs (-

94, -17%) and compact SUVs (-120, -15%). These figures are partly a function of the 

projected proportionate change in representation of each vehicle type in the fleet with large 

cars reducing in representation and small and medium SUVs increasing. 

Figure 22 summarises the Australian expected percentage fatality and serious injury savings 

in the light vehicle fleet expected over the period 2010-2020 due to secondary safety 

improvements of the fleet. Trends expected under the scenario of stalled crashworthiness 

improvement as well as business as usual improvement based on the projection of 

crashworthiness improvement are seen over the period 2000-2010. 
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will be an aggregate saving of 1,002 fatal and serious casualties to New Zealand light 

passenger vehicle occupants due to crashworthiness improvements relative to the year 2010 

(Figure 23). 

 

Figure 23:  New Zealand actual (2000-2010) and projected (2010-2020) fleet 

crashworthiness under a “business as usual” scenario. 

Figure 23 shows the New Zealand crashworthiness projections for a business as usual 

scenario of continuing improvement in crashworthiness. This represents a 20% improvement 

in fatal and serious injury rates per tow-away crash (all other things being equal), which 

equates to about NZ$600M in social cost.  

Figure 24 shows the analogous scenario to the Australian scenario B of stalled 

crashworthiness improvements, above. The 2020 fleet crashworthiness was estimated to 

save 18% of all fatal and serious injuries, which equates to about NZ$500M in social cost. 

The small difference between this scenario and the preceding one represents the relatively 

small influence of newer vehicles in the New Zealand fleet compared to the used imported 

vehicles.  

 

Figure 24:  New Zealand actual and projected fleet crashworthiness under a “stalled 

crashworthiness” scenario. 

In the scenarios regarding projected future crashworthiness, a final scenario was proposed 

for New Zealand in which the market group mix was much more like it was ten years ago 

(with a higher proportion of larger vehicles) and with an age distribution like the Australian 

fleet. Figure 25 shows that under this optimistic fleet scenario, approximately 32% of fatal 
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and serious injuries that would have occurred in 2010 would be prevented in 2020, which 

equates to about NZ$1 billion in social cost. 

 

 

Figure 25:  New Zealand actual and projected fleet crashworthiness under a 

“business as usual” scenario but with fewer small vehicles and a newer 

fleet than expected under current trends. 

Figure 26 summarises the relative savings in fatalities and serious injuries in resulting from 

the three different future crashworthiness projection scenarios considered over the period 

2010-2020.  
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7 RESULTS: INJURY AND COST SAVINGS ASSOCIATED WITH VARIOUS 
SAFETY TECHONOLOGIES 

7.1 AUSTRALIAN ESTIMATES 

For each safety technology, reductions in fatal and serious injuries and their associated costs 

were estimated for the Australian vehicle fleet using the technology effectiveness estimates 

of Section 4.1 and the methodology of Section 4.5. Comparisons were made against the 

baseline situation, presented for Australia in Section 6, using the four fitment models 

presented in Figure 1 of Section 1.1 and the two different crashworthiness projections (A - 

business as usual and B - stalled crashworthiness). Savings are presented in terms of 

absolute reduction and percent reduction of fatal and serious injuries from the baseline 

projection derived only from crashworthiness improvements. The reduction in present value 

fatal and serious injury cost is also presented. 

The Australian scenarios (excluding ESC) were estimated using four methods, because two 

fitment models were used (1 - mandating the technology for all new vehicles from 2014 and 

2 - gradual penetration of the technology into the fleet) and two methods for projecting future 

crashworthiness (A - business as usual and B - stalled crashworthiness).  This means that, 

for these scenarios, a range for each result is presented.  The smallest saving produced by 

any of the four methods was the minimum value of the range and the largest saving produced 

by any of the four methods was the maximum value of the range. The smallest saving 

resulted was from fitment model 2 (gradual penetration) and crashworthiness model A 

(business as usual). The maximum was produced by fitment model 1 (mandate from 2014) 

and crashworthiness model B (stalled crashworthiness). Crashworthiness model B projected 

a greater absolute number of fatal and serious injuries per year than did model B, thus model 

B had the greater potential for savings form the technologies considered. 

The savings for the ESC scenario savings were estimated for Australia in only two ways 

because fitment was modelled in only one way for vans and utilities. This reflected the 

mandate for ESC to be fitted to Class NA light commercial vehicles in Australia from 2016 

onwards. 

Table 15 presents a summary of the average fatal and serious injury savings estimated for 

the Australian light vehicle fleet over the period 2010-2020 for each crash avoidance 

technology considered. The greatest AU$ 2010 savings were estimated for AEB at all 

speeds: $108-297M (5-10%) and ESC for commercial vehicles: $142-143M (4.5-5.7%). 

Percentage injury reductions for the other scenarios amounted to 3% or less of the total for 

the serious and fatal injuries. 
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The following sections provide the detail of the estimates of effectiveness derived for each 

technology summarised in Table 15 and Figures 28a and b. 

7.1.1 Mandatory Fitment of Forward Collision Warning System with Autonomous 

Emergency Braking (AEB) 

Table 16 presents the estimated average 2011-2020 savings in fatal and serious injuries 

resulting through the fitment of Forward Collision Warning Systems with AEB.  With the 

technology effective across all speed zones, it was possible to prevent between 4.5% and 

9.5% of all fatal and serious injuries. This amounted to AU$108-$297M savings in the 

present value (2010) burden of these injuries on society. When the technology was 

considered only to be effective over speed zones of 80km/hr or higher, fatal and serious 

injury reduction rates were estimated to be only 1.5%-3.1 %. This amounted to AU$35-

$96M savings in the present value (2010) burden of these injuries on society.  

The proportion of injury savings estimated for Victoria, Western Australia and Queensland 

were similar to those found for the five states aggregated. The proportion of injury savings 

estimated for New South Wales and South Australia were slightly less than found nationally. 

Light cars, utilities, vans and medium SUVs benefitted most from this technology. 

7.1.2 Mandatory Fitment of Lane Departure Warning Systems (LDWS) 

Table 18 presents the estimated average 2011-2020 savings in fatal and serious injuries 

expected through the fitment of LDWS. With the technology effective in 80km/hr or greater 

speed zones, where the driver was not declared alcohol impaired or to be speeding, it was 

possible to prevent between 0.9% and 1.9% of all fatal and serious injuries. This amounted 

to AU$21-$59M savings in the present value (2010) burden of these injuries on society. 

When the effectiveness was further restricted to major highways and freeways, fatal and 

serious injury reduction rates were only 0.2% to 0.5 %. This amounted to AU$6-$16M 

savings in the present value (2010) burden of these injuries on society.  

The proportion of injury savings estimated for each jurisdiction were similar to those found 

on aggregate, except when crashes were not restricted to freeways in South Australia and 

Western Australia. In this instance for these two jurisdictions, injury savings were 

proportionally much less than for the aggregated states. 

Utilities, vans and medium SUVs benefitted most from this technology. 

7.1.3 Mandatory Fitment of Fatigue Warning Systems (FWS) 

Table 17 presents the estimated average 2011-2020 savings in fatal and serious injuries 

expected through the fitment of FWS.  This technology was estimated to prevent between 

1.5% and 3.2% of all fatal and serious injuries. This amounted to AU$36-$98M savings in 

the present value (2010) burden of these injuries on society.   

The proportion of injury savings estimated for Western Australia, Queensland and New 

South Wales were similar to those found in aggregate. The proportion of injury savings 

estimated for Victoria and South Australia were slightly less than found nationally. 

Utilities, light cars and medium SUVs benefitted most from this technology.   

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



PROJECTING SAFETY IMPROVEMENTS IN THE AUSTRALASIAN LIGHT VEHICLE FLEET  65 

7.1.4 Mandatory Fitment of Lane Change and Blind Spot Warning Systems 

(LCWS/BSWS) 

Table 17 presents the estimated average 2011-2020 savings in fatal and serious injuries 

expected through the fitment of LCWS/BSWS. This technology was estimated to prevent 

between 0.6% and 1.2% of all fatal and serious injuries amounting to AU$14-$37M savings 

in the present value (2010) burden of these injuries on society.   

The proportion of injury savings estimated for Victoria, New South Wales and Queensland 

was similar to those found in aggregate. The proportion of injury savings estimated for 

Western Australia and South Australia were slightly less than found nationally. 

Light cars, medium SUVs and vans benefitted most from this technology.  
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To achieve cost beneficial fitment, the costs of the technologies should ideally be 

comparable with the break-even costs shown in Table 21.  This presents a rational basis on 

which to prioritise efforts to have particular technologies adopted. However, the 

determination of costs is difficult for several reasons. Firstly, the more widespread the 

technology, the more there are economies of scale that lead to reduced costs. So per-unit real 

costs are likely to fall in the future. Secondly, technologies can be based on similar systems, 

with a combination of technologies costing marginally more than a single technology. A 

good example of this is ESC that makes use of the automated braking technologies used in 

ABS.  

Anderson et al. (2011) estimated costs per vehicle of the following technologies as follows: 

AU$2,700 for forward collision avoidance technologies; AU$1,400 for LCWS; AU$1,500 

for FWS; AU$1,000 as a minimum for ESC; AU$1,400 for LDWS. Although some of the 

break-even costs shown in Table 21 come closer to these costs (e.g. ESC), most technologies 

would not be considered cost-beneficial based on the criteria used in this study. On the 

assumption that future costs of the technologies will be reduced, as discussed above, the 

results shown in Table 21 do provide a basis for prioritising effort to encourage the adoption 

of the technologies with the greatest potential. This study indicates that forward collision 

avoidance technologies and ESC merit more effort in this regard than the other technologies 

considered. 
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8 SUMMARY 

Analysis in this study has identified a strong trend to improving secondary safety of the light 

vehicle fleet ratings over the crash years 2000 to 2010 in all the jurisdictions studied. Over 

the years 2000 to 2010, the average crashworthiness of the Australian light vehicle fleet has 

improved by 27% representing a saving of around 2,000 deaths over the time period. 

Improvement in the crashworthiness of New Zealand fleet has also been significant with an 

improvement in average crashworthiness of 18%. This equates to a saving of 313 lives over 

2000-2010. These can be largely attributed to gradual penetration of safer newer vehicles 

into the fleet; however patterns in the overall age profile of vehicles, and the trends in market 

group mix also play their part.  

The future expected trend in light vehicle secondary safety due to these same factors was 

estimated to 2020, using fatal and serious injuries projections for passenger vehicle injury 

crashes. Future crashworthiness improvements were modelled under two scenarios: stalled 

at 2010 new vehicle levels and improving at the current trends for new vehicles entering the 

fleet. Future trauma savings due to vehicle secondary safety improvement were estimated 

by comparing the projected safety of the 2020 fleet to that of 2010. 

The saving in fatal and serious injuries through projected future improvement in secondary 

safety of the Australian light vehicle fleet in 2020 compared to 2010 was 950 under the 

scenario of stalled crashworthiness and 1,470 if crashworthiness continues to improve 

according to past trends (business as usual). These benefits result from improvements in 

secondary safety of 25% and 38% respectively in 2020 compared to 2010. The annual 

economic benefit of these reductions was estimated to be between AU$815M and 

AU$968M. The corresponding fatal and serious injury improvements in the New Zealand 

fleet from 2010 to 2020 were estimated to be 18% and 20% respectively. If New Zealand 

crashworthiness improvement trends continue as in the past over the period 2010-2020, there 

are predicted to be aggregate savings of 1,002 fatal and serious casualties to light passenger 

vehicle occupants due to crashworthiness improvements relative to the years 2010 to 2020 

representing an economic saving of between NZ$500M and NZ$600M respectively. 

Further savings to fatal and serious injury counts may be made through fitment of emerging 

crash avoidance technologies to vehicles. The fatal and serious injuries prevented by these 

technologies were estimated for each year from 2010 to 2020 as newly manufactured 

vehicles with these technologies fitted penetrate the market. The penetration of safety 

technology was estimated by examining fitment rates in vehicles new to the fleet, at each 

vehicle year of manufacture for each crash year.  The savings to fatal and serious injuries 

from these vehicles entering the fleet associated with technology fitment was estimated for 

AEBS, ESC, FWS, LDWS and LCWS. The savings associated with fitment of the selected 

safety technologies were on top of those expected purely through projected improvements 

to vehicle secondary safety.   

 

 

In Australia, AEB operational at all speeds was the technology estimated to result in the 

largest savings in fatalities and serious injuries from light vehicle crashes with savings of 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



PROJECTING SAFETY IMPROVEMENTS IN THE AUSTRALASIAN LIGHT VEHICLE FLEET  79 

between 5% and 10% possible in 2020 relative to 2010 depending on whether the technology 

is mandated or allowed to penetrate gradually due to market forces. Limiting AEB 

effectiveness to only high speed crashes (80km/hr or more) showed reductions of only 1.5%-

3.1%. ESC for commercial vehicles was also estimated to have large potential benefits with 

reduction in fatal and serious injuries of between 4.5% and 5.7%. ESC will be mandated in 

light commercial vehicles in Australia from 2016. Potential fatal and serious injury savings 

from the remaining technologies were much smaller with estimated savings of 1.5% and 

3.2% for FWS, 0.6% and 1.2% for LCWS/BSWS and 0.2%-0.5% for LDWS over a ten year 

period.  

Projected absolute and relative effectiveness of these technologies in the New Zealand fleet 

were similar to that estimated for Australia. The only exception was for ESC which had 

estimated benefits similar to AEB in New Zealand reflecting that there is currently no 

mandate for ESC in any light vehicles in New Zealand. 

Estimated possible injury savings for each technology were converted to community cost 

savings and related to the number of vehicles in the fleet required to be fitted with the 

technology. From this, a break-even cost was estimated to determine the expenditure per 

vehicle possible before the cost of trauma savings made equalled the cost of fitment. This 

estimate also represents the average trauma savings per fitted vehicle. Break-even costs 

estimated were different for Australia and New Zealand largely reflecting the different basis 

on which community costs from road crashes are calculated between the two countries. 

ESC for commercial vehicles in Australia and all vehicles in New Zealand had the highest 

break-even value: AU$250 in Australia and NZ$620-NZ$740 in New Zealand. AEBS at all 

speeds also had the next highest break-even value, equivalent to ESC in New Zealand and 

between AU$60 and AU$130 in Australia depending on the fleet penetration rate. The break-

even value for high speed AEB (>=80km/hr) and FWS was similar at AU$20-AU$40 in 

Australia and NZ$370-NZ$440 in New Zealand. The break-even point for the remaining 

technologies, LDWS and LCWS/BSWS were AU$16 or less in Australia and less then 

NZ$160 in New Zealand.  

The savings estimated for individual safety technologies are not summative because crashes 

may be sensitive to more than one technology.  The largest overlap in crash effects is likely 

to be between FWS, LDWS and ESC. Future studies need to focus on the interaction of these 

three technologies in crash prevention, and to specifically measure their effectiveness in 

combination as more vehicles enter the fleet with combinations of these technologies.  

One limitation of the current study is the estimates of the crash effects of a number of the 

emerging technologies considered have not been derived from post-hoc evaluation of the 

technology in real world application. Instead they have been estimated prospectively through 

the analysis of crash causation factors to identify crashes that are likely to be prevented by 

the technology given its documented operation. ESC and low speed AEB have been 

evaluated retrospectively using real world crash data however the remaining technologies 

have not. Estimates of the projected effects of these technologies on overall road trauma as 

presented in this report need to be revisited as post-hoc evaluation of the real world 

effectiveness of these technologies becomes available. Undertaking these evaluations as 

early as possible is recommended. 
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Universal variables across all jurisdictions were created prior to merging the passenger 

vehicle data for the five states into a single dataset.  This included information specific to a 

passenger vehicle, such as counts of injured occupants by severity, as well as information 

specific to a crash.  Sometimes this information was not available for all states.  For example, 

the total number of occupants (and passengers) in a vehicle could not be known for Victoria, 

where only the number of persons involved in the crash was provided.  

Whilst the data set used in this project consisted only of passenger vehicles, crash 

information on injuries to involved pedestrians and occupants or riders of other involved 

vehicles was maintained.  The injured persons of the injury crash may have included cyclists, 

horse riders, motorcyclists, pedestrians and occupants of non-passenger vehicles such as 

tractors, trucks and prime movers.  All cases were defined by the occupant as: ‘Controller’, 

‘Passenger, ‘Pedestrian’, ‘vehicle with no occupants’ or ‘Non-vehicle unit such as tree, pole 

or trailer’.  Pedestrians included people on skates, skateboards, manual scooters and riding 

motorised wheelchairs.  

Total injuries, by severity for each crash were counted.  New South Wales only provided 

two severity categories: injured and fatal. In the Queensland 2000 crash data, many crashes 

had a crash severity listed but no case severities, so this data could not be used in analysis 

where driver, passenger and pedestrian injuries were counted.  Some assumptions were made 

to extract approximate injury numbers for this crash year.   

In addition crash information also included vehicles per crash and counts of various crash 

types, including those in which at least one vehicle was towed were identified. Crash location 

(except for Queensland) as rural, remote or metropolitan was also identified. Crashes with 

parked vehicles (listed as cases in the crash data) were considered to be multi-vehicle 

crashes.  

Single vehicle driver injury crashes were identified as sensitive to ESC technology.  Crashes 

sensitive to the emerging technologies of the scenarios presented above were identified in 

all states except for South Australia because the data did not include a similar road user 

movement crash coding variable.  Speed zones >=80km/hr were identified for forward 

collision and lane keeping technology sensitivity.  Illegal speeding, driver fatigue, drivers 

over the alcohol limit and crashes on roads with edge line marking needed to be identified 

so that crashes sensitive to emerging technologies could be identified. Illegal speeding was 

able to be identified only for New South Wales, South Australia and Western Australia.  

Exceeded driver BAC limits were identifiable only for Queensland, South Australia, Victoria 

and Western Australia.  Fatigue as a factor was only present in the Western Australia data. 

Identification of crashes at roads with edge line marking could be estimated with the use of 

various variables in all jurisdictions. Highways and expressways could be identified: for 

New South Wales and South Australia as divided roads and dual freeways; for Victoria and 

Queensland as divided roads, and for Western Australia as highways from the highway 

coding or highway road name.  In addition, Victorian roads with edge lines were also 

identified by a road type variable: BYPASS, FREEWAY, FREEWAY CN, FREEWAY EAST, FREEWAY 

WEST, HIGHWAY, HIGHWAY EAST, HIGHWAY WEST and  TOLLWAY; and by a variable called 

mel_hier: AH, F, FW.  In Western Australia roads with edge lines were identified by strings 

within the Road Number, Intersection Road Names, Cross Road Name and Road Name 

variables.  If the first four characters of the Road Number were '000H' or the first character 

was ‘H’, or the letters ‘HWY’ or ‘FWY’ appeared in the road names, then the crash was 

selected. 
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Driver and vehicle age at the time of crash were calculated and grouped so that older driver 

and younger driver crashes were identified. Age groupings were chosen to match those used 

in other MUARC studies. 

Obviously to reduce a state data set to only passenger vehicles, it was essential to correctly 

identify vehicle type as passenger vehicles, motorcycles, heavy vehicles, other motor vehicle 

types (e.g. agricultural vehicles, fork lifts and plant vehicles), unknown motor vehicles and 

unknown case types. For the most part, make, model and body could be used to distinguish 

motor vehicles from non-motor vehicle cases, and passenger vehicles from heavy vehicles. 

However, when this was not possible, other methods to identify heavy vehicles were 

possible. Tare weight was a crash variable in Western Australia and Queensland data, and 

when present, vehicles with a weight greater than 3.5t were assigned as heavy vehicles.  This 

was because light commercial vehicles (<=3.5t) were included in the passenger vehicle 

classifications. In New South Wales vehicles with a tare of >= 4.5t could identified as heavy 

vehicles. Unit type variables were also used to identify other heavy vehicle types, for 

example: ‘Semi Trailer’, ‘Rigid Truck Large’ ‘BDouble’, ‘Road Train’, ‘Arctic Tanker’, 

’Rigid tanker’, ‘Coach’, and ‘Omnibus’.  If still it was still not clear whether a vehicle was 

a passenger vehicle or a heavy vehicle, body type was looked at for New South Wales, 

Queensland and Western Australia.  The body variable enabled identification of some heavy 

vehicle types; for example in Western Australia, tow truck classes could be identified by 

body shape then gazetted information could be used to find a tare weight range. Vehicles 

that could be identified as motor vehicles but not identified as motor-cycles, passenger, 

heavy vehicles or ‘other motor vehicles’ (agricultural and plant vehicles) were classed as 

unknown motor vehicles.  Cases that could not even be identified as non-motor-vehicle or 

motor vehicle units were classified as unknown units. 

Data for each state was reduced to just passenger vehicle crashes; motor vehicles of unknown 

type and unknown case types were included because they were likely to a) be passenger 

vehicles b) small in number and c) if they had no year of manufacture would be excluded 

from this analysis anyway.   

The passenger vehicle crash data for each state was reduced to just those involved in injury 

crashes.   Any vehicle without a market group but with a VIN was then decoded using the 

VIN decoding files used in the 2010 UCSRs.  Any vehicle, still without a market group but 

with model information was manually decoded.  This decoding was done using a modified 

version of manual decoding syntax used in the 2010 UCSRs which allowed for vehicles 

manufactured prior to 1982. When no market group was assigned, a vehicle with a panel van 

or utility body type was assigned as a commercial van or commercial utility respectively, 

unless other variables conflicted, for example: Western Australia data cases where body 

contained ‘ute’ and uttypcd contained ‘wagon’ or ‘van’.  The market group was left as 

unknown if other variables identified the vehicle as an SUV or wagon.  The market group 

was left as unknown if the vehicle was a van or truck and no tare information was present.  

It is clear this method favours market group assignment success for vans and utilities, over 

that for sedans; however, the unknown market group has been included in the analysis. 

Furthermore, it is acknowledged that the unknown market group consists largely of sedans 

(Table A1.3). 

Table A1.2 displays an analysis of missing information within the crashed passenger vehicle 

injury crash data.  Cases of passenger vehicles without an assigned market group had no 

reliable information available for vehicle model. Vehicles with a year of manufacture but 

without a market group consisted mostly of passenger cars, station wagons or hatches.  

Vehicles without a year of manufacture, usually also had no make, model or body type listed.  
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Figure A1.2 examines driver age profiling of crashes.  Each vehicle crash was coded 

according to the age of the involved drivers.  If a young driver was involved, the crash was 

labelled a young driver crash.  If an older driver was involved, the crash was labelled as an 

older driver crash.  It was possible for a crash to be both a young and an older driver crash 

if it involved more than one vehicle.   By jurisdiction, similar proportions of crashes were 

seen for the three youngest age groupings, with the same exception as was seen for crashed 

vehicle driver age distribution: Queensland presented a higher proportion of 75+ drivers 

involved in injury crashes.  A similar pattern of driver age was observed in market group 

disaggregated injury crash data, as was observed for the crashed vehicle data of Figure A1.1.  
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where C is the cost of the event if it was to occur today and ‘dr’ is the assumed discount rate.  

 

Present value estimates of future costs are very sensitive to the assumed discount rate. Figure 

A2.1 shows the present value of costs associated with different injury outcomes for injury 

occurring in each year for a ten year period. Costs are given when a discount rate of 4% is 

assumed as well as when a discount rate of 6% is assumed. The vertical axis on the left 

shows costs for serious and fatal injuries only, while the right vertical axis is for the estimated 

average present value cost of minor injuries. The present values of costs derived using a 4% 

discount rate are shown using unbroken lines, while costs derived using a 6% discount rate 

are shown with dashed lines. It can be seen that the present values of costs incurred in the 

period immediately after 2010 are only slightly less than the costs of that would have been 

incurred if the same events occurred in 2010. However, present values of future costs 

decrease as the year in which the cost was incurred increases. The rate at which the present 

value of future costs decreases is greater when a discount rate of 6% is assumed than when 

a discount rate of 4% is assumed. 

 

 

Figure A2.1:  Australian Present value of costs per injured road user by the year 

of crash for assumed discount rates of 4% and 6%. 

 

BITRE (2009) assumed a discount rate of 4% when estimating the cost of the loss of future 

income and productive capacity for people injured in road crashes. For consistency, the 
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12 APPENDIX B – CRASHWORTHINESS FORECASTS AND DATA 

 

Figure B1:  Crashworthiness rating by year of manufacture, (All market groups from 

1=1974 to 47=2020). 

 

Figure B2:  Crashworthiness rating by year of manufacture and market group,  

(From 1=1982 to 39=2020). 
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Figure B3:  Crashworthiness rating by year of manufacture and market group,  

(From 1=1982 to 39=2020). 

 

Figure B4:  Crashworthiness rating by year of manufacture and market group,  

(From 1=1982 to 39=2020). 
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17 APPENDIX G – CRASHED VEHICLE COUNT FORECASTS: 
PASSENGER VEHICLE CRASHED VEHICLES WITH A YEAR 
OF MANUFACTURE 

X-Axis scales 1=2000, 11=2010, Beyond 2010 are forecasted crash counts.  

 

Figure G1:  Queensland Crashed passenger commercial vehicles involved in injury 

crashes, with a year of manufacture. 

 

Figure G2:  Australian crashed passenger vehicles involved in injury crashes, with a 

year of manufacture, by jurisdiction. 
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Figure G3:  Australian crashed passenger vehicles involved in injury crashes, with a 

year of manufacture, by market group. 
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18 APPENDIX H – CRASHED VEHICLE PROPORTION 
FORECASTS: PASSENGER VEHICLE CRASHED VEHICLES 
WITH A YEAR OF MANUFACTURE 

X-Axis scales 1=2000, 11=2010, Beyond 2010 are forecasted crash proportions. 

 

Figure H1:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture, in each jurisdiction. 

 

 

Figure H2:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture, in the unknown market group. 
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Figure H3:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture and a known market group, in each 

market group. 

 

 

 

 

 

 

 

 

 

 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



132 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

20 APPENDIX J – AGE PROFILES AND PROJECTIONS, 2011-
2020: PASSENGER VEHICLE CRASHED VEHICLES WITH A 
YEAR OF MANUFACTURE 

 

 

Figure J1:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture, in each jurisdiction, by crash year. 

 

Figures J2 to J18 

Current Age Profiles of crashed passenger vehicles with a year of manufacture: 2000-2010. 

Total= aggregated years 2000-2010 (2000-2009 for Queensland data).  

 

Figure J2:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, by vehicle age. 
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Figure J3:  Proportion of crashed passenger vehicles in New South Wales involved in 

injury crashes, by vehicle age. 

 

Figure J4:  Proportion of Queensland’s crashed passenger vehicles involved in injury 

crashes, by vehicle age. 

 

Figure J5:  Proportion of South Australian crashed passenger vehicles involved in 

injury crashes, by vehicle age. 
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Figure J6:  Proportion of Victorian crashed passenger vehicles involved in injury 

crashes, by vehicle age. 

 

Figure J7:  Proportion of Western Australian crashed passenger vehicles involved in 

injury crashes, by vehicle age. 

 

Figure J8:  Proportion of Australian crashed Light Commercial Utilities involved in 

injury crashes, by vehicle age. 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



PROJECTING SAFETY IMPROVEMENTS IN THE AUSTRALASIAN VEHICLE FLEET 135 

 

Figure J9:  Proportion of Australian crashed Light Commercial Vans involved in 

injury crashes, by vehicle age. 

 

Figure J10:  Proportion of Australian crashed Large SUVs involved in injury crashes, 

with by vehicle age. 

 

Figure J11:  Proportion of Australian crashed Medium SUVs involved in injury 

crashes, by vehicle age. 
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Figure J15:  Proportion of Australian Medium crashed passenger vehicles involved in 

injury crashes, by vehicle age. 

 

Figure J16:  Proportion of Australian Small crashed passenger vehicles involved in 

injury crashes, by vehicle age. 

 

Figure J17:  Proportion of Australian Light crashed passenger vehicles involved in 

injury crashes, by vehicle age. 
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Figure J18:  Proportion of Australian crashed passenger vehicles with an unknown 

market group, involved in injury crashes, by vehicle age for motor 

vehicles. 

Figures J19 to J35 give current age group profiles of crashed passenger vehicles with a year 

of manufacture: 2000-2010. 

 

Figure J19:  Proportion of Australian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture, by vehicle age and crash year.  

 

Figure J20:  Proportion of crashed passenger vehicles involved in New South Wales in 

injury crashes, with a year of manufacture, by vehicle age and crash year.  
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Figure J21:  Proportion of crashed passenger vehicles in Queensland involved in 

injury crashes, with a year of manufacture, by vehicle age and crash year. 

 

Figure J22:  Proportion of South Australian crashed passenger vehicles involved in 

injury crashes, with a year of manufacture, by vehicle age and crash year. 

 

Figure J23:  Proportion of Victorian crashed passenger vehicles involved in injury 

crashes, with a year of manufacture, by vehicle age and crash year. 
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Figure J24:  Proportion of Western Australian crashed passenger vehicles involved in 

injury crashes, with a year of manufacture, by vehicle age and crash year. 

 

Figure J25:  Proportion of crashed Light Commercial Utilities involved in injury 

crashes, with a year of manufacture, by vehicle age and crash year. 

 

 

Figure J26:  Proportion of crashed Light Commercial Vans involved in injury crashes, 

with a year of manufacture, by vehicle age and crash year. 
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Figure J27:  Proportion of crashed Large SUVs involved in injury crashes, with a year 

of manufacture, by vehicle age and crash year. 

 

Figure J28:  Proportion of crashed Medium SUVs involved in injury crashes, with a 

year of manufacture, by vehicle age and crash year. 

 

Figure J29:  Proportion of crashed Compact SUVs involved in injury crashes, with a 

year of manufacture, by vehicle age and crash year. 
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Figure J33:  Proportion of crashed Small passenger vehicles involved in injury 

crashes, with a year of manufacture, by vehicle age and crash year. 

 

Figure J34:  Proportion of crashed Light passenger vehicles involved in injury 

crashes, with a year of manufacture, by vehicle age and crash year. 

 

Figure J35:  Proportion of crashed passenger vehicles with an unknown market group 

involved in injury crashes, with a year of manufacture, by vehicle age and 

crash year. 

Figures J36 to J51 give actual (2000 and 2009 or 2010) and projected (2016 and 2020) age 

profiles of injury crash involved passenger vehicles in Australia (with a year of manufacture) 

by crash year. 
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Figure J36:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles in New South Wales (with a year of 

manufacture) by crash year. 

 

Figure J37:  Actual (2000,2009) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles in Queensland (with a year of 

manufacture) by crash year. 

 

Figure J38:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles in South Australia (with a year of 

manufacture) by crash year. 
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Figure J39:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles in Victoria (with a year of 

manufacture) by crash year. 

 

 

Figure J40:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles in Western Australia (with a year of 

manufacture) by crash year. 
 

 

Figure J41:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Light Commercial Utilities (with a year of manufacture) by 

crash year. 
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Figure J42:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Light Commercial Vans (with a year of manufacture) by 

crash year. 

 

Figure J43:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Large SUVs (with a year of manufacture) by crash year. 

  

 

Figure J44:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Medium SUVs (with a year of manufacture) by crash year. 
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Figure J45:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Compact SUVs (with a year of manufacture) by crash year. 

 

 

Figure J46:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved People Movers (with a year of manufacture) by crash year. 

 

 

Figure J47:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Large passenger vehicles (with a year of manufacture) by 

crash year. 
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Figure J48:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Medium passenger vehicles (with a year of manufacture) 

by crash year. 

 

 

Figure J49:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Small passenger vehicles (with a year of manufacture) by 

crash year. 

 

 

Figure J50:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved Light passenger vehicles (with a year of manufacture) by 

crash year. 
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Figure J51:  Actual (2000,2010) and Projected (2016, 2020) Age Profiles of injury 

crash involved passenger vehicles with an unknown market group (with a 

year of manufacture) by crash year. 

 

Figures J52 to J67 give trends over time, modelled with linear regression, for age group 

proportion distributions and crash year for injury crash involved passenger vehicles with a 

year of manufacture: 2000-2010. 

 

 

Figure J52:  Trends in age group proportion over crash years: New South Wales.  
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Figure J53:  Trends in age group proportion over crash years: Queensland.  

 

 

Figure J54:  Trends in age group proportion over crash years: South Australia. 

 

 

Figure J55:  Trends in age group proportion over crash years: Victoria. 
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Figure J56:  Trends in age group proportion over crash years: Western Australia. 

 

Figure J57:  Trends in age group proportion over crash years: Utilities. 

 

Figure J58:  Trends in age group proportion over crash years: Light Commercial 

Vans. 

Inquiry into the social issues relating to land-based driverless vehicles in Australia
Submission 16 - Supplementary Submission



152 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

Figure J59:  Trends in age group proportion over crash years: Large SUVs. 

 

Figure J60:  Trends in age group proportion over crash years: Medium SUVs. 

 

Figure J61:  Trends in age group proportion over crash years: Compact SUVs. 
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Figure J62:  Trends in age group proportion over crash years: People Movers. 

 

Figure J63:  Trends in age group proportion over crash years: Large passenger 

vehicles. 

 

Figure J64:  Trends in age group proportion over crash years: Medium passenger 

vehicles. 
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Figure J65:  Trends in age group proportion over crash years: Small passenger 

vehicles. 

 

Figure J66:  Trends in age group proportion over crash years: Light passenger 

vehicles. 

 

Figure J67:  Trends in age group proportion over crash years: passenger vehicles 

with an unknown market group. 
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22 APPENDIX L – SUMMARY OF EXPECTED OCCUPANT 
INJURIES WITH PROJECTED CHANGES TO CRASHED 
VEHICLE FLEET SIZE  

Australian Crash Data, with projected decreased crashed vehicle fleet and 

projected changes in crashworthiness ratings 

 

Figure L.1:  Proportion of net gain occupant injuries expected each crash year due 

only to technology fitment, Australia. 
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