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in this crash type. This was further confirmed in the current study in which crashworthiness was evaluated
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drivers when in a head-on collision. All three types of 4WDs considered (compact, medium and large) were
shown to be more likely to roll over and to provide relatively poor protection to their occupants (more
particularly, to their driver) in rollover crashes. However, there were a number of mitigating criteria in favour
of 4WDs as a passenger vehicle, Firstly, despite the increasing size of the 4WD fleet, there did not appear to
be a concomitant growing threat to car drivers. The reasons for this may be related to changes in the way that
4WDs are being used, and possibly to the growing number of smaller 4WDs in the fleet, gradually replacing
the more aggressive large 4WDs. Analysis of trends in 4WD crash patterns showed that crash-involved
drivers were tending to be less young and more female and that the crashes were becoming more urban:
driver groups and locations that tend to have less serious crashes and lower rates of crash involvement.
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Executive Summary

The Monash University Accident Research Centre (MUARC) has recently completed a study of crashes
in Victoria and three other States during 1987-2000 that confirmed that 4WDs as a class are over-
involved in single-vehicle crashes resulting in rollover compared with other passenger vehicle classes
(Newstead, Watson et al. 2004). The same study showed that 4WDs offer poor occupant protection in
both rollover and non-rollover single-vehicle crashes. This implies that their greater propensity to roll
over is not an explanation for their poor performance in single-vehicle crashes. The current study seeks
to expand on these findings, summarising other MUARC research on 4WDs and examining current
patterns in 4WD crashes as well as trends in these patterns as an indication of what the future may bring.

In order to examine current 4WD crash and injury patterns and trends in as much detail as possible,
data from five Australasian jurisdictions were analysed, consisting of data for the years 1999 to 2003
from Australian states Victoria, New South Wales, Queensland, Western Australia, and from New
Zealand. A relatively small proportion of the crashed vehicles (5%) were 4WDs. Previous MUARC
analysis of crashworthiness has shown that 4WD drivers have a relatively low risk of serious injury
when involved in crash types such as head-on collisions. However, 4WD vehicles are considerably
overrepresented in rollover crashes. Not only are rollovers crashes in which the injury consequences
tend to be serious, but they appear to be even more serious for 4WD drivers than for car drivers,
represented by poor crashworthiness estimates for 4WDs in this crash type. This was further confirmed
in the current study in which crashworthiness was estimated in terms of the probability of driver fatality
given two sorts of crash involvement: rollovers and head-ons. This analysis, which compared the
performance of 4WDs with that of cars, showed that a 4WD driver is about 3.4 times as likely to die
compared to a car driver when involved in a rollover crash; in contrast, a 4WD driver is about a fifth as
likely to die when involved in a head-on crash compared to a car driver.

In this report, crash patterns of types of 4WDs were also compared. MUARC research was reviewed in
which the larger 4WDs were shown to be relatively aggressive vehicles, which were more likely to kill
or injure car drivers when in a head-on collision. All three types of 4WDs considered (compact,
medium and large) were shown to be more likely to roll over and to provide relatively poor protection
to their occupants (more particularly, to their drivers) in rollover crashes. However, there were a number
of mitigating criteria in favour of 4WDs as a passenger vehicle, Firstly, despite the increasing size of the
4WD fleet, there did not appear to be a concomitant growing threat to car drivers. The reasons for this
may be related to changes in the way that 4WDs are being used, and possibly to the growing number
of smaller 4WDs in the fleet, gradually replacing the more aggressive large 4WDs. Analysis of trends in
4WD crash patterns showed that crash-involved drivers were tending to be less young with
proportionately more female drivers and that the crashes were becoming more urban in terms of speed
limit area. These are driver groups and locations that tend to have lower and less serious crash
involvements.

The implications of these results for people who drive 4WDs or for people considering buying
4WDs are various: 

1. Prospective buyers should attempt to purchase vehicles fitted with the recently developed
ESC (Electronic Stability Control) if at all possible. This technology appears to reduce to a
significant degree the risk of 4WDs due to their instability. 

2. A smaller 4WD should generally be preferred to a large one, unless the large size is essential
for its functional purpose. A principal reason for this is the high aggressivity of large 4WDs
towards other vehicles with which they collide and towards unprotected road users such as
pedestrians and cyclists. There are also economic and environmental benefits of the lower fuel
consumption of smaller vehicles, which have not been discussed in this report. 



3. Because of problems with 4WD instability, drivers who are young or inexperienced should be
encouraged to drive cars instead of 4WDs. This report has shown very high rollover rates in
4WD crashes generally, particularly for young drivers, which is a very dangerous crash
outcome. A finding that older female drivers may also have high rollover rates when driving
4WDs may be an artefact of scarce data. Nevertheless, any driver who is faced with the new
experience of driving a 4WD should approach the task cautiously.

From the point of view of road safety authorities, there does not appear to be cause for alarm from
the analysis presented in this report. There does not appear to be a major road safety problem
emerging from the burgeoning 4WD fleet for reasons apparently related to the way 4WDs are being
used and by whom they are driven. This is despite evidence presented here that 4WDs perform
poorly in terms of their stability (leading to high risk of rollover) and are particularly harmful to
other road users in collisions. For this reason, a change in pattern of 4WD usage from that observed
currently could have a significant effect on road trauma related to these vehicles. Hence it is
recommended that 4WD safety and crash involvement patterns continue to be monitored in the
future.
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1.1 Introduction

The RACV Road Safety Research Fund has commissioned research on rollover of four-wheel drive
(4WD) vehicles and the road trauma that results. The overall objective of this research is to better
understand trends and causative factors in 4WD rollover crashes occurring in Australia. Such insights
can direct vehicle safety measures and road improvements to reduce 4WD crash involvement, and
inform motorists of potential risks and appropriate countermeasures they could take.

As shown by the dotted line of Figure F1, the proportion of new vehicles entering the Australian fleet
that are 4WDs is increasing steeply. In the mid-1990s, only about 10% of new vehicles sold were 4WD
vehicles. By 2001, this had almost doubled. As noted by Evans (2004), a common claim is that the
popularity of 4WD vehicles increases the number of fatalities in road crashes by increasing fatalities in
cars into which 4WDs crash. Figure F1 shows that, despite the increasing number of 4WD vehicles in
the Australian fleet, Victorian car drivers (which, in the data used, include a small proportion of drivers
of smaller 4WD vehicles) were more likely to die in multi-vehicle crashes in the early 1990s, but
become gradually more likely to be killed in single vehicle crashes. These data are not consistent with
a growing threat posed to car drivers by the burgeoning 4WD fleet.

Speculation that purchasing trends leading to an increasing 4WD fleet may compromise overall fleet
safety is beyond the scope of this study, although the secondary safety effect has been considered in
detail in Newstead et al (2004, a, b). General exposure effects will be investigated by future MUARC
research that will examine risk per km driven of 4WD and other vehicles. However, it is important
to inform vehicle buyers of the safety and risks of 4WDs, including potential risk imposed on other
road users. In particular, it is likely that the special features of 4WD vehicles that make them capable
of off-road use may compromise their on-road safety, for example by increasing risk of rollover,
which is known to be a particularly dangerous crash outcome (Elvik and Vaa 2004). In this
Background chapter, existing MUARC research is reviewed to describe the extent of 4WD crashes,
the ability of 4WDs to protect their occupants (crashworthiness) and their potential to do harm to
other road users (aggressivity). 
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1.2 Extent of 4WD crashes

Records from the crashworthiness data file of Newstead et al. (2003), consisting of drivers in
reported crashes in NSW and Victoria during 1987 to 2000 and Queensland and Western Australia
during 1991 to 2000, with vehicles of known market group, have been used to examine the market
group composition of vehicles crashing. Figure F2 (from Newstead, Delaney et al. 2004) shows clear
evidence of trends in composition of the crash fleet by market groups across crash years.

In particular, the percentage of crashes involving medium vehicles declined rapidly over the period
1987 to 2000 and small and large vehicle market groups increased markedly. The 4WD market
group has shown a small increase over the period 1989 to 2000, but still represents a much smaller
proportion of the crash population than small or large cars. This is despite the large increases in
sales of 4WD vehicles shown in Figure F1.

1.3 Single Vehicle Collisions by Rollover status

Single vehicle crashes occur when a vehicle collides with a road feature such as a guard rail, a pole,
a tree, a parked vehicle, a fence, an animal, etc., the vehicle leaves the road to be submerged in
water, or the vehicle rolls over. A rollover is defined as occurring when a vehicle impacts the ground
or road surface with its side or top. Vehicles that have a high centre of gravity relative to the width
of the wheel track (such as many 4WDs) are more liable to roll over. Rollovers increase the
probability that drivers and other occupants are thrown out of the vehicle or are injured by contact
with the interior of the vehicle, such as the compressed roof (Elvik and Vaa 2004). Rollover crashes
tend to be serious because they so often result in head and neck injuries.

To examine rollover effect on injury outcome in single vehicle collisions and in particular whether
rollover involvement has any influence on the poor crashworthiness of some market groups, single
vehicle collisions where rollover was coded as the primary or first impact on the vehicle were
identified from crash data from the period 1991-2000 from four Australian states. Table T1 (from
Newstead, Watson et al. 2004) provides figures for all states on rollover and non-rollover
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involvement in single vehicle collisions and the corresponding percentages, with vehicles most
liable to have rolled over in single vehicle crashes at the top, and least liable at the bottom. 

The average proportion of single vehicle collisions that involve a rollover of the vehicle is 21%
across all market groups. At the extremes for specific market groups, 41% of 4WDs involved in
single vehicle crashes rolled over, as did 31% of Passenger Vans and 25% of Commercial vehicles.
In contrast, only 16% of sports cars and 16% of large cars rolled in this crash type.

1.4 Crashworthiness by market group

All Single Vehicle Number of single
Crashes Total vehicle rollovers % rollover

4WD 9,493 3,893 41%

Passenger Van 1,769 548 31%

Commercial 7,208 1,815 25%

Small car 27,273 5,580 20%

Medium car 13,857 2,649 19%

Luxury car 4,569 792 17%

Large car 42,717 7,022 16%

Sports car 2,295 361 16%

Overall 109,181 22,660 21%

Table T1 Frequency and percentage rollover by market group of passenger vehicles
involved in single vehicle crashes. NSW, VIC, QLD and WA data 1991-2000 
(adapted from Newstead, Watson et al. 2004)

Injury Injury Lower 95% Upper 95% 
Risk Severity Crashworthiness Confidence Confidence

Market Group (%) (%) Rating* limit limit 

Light 22.46 22.50 5.05 4.91 5.21

People Movers 19.64 22.13 4.35 4.07 4.64

Small 19.61 21.02 4.12 4.02 4.23

Compact Four Wheel Drive 20.04 20.47 4.10 3.78 4.45

Commercial - Van 19.04 21.50 4.09 3.84 4.36

Sports 18.15 21.93 3.98 3.77 4.20

Medium 18.06 20.59 3.72 3.61 3.83

Overall Average 17.46 21.12 3.69

Commercial - Ute 16.20 21.75 3.52 3.39 3.66

Large 15.99 20.52 3.28 3.21 3.36

Luxury 14.74 20.11 2.96 2.84 3.09

Medium Four Wheel Drive 14.53 19.92 2.89 2.62 3.20

Large Four Wheel Drive 12.98 21.19 2.75 2.58 2.93

* Serious injury rate per 100 drivers involved 

Table T2 Estimated Vehicle Crashworthiness by Market Grouping 
(adapted from Newstead, Cameron, and Watson 2005)
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Table T2, which is adapted from Newstead et al. (2005), shows crashworthiness estimates by market
group. The crashworthiness ratings can be interpreted as estimated probabilities that a tow-away crash
results in a fatal or serious injury to the driver of a vehicle from the given market group. This is
calculated as the product of two other quantities: the probability that a driver from the given market
group will be injured given tow-away crash involvement (the “injury risk” in Table T2) and the
probability that a driver is fatally or seriously injured given that an injury has occurred (the “injury
severity” in Table T2). These estimates show that medium and large 4WDs are very crashworthy overall,
providing good protection on average against fatal and serious injury given crash occurrence, Compact
4WDs, however, performed relatively poorly compared with other passenger vehicles (see Table T2).

The rationale for this method of estimation is given in Cameron et al. (1994). These crashworthiness
ratings are affected by the proportions of crashes of a given type (e.g., the proportion that are
rollover crashes) combined with the crashworthiness of the given market group under those crash
conditions. The analysis of Section 1.6 below looks at particular crash types and the performance
of the various market groups under each of these crash conditions. The following section examines
the way that crashworthiness has been changing over time for each of the market groups.

1.5 Trends in crashworthiness

As shown in Table T2 (from Newstead, Cameron, and Watson 2005), there are substantial
differences in crashworthiness ratings, with large 4WDs providing the best protection for the driver
in the event of a crash and the smaller cars and people movers providing least protection. To try and
measure differential safety improvements by market group over time, Figure F3 (also from
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Newstead, Cameron, and Watson 2005) presents average crashworthiness by grouped year of
manufacture, with estimates scaled to be relative to the first time block (1982-1986) for each of the
market groups. Figure F3 does not show average differences in crashworthiness between market
groups (as the time series are indexed to the average crashworthiness level of the respective market
group as at 1982-1986), but demonstrates differential performance between market groups in
improving crashworthiness over time. Although there has been general improvement in
crashworthiness by year of vehicle manufacture in each of the 12 market groups studied, Figure F3
shows there were differences in the rate and timing of improvement between each of the 12 market
groups. For example, the large car segment has shown steady improvement in crashworthiness over
the study period, with average crashworthiness for this sector being around 45% lower in 2003
compared to 1982. 

Figure F3 shows that certain vehicle market groups have experienced greater relative improvements
in crashworthiness over the study period than others. The people mover, compact 4WD and
medium 4WD and commercial van market groups have shown the greatest improvements in
crashworthiness over the study period of between 50 and 60 percent. Gains were consistent across
time in all these segments apart from the medium 4WD segment that did not appear to improve in
crashworthiness between the most recent two time blocks. At the other end of the scale, the large
4WD, small, light and sports segments have shown the most modest gains over the study period of
between only 20 and 30 percent. 

As for crashworthiness by year of vehicle manufacture for the fleet as a whole, trends by market
group are driven by improvements in vehicle design and specification as well as consumer
preference for specific vehicle models within a market segment. Trends within a market group can
also be influenced by changes in the overall mix of vehicles in the fleet, specifically with respect to
average mass and geometric properties. Newstead and Cameron (2001) discussed reasons why
similar improvements in vehicle crashworthiness have not been seen across all market segments
during the 1990s. One of the primary reasons cited for trends to poorer crashworthiness in the
small car segment (a combination of the small and light car segments in this report) during the mid
1990s was a trend to consumers choosing to purchase the cheapest but least safe small vehicles on
the market, rather than the safest vehicles, over that period. In contrast, purchases of large vehicles
remained with the 4 Australian manufactured models of large car that have generally improved in
crashworthiness from the mid to late 1990s. A further possible reason for trends to poorer
crashworthiness in small cars discussed by Newstead and Cameron (2001) was the polarisation of
the Australian vehicle fleet in terms of size. In the second half of the 1990s, buyers moved away
from the medium vehicle class to buy predominantly either large or small cars. It was thought
possible this polarisation has had detrimental effects on the total safety of the Australian fleet by
reducing vehicle compatibility in collisions. This is a particular problem for drivers of small vehicles
and could also potentially explain the limited gains in crashworthiness in the light and small car
classes here. 

Reasons for relative lack of improvement in crashworthiness of the large 4WD category are not clear.
It is possible it extends from the later implementation of relevant safety-based ADRs implemented
in the late 1990s and early 2000s described earlier, including not being required to comply with the
offset frontal impact standard (ADR 73). This argument cannot necessarily be applied to trends in
compact and medium 4WDs. They are generally covered by the same standards requirements but
have shown some of the biggest gains in crashworthiness performance, albeit coming off a much
poorer base in the early 1980s compared to large 4WDs (Newstead, Cameron, and Watson 2005).
Crashworthiness can also be affected by the mix of crash types. For example, rollover crashes can
be expected to have on average poorer outcomes for vehicle occupants than head-on crashes, for
example (Elvik and Vaa 2004). The following section will now look at crashworthiness for each of
several major crash types individually to control for differences in the mix of crash types, which can
affect the level of crashworthiness estimated.
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1.6 Crashworthiness of market groups by crash type

1.6.1 Single vehicle crashes

Figure F4 (from Newstead, Watson et al. 2004) shows large variation in the crashworthiness of
vehicles in single vehicle crashes by market group. One of the most striking features is the poor
performance of 4WD vehicles in single vehicle crashes. This class has the highest point estimate of
driver serious injury risk with this estimate being statistically significantly worse than each of the
large, luxury, medium and even small vehicle classes. Both the passenger van and commercial
vehicle market groups also have relatively poor crashworthiness in single vehicle crashes. In
contrast, large and luxury market group vehicles had the best estimated crashworthiness in single
vehicle crashes.

Analysis by vehicle market group in Newstead et al. (2004) showed 4WD and commercial vehicles
and passenger vans to have relatively poor crashworthiness in single vehicle crashes, with the 4WD
crashworthiness being statistically significantly worse that small, medium, large and luxury vehicles
in single vehicle crashes. 4WD vehicles performed poorly in single vehicle collisions irrespective of
whether the collision involved a rollover (see Figure F5). 

1.6.2 Single vehicle crashes with and without rollover

Figure F5 (from Newstead, Watson et al. 2004) shows that crashworthiness in single vehicle crashes
did not vary greatly depending on whether a rollover was involved or not. The only exception was
for passenger vans and, to a lesser degree, small cars where non-rollover crashes produced a greater
risk of death or serious injury than did rollover crashes. This shows that, although 4WD drive
vehicles are over represented in rollovers in single vehicle crashes, their estimated poor
crashworthiness in all single vehicle crashes is not a result of this over representation. Rather it is a
result of poor occupant protection performance in both rollover and non-rollover crashes. Similarly,
the good crashworthiness performance of large and luxury cars in single vehicle crashes is not a
result of being involved in a low proportion of rollovers.
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1.6.3 Two vehicle crashes by collision partner

Shown below are the relative risks of serious injury to drivers involved in crashes between two
passenger cars (from Newstead, Watson et al. 2004). To derive the relative risk of a driver in vehicle
market group X to a driver in vehicle market group Y in a collision between the two vehicles, the
crashworthiness of vehicle X in a collision with vehicle Y is divided by the crashworthiness of vehicle Y
in a collision with vehicle X. Table T3 gives the resulting estimates where the column categories define
the numerator vehicle in the relative risk and the row categories define the denominator. 

The interpretation of each value in the table is the risk of serious injury or death given crash
involvement of the driver in the numerator (column) market group vehicle relative to the risk to the
driver in the denominator (row) market group car in a collision between the two. For example, in
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in single vehicle crashes (with 95% confidence limits, from Newstead,
Watson et al. 2004)

Table T3 Relative risks of serious driver injury by market group in collisions between two
passenger vehicles (from Newstead, Watson et al. 2004)

Driver Car Market Group
(Numerator)

4WD Commercial Large Luxury Medium Passenger Van Small Sports

4WD 1.00 2.20 2.12 1.46 2.83 1.50 4.43 N/A

Commercial 0.45 1.00 1.18 0.70 1.80 1.13 2.50 1.38

Large 0.47 0.85 1.00 1.03 1.51 1.46 1.99 1.47

Luxury 0.68 1.44 0.97 1.00 1.59 2.76 3.02 1.64

Medium 0.35 0.55 0.66 0.63 1.00 0.78 1.51 0.93

Passenger Van 0.66 0.89 0.69 0.36 1.28 1.00 2.56 N/A

Small 0.23 0.40 0.50 0.33 0.66 0.39 1.00 0.62

Sports N/A 0.73 0.68 0.61 1.08 N/A 1.61 1.00

N/A – Not available

Collision
Partner
Market Group
(Denominator)
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a collision between a 4WD and a small car, the driver of the small car is 4.43 times more likely to
be killed or seriously injured than the driver of the 4WD; in a collision between a large car and a
medium car, the driver of the medium car is 1.51 times more likely to be killed or seriously injured
than the driver of the large car

1.6.4 Collisions with heavy vehicles

Newstead et al. (2004) showed that 4WD vehicles have good occupant protection performance in
crashes with rigid trucks and buses but not with articulated trucks. In crashes with buses and rigid
trucks, there appears to be a relationship between the mass of the vehicle class and the average
serious injury risk, with 4WDs estimated to have the best crashworthiness and small cars the worst.
The mass relationship does not, however, carry over to crashes with articulated trucks where 4WD
vehicles perform the worst of all the market groups and large cars the best. This may reflect the
extreme mass disparity between articulated vehicles and all classes of light passenger vehicles with
articulated vehicles being around 15 times heavier than even the heaviest 4WD vehicle. Without a
large effect due to differences in mass, the resultant ratings then reflect the design properties of the
vehicle in preventing serious injury, an area where many large 4WD vehicles often perform poorly.
There has been a relative lack of focus on occupant protection measures in these vehicles as well as
lesser requirements for compliance with safety-based Australian Design Rules.

1.7 Aggressivity by market groups

Despite the overall good crashworthiness of large and medium 4WDs, there are traffic safety concerns
about the potential harm 4WDs may do in collisions with other vehicles. Table T4 (adapted from
Newstead, Cameron, and Watson 2005) summarises the aggressivity ratings by the broad market
groups along with the estimated 95% confidence limits on the aggressivity ratings. The estimated
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Aggressivity Rating *
(listed in descending Lower 95% Upper 95%

Market Group order of magnitude) Confidence limit Confidence limit

Large Four Wheel Drive 5.89 5.57 6.23

Commercial - Van 4.84 4.53 5.16

Commercial - Ute 4.61 4.42 4.81

Medium Four Wheel Drive 4.33 3.89 4.82

People Movers 4.27 3.95 4.60

Overall Average 3.78

Large 3.64 3.55 3.74

Compact Four Wheel Drive 3.56 3.22 3.93

Sports 3.37 3.13 3.61

Luxury 3.36 3.20 3.54

Medium 3.18 3.07 3.30

Small 2.77 2.69 2.86

Light 2.58 2.48 2.70

* Serious injury rate per 100 drivers of other vehicles and unprotected road users involved in collisions with vehicles from the given
market group

Table T4 Estimated Vehicle Aggressivity towards Other Drivers and Unprotected Road 
Users by Market Grouping (adapted from Newstead, Cameron, and Watson 2005)
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aggressivity rating is the expected number of road users killed or seriously injured per 100 involved in
two-car tow-away collisions where their vehicle impacts with one of the market groups being evaluated.
Large four wheel drive vehicles are the most aggressive towards drivers of other vehicles, with an average
of 5.89 unprotected road users or drivers being killed or seriously injured for every 100 tow-away
crashes with a large four wheel drive. Similarly, Table T4 shows light cars to be the least aggressive
towards unprotected road users or drivers of other vehicles, with an average aggressivity rating of 2.58.
Compact 4WD vehicles were estimated to have similar aggressivity to large cars, sports and luxury cars,
with an aggressivity rating that is comparable to the fleet average for passenger vehicles (given the
statistical uncertainty indicated by the confidence intervals).

Figure F6 (from Newstead, Watson et al. 2004) shows that the injury outcome for an unprotected
road user from a collision with a four-wheel drive is significantly more severe than the outcome of
one with a vehicle from either the large, medium or small market groups. Similarly the outcome is
significantly more severe as a result of a collision with a commercial vehicle than a vehicle from
either the large or medium market groups. There appears to be some trend towards increased
aggressivity with decreasing vehicle size amongst the regular passenger vehicles although the
confidence limits on the estimates show this trend is not statistically significant. For cars, a trend to
poorer aggressivity with decreasing car size may give some indication of the mechanisms of injury
in collisions with unprotected road users. Larger cars generally have longer bonnets that may help
prevent pedestrian head strike on the windscreen. It is also possible that large cars have softer
frontal structures due to longer crumple zones and greater distance between the bonnet and major
mechanical components, both of which may cushion unprotected road user impacts. 

1.8 Objectives of current report

This Background chapter on previous MUARC research has shown that both 4WD vehicles and
small vehicles had the largest observed disparities in injury outcomes between their own drivers and
the drivers with whom they collide when crashing with vehicles from other market groups. 4WD
vehicle drivers had a consistently lower risk of serious injury than the driver of the collision partner
vehicle, a result of the established high aggressivity of this vehicle class. Small 4WDs, however,
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Figure F6 Aggressivity injury severity on unprotected road users by impact vehicle market
group (with 95% confidence limits from Newstead, Watson et al. 2004)
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appear to perform more like cars in terms of crashworthiness and aggressivity. 4WDs generally
provide good protection to drivers in multi-vehicle crashes, but poor protection in single vehicle
crashes, particularly rollovers, which are most common for 4WDs. Over time, crashworthiness is
generally improving for all market groups in the Australian fleet, although the crashworthiness of
large 4WDs appears to be improving more slowly than other vehicle types. The injury outcome for
an unprotected road user as a result of a collision with a 4WD vehicle was significantly more severe
than the outcome of a collision with a vehicle from either the large, medium or small car market
groups. 

To see how these 4WD crash characteristics contribute to the bigger picture of Australasian road
trauma, the remainder of this report seeks to identify patterns of crash occurrence using MUARC’s
database of road crashes that have vehicle type coded into relevant market groups. The analysis has
a particular emphasis on comparing the crash performance and crash patterns of 4WD vehicles 
with those of cars, which many 4WDs have replaced in the Australasian passenger fleet over the last
15 years or so.
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2.1 New vehicle sales

To track growth particularly in the 4WD fleet, data on new vehicle sales from VFACTS on retails
vehicle sales were analysed over the period 1995 to 2001.

2.2 Injury data

There were a number of key variables in the crash data defined for computing vehicle
crashworthiness. These variables were used to represent the effects of non-vehicle factors on injury
outcome in order to estimate crashworthiness, which ideally represents only vehicle influences on
injury outcome. These key variables common to the five jurisdictions’ crash data sets were:

Year of crash 

Speed limit at crash location (<80km/h, >=80km/h)

Number of vehicles involved (1, more than 1)

Driver age

Driver gender (male, female)

Injury level of driver (killed, hospitalised, other injury, not injured)

Although the data were available from earlier years, this analysis focussed on recent data for the
years 1999 to 2003, for which the coding of vehicle type and other variables could be assumed to
be consistent and whose data were most relevant to examining the nature of the current 4WD crash
problem. To examine historical trends in 4WD crash patterns, NSW data were used, which have a
variable classifying 4WD vehicles explicitly in the crash data rather than relying on the VIN
decoding process used to identify vehicle models in the other analyses, a process which can suffer
from bias when being used for time trend analysis. Consequently, the NSW data was considered to
be best suited to comparing crash patterns from year-to-year over a 16-year period. There were a
total of 660,378 crash-involved drivers included in the analysis of 1999-2003 data from VIC, NSW,
QLD, WA and NZ. There were 22,106 NSW drivers involved in rollover and 31,027 in head-on
crashes from the years 1987-2003 whose data were analysed.

2.3 Defining single vehicle crashes and rollovers

As described in the Introduction, single vehicle crashes occur when a vehicle collides with a road
feature such as a guard rail, a pole, a tree, a parked vehicle, a fence, an animal, etc., the vehicle
leaves the road to be submerged in water, or the vehicle rolls over. In the analysis presented here, a
collision between a vehicle and another non-vehicle occupant road user (e.g., a pedestrian or
cyclist) is not considered to be a single vehicle crash. 

A rollover occurs when a vehicle impacts the ground or road surface with its side or top. Vehicles
that have a high centre of gravity relative to the width of the wheel track (such as many 4WDs) are
more liable to roll over. To examine rollover rates and crashworthiness of vehicles given this crash
outcome, it was necessary to identify crashes for which rollover was coded as the primary or first
impact on the vehicle. Different crash datasets have different ways of coding rollovers, which lead
to different definitions by jurisdiction. For New South Wales, Victoria and Queensland, a variable
was available that coded for first impact type or major impact point on the vehicle. For New South
Wales the variable specified whether the first impact was a rollover, for Victoria whether the top or
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roof of the vehicle was the position of initial impact and for Queensland the variable indicated the
point on the vehicle of major impact. For Western Australia a variable coded for non-collision
accident type was used to identify a rollover. For New Zealand, a rollover was defined if there was
damage to the top (roof) of the vehicle or the degree of damage was stated as due to the vehicle
overturning. After removal of records with missing values for one or more of the covariates, the data
included 15,716 vehicles involved in rollover crashes.

2.4 Definitions of Vehicle Market Groups

Based on the vehicle make and model details, vehicles in the light passenger vehicle fleet were
assigned to one of 12 market group categories as follows:

Passenger cars and station wagons:
- Large (typically >1400kg tare mass)
- Medium (typically 1300-1500kg tare mass)
- Small (typically 1100-1300kg tare mass)
- Light (typically <1100kg tare mass)
- Sports (coupe or convertible body style)
- Luxury (highly specified vehicle)

Four-wheel drive vehicles (off-road vehicles with raised ride height):
- Large (typically >2000kg tare mass)
- Medium (typically 1700-2000kg tare mass)
- Small (typically <1700kg tare mass)

People Movers (single box body style vehicle with seating capacity > 5 people)

Commercial vehicles (utilities and vans less than 3000 kg GVM)
- Utility
- Van

For some of the analyses undertaken where data quantities were small, the light and small vehicle
classes were combined as were the two commercial vehicle classes. In addition, some analyses
required the three 4WD classes to be combined again reflecting limited available data.

The market group categories listed are generally consistent with those used by the Australian
Federal Chamber of Automotive Industries (FCAI) in reporting vehicle sales, although some
categories used by the FCAI have been combined here to ensure sufficient numbers of vehicles for
analysis. For example, the FCAI small and light vehicle categories have been combined to give the
‘small’ category used here. The classification of 4WD vehicles is based on an index developed by
VFACTS that considers gross vehicle mass, maximum engine torque and the availability of a dual
range transmission. The index typically classifies the vehicles roughly by tare mass as indicated on
the classifications above. Some departures from the VFACTS classification have been made in
presenting the ratings in this study. VFACTS defines a luxury 4WD category based on vehicle price
as well as classifying sports cars priced above the luxury car tax threshold as luxury vehicles. Here,
the luxury 4WDs have been distributed amongst the 3 defined 4WD categories based on tare mass,
as the information for computing the classification index used by VFACTS was not available at the
time of the study.
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3. Modelling of Risk

Logistic models were used to estimate risk, defined variously as a probability of rollover given crash
involvement, probability of driver injury given crash involvement, etc. The general logistic model
of a probability, P, is of the form:

That is, the log of the odds ratio is expressed as a linear function of k associated variables or their
interactions, Xi, i=1, ..., k. Estimates of the parameter coefficients of the logit function, i.e. the βi can
be obtained by maximum likelihood estimation (Hosmer and Lemeshow 2000). Newstead et al
(2003) details how confidence limits on the logistic regression estimates of injury risk and severity
were calculated in the following analysis. 

3.1 Factors related to rollover risk

In order to identify the main factors in rollover risk while controlling for the effects of other factors,
logistic regression was applied to the data using the SAS procedure LOGISTIC (SAS Institute, 1998).
The probability that an injured driver was involved in a rollover crash was modelled as a function of the
explanatory variables JURISDICTION, AGE, GENDER, SPEEDLIMIT (<80km/h, >=80km/h),
VEHICLETYPE (4WD or car), NUMBERVEHICLES (number of vehicles involved in the crash: 1 or
>=2), together with any statistically significant interactions of these variables, which accounted for
different driving conditions and crash coding practices in the various jurisdictions:
JURISDICTION*SPEEDLIMIT and JURISDICTION*NUMBERVEHICLES. The model was fitted twice,
once with interaction terms involving JURISDICTION to allow for differences between areas, and
secondly fitted just with the main effects. As these latter parameter estimates were not substantially
changed from the fitting of the fuller model, it was considered that the main effect estimates for the
model without the terms JURISDICTION*SPEEDLIMIT and JURISDICTION*NUMBERVEHICLES
adequately represented average effects across jurisdictions. These main effects were: VEHICLETYPE,
NUMBERVEHICLES, AGE, GENDER, SPEEDLIMIT and JURISDICTION. Year of crash was not used
in the analysis as rollover risk in the whole was relatively constant over the years of data studied.

3.2 Changes in 4WD crash patterns with time

Owing to the way that the data were processed, the market group classifications were generally
slightly more complete for later model vehicles. This meant that analysis of trends over time to
compare market groups were not readily interpretable for vehicle types defined using the market
group variable. However, NSW data have vehicle type codes as entered by police attending crashes
that identify 4WDs, meaning that some analysis of time trends of these data by vehicle type could
be done. Two models were fitted to examine trends in the crash and driver characteristics of 4WD
crashes compared to car crashes in NSW. This involved fitting a logistic model to NSW data to
model the probability that a given crash-involved vehicle was 4WD as opposed to a car in terms of
the age and gender of the driver, whether the crash was in a lower speed limit area (<=75 km/h),
and whether the vehicle rolled over and/or was in a single vehicle crash (as opposed to colliding
with another vehicle or road user). Significant main effect terms were: 

NUMBERVEHICLES, AGE, GENDER, SPEEDLIMIT, TIME (periods defined as 1987-90, 1991-95,
1996-2000 and 2001-03), ROLLOVER, DRIVERINJ (whether the driver was injured)

And significant interactions:

ˆ
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NUMBERVEHICLES*SEX, NUMBERVEHICLES*SPEEDLIMIT, NUMBERVEHICLES*ROLLOVER,
NUMBERVEHICLES*DRIVERINJ, SEX*AGE, SEX*SPEEDLIMIT, SEX*ROLLOVER, SEX*DRIVERINJ,
AGE*SPEEDLIMIT, AGE*ROLLOVER, ROLLOVER*DRIVERINJ, TIME*SEX, TIME*AGE, TIME*
SPEEDLIMIT, TIME*ROLLOVER, TIME*DRIVERINJ.

3.3 Modelling crashworthiness

Obtaining the Covariate Models

Before adjusted crashworthiness ratings could be obtained it was necessary to consider logistic
models of each of the crashworthiness components separately to identify possible factors, other than
vehicle design, that might have influenced the crash outcomes in terms of driver injury severity. A
stepwise procedure was used to identify which factors had an important influence. This was done
without considering the type of car or year of manufacture in the model, as the aim was to
determine which other factors were most likely to have had an influence across a broad spectrum
of crashes. It was also not considered appropriate to interact vehicle market group with other factors
in the logistic model as this would imply that relative vehicle crashworthiness varied between
models depending on the crash circumstance and occupant characteristics. Logistic models were
obtained separately for injury risk and injury severity because it was likely that the various factors
would have different levels of influence on these two probabilities.

All data was analysed using the Logistic Regression procedure of the SAS statistical package (SAS
Institute 1998). Estimates of the coefficients of the logit function, βi, i=1, ..., k, together with their
associated standard errors, were obtained by maximum likelihood estimation. In the modelling process,
the estimated coefficients of design variables for the various factors represented deviations of each of the
variable levels from the mean. Each factor in the model, including year of crash, was treated as
categorical to allow maximum flexibility in the relationship between each and the outcome measure. All
possible first and higher order interactions were considered between all factors in the model. The
resultant logistic regression models were referred to as the “covariate” models or equations.

Combining the Injury Risk and Injury Severity Components

The final combined ratings of vehicle crashworthiness are given by: 

Crashworthiness Rating = Injury risk x Injury severity.

For a given focus variable level, j, the crashworthiness rating, Cj, was therefore calculated as:
Cj = Rj x Sj

where

Rj denotes the injury risk for passenger vehicle market group j, and

Sj denotes the injury severity for passenger vehicle market group j.

Confidence limits were calculated for each crashworthiness rating estimate using the formula given
in Newstead et al (2003). 

Because each of the two estimated crashworthiness components have been adjusted for the effect of
other factors by logistic regression prior to their incorporation into the combined ratings, the
resultant crashworthiness rating is also adjusted for the influence of these factors. 

Models of crashworthiness fitted

As described above, three models were fitted to the data to examine crashworthiness of 4WD
vehicles compared to regular passenger cars when involved in a rollover crash:

To examine changes in 4WD driver fatality risk with time relative to risk for car drivers when
involved in rollovers. Data consisted of all NSW tow-away crashes in the time period 1987 to

R A C V  R E S E A R C H  R E P O R T  N O  0 6 / 0 5
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2003 for cars and 4WDs. Terms for describing the risk of driver injury given tow-away crash
involvement were: ZONE (speed zone), CAR_4WD (either “car” or “4WD”, as defined by NSW
data), TIME (in intervals: 1987-1990, 1991-1995, 1996-2000, 2000-2003), AGE, SEX,
AGE*SEX, SEX*ZONE, TIME*CAR_4WD.Terms for describing the probability of driver fatality
given injury occurrence were: SEX, ZONE, CAR_4WD.

To examine changes in 4WD driver fatality risk with time relative to risk for car drivers when
involved in head-on crashes. Data consisted of all NSW tow-away crashes in the time period
1987 to 2003 for cars and 4WDs. Terms for describing the risk of driver injury given tow-away
crash involvement were: ZONE (speed zone), CAR_4WD (vehicle being driven - either “car” or
“4WD”, as defined by NSW data), TIME (in intervals: 1987-1990, 1991-1995, 1996-2000,
2000-2003), OTHERVEH (vehicle collided with - either “car”, “4WD”, or other vehicle, as
defined by NSW data), AGE, SEX, AGE*ZONE, AGE*OTHERVEH, TIME*CAR_4WD,
ZONE*TIME.

Terms for describing the probability of driver fatality given injury occurrence were: AGE, ZONE,
OTHERVEH, TIME, CAR_4WD, ZONE*OTHERVEH.

To examine 4WD crashworthiness relative to crashworthiness for car drivers when involved in
rollover crashes. Data consisted of all crashes in VIC, NSW, QLD, WA and NZ in the time period
1999 to 2003 for cars and 4WDs for which the vehicle type could be decoded. Terms for
describing the risk of driver injury given tow-away crash involvement were: ZONE (speed zone),
MKTGRP (market group of vehicle being driven – 12 passenger vehicle types, including small,
medium and large 4WDs, and 6 classes of cars), AGE, SEX, JURISDICTION, MULTI (whether
a single vehicle or multi-vehicle crash), AGE*JURISDICTION, AGE*SEX, SEX*JURISDICTION,
ZONE*JURISDICTION, AGE*ZONE.

Terms for describing the severity of driver injury given injury occurrence were: AGE, ZONE,
JURISDICTION, MKTGRP.
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4.1 4WD crashes in context

The first objective of the analysis was to quantify 4WD crashes as a proportion of all crashed
vehicles analysed, shown in Tables T5 and T6 featuring all crashes and serious plus fatal crashes
respectively, and Table T7 with data from fatal crashes only.

Table T5 shows that 4WD vehicles make up about 5% of the crash population studied, but about
10% of the rollover crash population. This highlights rollover crashes as being more of a problem
for 4WDs than for cars. 

Table T6 now focuses on seriously or fatally injured drivers by crashed vehicle market group,
excluding NSW data because of injury classification problems. Of the 383,210 drivers who were
crash-involved in 1999-2003 (excluding NSW data), only 19,200 were seriously or fatally injured.
The gravity of rollovers is emphasised by the fact that compared to the 2.4% of all crash-involved
drivers who rolled over, a much higher proportion (11%) of driver serious or fatal injuries were
sustained in rollover crashes. This proportion increases again when considering driver fatal injury,
shown in Table T7, where 13% of fatally injured drivers overall were killed in a rollover crash. For
4WDs, their representation in crashes generally is equal to their representation amongst seriously
or fatally injured drivers (5%) and their representation amongst all fatally injured drivers (also 5%),
but they are vastly overrepresented amongst drivers injured seriously or fatally in rollover crashes
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Aggressivity Rating *

Table T5 Table of numbers of crashed vehicles by market group from VIC, NSW, QLD, WA, NZ
1999-2003 where market group was able to be coded. Overall percentage of crash
fleet, number of vehicles that rolled over, overall percentage of rollover crash fleet
and lastly, vehicles rolling over as proportion of crashed vehicles of that type.

% of
Total Total Overall % crashed that

Market group crashed Overall % rollovers rollovers were rollover

4WD - Compact 8,799 1% 412 3% 4.7%

4WD - Large 15,806 2% 774 5% 4.9%

4WD - Medium 6,763 1% 355 2% 5.2%

Commercial - Ute 40,840 6% 2,007 13% 4.9%

Commercial - Van 12,051 2% 303 2% 2.5%

Large 231,525 35% 4,599 29% 2.0%

Luxury 37,550 6% 648 4% 1.7%

Medium 57,139 9% 1,199 8% 2.1%

People Mover 10,532 2% 331 2% 3.1%

Small 145,053 22% 2,886 18% 2.0%

Light 78,612 12% 1,766 11% 2.2%

Sports 15,708 2% 436 3% 2.8%

(overall average)
Total 660,378 100% 15,716 100% 2.4%
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(15% of all drivers injured seriously or fatally in rollovers and 16% of all fatally injured drivers, the
total of the first three rows of the fourth column of Table T7). The final column indicates why this
is the case: given a 4WD driver fatal or serious injury, 29% rolled over (the weighted average of
23%, 32% and 29% for compact, large and medium 4WDs in Table T6), compared to the average
of just 8% for cars.

Table T7 shows that 41% of 4WD driver fatalities occurred in rollover crashes (the weighted average
for compact, large and medium 4WDs in Table T7), compared to the average of just 10% for cars. This
shows the importance of rollovers for 4WD drivers and the desirability that factors leading to this crash
type are investigated and addressed. To examine this further, Section 4.9 compares the ability of 4WDs
to protect their drivers from fatal injury compared to the protection provided by cars.

Table T8 uses NSW data to show the representation of 4WDs and cars as impacting vehicles when
the driver of the other vehicle was injured. Despite the fact that only 5.9% of the NSW crash fleet
are 4WD vehicles, a larger proportion (7.8%) were involved in crashes with cars that resulted 
in injury to the car driver, and a still larger proportion (13.5%) were involved in crashes with 
4WDs that resulted in injury to the 4WD driver. This is consistent with the high aggressivity 
of 4WDs represented in Table T4 (in the Introduction, above) and suggests worse crash outcomes
for 4WD drivers when in collision with another 4WD than for car drivers when in collision with a
4WD. Alternatively, such data are also consistent with a higher likelihood that 4WDs may collide

Aggressivity Rating *

Table T6 Table of numbers of seriously injured drivers (including fatally injured drivers) 
by vehicle market group from VIC, NSW, QLD, WA, NZ 1999-2003 where market
group was able to be coded. Overall percentage of seriously injured drivers,
number of drivers seriously injured in rollovers, overall percentage of drivers 
seriously injured in rollovers and lastly, drivers seriously injured in rollovers 
as a proportion of all seriously injured drivers.

% of serious
Total Overall % injury

Total Overall % seriously seriously sustained
seriously seriously injured injured in rollover

Market group injured injured in rollovers in rollovers crashes

4WD - Compact 307 2% 70 3% 23%

4WD - Large 499 3% 161 8% 32%

4WD - Medium 247 1% 72 4% 29%

Commercial - Ute 1,347 7% 308 15% 23%

Commercial - Van 305 2% 42 2% 14%

Large 6,115 32% 525 26% 9%

Luxury 932 5% 69 3% 7%

Medium 1,648 9% 161 8% 10%

People Mover 293 2% 28 1% 10%

Small 4,213 22% 310 15% 7%

Light 2,712 14% 210 10% 8%

Sports 582 3% 73 4% 13%

(overall average)
Total 17,171 100% 2,029 100% 11%
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with one another rather than with a car, which could happen if 4WDs tended to cluster in certain
parts of the road network. But as 4WDs can generally be presumed to be used in a similar fashion
to cars, this alternative explanation is unlikely.

Table T9 (which excludes NSW data) shows the seriousness of the consequences of rollover for both
cars and 4WDs. This table shows that just over a quarter of crashed drivers were fatally or seriously
injured when rolling over in a higher speed limit area. Rollovers at lower speeds still had frequently
serious consequences: 14% and 18% of 4WD and car drivers respectively were seriously or fatally
injured. The serious or fatal injury rates are considerably lower for non-rollover crashes (the right-
hand column of Table T9). 
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Table T7 Table of numbers of fatally injured drivers by vehicle market group from VIC,
NSW, QLD, WA, NZ 1999-2003 where market group was able to be coded. Overall
percentage of fatally injured drivers, number of drivers fatally injured in rollovers,
overall percentage of drivers fatally injured in rollovers and lastly, drivers fatally
injured in rollovers as a proportion of all fatally injured drivers.

% of fatal 
Total Overall % injury

Total Overall % fatally fatally sustained
fatally fatally injured injured in rollover

Market group injured injured in rollovers in rollovers crashes

4WD - Compact 26 1% 8 3% 31%

4WD - Large 49 2% 21 8% 43%

4WD - Medium 21 1% 10 4% 48%

Commercial - Ute 170 9% 43 17% 25%

Commercial - Van 26 1% 4 2% 15%

Large 639 33% 73 29% 11%

Luxury 122 6% 14 6% 11%

Medium 197 10% 20 8% 10%

People Mover 31 2% 4 2% 13%

Small 403 21% 31 12% 8%

Light 193 10% 13 5% 7%

Sports 87 4% 9 4% 10%

(overall average)
Total 1,964 100% 250 100% 13%

Table T8 Table of percentages of drivers injured in two-vehicle (car or 4WD) crashes 
by whether the impacting vehicle was a car or 4WD (NSW data 1999-2003).
Also (for comparison) representation of cars and 4WDs in the NSW crash fleet.

Given injury in two-vehicle crash when driving:

Impacted by 4WD Car

4WD 13.5% 7.8% 5.9%

Car 86.5% 92.2% 94.1%

Total 100.0% 100.0% 100.0%

Representation in 
NSW crash fleet
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Table T10 shows the constitution of the car and 4WD crash fleet by the age and gender of the driver
and by the vehicle type driven. As mentioned above, a relatively small proportion of all crashes (5.2%)
involve 4WDs. Table T11 has a look at the distribution of crashes within vehicle type. Crashes for 4WDs
tend to involve male drivers more than for cars, particularly the 26-59-year-old age group. Older female
drivers make up a much smaller proportion of 4WD crashed drivers than crashed car drivers, although
males aged 60 plus generate a similar proportion of the crash fleet within both vehicle types. A very
small proportion of crash-involved 4WD drivers are young females, compared to the proportion of
crashed car drivers. Further analysis of the age and gender distribution of drivers in the crash fleet is
presented in Section 4.8 to show how the crash fleet is changing over time.

Table T9 Proportion of crash-involved drivers that were fatally or seriously injured,
by speed limit area, vehicle type and crash type (rollover vs. non-rollover).
Data from VIC, QLD, WA, NZ 1999-2003 where market group was able to be 
coded and driver age and sex non-missing.

Crash type

Speed limit area Vehicle type Rollover Non-rollover

Lower speed (<80km/h) 4WD 14% 2%
Car 18% 4%

Higher speed (>=80 km/h) 4WD 26% 7%
Car 26% 11%

Table T10 Drivers of crashed cars and 4WDs: proportion by age, sex and vehicle type 
(data from VIC, NSW, QLD, WA, NZ 1999-2003 where market group was able 
to be coded and driver age and sex non-missing).

Table T11 Of all drivers of crashed cars/4WDs, proportion by age, sex within vehicle type
(data from VIC, QLD, WA, NZ 1999-2003 where market group was able to be 
coded and driver age and sex non-missing).

4WD Car

Age Male Female Total Male Female Total

<=25 13% 7% 20% 18% 13% 31%

26-59 45% 28% 72% 30% 28% 58%

60+ 7% 1% 8% 6% 4% 10%

Total 64% 36% 100% 55% 45% 100%

4WD Car

Age Male Female Total Male Female Total

<=25 0.7% 0.4% 1.1% 16.9% 12.7% 29.6%

26-59 2.3% 1.4% 3.7% 28.8% 26.5% 55.3%

60+ 0.3% 0.1% 0.4% 6.2% 3.8% 10.0%

Total 3.3% 1.9% 5.2% 51.9% 43.0% 94.9%
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4.2 Analysis of crash data: single vehicle crash rates

As described above, single vehicle crashes are more likely to involve loss of control of the vehicle,
leading to collision with a road feature such as a guard rail, a pole, a tree, a parked vehicle, a fence, an
animal, etc., the vehicle leaving the road to be submerged in water, or the vehicle rolling over. Figure
F7, shows rates of involvement in single vehicle crashes given crash occurrence on roads with speed

R A C V  R E S E A R C H  R E P O R T  N O  0 6 / 0 5

0%

10%

20%

30%

40%

50%

60%

<20 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65+

Age

%
 s

in
gl

e 
ve

hi
cl

e

M car

F car
F 4WD

M 4WD

Figure F7 Given crash involvement on roads with speed limit>=80 km/h, for specified 
gender, age and car/4WD, proportion of crashes that were single vehicle 
(crash data from VIC, NSW, QLD, WA, NZ 1999-2003 where market group was
able to be coded).
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Figure F8 Given crash involvement on roads with speed limit<80 km/h, for specified 
gender, age and car/4WD, proportion of crashes that were single vehicle (crash
data from VIC, QLD, WA, NZ 1999-2003 where market group was able to be coded).
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limit>=80 km/h, by gender, age and car/4WD. Generally, the rate of involvement in a single vehicle
crash is highest for young drivers, which is likely to reflect their inexperience with the driving task, and
possibly higher levels of risk-taking behaviour as well (Keall and Frith 2003). Male and female 4WD
drivers have similar proportions of single vehicle crash involvement (given crash involvement) up to the
age of around 50, after which the female rate is higher. There may be exposure effects contributing to
these patterns of single vehicle crash involvement. For example, lower grade roads may present higher
risks of single crash involvement than do higher grade roads, meaning that vehicles used on lower grade
roads would have higher rates estimated even if driven in the same manner. Although older females
driving 4WD vehicles crash relatively rarely, as indicated by the fluctuations in their single vehicle crash
involvement rates, the high rate for women aged 65 plus was evident in all the jurisdictions considered.
It is possible that this is a real effect that merits further research to identify why older women may have
particular problems with 4WDs. Figure F7 shows that there is a also slight upturn in the single vehicle
crash rate for women aged 55 plus driving cars.

4.3 Factors leading to increased risk of rollover 

Table T12 shows that rollovers are relatively rare, but are about twice as likely for a 4WD compared
to a car, given crash occurrence, and much more likely in higher speed limit areas. Table T13 compares
rollover rates between the three 4WD types within speed limit areas. Table T14 adds comparison by
gender. Compact 4WDs are slightly more liable to rollover in lower speed limit areas and Medium
4WDs are more liable to rollover in higher speed limit areas. Overall, however, there is little to
distinguish between the rollover rates of the three 4WD market groups. The final column of each of
Tables T12 and T13 gives the percentage of single vehicle crashes that involved rollover. The pattern
of these rates is similar to that of rollover given crash involvement: in lower and higher speed limit
areas respectively, Compact and Medium 4WDs rollover more often in single vehicle crashes and there
is little difference between the 4WD market groups overall. A considerably higher proportion of 4WD
crashes happen in higher speed limit areas (26%) compared to car crashes (17%). 

It is worth reiterating that what is being presented here is not a controlled experiment or analysis
that will tell us which vehicle type presents more or less risk than another. Differences between rates
may tell us something about the inherent safety of the vehicle both to avoid crashes and prevent
injury, but crash rates may also just be reflecting differences in the way the vehicles are used and by
whom they are driven. The following section 4.4 will attempt to control for driver age, gender and
crash location to give a better indication of the inherent safety of the vehicle types.

As shown in Tables T12 and T13, the rollover crash problem is much more serious on higher speed
limit roads. Figures F9 and F10 show that rollovers are also more common for younger drivers (and

Table T12Table T12 Number and percentage of all crashes by vehicle type and speed limit area.
Also, percentage of all rollover crashes and proportion of single vehicle crashes
that involved rollover (data from 1999-2003 for NSW, VIC, QLD, WA, NZ where 
market group was able to be classified).

Number % total % rollover % rollover/single
Speed limit area Vehicle type of crashes crashes /crash vehicle crash

>=80 km/h 4WD 7,203 1% 16% 42%
Car 94,043 16% 8% 25%

<80 km/h 4WD 20,675 4% 2% 13%
Car 450,630 79% 1% 9%

Overall* 4WD 31,368 5% 5% 29%
Car 576,119 95% 2% 15%

*overall includes crashes where speed limit was unknown or not stated
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very high for older female drivers of 4WDs in higher speed limit areas). There also appears to be a
more marked difference in rollover rates for younger drivers (compared to middle-aged drivers) in
lower speed limit areas than in higher speed limit areas. Nevertheless, even the group least liable to
roll over in higher speed limit areas in Figure F9 (middle aged car drivers) has a higher rollover rate
than the most rollover prone group amongst the lower speed limit crashed drivers (young males in
4WDs). For this reason, the next part of the analysis will focus more on rollover patterns in higher
speed limit areas, as higher speeds present more of a problem in terms of rollover.

There are much larger differences in overall rollover risk given crash involvement by the type of
4WD for female drivers than there are for male drivers. Table T14 shows that the risk of rollover for
females given crash involvement in higher speed limit areas is highest for medium 4WDs. In
contrast, there is little difference in rollover rates for males between the 4WD classes. Figures F9
and F10 suggest that older female drivers may have greater problems with the control and resultant
rollover of 4WDs than middle-aged female drivers. For both genders, young drivers are
considerably more liable to have been involved in a rollover crash, given crash involvement. Figure
F11 indicates that medium 4WDs present highest risk in higher speed limit areas for all the female
age groups considered, followed by large 4WDs with medium 4WDs presenting lowest risk. For
male drivers in higher speed limit areas, Figure F12 suggests that medium 4WDs present lower risk
for young drivers and large 4WDs present lower rollover risk for older drivers. These patterns
needed further investigation to identify whether they were statistically significant while controlling
for other factors, or potentially just artefacts of random variation. 
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Table T12Table T14 Given 4WD crash involvement, percentage of crashes that involved rollover by
4WD type, speed limit area and gender (data from 1999-2003 for NSW, VIC, QLD,
WA, NZ where market group was able to be classified).

Speed limit<=75 Speed limit>75

4WD type Male Female Male Female

Compact 2% 2% 17% 15% 5%

Medium 2% 1% 15% 23% 5%

Large 2% 1% 14% 18% 6%

Overall
rollover rate

Table T12Table T13 Number and percentage of all 4WD crashes by 4WD type and speed limit area.
Also, percentage of all rollover crashes and proportion of single vehicle crashes
that involved rollover (data from 1999-2003 for NSW, VIC, QLD, WA, NZ where 
market group was able to be classified).

Number of % % % 
4WD vehicle crashed crashed rollover/ rollover/single

Speed limit area type vehicles  vehicles crash vehicle crash

>=80 km/h Compact 1,680 6% 16% 43%
Medium 1,605 6% 18% 46%

Large 3,918 14% 15% 40%

<80 km/h Compact 6,198 22% 2% 17%
Medium 4,471 16% 1% 9%

Large 10,006 36% 1% 13%

Overall* Compact 8,799 28% 5% 29%
Medium 6,763 22% 5% 30%

Large 15,806 50% 5% 28%

*overall includes crashes where speed limit was unknown
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Figure F9 Given crash involvement, vehicle type, higher speed limit area, driver age and
gender, proportion of vehicles rolling over (data from 1999-2003 for NSW, VIC,
QLD, WA, NZ where market group was able to be classified).
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Figure F10 Given crash involvement, vehicle type, lower speed limit area, driver age and
gender, proportion of vehicles rolling over (data from 1999-2003 for NSW, VIC,
QLD, WA, NZ where market group was able to be classified).
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4.4 Modelling risk of rollover 
Estimates from the logistic model described in section 3.1 above provide a way of summarising the
results shown in the above figures and tables, controlling for confounding variables. As described
above, the model was fitted twice, once with interaction terms with the jurisdiction identifier to
allow for differences between areas, and secondly fitted just with the main effects shown in Table
T15 plus the other terms listed in Section 3.1: SEX, SPEEDLIMIT, VEHTYPE, SEX*SPEEDLIMIT etc.
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Figure F11 Given crash involvement, 4WD type (Compact, Medium and Large), higher 
speed limit area, FEMALE driver with specified age, proportion of vehicles rolling
over (data from 1999-2003 for NSW, VIC, QLD, WA, NZ where market group was
able to be classified).
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Figure F12 Given crash involvement, 4WD type (Compact, Medium and Large), higher speed
limit area, MALE driver with specified age, proportion of vehicles rolling over
(data from 1999-2003 for NSW, VIC, QLD, WA, NZ where market group was able
to be classified).
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As these latter parameter estimates for the model without interactions with JURISDICTION were
not substantially changed from the fitting of the fuller model, it was considered that the estimates
in Table T15 adequately represent average effects across jurisdictions. The odds of rollover were
considerably higher in New Zealand and in Queensland, probably reflecting the different driving
conditions in these jurisdictions and also differences in the ability of rollover crash data to be coded
correctly. There were no statistically significant interactions of vehicle type with driver age and
gender, despite suggestions that these may exist from graphs such as Figures F11 and F12.

Table T15 indicates that rollover is an extremely unlikely event in multi-vehicle crashes, about 50
times less likely than for single vehicle crashes. Part of the reason for this low rollover rate in multi-
vehicle crashes will be due to the way that crashes are coded in some jurisdictions. For example,
damage to the top of the vehicle, often used as an indicator of a rollover crash, may not be coded if
other damage is considered to be more serious or occurred prior to the rollover. Given crash
occurrence, 4WD rollover was estimated to be between 15% and 30% less likely for middle-aged
and older drivers than for drivers aged 25 and under according to the estimated odds in Table T15.
Other factors in the model interacted with one another (they were estimated to vary according to
levels of another variable), so their estimates were more appropriate to present graphically, as shown
in Figure F13.

Odds Ratio Estimates

Effect Point Estimate 95% Wald Confidence Limits

Multi-vehicle crash vs single-vehicle 0.02 0.02 0.02

Driver Age: 26-59 vs <=25 0.81 0.78 0.85

Driver Age: 60+  vs <=25 0.76 0.70 0.82

Table T15 Estimated odds ratios for vehicle rollover associated with specified factor 
from model described in Section 3.1.
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Figure F13 Estimated odds ratios for vehicle rollover associated with specified factor 
where 4WD vehicles classified as Compact, Medium and Large, relative to 
male car driver in speed limit area >=80 km/h
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Controlling for age and gender, medium and large 4WDs appear slightly more likely to roll over in
higher speed limit areas and less likely (than small 4WDs) in lower speed limit areas. All vehicles
were considerably more likely to rollover in higher speed limit areas.

The estimates presented in Figure F13 show that, controlling for age, there were small differences in the
rollover rates between types of 4WD, which were nevertheless considerably higher than the rates for
cars. In fact, a compact 4WD was estimated to have similar risk of rollover given crash involvement in
lower speed limit areas as a car in higher speed limit areas (see Figure F13). Figure F13 also shows that
there were significant differences in rollover rates for males and females, but these were in opposite
directions according to the speed limit area: males were more liable to rollover in lower speed limit areas
(compared to non-rollover crash involvement) and females were more liable to rollover in higher speed
limit areas. It is worth noting here a potential source of confusion arising from comparing entities
according to their relative estimates such as odds ratios: an entity A may have a higher odds ratio than
entity B because of a larger denominator (for the odds acting as a comparison situation for both entities)
for entity B. As rollover rates are defined as the proportion of all crashes that involved a rollover to the
vehicle and driver in question, a high rollover rate can indicate greater liability to rollover. But it may
also indicate a lower liability to be involved in non-rollover crashes. However, as rollovers are a relatively
rare crash type, only about 5% of 4WD vehicles’ crashes and only 2.4% of passenger vehicle crashes
overall (see Table T5), this latter interpretation is less tenable. It can therefore be assumed that the
existence of a high proportion of rollover crashes does indicate a high rollover propensity, particularly
when potentially confounding variables, such as age, gender and speed limit area, are controlled for.

4.5 Crashworthiness by vehicle type for rollover crashes

As explained above, there were very few rollover crashes identified where more than one vehicle was
involved in the crash. This result is explainable both by the nature of multi-vehicle crashes, and by the
coding of crashes, in which damage from the first impact (that with another vehicle in multi-vehicle
crashes) tends to be identified, but sometimes not subsequent damage (that from a rollover, for
example). For this reason, no useful analysis could be done of crashworthiness resulting from rollovers
in multi-vehicle crashes. Previous research (Newstead, Watson et al. 2004) analysed the
crashworthiness by vehicle type for single vehicle crashes (rollovers and non-rollovers separately),
summarised in Section 0 above. This showed that 4WD vehicles had relatively poor crashworthiness in
single vehicle crashes, whether the vehicle rolled over or not. To supplement these results, analysis was
carried out of single vehicle rollover crashworthiness by the three categories of 4WD vehicles separately.
This analysis showed that there was no apparent difference between the large, medium and small 4WDs
in their ability to protect drivers in the event of a single vehicle rollover crash. 

4.6 Trends in risk of rollover 

The following makes use of NSW data, which have a variable coding vehicle type, meaning that
trends in crash patterns and in rollover patterns could be examined over the time period 1987-
2003. Figures F14, F15 and F16 show the proportions of tow-away crashes that involved rollover,
by grouped year of crash between 1987 and 2003.

All three graphs show that the rate of rollovers for 4WDs is falling relative to the rate for cars,
starting from a much higher 4WD rollover rate in the earliest period studied (1987-1990). However,
the faster decline in rollover rate for 4WDs than cars is least apparent for the higher speed limit areas
(Figure F15). In lower speed limit areas, Figure F16 shows that the rate of rollover for cars in lower
speed limit areas is increasing quite steeply over the period studied. This is strongly contrasted with
the trend for 4WD vehicles that shows a steep decline, reaching a level only slightly higher than cars
in the latest period studied, 2001-2003. Such changes are likely to be due to changes in the way
that 4WDs are being driven, who the drivers of 4WDs are, and perhaps changes in the types of
4WDs being driven. Certainly, the ages of the drivers of 4WDs appear to be changing according to
Figure F21, below. It is also worth noting a common phenomenon for rollover data, that risks are
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Figure F14 For specified vehicle and year of crash, proportion of NSW tow-away crashes
that involved rollover, for all speed limit areas.
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Figure F15 For specified vehicle and year of crash, proportion of NSW tow-away crashes
that involved rollover, by grouped year of crash between 1987 and 2003,
for 4WDs and cars (including station wagons and taxis) for speed limit areas
over 75 km/h.
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Figure F16 For specified vehicle and year of crash, proportion of NSW tow-away crashes
that involved rollover, by grouped year of crash between 1987 and 2003,
for 4WDs and cars (including station wagons and taxis) for speed limit areas 
75 km/h and under.
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higher in higher speed limit areas. This is due to the laws of physics, whereby the forces that can
overturn vehicles are considerably stronger at higher speeds. Driver age has also been shown to be
related to rollover risk, for example Section 4.2 showed that young drivers are much more liable to
be involved in single vehicle crashes, which have a large proportion of rollovers. The following
Section 4.7 examines whether changes in the age profile of drivers may partially explain the trends
towards lower 4WD rollover rates shown in Figures F14 to F16. 

4.7 Trends in deaths to car drivers involved in head-on crashes 

The following Figures F17 to F20 show indicative evidence that the aggressivity of 4WDs may be
improving over time. The evidence is merely indicative as only small amounts of data were available to
estimate these probabilities. Although there is little change in the proportion of head-on crash-involved
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Figure F17 Given a head-on crash in a higher speed limit area, estimated probability 
that the driver of the car was killed (collisions with any vehicle). Also graph of
total numbers of 4WDs involved in crashes of any type in higher speed limit
areas. NSW data.
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Figure F18 Given a head-on crash in a lower speed limit area, estimated probability that 
the driver of the car was killed (collisions with any vehicle). Also graph of total
numbers of 4WDs involved in crashes of any type in lower speed limit areas.
NSW data.
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car drivers who died given a collision with a car, Figures F19 and F20 show that over the most
recent time periods evaluated, head-on collisions with 4WDs appear to have a trend towards less
serious consequences for the car driver. In Figure F17, and the other figures presented here, an
estimated probability is not presented if there was a very small amount of data from which to
estimate the probability. Despite these indications of improvement, the consequences of a head-on
collision are clearly much more serious for the car driver when in collision with a 4WD than with
a car (consistent with aggressivity estimates in Newstead, Delaney, and Watson 2003). Figures F17
and F18 show that car drivers do not appear to be under increasing risk of death due to head-on
crashes with 4WDs despite the fast-increasing size of the 4WD fleet, as indicated by the graph of
numbers of crash-involved 4WDs. As also shown in the case of Victorian data in Figure F1, the
burgeoning 4WD fleet does not appear to be causing the threat to car occupants feared by the public
and transport authorities.
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Figure F19 Given a car involved in a head-on crash in a higher speed limit area, estimated
probability that the driver of the car was killed (given a collision with a 4WD 
or another car: excluding the period 1987-90 with a single fatality in collision
with a 4WD).
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Figure F20 Given a car involved in a head-on crash in a lower speed limit area, estimated
probability that the driver of the car was killed (given a collision with a 4WD 
or another car: NSW data excluding the periods 1987-90 and 1991-95 each with
single fatalities in collision with a 4WD)
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4.8 Trends in rollover patterns

This subsection indicates how the age of drivers of 4WDs may be changing over time compared to
the age of drivers of cars. Even though exposure information is not available, crash data can convey
much of the same information, assuming that vehicles are not being driven in a substantially
different way from one time period to the next. This is because, all other things being equal (no
change in road environment, driver behaviour or characteristics or vehicles driven), the number of
crash involvements will generally increase proportionately to the amount of driving done (see
Brühning and Völker 1982).

Figure F21 shows that crash-involved drivers of 4WDs in NSW consist of proportionately fewer
young drivers than do crash involved drivers of cars and this disparity seems to be increasing with
time (the proportion of 4WD drivers who are young has fallen over the last 12 years, whereas the
proportion of car drivers who are young has increased over the same period). 

R A C V  R E S E A R C H  R E P O R T  N O  0 6 / 0 5

0.0%

15%

10%

20%

25%

30%

35%

87-90 91-95 96-00 01-03
Time interval

Pr
op

or
tio

n 
ag

ed
 <

=
25

4WD

Car5%

Figure F21 For NSW crash occurrences in time interval and for vehicle type shown, proportion
of drivers that were aged 25 and under (out of all drivers with known age).
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Figure F23 shows that there have been only small changes in NSW car drivers’ age and gender
groups involved in crashes, although there is a trend for there to be proportionately more female
crash-involved car drivers, most likely indicating changes in the gender balance of drivers on the
road. However, over the same period, 4WD drivers involved in crashes have changed substantially
(Figure F22). There has been a much more marked change towards proportionately more female
crash involved 4WD drivers, particularly those aged 26-59. Nevertheless, even in the most recent
period analysed (2001-03), there were proportionately more crash-involved male 4WD drivers than
car drivers. For car drivers, the gender balance was approaching equality.
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Figure F23 Changes in the age and gender distribution of NSW car crash fleet drivers by 
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proportion of crash-involved vehicles that were 4WD (as opposed to cars).
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The changes in the demography of crash-involved 4WD drivers compared to car drivers, together
with the increase in 4WDs as a proportion of the crash fleet, lead to results such as those shown in
Figure F24, showing steeply increasing proportions of 4WDs as a proportion of each age and gender
group’s crash fleet, with steeply increasing proportions for middle-aged males and females and more
slowly increasing proportions for young drivers.

4.9 Models over time of 4WD crash patterns 

The graphs in the previous section show that crash-involved 4WD drivers are tending to be less
young than car drivers and to be involved in rollovers less frequently. The model described in
Section 3.2 was fitted to see whether these trends were real or whether they could be ascribed to
changes in other variables or purely to the sort of random variation expected in these sorts of data.
The following graphs show for the four time periods considered the estimated odds of a given crash-
involved vehicle being 4WD as opposed to a car (the odds estimated relative to the most recent
period considered). The model estimates show that compared to cars in crashes, 4WDs are
becoming more likely to be in multi-vehicle crashes (compared to single), more likely to be in lower
speed limit areas, more likely to have an older, female driver. 

Using estimates from the model, Figure F25 shows that 4WD crashes, in comparison with car crashes,
are becoming more urban (speed limit <= 75km/h) over time for all age and gender groups. The
youngest 4WD drivers have the highest proportion of crashes (compared to car drivers) in lower speed
limit areas compared to higher speed limit areas, and older 4WD drivers have the lowest proportion.

Figure F26 shows aspects of the growth of the 4WD crash fleet in comparison to the car crash fleet in
NSW. It shows the probability that given the situation described (that the vehicle rolled over in a single
vehicle higher speed limit crash, with specified age group and gender of the injured driver), the vehicle
was a 4WD. To give an example of the interpretation of the data on this graph, the top RH point, for,
shows that in the time period 2001-2003, given that the driver is female, aged 26-59, there is estimated
to be a 17.5% chance that she was driving a 4WD vehicle (meaning an 82.5% chance she was driving
a car). Clearly, the probabilities have been increasing steeply over time, reflecting the increasing
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4WD compared with that for a car, given time period, age group and gender.
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proportion of the light vehicle fleet that consisting of 4WD vehicles in NSW for this crash type and
driver group. The most steeply increasing rate is for female drivers aged 60 plus, who constituted only
a small proportion (0.1%) of the crashed vehicle (car and 4WD) drivers in 1987-90 
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Estimates from the model are presented in Figures F26 and F27. The interpretation of the top RH
point of F26, for example, is as follows: given a single vehicle higher speed limit area rollover crash
in which a middle-aged female driver was injured in 2001-2003, there is an estimated probability
of just under 18% that she was driving a 4WD. The top RH point of Figure F27 has the same
interpretation, except that we are now considering female drivers who did not rollover and the
estimated probability is 10.5%. Once again, these estimates show the over-involvement of 4WDs in
relation to cars in rollover crashes. To make this point more clearly, Figure F28 compares the
estimates of Figures F26 and F27 (estimates of F26 divided by those of F27), showing that rollover
risk for 4WDs compared to cars is diminishing with time in comparison to non-rollover risks.
Given a single vehicle crash involving an injured young female driver in a higher speed limit area,
the odds of rollover for 4WDs has fallen from about 3.6 times that of cars to only about 2.5 times
that of cars according to Figure F28. The rate of decline in relative risk was estimated to be equal
for all the driver age and gender groups considered, with the lowest rollover rate of 4WDs relative
to cars being that for middle-aged males. These estimates control, to some extent, aspects of driving
style that would predispose certain driver groups to higher rollover risk, focussing attention instead
on the unique features of 4WD driving by different driver groups, which can lead to rollover.

4.10 Models over time of 4WD driver death given rollover or head-on crash 

Models were fitted to examine risks of driver injury given tow-away crash involvement (injury risk)
and risks of driver death given injury occurrence (severity risk) using NSW data for the period
1987-2003. When multiplied together as described in Section 3.3 above, these risks provide a
measure of the vehicle’s ability to protect the driver from fatal injury, given crash involvement. This
was used instead of the usual crashworthiness measure, which estimates serious or fatal injury risk
given tow-away crash involvement, as the classification of serious injuries in the NSW crash data
base was not possible for some of the years studied. The objective of this analysis was not only to
examine an important feature of occupant protection, protection against fatal injury, but also to see
whether this measure was changing with time.
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In Tables T16 and T17, “CWR” refers to the estimated crashworthiness rating for the class of
vehicles and vehicle year of manufacture, with “Lower 95% CI” referring to the lower bound of the
95% confidence interval for this estimate. Thus, the true crashworthiness rating, which could only
be calculated in theory from an infinite number of crashes, can be expected to lie within the interval
bounded by the lower and upper confidence interval bounds with a probability of 95%. Tables T16

Relative odds 4WD Lower Upper
compared to other car 95% CI 95% CI

Average odds of driver injury given rollover occurrence 1.6 1.4 1.8

Average odds of driver fatality given injury occurrence 2.2 1.4 3.3

Table T16 Estimated average relative odds of injury, average relative odds of fatality 
given injury for 4WD vehicle compared to a car given rollover occurrence 
(data from NSW, 1987-2003)

Table T17 Estimated risk of fatal injury given tow-away rollover crash involvement,
by year of crash, with 4WD trends relative to “other car” trends, which were 
set to constant (data from NSW, 1987-2003)

Lower Upper
Vehicle Type Time Period Injury Risk Severity CWR 95% CI 95% CI

4WD 1987-1990 34.62% 3.18% 1.10% 0.89% 1.37%

1991-1995 35.99% 3.18% 1.14% 0.93% 1.41%

1996-2000 35.34% 3.18% 1.12% 0.91% 1.38%

2001-2003 35.58% 3.18% 1.13% 0.92% 1.39%

Other Car 1987-2003 26.09% 1.48% 0.39% 0.31% 0.48%

Relative odds 4WD Lower Upper
compared to other car 95% CI 95% CI

Driver injury given head-on crash occurrence 0.64 0.54 0.75

Driver fatality given injury occurrence 0.33 0.17 0.66

Table T18 Estimated average relative odds of injury and average relative odds of fatality
given injury for 4WD vehicle compared to a car given head-on crash occurrence
(data from NSW, 1987-2003)

Table T19 Estimated risk of fatal injury given tow-away head-on crash involvement,
by year of crash, with 4WD trends relative to “other car” trends

Lower Upper
Vehicle Type Time Period Injury Risk Severity CWR 95% CI 95% CI

4WD 1987-1990 30.48% 3.21% 0.98% 0.68% 1.41%

1991-1995 23.73% 3.21% 0.76% 0.54% 1.08%

1996-2000 24.63% 3.21% 0.79% 0.56% 1.12%

2001-2003 26.14% 3.21% 0.84% 0.60% 1.17%

Other Car 1987-2003 35.77% 9.03% 3.23% 2.36% 4.43%
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and T17 show that 4WDs offer considerably less protection to drivers in terms of preventing fatal
injury during a rollover crash than do cars, but particularly higher odds (approximately doubled)
of fatality given an injury to the driver in a crash. There was no statistically significant change in
this protection over the time period studied for 4WD vehicles compared to cars (Table T17). Given
rollover occurrence, the odds of a driver fatality in a 4WD vehicle relative to a fatality in a car was
estimated to be 3.4.

Tables T18 and T19 show that 4WDs offer considerably more protection to drivers in the event of
a head-on crash than do cars, but particularly lower odds (approximately one third) of fatality 
given an injury to the driver in a crash. There was no statistically significant change in this
protection over the time period studied for 4WD vehicles compared to cars (Table T19). Given a
tow-away head-on crash, the odds of a driver fatality in a 4WD vehicle relative to a fatality in a car
was estimated to be 0.21, i.e., about a fifth that of a car.
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5. Discussion

In order to examine current 4WD crash and injury patterns and trends in as much detail as possible,
data from five Australasian jurisdictions have been analysed, consisting of data for the years 1999
to 2003 from Australian states Victoria, New South Wales, Queensland, Western Australia, and from
New Zealand. A relatively small proportion of the crashed vehicles analysed (5%) were 4WDs.
Previous analysis of crashworthiness has shown that 4WD drivers have a relatively low risk of
serious injury when involved in crash types such as head-on collisions (see Table T3, from
Newstead, Watson et al. 2004). However, 4WD vehicles are considerably overrepresented in
rollover crashes (see Tables T5 and T6). Not only are rollovers crashes in which the injury
consequences tend to be serious (Elvik and Vaa 2004), but injuries appear to be even more serious
for 4WD drivers than for car drivers (which can be seen by comparing Tables T5 and T6),
represented by poor crashworthiness estimates for 4WDs in this crash type (as shown in Figure F5,
from Newstead, Watson et al. 2004). This was further confirmed in the current study in which
crashworthiness was estimated in terms of the probability of driver fatality given two sorts of crash
involvement: rollovers and head-ons. This analysis, which compared the performance of 4WDs
with that of cars, showed that a driver was about 3.4 times as likely to die compared to a car driver
when involved in a rollover; in contrast, a 4WD driver was about a fifth as likely to die when
involved in a head-on crash compared to a car driver.

There are several limitations to the analysis presented here. Firstly, the crash data analysed are not
the result of a controlled experiment that will tell us which vehicle type presents more or less risk
than another. Differences between rates may tell us something about the inherent safety of the
vehicle both to avoid crashes and prevent injury, but crash rates may also just be reflecting
differences in the way the vehicles are used and by whom they are driven, even when several factors
are controlled for, such as in the models fitted to analyse crash patterns and rates in this report.
Secondly, analysis of whether passenger vehicle purchasing trends (leading to an increasing 4WD
fleet) may compromise overall fleet safety is beyond the scope of this study, although some of the
secondary safety effects of this change have been investigated by Newstead et al (2004a,b). Issues
relate to 4WD crash risk is being investigated by current MUARC research that examines risk per
km driven of 4WD and other vehicles.

In terms of driver age and gender and speed limit area of the crash, 4WDs had contrasting crash
patterns to cars. According to recent data, almost half of all crash-involved 4WD drivers were
middle-aged males, compared to less than a third of crash-involved car drivers (Table T11).
Approaching half of all crash-involved car drivers were females, compared to just a third of crash-
involved 4WD drivers. A considerably higher proportion of 4WD crashes happened in higher speed
limit areas (26%) compared to car crashes (17%). However, analysis of trends in 4WD crash
patterns in NSW showed that a number of features of 4WD crashes are changing to become more
like those of cars, reflecting who drove these vehicles and where they were driven. Over the period
1987-2003, 4WD drivers involved in crashes were becoming less young, more likely to be female,
and more urban in terms of speed limit area (see analysis in Section 4.9). Even controlling for these
changes in crash and driver characteristics, which are all related to rollover liability, rollovers were
tending to be a less common occurrence for 4WDs (compared to cars) in comparison to other crash
types. The compact, medium and large 4WD market groups differed little in their propensity to roll
over in higher speed limit areas, but compact 4WDs appeared to have slightly lower rollover rates
in these areas, but slightly higher rates in lower speed limit areas, even controlling for age and
gender of the driver. Female 4WD drivers had a significantly higher rollover rate than males in
higher speed limit areas, but a lower rate in lower speed limit areas. This might indicate that 4WD
handling has improved over time through better design standards. Although two 4WD driver
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groups were identified as having particularly high rollover risk, young females and – with low levels
of statistical significance – older females, these groups of drivers constitute only a very small
proportion of the 4WD crash fleet (according to Table T10).

In this report, crash patterns of types of 4WDs were also compared. MUARC research has been
reviewed in which the larger 4WDs have been shown to be relatively aggressive vehicles, which are
more likely to kill or injure car drivers when in a head-on collision. All three types of 4WDs
considered (compact, medium and large) have been shown to be more likely to roll over and to
provide relatively poor protection to their occupants (more particularly, to their driver) in rollover
crashes. However, there are a number of mitigating criteria in favour of 4WDs as a passenger
vehicle, Firstly, despite the increasing size of the 4WD fleet, there does not appear to be a
concomitant growing threat to car drivers. The reasons for this may be related to changes in the way
that 4WDs are being used, and possibly to the growing number of smaller 4WDs in the fleet,
gradually replacing the more aggressive large 4WDs. Analysis of trends in 4WD crash patterns
shows that crash-involved drivers are tending to be less young and more female and that the crashes
are becoming more urban: driver groups and locations that tend to have lower crash rates and less
serious crash involvements.

There has also been a trend towards lower rollover rates with time. Currently, only about 5% of
4WD crashes are rollovers. But the outcomes of these crashes are often very serious: 29% of all
serious or fatal injuries were due to a rollover crash. In terms of fatal injury, models fitted to NSW
data showed that given a rollover, a driver fatality is about three times as likely for a 4WD driver
than for a car driver (Tables T16 and T17). The rollover rate is also very high for some driver
groups. For example, just under 30% of higher speed limit crashes involving female drivers aged
either under 20 or over 64 were rollover crashes. Clearly, 4WD vehicles are more liable to rollover
for reasons related to their design to accommodate off-road use (high centre of gravity compared to
the width of the wheel track). There has recently been a very promising development in technology,
called Electronic Stability Control (amongst other names). This technology, which has been
available from the late 1990s, corrects for loss of steering control by applying brakes to individual
wheels. A recent report suggests major benefits of this technology in terms of single vehicle crashes
(of which rollover is a dominant crash outcome), with reductions in such crashes of about 67% for
4WDs and 35% for passenger cars (Dang 2004). The technology is gradually becoming more
available in the US, with 7.4% of new light vehicles sold in 2003 having Electronic Stability Control
(ibid). Comparable figures for Australia are not available at present but are likely to be considerably
less given the historically slow introduction of new safety technology into the Australian vehicle
fleet. A process for accelerating the implementation of ESC technology into Australia vehicles, and
particularly 4WD vehicles, could have great potential for reducing the rollover crash problem and
should be seriously considered as a priority action.
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6. Implications

The implications of these results for people who drive 4WDs or for people considering buying
4WDs are various: 

1. Prospective buyers should attempt to purchase vehicles fitted with the recently developed
ESC (Electronic Stability Control) if at all possible. This technology appears to reduce to a
significant degree the risk of 4WDs due to their instability.

2. A smaller 4WD should generally be preferred to a large one, unless the large size is essential
for its functional purpose. A principal reason for this is the high aggressivity of large 4WDs
towards other vehicles with which they collide and towards unprotected road users such as
pedestrians and cyclists. There are also economic and environmental benefits of the lower fuel
consumption of smaller vehicles, which have not been discussed in this report. 

3. Because of problems with 4WD instability, drivers who are young or inexperienced should be
encouraged to drive cars instead of 4WDs. This report has shown very high rollover rates in
4WD crashes generally, particularly for young drivers, which is a very dangerous crash
outcome. A finding that older female drivers may also have high rollover rates when driving
4WDs may be an artefact of scarce data. Nevertheless, any driver who is faced with the new
experience of driving a 4WD should approach the task cautiously. There may also be potential
for targeting driver training measures or more stringent licensing requirements in relation to
4WD use.

From the point of view of road safety authorities, there does not appear to be cause for alarm from
the analysis presented in this report. There does not appear to be a major road safety problem
emerging from the burgeoning 4WD fleet for reasons apparently related to the way 4WDs are being
used and by whom they are driven. This is despite evidence presented here that 4WDs perform
poorly in terms of their stability (leading to high risk of rollover) and are particularly harmful to
other road users in collisions. However, should the current patterns of 4WD usage change
dramatically the implications in road trauma outcomes might be more substantial. Consequently,
the situation should continue to be monitored. Additional research is planned to further attempt to
evaluate the impact of 4WDs on fleet safety.



7. Assumptions and Implications

40

The results and conclusions presented in this report are based on a number of assumptions and
warrant a number of qualifications that the reader should note. These are listed in the following
sections.

7.1 Assumptions

It has been assumed that:

Police crash reports accurately recorded driver injury, hospitalisation and death. More
particularly, it is assumed that there is no tendency to record crashes differently for vehicles from
different market groups or crashes of different severity.

Crashed vehicle registration numbers were recorded accurately on Police crash reports and that
they correctly identified the crashed vehicles in the Victorian, NSW, Queensland, Western
Australian and New Zealand vehicle registers.

The adjustments for driver sex, age, speed zone, the number of vehicles involved and the state
and year in which the crash occurred removed the influences of the other main factors available
in the data that affected rollover propensity, crash severity and injury susceptibility.

The form of the logistic models used to relate rollover propensity, injury risk and injury severity
with the available factors influencing these outcomes (including the vehicle market group or
year of manufacture) was correct.

Information contained in the Police crash records allowed accurate matching of vehicles
involved in crashes.

7.2 Qualifications

The results and conclusions warrant at least the following qualifications:

Only driver crash involvements and injuries have been considered. Passengers occupying the
same vehicles may have had different injury outcomes.

Other factors not collected in the data (e.g. crash impact severity) may differ between the market
groups considered and may affect the results. However, earlier analysis has suggested that the
different rating scores are predominantly due to vehicle factors alone (Cameron et al. 1992).
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