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Abstract:

Recent analyses have established that 4WD vehicles are aggressive in crashes, causing comparatively more harm than
other passenger vehicles when in collision with other road users, and have a high risk of rollover crashes. To assess the
safety of these vehicles more completely, this study produced two analyses of risk: firstly, estimates of crash risk and
injury rates using NZ data; and, secondly, induced exposure estimates of rollover risk using Australian and NZ crash data.

Crash risk and injury rates were estimated using NZ data, controlling for a number of relevant owner and vehicle
characteristics. Nevertheless, within given locations, age bands and gender groups, drivers wanting to drive in a particular
manner may choose types of vehicles to suit their driving style, leading to differences in risk between vehicle types. This
is an explanation why Sports cars, which often have highly devel oped braking and handling systems, were found to have a
high risk of crash involvement and a high rate of resultant injury. It is likely to be the manner in which these vehicles are
driven that leads to these elevated rates. Similarly, despite previously estimated high rollover rates and high aggressivity
for 4WDs, crash involvement risks estimated for 4WD vehicles were generally low, likely to be related to the manner in
which they are driven. This estimated low crash involvement risk in combination with established generally good overall
protection 4WD vehicles provide their own occupants in a crash meant that 4WD vehicles were estimated to impose
relatively low injury risk on their own occupants, to other roads users and occupants of other vehicles per registered year
adjusted for distance driven, despite their established high aggressivity. The one situation identified with unusually high
risk for 4WDs compared to other passenger vehicle types was that of Large 4WDs owned by teenagers.

The induced exposure risk estimation involved two steps: identifying the most appropriate crash type to represent
exposure (in terms of amount of driving, driving environment, and driver characteristics) using existing data on distance
travelled in NZ; then fitting a model to crash data from Australia and NZ to estimate risk. The best set of comparison
crashes was found to be multi-vehicle crashes in which the vehicle type analysed was damaged in the rear. Estimates of
risk consistent with previous studies were generally obtained, showing higher rollover risk for those vehicles with a high
centre of gravity compared to the width of the wheel track (4WDs and People Movers). As found in a previous study,
higher rollover risk was found for young drivers. Higher rollover risk was aso found for older vehicles: a 2% higher
rollover risk (95% CI 1% to 3%) for a vehicle that is ayear older than another vehicle. Female drivers were found to have
a 35% lower rollover risk than male drivers (with 95% confidence interval 42% to 27%). The results overall warn that
parents who are 4WD owners — and, to a lesser extent, owners of People Movers — need to be wary of alowing their
novice family members to use such vehicles (keeping in mind that for young drivers, regular cars present significantly less
rollover risk than 4WDs and people movers), and reinforce the importance of electronic stability technology as a highly
desirable risk-reducing feature for these relatively unstable vehicles.
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EXECUTIVE SUMMARY

Recent analyses have found that four-wheel drive (4WD) vehicles are aggressive in crashes,
creating a high chance of seriousinjury to other vehicle occupants or unprotected road users
into which they crash. They are relatively unstable vehicles, with a high risk of rollover,
which is a very serious crash type in terms of the potential for serious injury. This report
addresses a gap in previous 4WD research, which is to control for the type and amount of
driving of the vehicles (exposure) when assessing crash risk. Crash risk is assessed in two
ways: primary risk estimates of overall crash risk and injury rates, both analyses controlling
for exposure; and induced exposure estimates of rollover risk controlling for amount and
type of driving via a proxy for measuring driving exposure. The proxy for measuring
driving exposure is a count of involvements in a comparison crash type.

Primary safety of a vehicle is the ability of the vehicle to avoid a crash. Vehicle features
that may contribute to primary safety include the ability of the vehicle to steer well, its
stability when cornering, effective braking, adequate headlights etc. All these features can
assist the driver to maintain good control of the vehicle and avoid crashes. Primary safety
estimates can potentially show whether a particular type of vehicle is safer to drive than
another (taking into account the sorts of drivers who drive the vehicle, some account of the
conditions under which it is driven and the number of kilometres driven). For example, is a
AWD vehicle safer or less safe than a large car? Are certain driver groups (e.g., young
drivers) more or less safe in this type of vehicle? Are particular crash types a problem with
certain types of vehicles? These are the sorts of questions that can theoretically be
addressed by analysis of primary vehicle safety estimates.

The validity of primary safety estimation depends on the availability of good exposure data
for vehicles and good information on who drives these vehicles. Good exposure data
potentially enable the model to estimate risk as though each vehicle class considered was
driven by the same sort of driver under similar conditions and for similar distances. With
control over these potentially confounding factors, the estimates potentially provide
invaluable information for vehicle buyers and government agencies that wish to minimise
risk on the road without compromising mobility. It islikely that driver behaviour still has a
strong effect on the risk estimates presented in this study as particular vehicle types can be
expected to be chosen to fit particular driving styles. This report presents the estimation
methodology and resulting estimates of crash involvement risk and injury rates derived
from linking NZ crash and Motor Vehicle Register databases. Information on distances
driven was derived from odometer readings recorded at the time of periodic vehicle
inspections and extracted from the Motor Vehicle Register. Other information used to
mode risk included the location of the owner’s address (rura vs. urban) as well as the age
and gender of the owner.

Induced exposure methods have been used for a number of years to measure relative risks
associated with different vehicles, drivers, or driving situations. The advantage of this
approach is that it does not require an explicit exposure measure, which is often
unavailable, but instead makes use of readily available data, forming exposure estimates
from crash data where the comparison crash type is specially chosen to reflect the
prevalence of the vehicle type / driver group / driving situation. The analysis described in
this report identifies an appropriate set of comparison crashes from analysis of information
on vehicle distance travelled for validating the choice of comparison crashes. It is rare that
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such an opportunity is available to inform the choice of comparison crashes for this sort of
analysis. Relative risk estimates were then able to be formed quite easily by comparing
Australian and New Zealand crash frequencies of the crash type of interest (here, rollover
crashes) with the comparison crashes, controlling for driver, vehicle and environmental
variables by matching these variables of the rollover crashes with those of the comparison
crashes.

Although the there were some situations where induced exposure estimates were likely to
have some degree of bias, estimates of risk consistent with previous studies were generally
obtained, showing higher rollover risk for those vehicles (4WDs and People Movers) with a
relatively high centre of gravity compared to the width of the wheel track. As found in a
previous study of Australian and NZ crash data, a situation of particularly high risk of
rollover was found when teenagers either drive or own 4WD vehicles. This may be related
to the fact that 4WD vehicles are more unstable and more difficult to control than cars and
thus present greater risk for inexperienced drivers. Higher rollover risk was also found for
older vehicles: a vehicle manufactured a year before another vehicle was estimated to have
a 2% higher relative rollover risk, al other things being equal (vehicle market group, driver
age and gender, speed limit area, jurisdiction, year of crash). Female drivers were found to
have a 35% lower rollover risk than male drivers (with 95% confidence interval 42% to
27%).

Analysis of risk estimates for rollover crash involvement using NZ crash and motor vehicle
registry dataidentified rural owner address as a significant risk factor for rollover, which is
most likely related to the sorts of roads that non-urban drivers typically use. The higher
speeds travelled on non-urban roads lead to greater instability of vehicles, particularly those
vehicles that have a high centre of gravity relative to the width of their wheel track, such as
most 4WDs, vans and utility vehicles. These risk estimates for rollover crash involvement
showed elevated rollover risk for 4WD vehicles. Vans and Utilities were also estimated to
have a consistently high rollover risk.

A model was also fitted that estimated average casualty rates controlling for exposure by
vehicle market group for injury crashes of any type using NZ data. In this context, a
casualty was defined as an injured person either in the focus vehicle (the focus vehicle
being the vehicle for which risk was being estimated), or a casualty in a vehicle impacted by
the focus vehicle, or an injured cyclist or pedestrian hit by the focus vehicle. Overall, Large
4WDs were clearly the safest vehicle market group in terms of casualty rate. Thisis despite
previous research showing that 4WD vehicles pose a high risk to other vehicle drivers and
unprotected road users when involved in a crash with a 4WD. It is likely that low 4WD
crash involvement risk combined with generally good occupant protection performance by
4WD vehiclesin a crash offset the high injury risk posed to other road usersin a crash. This
has resulted in alow estimated overall casualty rate for these vehicles in the way they are
currently used. The market groups People Movers, Light, Small and Medium cars had
relatively high casualty rates, on average, reflecting their average crash risk combined with
often poor occupant protection performance in a crash, with Sport cars having clearly the
highest injury rate of all the market groups reflecting their high estimated crash risks.

Despite their high rollover risk, 4WDs were found to have arelatively low crash risk overall
compared to other vehicle classes. In comparison, sports cars had one of the highest
estimated crash risks. Sports cars would be expected to have lower primary crash risks
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related to their low centre of gravity and design bias toward superior handling and braking.
The high risks for sports cars estimated in the current study suggest that despite attempts to
control for non-vehicle related factors in estimating crash risk by correcting for driver age,
gender and location of residence, the risk estimates obtained still largely reflect aspects of
driver behaviour that could not be measured in the available data. Whether these driver
characteristics are inherent in the type of person buying a particular vehicle type or are
induced by the characteristics of the vehicle driven remain unknown. There is therefore a
need for caution in using the estimated crash risks presented in this study to formulate
policies and recommendations aiming at directing consumers to particular vehicle types to
minimise crash risk as the relatively low crash risk estimated for 4WD vehiclesin this study
may not be observed if a different cohort of drivers were substituted for those currently
using these vehicles.

Another model estimated fatal and serious casualty rates for the vehicle market groups, with
the rates averaged over the levels of the owner and vehicle characteristics considered. A
proper assessment of safety should account for the seriousness of the injuries sustained,
particularly as most minor injuries, while unpleasant, have few long-lasting effects. Here,
the results of fitting a Poisson model to the counts of fatal and serious injuries resulting
from crashes (including those where a pedestrian or cyclist is killed or seriously injured or
occupants of another vehicle are killed or seriously injured in collision with the particular
market group considered) showed that fatal and serious injury rates were relatively low for
Large 4WDs and high for Sports cars. Thisis again likely to be largely associated with the
crash risks of these two vehicle types rather than associated with secondary safety effects
(crashworthiness and aggressivity characteristics) in the event of a crash. The estimates for
this model had wider confidence intervals than for the previous models fitted, due to the
fact that the data were relatively scarce, asfatal and serious injuries are much less numerous
than minor injuries. For this reason, the other market groups cannot be very well
distinguished in terms of their fatal and serious crash rates. A low fatal and serious injury
rate estimated for Vans and Utilitiesis likely to be an artefact of the lower speed limit roads
that are more often travelled on by such vehicles in mainly work-related driving. Thisis a
limitation of this sort of modelling that exposure by road type can be accounted in only a
limited way by the owner’s address. A further limitation is that within given locations, age
bands and gender groups, drivers wanting to drive in a particular manner may choose types
of vehicles to suit their driving style, leading to differences in risk between these vehicle

types.

In summary, from models fitted to crash and Motor Vehicle Register data, the following
conclusions can be made:

o Intheway they are currently used in New Zealand, 4WD vehicles generally
have alow estimated crash risk compared to other classes of vehicles.

0 Previous studies from Australiaand New Zealand have estimated that 4WD
vehicles provide generally good levels of occupant protection in the event of
a crash (crashworthiness). However these previous studies have also
established that 4WD vehicles, particularly large and medium 4WD vehicles,
pose a disproportionately high risk of seriousinjury to other road users with
which they collide (aggressivity).

o0 Degspitetheir established high aggressivity, 4WD vehicles appear to impose
relatively low injury risk overall to their own occupants, to other roads users
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and occupants of other vehicles per year of exposure on the road and
adjusted for distance driven. Thisis aresult of their estimated low crash
involvement risk related to the way these vehicles are currently used,
combined with good crashworthiness, offsetting the effects of high
aggressivity.

0 By far the least safe market group analysed in terms of crash risk was Sports
cars. These vehicles consistently had a high risk compared to other market
groups under the same circumstances modelled. For rural owners, these
vehicles were particularly risky.

0 Most vehicleswith high annual kilometres driven were not found to have
proportionately higher crash risk than low annual kilometre vehicles. This
has been found in other studies, and isrelated — at least in part — to the sorts
of driving and roads travelled on by drivers who drive large distances.

The original intent of the current study was to estimate risk associated primarily with
vehicle design and handling. However, comparing the resultant risk estimates for 4WD
vehiclesto those for Sports carsin particular suggests the estimated risks are predominantly
affected by driver behavioural factors that could not be measured in the available data rather
than factors associated with vehicle design and handling. Whether these driver behavioural
factors reflect behavioural adaptation to the type of vehicle being driven or are related to the
type of driver buying a particular type of vehicle and the way that vehicle is used could only
be determined through further research. Consequently, the relatively low crash risk
estimated for 4WD vehiclesin this study may not be observed if adifferent cohort of
drivers were substituted for those currently using these vehicles.

Rollover crash risk was also estimated from Australian and NZ data using induced exposure
risk estimation, controlling for driver and exposure factors. The main features of the
analysis of rollover risk can be summarised as follows:

o Degspitetheir low crash risk overall, the risk of rollover was found to be high
for 4WD vehicles. Furthermore, previous studies have shown that 4WD
vehicles have a higher relative fatality risk in rollover crashes than other
classes of vehicle. The only other market group considered with a
consistently high rollover risk was Vans and Utilities. This was consistent
with results from previous studies that have aso shown higher rollover risk
for those vehicles (4WDs and People Movers) with arelatively high centre
of gravity compared to the width of the whedl track.

o Anaysisof primary risk estimates for rollover crash involvement from NZ
data identified rural owner address as being a significant risk factor for
vehiclerollover, which is most likely related to the sorts of roads that non-
urban driverstypically use.

o Asfoundinaprevious study of Australian and NZ crash data, a situation of
particularly high risk of rollover was found when teenagers either drove or
owned 4WD vehicles. This may be related to the fact that 4WD vehicles are
more unstable and more difficult to control than cars and thus present greater
risk for inexperienced drivers.

o Higher rollover risk was found for older vehicles: a vehicle manufactured a
year before another vehicle was estimated to have a 2% higher relative
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rollover risk, all other things being equal (vehicle market group, driver age
and gender, speed limit area, jurisdiction, year of crash).

o Femaledriverswere found to have a 35% lower relative rollover risk than
male drivers (with 95% confidence interval 42% to 27%).

These results suggest that parents who are 4WD owners — and, to alesser extent, owners of
People Movers — need to be wary of allowing their novice family membersto use such
vehicles keeping in mind that cars present significantly less rollover risk for young drivers.
The high 4WD rollover risk in general reinforces the importance of electronic stability
technology as a highly desirable risk-reducing feature for these relatively unstable vehicles
that are prone to rollover crashes.
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Four-wheel Drive Vehicle Crash Involvement Risk,
Rollover Risk and Injury Rate
in Comparison to Other Passenger Vehicles:

Estimates Based on Australian and New Zealand Crash Data and on New
Zealand Motor Vehicle Register Data

1. Background

There are important safety concerns with four-wheel drive (4WD) vehicles, including their
potential to cause harm to other vehicles and road users (White, 2004). In a recent report, Keall,
Newstead and Watson (2006) compared crash patterns of types of 4WDs using Australian and
New Zedand data. 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
in rollover crashes. However, there were a number of mitigating criteriain 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 changesin
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 rates of crash involvements that
also tend to be less serious. The Monash University Accident Research Centre (MUARC) has
also undertaken a number of studies into the secondary safety of vehicles, which is the ability of
the vehicle to protect its occupants in the event of a crash (Newstead and Cameron, 2001;
Newstead et al, 1998; Newstead et al, 2004a; Newstead et al, 2005; Newstead et al, 2003a;
Newstead et al, 2004b; Newstead et a, 2003b; Newstead, 2004). There is very little information
in the literature about the primary safety of 4WD vehicles, which is the ability of the vehicle to
avoid a crash. Vehicle features that may contribute to primary safety include the ability of the
vehicle to steer well, its stability when cornering, effective braking, adequate headlights etc. All
these features can assist the driver to maintain good control of the vehicle and avoid crashes.

Primary safety estimates can potentially show whether a particular type of vehicle is safer to
drive than another (taking into account the sorts of drivers who drive the vehicle, some account
of the conditions under which it is driven and the number of kilometres driven). For example, is
a4WD vehicle safer or less safe than a large car? Are certain driver groups (e.g., young drivers)
more or less safe in this type of vehicle? Are particular crash types a problem with certain types
of vehicles? These are the sorts of questions that can theoretically be addressed by analysis of
primary vehicle safety estimates.

Care must be taken when assessing primary safety by vehicle type because of possible
confounding due to the way different vehicles may be driven. Some recent studies (Keall and
Frith, 2003; Keall and Frith, 2004; Keall et a, 2005) have shown that risks per km driven vary
considerably by characteristics such as the age and gender of the driver, and also by the time and
place of driving exposure. There remains a need to expand on that analysis by estimating risk
while controlling for the exposure of the vehicle. One potential approach involves making use of
data on vehicle distance driven combined with crash data to estimate primary risk. Such data are
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very uncommon internationally, meaning that few attempts have been made to produce such
estimates. New Zealand Motor Vehicle Register data, which have odometer readings recorded
periodically, are an ideal data source for this estimation approach.

Another approach uses the method of induced exposure for risk estimation. Induced exposure
methods have been used for a number of years to measure relative risk of vehicles, drivers, or
driving situations (e.g., Xuedong et al, 2005). The advantage of this approach is that it makes
use of readily available data, forming exposure estimates from crash rates where the comparison
crash typeis specially chosen to reflect the prevalence of the vehicle type/ driver group / driving
situation. One recent example of this estimation was an assessment of the effectiveness of ABS
braking systemsin Australia (Delaney and Newstead, 2004).

1.1.Pilot study

Prior to this project, a pilot study done by Monash University Accident Research Centre for
Land Transport New Zealand trialled a linking process between crash data and MVR datato find
to what extent the crash-involved driver is the owner of the vehicle, or at least in the same
age/gender group as the owner (Keall and Newstead, 20064). For each crashed vehicle that had
been successfully matched, comparisons were made between the location of the crash and the
owner’'s address as well as between the age and gender of the driver who crashed and the
owner’s gender and age. The vast mgjority of crashed vehicles were being driven by someonein
the same age range and of the same gender as the owner. There were two main exceptions to
this: (i) vehicle types that are commonly company-owned, and (ii) a few makes and models of
vehicle that are most commonly driven by young people. Both these classes of vehicles needed
to be identified and treated specially to avoid biasesin risk estimation when estimates of primary
vehicle safety were being derived from these data. Vehicles crashed in similar types of locations
(in terms of levels of urbanisation) as the places where their owners lived in about two thirds of
cases. To the extent that the level of urbanisation presents different risk environments, as seems
likely, the owner’ s address appears to be a very useful explanatory variable in analyses of risk.

To summarise, the pilot study’s results indicated that it is valid to link the crash database and the
Motor Vehicle Register in order to analyse risk per km driven by data such as owner age, gender
and location. However, the capability of the models of primary vehicle safety to produce
estimates for individual makes and models will be restricted to popular vehicles until more data
become available.

1.2. Crash involvement patterns of 4WD vehicles

A recent report undertaken by the Monash University Accident Research Centre (MUARC) for
the Roya Automobile Club of Victoria (RACV) (Keall et al, 2006) analysed 4WD crash
involvement patterns in comparison to other passenger vehicles in Australia and New Zealand
and reviewed recent work on estimating crashworthiness and aggressivity for 4AWD and other
vehicles. The main findings of this study were:

e Onaverage, Large and Medium 4WDs had good crashworthiness.

e They have been shown to be aggressive vehicles, causing significantly higher risk of
death and serious injury to other road users when in collision with other vehicles, cyclists
and pedestrians. However, the feared increases in trauma to car drivers did not seem to
have occurred at the same rate as sales had increased, perhaps indicating low km driven
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by 4WD vehicles. This possibility needed to be addressed by analyses that account for
kilometres travelled.

e NSW data suggested that 4WD rollover rates were improving with time and the
consequences for car drivers of a head-on crash with a4WD may also be improving with
time.

e Degspite these positive points, 4WDs were more likely to roll over, a very serious crash
type. Generally, 4WDs offered poor protection in this sort of crash and in single vehicle
crashes generaly.

e These rollover rates appeared to be higher for inexperienced 4WD drivers (high for
young drivers; also indicative evidence that rates are high for older female drivers) and in
higher speed limit areas. There was no evidence of differences in overall rollover rates
between the three different size classes of 4WDs considered.

1.3.Components of the primary risk estimate

As discussed above, the secondary safety of vehicles is the ability of the vehicle to protect its
occupants in the event of a crash and can be expressed in terms of crashworthiness, which has
two components, injury risk (the risk of injury given tow-away crash involvement) and severity
risk (the risk of fatal or serious injury given that an injury has occurred). Primary safety is the
ability of the vehicle to avoid a crash. As the NZ crash reporting system only records injury
crashes with consistent data, the primary risk estimates derived solely from NZ data of necessity
include the injury risk component of crashworthiness, as represented below, and are hence not
purely estimates of primary risk:

Crashworthiness = (injury risk) x (severity risk)
NZ primary risk estimates = (tow-away crash risk) x (injury risk)

1.4.Purpose of the study

The current research attempts to address a limitation of previous analyses of 4WD risk, the
desirability of accounting for distance driven and other relevant factors related to the
owner/driver of the various passenger vehicle market groups considered to make more accurate
comparisons of vehicle safety.

The purpose of the current study is twofold:

1. First, to use NZ data linking police reported crash data with Motor Vehicle Register
(MVR) (exposure) data as input to sophisticated stetistical models that estimate risk
while controlling for confounding factors such as the sorts of drivers who drive the
vehicle, the extent of driving undertaken by the vehicle and the conditions under which
it is normally driven. These estimates would then show how safe (or dangerous) 4WD
vehicles are compared to other passenger vehicle market groups.

2. Second, to use Australian and NZ data to estimate risk of rollover crash involvement of
AWD vehicles compared to other passenger vehicles. The analysis described in this
report identifies an appropriate set of comparison crashes from analysis of New Zealand
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data that had vehicle distance travelled available for validating the choice of comparison
crashes. It is rare that such an opportunity is available to inform the choice of
comparison crashes for this sort of analysis. Relative risk estimates are then able to be
formed quite easily by comparing crash frequencies of the crash type of interest (here,
rollover crashes) with the comparison crashes, controlling for driver, vehicle and
environmental factors by matching these aspects of the rollover crashes with those of the
comparison crashes.
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2. DATA

2.1. The New Zealand Motor Vehicle Register (MVR)

The Motor Vehicle Register (MVR) contains data on all vehicles currently registered in New
Zedland, including both licensed and unlicensed vehicles. This includes data on vehicle type,
age, make and model. Each vehicle driven on public roadsin New Zealand is legally required to
be registered and is also required to have a current Warrant of Fitness (WoF) or Certificate of
Fitness (CoF). These are granted based on an inspection of the vehicle that establishes that there
are no significant safety-related problems with the vehicle. Light vehicles first registered
anywhere less than six years ago must have a WoF inspection every 12 months. All other
vehicles have WoF inspections every six months. Heavy vehicles, taxis and buses have six-
monthly CoF inspections. There are fines for drivers who are caught driving a vehicle that is
either unlicensed (unregistered) or does not have its WoF/CoF. A driver can aso be fined for
driving a vehicle that is licensed but has become unroadworthy (e.g., with worn tyres etc) since
its WoF/CoF inspection.

At the time of the WoF or CoF inspections, odometer readings are recorded by the inspecting
mechanic. These data, along with the results of the vehicle inspection, are entered on-line and
stored in a centralised database. Estimating vehicle distance driven is possible because two
consecutive odometer readings for any vehicle inspected at least twice in New Zealand can be
extracted from the database, along with the dates of the inspections. This provides an estimate
for each vehicle of distance driven over the period between the WoF or CoF inspections. Such
estimates can then be converted into estimates of annual distance driven by making the
assumption that the vehicle is driven throughout the year at the same daily km rate as estimated
for the period between the inspections considered.

A small proportion of vehicles used on-road in New Zealand is unlicensed. Such vehicles were
not included as part of this study unless they had been licensed within the last year (for vehicles
more than 6 years old) or 18 months (newer vehicles). Thisis because recent VKT data were not
available to estimate distance driven for these vehicles. This is a desirable facet of the study of
primary vehicle safety in that the vehicles studied were all maintained to a given minimum
standard, so differences in maintenance levels of the vehicles studied should not bias estimates
of the vehicle safety.

The following variables were supplied for each vehicle: MVR vehicle id, vehicle type, vehicle
make, vehicle model, cc rating, gross vehicle mass, fuel type, year of manufacture, odometer
distance unit, owner location (Local Authority of owner address), latest inspection odometer
reading, latest inspection date, latest inspection location, previous inspection odometer reading,
previous inspection date, previous inspection location, owner date of birth, owner gender. The
last two fields were only available where the owner was an individual. For about 9% of vehicles,
the owner of the vehicleisacompany.

Filters were used to ensure that invalid distance estimates were not included in the study, as
described in an unpublished document from the New Zealand Ministry of Transport by Povey
(2005). According to these filters, the following vehicles could not have a valid distance
estimate cal cul ated:

a) Thosewith at |east one missing odometer reading.
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b) The difference between consecutive odometer readings was less than 20 km. It was
assumed that these vehicles had been under repair between inspection dates and that the
distance travelled per day was therefore atypical.

c) The current odometer reading was less than the previous one.

d) Vehicles with fewer than 30 days between successive inspections. It was assumed that
these vehicles had been under repair between inspection dates.

€) Vehicles with unreasonably large daily distances recorded. This was determined
according to vehicle age (newer vehicles were alowed to have greater distances
estimated and still be treated as valid). This was to avoid using data clearly affected by
transcription errors or misrecording.

Market group was determined by using an Excel spreadsheet of makes and models of vehicles
classified by market group based on analysis of the NZ vehicle fleet by MUARC. Model name
was used to classify most vehicles. Where more than one market group was included within the
same model name, vehicle year of manufacture was aso used for this classification. The
classification “Unknown” was used for vehicles not identified by this process. Estimates were
calculated for this group of vehicles as a check that the unclassifiable vehicles were not
sufficiently atypical to skew (bias) estimates for the market groups able to be classified.

Land Transport New Zealand provided afile of 3,206,510 licensed motorised vehicles (all active
self-propelled vehicles in New Zealand) as at March 2005 together with owner data as at May
2005 plus 3,322,332 vehicles from February 2006. Fields included vehicle registration number,
customer type (individual/company/other), owner date of birth, gender, and town/suburb address
of owner (where the owner was an individual). The owner address was converted into the Local
Authority code (of which there are 74). This was to provide information on the location of
driving exposure of the vehicle on the assumption that a vehicle is likely to be used more in the
vicinity of its owner’s address than in other areas. For older vehicles, a distance unit (miles or
kilometres) is required in order to estimate distance driven from the odometer readings. To
obtain these, another file of MVR data from August 2004 was used, linked to both the data from
March 2005 and from February 2006 by the vehicle identification number. Vehicle identification
numbers are unique identifiers linked to the vehicle, unlike licence plates, which can sometimes
be transferred from one vehicle to another. This August 2004 file contained the vast majority of
older vehicles for which the distance unit information was important. For the relatively few
vehicles that had a distance unit missing after this process, a unit was imputed by making use of
information on the period of the year of manufacture of the vehicle and the most common
distance unit used during that period. These were combined to form afile of 3,378,394 vehicles
that were licensed during these two periods (March 2005 and February 2006), of which
2,995,906 were light passenger vehicles. The distance travelled was calculated in two different
ways. (i) if only one distance estimate was valid, or the vehicle existed in one year’ s file, but not
the other’s, the distance estimate was taken to be whichever of the two distance driven estimates
was valid; (ii) if there were two valid estimates, one for 2005 and one for 2006, the distance
driven estimate for the vehicle was taken to be the 2006 distance estimate. The rationale for this
process was that distance driven was a variable that was relatively frequently missing (due to
transcription errors etc in recording odometer readings), so this practice of using al available
valid data led to a higher proportion of vehicles having distance driven estimated. Only about
9% of the vehicles within the scope of this study had missing distance driven estimates. These
were excluded from the analysis. If for a given vehicle, owner data had changed between the two
files used, owner data from the latter date was used. This meant that the population of vehicles
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studied was primarily that of early 2006, with relatively few vehicles with owner data from 2005
(only 3% of the population studied that were not licensed in 2006). This was considered
appropriate as the mid-point of the period of the crash data matched to the MVR (see below) was
early 2006. A pilot study of the matching of crash data to MVR data (Keall and Newstead,
2006b) had found that a much lower proportion of crashed vehicles could be matched to the
MV R when the crash date preceded the MV R extraction date, probably because a proportion of
crashed vehicles ceased to be licensed, having been written off or scrapped following the
damage sustained in the crash. By including vehicles licensed in early 2005 in the population
studied, crash data from the remainder of 2005 could be used without concerns about low
matching rates, expanding the amount of data available for analysis.

2.2.Crash data used for primary risk estimation

The NZ Ministry of Transport provided a file of 17,245 crash-involved vehicles (together with
degree and number of injuries, driver age and gender) from 2005 and a further 16,795 crash-
involved vehicles from 2006. The vast mgority (98%) had a plate number specified. Multiple
vehicle crashes were identified in the crash data according to whether another motor vehicle had
been involved in the crash or not. 18% of crashed vehicles were not able to be matched to the
MVR, leaving a total of 23,826 crashed vehicles available to be analysed, after removing
duplicates (vehicles that crashed a second or third time).

Owner and vehicle data were derived from MVR information for the vehicle. These variables are
described in Section 2.1 above.

2.3.Crash data used for induced exposure models

Crash data from four Australian states, Victoria, New South Wales, Queensdand and Western
Australia, along with data from New Zealand, were used from the years 1993 to 2004. There
were a number of key variables in the crash data defined for modelling vehicle rollover risk that
were common to the five jurisdictions’ crash data sets:

Y ear of crash

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

Y ear of vehicle manufacture

V ehicle market group

Driver age (<26 years old; 26-59 years old; age 60 plus)
Driver gender (male, female)

2.4.Defining rollovers

A rollover occurs when a vehicle impacts the ground or road surface with its side or top. 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 Victoria and Queensland, a variable was available that coded for
first impact type or major impact point on the vehicle: for Victoria, whether the top or roof of the
vehicle was the point of initial impact and for Queensland, whether the top or roof of the vehicle
was the point of major impact. For Western Australia a variable coded for non-collision
accident type was used to identify arollover. For New Zealand, a rollover was defined if there
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was damage to the top (roof) of the vehicle or the degree of damage was stated as due to the
vehicle overturning.

2.5. 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:

e Passenger cars and station wagons:

0 Large (typicaly >1500kg tare mass)
Medium (typically 1300-1500kg tare mass)
Small (typicaly 1100-1300kg tare mass)
Light (typically <1100kg tare mass)

o O O O

Sports (coupe or convertible body style)
0 Luxury (highly specified vehicle)
e Four-wheel drive vehicles (off-road vehicles with raised ride height):
0 Large (typicaly >2000kg tare mass)
0 Medium (typically 1700-2000kg tare mass)
o Small (typically <1700kg tare mass)
e People Movers (single box body style vehicle with seating capacity > 5 people)
e Commercial vehicles (utilities and vans less than 3000 kg Gross V ehicle Mass)
o Utility
o Van

The market group categories listed are generally consistent with those used by the Australian
Federal Chamber of Automotive Industries (FCALI) in reporting vehicle sales, although some
categories used by the FCAI have been combined here to ensure sufficient numbers of vehicles
for analysis. 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. The commercia vehicle types (utilities and vans) were excluded from the
induced exposure analysis, for reasons explained below. In this report, the market groups of
vehicles are referred to be names with a capitalised first letter, viz. Small cars, Large 4WDs, etc.
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3. ANALYSIS

The Analysis section describes the analytical approach used. Two analyses were performed: (i)
estimation of primary vehicle risk from NZ data using six statistical models to investigate
different perspectives of risk; (ii) estimation of rollover risk using induced exposure estimates.
The description of the induced exposure estimation method also outlines the process used to
identify the best comparison crash type to represent vehicle exposure.

3.1.Variables

All variables, apart from crash involvement, were derived from the owner details in the MVR.
For crash-involved vehicles, Land Transport NZ found owner details from the MVR as at the
date of the crash. This was to ensure that the owner current at the date of the crash was correctly
identified and to avoid potential matching problems identified in the pilot study (Keall and
Newstead, 2006a). Age group was defined to be relatively homogeneous in terms of risk
(according to prior NZ research, viz. Keall and Frith, 2004): 15-19, 20-29, 30-59 and 60 plus.
The level of urbanisation of the owner’s address was defined in four levels (Local Authorities
were classified into: Auckland; Local Authorities of other Main Urban Areas with population
over 50,000; Local Authorities of smaller Main Urban Areas; al other Local Authorities). Asthe
vicinity of the owner’s address can be expected to be the main area of driving exposure, these
classifications provide a proxy for types of road, which are known to present different levels of
risk. For example, urban speed limit roads present the highest risk of injury crash involvement
per distance driven (Keall and Frith, 2004). The MVR data of May 2005 did not have a Local
Authority classification, so a link was made to MVR data from August 2004 to obtain the Local
Authority codes of the owner’'s address as well as the place where the vehicle last underwent a
periodic vehicle inspection. This link was made using the vehicle identification codes, which are
less subject to change than plate numbers (which can be transferred from one vehicle to another
vehicle in the case of personalised plates). As initial modelling showed that the two non-
Auckland urban classifications had similar coefficients estimated, these were combined to form
a single category for the analysis. The three urbanisation classifications for the owners’ address
were therefore: “ Auckland”; “other urban”; “rural”.

3.2.Primary risk modelling data

3.2.1. Models fitted to estimate primary risk

Six models were fitted to the data to estimate:
1. Overdl risk of crash involvement by market group over the two years studied
Risk of rollover crash involvement by market group over the two years studied

Risk of multi-vehicle crash involvement by market group over the two years studied

Ea N

Market group total safety (number of casualties resulting from crashes involving that market
group controlling for distance driven and owner characteristics over the two years studied)

5. Market group average safety (number of casualties resulting from crashes involving that
market group, averaged over the factors that interacted with the market group variable in
Model 4) over the two years studied
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6. Market group average serious/fatal safety (number of serious/fatal casualties resulting from
crashes involving that market group, averaged over the factors that interacted with the
market group variable) over the two years studied

3.2.2. Modelling continuous explanatory variables

Fractional polynomial anaysis (Royston and Altman, 1994) was used to identify the most
appropriate functional form for vehicle distance driven (“km_year”, estimated from consecutive
odometer readings on the MVR). In STATA (StataCorp, 2001), the appropriate polynomial form
was determined for the regression that estimated the probability of crash involvement for
Models 1 to 3, and estimated total casualties for Models 4 to 6, with the covariates owner gender
(owner_gender), owner age group (agegrp), market group of the vehicle (marketgroup), level of
urbanisation of the owner’ s address (townclass) and vehicle age (veh_age).

For Model 1 (overall crash involvement) and Model 3 (multi vehicle crash involvement), the
most appropriate functional form for distance driven per year, was represented as two terms in
the model, kmy1 and kmy2, where

kmy1 = log(x)+1.989913539
kmy2 = x*-0.0023518863 (1)

where x = hundred thousands of vehicle km driven per year.

0.01 T T T T T

1000 5000 90 0 21000 25000

= all injuries
guuEEEEER

0001 | - - pamwwwssmmEl
punmnud = fatal and serious
injury
0.0001
km driven per year
Figure 1: Expected number of injuries per two vehicle years of driving by annual vehicle

distance driven as modelled by fractional polynomial analysis

For the rollover crash involvement model (Model 2), the more complex expressions involving
annual distance driven were not statistically significantly superior to distance driven as a linear
term in the logistic, so the smpler form was preferred. The shape of the resultant modelled
relationship between km driven and risk for Models 1 and 3 is similar to the solid line presented
in Figure 1, which is the relationship found for Model 4 (total safety). As for the rollover crash
involvement model, and for the same statistical reasons, the fatal and serious injuries of Model 6
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were modelled with a distance driven as a linear term in the logistic, represented by the dotted
line of Figure 1.

Vehicle age was allowed to enter the regression as a continuous variable modelled as linear in
the logistic space as this was considered to provide a proxy measurement for the crashworthiness
of the vehicle. Previous work by Newstead and Watson (2005) has shown that the log of
crashworthiness can be expected to change linearly against the variable vehicle age. Models 5
and 6 deliberately excluded all interactions with market group to estimate market group safety
averaged over the levels of other variables modelled.

3.2.3. Modelling process for primary risk

Multivariate logistic regression models were used to estimate crash risk in Models 1-3. In order
to avoid overly complex models, no third order interactions of terms entered into the model were
allowed. For terms up to and including second order, backwards variable selection was used, in
which results of the Wald test for individual parameters were examined by the algorithm. The
SAS procedure LOGISTIC uses a process in which at each stage of variable selection, the least
significant effect that does not meet the 0.05 level for staying in the model is removed. Once an
effect is removed from the model, it remains excluded. The process is repeated until no other
effect in the model meets the specified level for removal (SAS Institute, 1998). This process was
carried out manually in the case of the Poisson regressions (Models 4, 5 and 6).

It was considered that each model fitted potentially represented different patterns of vehicle use
leading to different risk patterns estimated, so variables included in one model were not
automatically included in other models, but were subject to the selection criteria described
above. As Model 2 involved relatively few cases of rollover crash involvement, there was less
power available to detect significant terms, so a smpler model resulted. Terms included in the
models, with estimated coefficients, are listed in the Appendix.

Unusual observations were identified during the modelling process, such as individual vehicles
that had an unusually large effect on the estimated parameters. However, when the models were
re-fitted without such observations, the effect on the estimated parameters was negligible, as
may have been expected with such a large amount of data available. No data were omitted from
the final analysis based on these criteria.

The Poisson regression models (Models 4, 5 and 6) were fitted to data that were clustered by
crash for multi-vehicle crashes. Two vehicles crashing together may be expected to have a
correlation in the number and severity of resultant casualties occurring in each vehicle. Negative
binomia models, which could be expected to modd this form of correlation adequately, failed to
converge. GEE analysis, another approach suitable for clustered data, required too much
computer memory for the analysis to be completed. The criteria often used for deciding on over
or under-dispersion for Poisson models, the deviance divided by degrees of freedom and
Pearson’s Chi-Square divided by degrees of freedom indicated a large degree of under-
dispersion and modest over-dispersion respectively. Given these conflicting results, it is best to
interpret the confidence intervals estimated by the Models 4 to 6 as being slight underestimates
of the true confidence intervals.
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3.3. Finding a crash type to represent exposure

The Analysis section now focuses on the process of estimating rollover risk using induced
exposure measures combined with logistic models.

In order to produce induced exposure estimates of risk, a comparison set of crashes needs to be
identified. The fundamental requirement of these comparison crashes is that the risk of crashes
of thistype is unaffected by the characteristics of the risk factor being evaluated. For example, if
rollover risk is being evaluated for 4WDs in comparison with other passenger vehicle types, the
comparison set of crashes should reflect the amount of driving undertaken by 4WDs in
comparison to other vehicles, particularly under those conditions with increased or decreased
rollover risk and when driven by driver groups with differences in rollover liability. This
requirement of the comparison crashes can be represented analytically as follows:
Let c; bethe number of crashes of typei under conditions/driver group/vehicle type]
Let e; bethe exposure under conditions/driver group/vehicle type |

LR @

ZC” Zej

J J
In other words, the ideal set of comparison crashes has the characteristic that the proportion of
comparison crashes for driver/vehicle/condition is a good estimate of the proportion of driving
undertaken by the driver/vehicle/condition combinations considered. The procedure used to
identify a suitable group of comparison crashes sought to find such crash types whose rates best

reflected exposure in terms of VKT for the conditions/driver group/vehicle type combinations
available.

Then

Given that an appropriate comparison set of crashes can be found, represented by the crashes ¢
in equation (2), crude relative risk estimates can be formed from the ratio of the number crashes
of interest under the conditions/driver group/vehicle typej to the number of comparison crashes
for the conditiong/driver group/vehicle typej.

Let the number of rollover crashes under conditions/driver group/vehicle type j be represented
by r;

r.
Then, crude estimate of risk for conditions/driver group/vehicletypej = —- ©)]
C.
J

3.4.Comparison of crash rates with NZ exposure data

This section describes the analysis used to identify the most appropriate set of comparison
crashes, by comparing NZ distance travelled estimates (derived from vehicle odometer readings)
with the frequency of crashes of particular types. Candidates considered as comparison crash
types were multi-vehicle crashes of the following sorts: rear-end crashes, in which damage
occurs to the rear of the vehicle considered; side-on crashes, where damage occurs on a specified
side (left or right) of the vehicle; combinations of these; all multi-vehicle crashes. The objective
was to identify a crash type that most closely reflected the vehicle and driver’s exposure,
independent of the vehicle market group’s primary crash risk and independent of the driver
group’ s crash risk.

Figure 2 and Figure 3 show the proportion of crash-involved driversin the age and gender group
specified divided by the proportion of VKT driven by vehicles with owners in that age and
gender group for three multi-vehicle crash types: damage on LHS of vehicle, damage on RHS of
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vehicle and damage on rear of vehicle, using New Zealand crash data from 2004/05 together
with data on kilometres travelled derived from odometer readings of the NZ Motor Vehicle
Register. The rationale behind such comparisons is that although the VKT estimates are based
on owner data, the owner (or at least someone in the same age range and often the same gender
asthe owner) isthe driver of the vehicle when it crashes (Keall and Newstead, 2006b).

The most appropriate set of comparison crashes is that which is represented by a line that is
close to 1.0 throughout. In particular, there should be few extreme values where relative crash
involvement rates are very poor estimates of relative exposure for particular groups or situations.
Using these criteria, the “hitrear” crashes, in which recorded damage was to the rear of the
vehicle, are evidently the best for the age and gender groups shown.

At an early stage in the analysis, it was apparent that the vans and utes were very dissimilar to
the passenger vehicles in terms of multi-vehicle crash involvement compared to their distance
driven. Their very high involvement in multi-vehicle crashes may be aresult of their type of use,
involving frequent manoeuvring in and out of traffic, or may be an artefact of the analysis
method used. As only vehicles that were owned by individuals were considered in the estimation
of distance travelled from the odometer readings, this approach may have missed many
commercial vehicles that are owned by companies. This would mean that their distance driven
overall was underestimated. For these reasons, and because vans and utes are often used for
commercial reasons rather than as passenger vehicles, they were excluded from the induced
exposure analysis of rollover risk.

100.0
10.0
—&— F hitLHS
—#— F hitrear
-- & - - F hitRHS
1.0 -
0.1

Figure 2: For females, the proportion of crash-involved drivers in the age group specified
divided by the proportion of VKT by vehicles with owners of that age and gender
group for three multi-vehicle crash types. damage on LHS of vehicle, damage on
RHS of vehicle and damage on rear of vehicle. Logarithmic vertical scale.
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Figure 3: For males, the proportion of crash-involved drivers in the age group specified
divided by the proportion of VKT by vehicles with owners in that age and gender
group for three multi-vehicle crash types. damage on LHS of vehicle, damage on
RHS of vehicle and damage on rear of vehicle. Logarithmic vertical scale.
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Figure 4: By passenger vehicle market group, the proportion of crash-involved vehicles of

the type specified divided by the proportion of VKT by these vehicle types for five
multi-vehicle crash types or combination of crash types: damage on LHS of
vehicle, damage on RHS of vehicle, damage on rear of vehicle, all multi-vehicle
crashes combined and all crashed vehicles with damage to either side combined.

14 MonNASH UNIVERSITY ACCIDENT RESEARCH CENTRE



Figure 4 shows the relative frequency of the crash types considered (which includes “MULTI”,
all multi-vehicle crashes and “lhst+rhs’, all crashes where the vehicle is damaged on either side
or both sides) compared to odometer readings-based distance driven estimates. Using whatever
crash type featured, 4WD vehicles and Small cars are underrepresented. However, the best
performing crash type, which is closer to the distance driven estimates in most cases, is (again)
the “hitrear” crashes, where the vehicle is damaged in the rear. The under-representation of
4WD vehicles in crashes of this type (or in any of the crash types considered) means that any
induced exposure estimates of risk will nevertheless be over-estimates for these vehicles.

There may be an effect where a large, robust vehicle is not recorded as having damage in the
rear because such damage seems trivial compared to the damage to the front of the smaller
vehicle that has rear-ended it, leading to the under-representation of 4WD vehicles relative to
other vehicles. Both Light and Small cars are also under-represented, which is not consistent
with such a mechanism. Some research has indicated that there may be differences in the way
larger vehicles may be followed by another vehicle, leading to potential differences in rear-end
crash rates for the followed vehicle. Specifically, larger vehicles were followed more closely,
theoretically increasing the possibility that they may be hit from the rear (Sayer et a, 2000).
Such research does not support the under-representation of 4WD rear-end damage compared to
distance driven found in the current study.

3.5.Modelling rollover risk using induced exposure methods

Logistic regression models the odds of an event, which is defined here to be a rollover crash.
The approach used to model risk involved creating a file that consisted of all rollover crashes
and all comparison crashes. Then the odds estimated are of the form shown in equation (3),
which conveniently estimates risk of rollover using the induced exposure measure.

As rollover is defined differently in each jurisdiction (see paragraph 2.4, above), it was
necessary to estimate rollover risk within each jurisdiction, but ignore differences in risk
between jurisdictions. Similarly, the comparison crash frequencies change according to speed
limit zone, meaning that exposure comparisons (and the risk estimates that result from using
these) are not meaningful between speed zones. Therefore, conditional logistic regression was
used, where both jurisdiction and speed zone were conditioned out of the analysis.

The SAS procedure LOGISTIC (SAS Ingtitute, 1998) was used to model the risk of rollover.
Explanatory variables considered were: vehicle market group; vehicle year of manufacture; age
of driver (in three groups); sex of driver. A comparison group was chosen for each factor
considered. For vehicle market group, Large cars were chosen as the comparison group, as they
arealogical alternative choice for many potential 4WD owners.

The variables:

Y ear of crash

Y ear of vehicle manufacture

V ehicle market group

Driver age (<26 years old; 26-59 years old; age 60 plus)
Driver gender
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were modelled as explanatory variables, as were meaningful interactions of these variables. Only
terms significant at the 0.05 level were retained, which included all the above factors, but no
interactions. One exception was the variable “year of crash’. This was retained as it was an
apparent confounder of the effect of vehicle year of manufacture (as later years of crash aso
tend to involve vehicles with later years of manufacture), despite its lack of dstatistical
significance at the 0.05 level. Pearson and Spearman correlation coefficients for these variables
were both around 0.4. The degree of co-linearity implied was not considered to be high enough
to be of concern to the interpretation of the results of the regression. As described above, the
speed limit zone at crash location (<80km/h, >=80km/h) and jurisdiction (WA, QLD, VIC and
NZ) were modelled as strata and were conditioned out of the analysis. With conditional logistic
regression in PROC LOGISTIC provided in SAS 9.1, there is currently no output available
regarding model fit or diagnostics.
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4. Results

4.1.NZ Primary risk estimation: Crude crash rates

Crude rates of NZ crash involvement per licensed vehicle were calculated using the data
obtained by matching crash data to the MVR data, excluding non-passenger vehicles or those
whose odometer readings were identified as not useable, as described above. The estimates were
calculated for risk of crash involvement overall, multi-vehicle crash involvement, rollover crash
involvement and number of injuries per licensed vehicle over the period of two years. Table 2
shows that Large 4WDs (4WDL) had the lowest crude crash rate (0.57%) as well as the lowest
multi-vehicle crash involvement rate (0.35%). Sports cars had the highest crude crash rate
(0.98%). Medium 4WDs had the highest rollover rate (0.12%), followed by Vang/utilities
(0.10%) and Compact 4WDs (0.07%), equal third with Sports cars (0.07%). The last column
(“injury rate per vehicle”) provides a crude (unadjusted) estimate of the total number of injuries
sustained in crashes in which that vehicle type was involved, per licensed vehicle over the two
years studied. Thisincludes injuries to other vehicle occupants in multi-vehicle crashesin which
the vehicle type was involved, including injuries to pedestrians and cyclists impacted by the
market group. Sports cars stand out as being clearly the vehicle market group that was
implicated in the most road injury. These estimates do not account for owner characteristics or
for distance driven. Estimates of these rates adjusted for these other factors are presented below
in Section 4.2.

Table 1. NZ 2005/2006 data. Number of currently licensed passenger cars and vans
analysed (n) and number matched to crash data (n crash) with crude two-year
injury crash involvement rates per vehicle licensed during the two-year period:
(i) overall; (ii) for crashes where more than one vehicle was involved; (iii) where
the vehicle rolled over. “ Injury rate per vehicle” shows crude numbers of injuries
per two licensed vehicle years (including injuries to pedestrians and cyclists and
occupants of other vehicles colliding with the market group considered)

nlicensed Overall n Overall crash Multi-vehicle Rollover Injury rate

Market group vehicles crash rate* crashrate* crashrate* per vehicle
Overall 2,995,906 23,826 0.80% 0.48% 0.06% 1.15%
4WD Compact 91,345 640 0.70% 0.44% 0.07% 0.99%
4WD Large 53,462 304 0.57% 0.35% 0.06% 0.83%
4WD Medium 137,530 940 0.68% 0.41% 0.12% 1.02%
Large 261,572 2,041 0.78% 0.46% 0.04% 1.13%
Light 150,655 1,237 0.82% 0.50% 0.05% 1.14%
Luxury 177,151 1,298 0.73% 0.45% 0.04% 1.03%
Medium 467,273 4,003 0.86% 0.51% 0.05% 1.25%
People Mover 70,545 592 0.84% 0.54% 0.05% 1.32%
Small 649,779 5,910 0.91% 0.56% 0.06% 1.30%
Sport 115,690 1,136 0.98% 0.58% 0.07% 1.43%
Van/Ute 252,791 1,854 0.73% 0.43% 0.10% 1.07%
Unknown 568,113 3,871 0.68% 0.42% 0.05% 1.00%

*Rates are per licensed vehicle
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Table 1 includes vehicles owned by companies or by more than one person. The models,
however, were fitted to data excluding such vehicles and any vehicles with data on owner gender
missing. This excluded 12% of eligible vehicles from the MVR. The reason for excluding these
vehicles is that the exposure data by owner age, gender and home address were not available
when the owner was not listed as an individual. A preliminary study that piloted this approach
(Keall and Newstead, 2006a) found that the crashed driver was in the same age group and of the
same gender as the owner in the vast mgjority of cases. This means that owner risk factors as
analysed here can be regarded in asimilar light to driver risk factors, which have been examined
more extensively in the literature (e.g., Keall and Frith, 2004). Logistic regression was used to fit
Models 1 (overall crash involvement risk), 2 (rollover crash involvement risk) and 3 (multi
vehicle crash involvement risk) using the SAS procedure PROC LOGISTIC. Models 4, 5 and 6
were fitted using Poisson regression using the SAS procedure PROC GENMOD. Output
generated by these proceduresin SASis provided in Appendix 1.

4.2.NZ Primary risk model estimates

The estimates from the models are presented here in the following order: estimates for variables
that had no significant interaction with market group; estimates for market group within levels of
interacting variables; estimates for market groups averaged over levels of other interacting
variables. These last estimates are less able to be generalised as they represent the conditions,
mix of traffic and driversin New Zealand as in the years 2004-2005. However, they are the best
overall estimates of average primary vehicle safety by market group.

4.2.1. NZinjury rates for owner variables not interacting with market group

As described above, no third order interactions of terms were included in order to avoid overly
complex models. All the graphs presented show the same pattern or trend in risks for any levels
of variables not represented on the graph. For example, Figure 5 shows estimated risk for the
particular situation: other urban male owner, vehicle age at median (12 years) and market group
being Medium car. Risk curves for other combinations of these variable levels will have same-
shaped graphs that differ in terms of their vertical placement on the y-axis. In other words, the
relativity of the estimates presented remains unchanged for any of the other situations modelled.

Figure 5 shows the way that risk of injury crash involvement changes according owner age and
number of kms driven per year by the vehicle, set at three levels: “low” (6,000 km per year);
“median” (11,000) and “high” (19,000). Figure 5 shows that lower km vehicles have
consistently lower risk per year (as can be expected as the levels of exposure are lower). The
differences in risk between high and low km vehicles owned by younger owners (aged under 30)
are much smaller than those owned by older owners, indicating that there is an interaction
estimated between the factors annual distance driven and age of the owner. This is likely to be
related to the different way (type of exposure or manner of driving) that higher kilometre
vehicles owned by young people are driven. It is a limitation of the current analysis (and of any
published analysis known to the authors) that no further light can be shed on the reasons for this
interaction. Analysis of the driving patterns of drivers who drive low annual distances has shown
that such drivers have higher risks per km than drivers who drive greater distances per annum
(Keall and Frith, 2006).
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Figure5: Estimated probability of injury crash involvement by age of owner and km driven

per year at three levels, “low”, “median” and “high” (with male owner with
other urban address, Medium car with age at median of 12 years). NZ data.

No interaction such as shown in Figure 5 was estimated for the models of multi-vehicle crash
involvement and rollover crash involvement (which had less power to detect significant
interactions because of the sparse rollover crash data). The parameter estimates for al the
models fitted are shown in Appendix 1.

0.012

—e—recent
—@— average
- =A= = 0ld

low medium high

distance driven per year

Figure6: Estimated probability of injury crash involvement by km driven per year at three
levels, “low” , “ median” and “ high” and age of vehicle at three levels (with other
urban owner address, male owner aged 30-59, market group=Medium car). NZ
data.

Figure 6 shows that there was estimated to be a trend towards higher injury crash involvement
risks for older vehicles when the vehicle had higher annual distance driven. The age of the
vehicle appears to have little impact on risk when the vehicle is driven only small distances per
year. This particular example isfor a middle-aged urban-dwelling male driving a Medium car.
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4.2.2. NZ Injury rates for owner variables interacting with market group

For Model 1 (injury crash involvement risk), statistically significant interactions with market
group were for the variables owner age and level of urbanisation of owner address. Such
interactions mean that the comparison of the safety between market groups changes for different
levels of the interacting variable. Where a variable interacted significantly with the market group
variable, a graph is generally presented to show how the market group estimates change at
different levels of the interacting variable. Owner age has a large interaction estimated with the
market group variable: Figure 7 presents age group estimates for different market groups. The
most marked differences are for the highest risk owner group, owners aged under 20.

0.025
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0.015 1 —x— medium
—e—small
0.01 —+—light
luxury
—a— people mover
0.005
— - — sport
—O— van/ute

15-19 20-29 30-59 60 plus

Figure7: Estimated probability of injury crash involvement by market group and age of
owner (with owner sex=M, “ other urban” owner address and km driven per year
at median)

In Figure 7, Large 4WDs are at low risk of injury crash involvement apart from those owned by
teenagers, which have a very high risk. Once again, this is consistent with patterns found in an
analysis of 4WD crash patterns in Australia and New Zealand for teenage drivers (Keall et al,
2006). Sports cars are the highest risk market group for most age groups. Confidence intervals
are not shown to avoid a cluttered graph, but they are quite wide for vehicles within the less
NUMerous owner groups, such as teenage owners.
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Figure 8: Estimated probability of injury crash involvement by market group and level of
urbanisation of owner’s home (with owner sex=M, age=30-59 and km driven per
year at median). 95% confidence intervals shown.

Figure 8 shows how risk per market group changes according to the level of urbanisation of the
owner’s address. It shows that all vehicle market groups are estimated to have alower crash risk
when owned by arural owner. This is because rural speed limit roads have lower rates of injury
crash involvement (Keall and Frith, 2004), even though injuries on such roads are likely to be
more severe because of higher vehicle speeds. Auckland owners generally have a higher
estimated risk than other urban owners, likely to be related to the high traffic volumes on
Auckland roads, leading to increased opportunities for injury crash involvement. In general,
market groups that perform well or poorly when owned in a given urbanisation class perform
similarly relative to the other market groups in other urbanisation classes. Large 4WDs are the
lowest risk market group in each of the three urbanisation classes and Sports cars are high risk in
all aress.

4.2.3. NZ estimates of rollover crash risk (Model 2)

As outlined above, rollover crashes were classified according to information in the Traffic Crash
Reports if the vehicle had been recorded as having overturned or if there was significant damage
identified for the top (roof) of the vehicle. As there were relatively few rollovers, a simpler
model resulted from the modelling procedure, including fewer terms that were statistically
significant than for the models of all crashes or multi-vehicle crashes. The risk of rollover
(resulting in an injury) by market groups and level of urbanisation of the owner’s address could
therefore be presented in the one graph, Figure 9. Areas where vehicles drive at higher speeds,
such as rural areas, can expect to have higher exposure to rollover risk than areas with higher
levels of urbanisation and generally lower vehicle speeds. Figure 9 shows this theoretical higher
exposure to rollover risk led to higher estimated rollover risk for most vehicle market groups
apart from Large 4WDs with an Auckland owner. The large confidence interval associated with
this last estimate shows that more data are needed to establish whether this effect is real or an
artefact of variability in the data. Within each level of urbanisation, 4WDs have high rollover
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risk, as do vans and utes. The generally commercial use of vans and utes may be the explanation
for the similar rollover risks estimated within each level of urbanisation. As has been mentioned
above for 4WDs, vans and utes tend to have relatively high centres of gravity compared to the
width of the wheel base, a combination that |eads to greater instability.
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Figure9: Model 2: Estimated risk of rollover injury crash involvement by market group
and level of urbanisation of owner’s address (Auckland; other urban areas; rural
areas) (with owner sex=M, age=30-59 and km driven per year and vehicle age at
median). 95% confidence intervals shown. NZ data.

4.2.4. NZ Estimates of multi-vehicle crash involvement (Model 3)

Model 3 estimated the probability of multi-vehicle crash involvement (in which the market
group being considered crashes with another vehicle, and an injury occurs in either or both
vehicles). Generally, the sorts of relationships estimated for Model 3 were similar to those of
Model 1, so only one example of the estimates is graphed here: Figure 10, showing estimated
risks of multiple vehicle injury crash involvement, has a similar risk pattern to Figure 8. In
comparison with Figure 8, Figure 10 shows a somewhat higher multiple vehicle crash risk in
Auckland, consistent with a more congested road network where vehicles frequently cross the
paths of other vehicles, and a somewhat lower risk in rural areas, consistent with a less
congested road network. Notable is the high risk of multi-vehicle crash involvement of Sports
cars in all urbanisation areas and the relatively low risk of Large 4WDs. Compact and Medium
4AWDs appear to have a multi-vehicle crash involvement risk similar to the better-performing
cars. A full list of estimated parameters for Model 3isgivenin Appendix 1, in Section 8 below.
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Figure10: Estimated probability of multiple vehicle injury crash involvement by market
group and level of urbanisation of owner’s home (with owner sex=M, age=30-59
and km driven per year and vehicle age at median) with 95% confidence
intervals.

4.2.5. NZ estimates of casualty rate per market group (Model 4)

This section described models estimating total numbers of casualties resulting from crashes
involving the vehicle market groups and owner characteristics considered. Cyclists and
pedestrians injured in collision with vehicles of the market group as well as injuries to occupants
of the market group vehicle itself and to occupants of vehicles colliding with the market group
vehicle are al included. The total casualty rate is affected by three components. primary safety
(the ability of the vehicle to avoid a crash); secondary safety (the ability of the vehicle to protect
the occupants in the event of a crash); and aggressivity (the amount of harm a vehicle does to
other road users when colliding with them). A fourth component is the occupancy rate of the
vehicles. Vehicles carrying larger numbers of passengers may have a higher casualty rate
because more occupants are subject to the forces of the crash. This last factor is likely to
increase the casualty rate of People Movers, for example.

Model 4 incorporates al statistically significant interactions in predicting the number of
casualties, including any significant interactions with the market group variable. To simplify the
presentation of these results, the last two models, Models 5 and 6 present estimates by market
group of total primary safety averaged over the vehicle and owner characteristics that interact
with the market group variable. The advantage of this approach is simplicity of presentation; the
disadvantage is that the estimates are more specific to the time and place from which the data
arose. Whereas the estimates from models that include the interacting variables with market
group are more likely to be robust to changes in the vehicle fleet, and changes in types of vehicle
owners, etc, the averaged estimates of Models 5 and 6 are more specific to NZ conditions in
2005/2006.

CRASH RIskS OF FOUR-WHEEL DRIVE VEHICLES IN COMPARISON TO OTHER PASSENGER VEHICLES 23



0.04

0.035 —m— 4WDL
' —e—4WDC
0.03 ---a--- AWDM
X large
0.025 .
—x— medium
0.02 - —e—small
0.015 —+—light
luxury
0.01 —a— people mover
0.005 — —— — sport
—O— van/ute

15-19 20-29 30-59 60 plus

Figurell: Modd 4: estimated number of casualties from crashes per two vehicle years by
market group and age of owner (with owner sex=M, “other urban” owner
address, vehicle age and kmdriven per year at median)

Figure 11 shows that Sports cars have a very high casualty rate in crashes (injured occupants of
Compact 4WDs, or of other vehicles or road users into which Sports cars crashed) for all age
groups. Large 4WDs have a relatively high rate for teenage owners, but the lowest rate for
owners in other age groups. As for the estimates of crash involvement risk of Model 1, the
confidence intervals for young owners are large. The confidence intervals become tighter for
estimates based on more data, particularly for the numerous 30-59-year-old owner group. For
example, the lower bound for the 95% confidence interval for 30-59-year-old owners of
Compact 4WDsisonly just over 0.001 below the point estimate.

As Figure 12 has just three lines to present, 95% confidence intervals can be shown without too
much clutter. This shows the same estimates (number of casualties resulting from crashes
involving the given market group per vehicle year) for owners with Auckland, other urban and
rural addresses. As discussed above, the location of the owners address can be seen to some
extent as a proxy for the sort of exposure of the vehicle: more urban for the urban-owned
vehicles and more rural for the rural-owned vehicles. Figure 12 shows that Large 4WDs were
estimated to have a low casualty rate in al areas. In rural areas, Sports cars were estimated to
have the highest casualty rate.
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Figure12: Model 4: estimated number of casualties from crashes per two vehicles years by
market group and level of urbanisation of residence of owner (with owner sex=M,
aged 30-59, vehicle age and km driven per year at median). 95% confidence
intervals shown.

4.2.6. NZ Estimates of casualty rate averaged over variables interacting with
market group (Model 5)

This section of the results presents estimated market group casualty rates averaged over the
situations considered. As discussed above, such an approach has the advantage of simple
presentation, where all market groups can be compared on the same graph. It has the
disadvantage of not presenting insights into particular risky situations and of being less able to
be generalised. For example, the way that urban and rural ownership interacts with casualty rates
shown in Figure 12 is not estimated; instead, an average is presented in which the estimate for
each market group is averaged over Auckland, other urban and rural ownership. As all vehicles
are mainly urban-owned, the urban estimates are the ones that dominate the average estimated.

Figure 13 shows that on average Large 4WDs are clearly the safest vehicle market group in
terms of the number of casualties resulting from their crashes, controlling for exposure. This
reflects the low crash risk of large 4WDs together with their good crashworthiness, and despite
their identified high aggressivity. The market groups Light, Smal and Medium cars are
relatively high risk on average due to relatively poor crashworthiness and high to average crash
risk, with Sport cars being clearly the least safe market group primarily due to their extremely
high crash risk. People Movers have a relatively wide confidence interval associated with a
relatively high casualty rate, but their potentially high level of occupancy could be expected to
increase their estimated casualty rate irrespective of their levels of primary and secondary safety.
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Figure13: Modd 5: estimated number of casualties from crashes per two vehicle years by
market group averaged over owner and vehicle characteristics interacting with
market group (with owner sex=M, “ other urban” owner address, owner aged 30-
59, vehicle age and km driven per year at median). 95% confidence intervals
shown.

4.2.7. NZ Estimates of fatal and serious casualty rate averaged over variables
interacting with market group (Model 6)

This section of the results presents a summary of fatal and serious casualty rates averaged over
the situations considered for each market group. A proper assessment of safety should account
for the seriousness of the injuries incurred, particularly as most minor injuries, while unpleasant,
have few long-lasting effects. Here, the results of fitting a Poisson model to the counts of fatal
and serious injuries resulting from crashes are presented (including counts of pedestrians or
cyclists killed or seriously injured or occupants of another vehicle killed or seriously injured in
collision with the particular market group considered).

Figure 14 shows estimates with quite wide confidence intervals, due to the fact that the data are
now relatively scarce, as fatal and serious injuries are much less numerous than minor injuries.
Nevertheless, Sports cars stand out as having a high fatal and serious injury rate. Large 4WDs
have arelatively low rate estimated, but with a wide confidence interval that indicates that there
is little evidence here to distinguish them from most other market groups. The low rate estimated
for vans and utilitiesis likely to be an artefact of the lower speed limit roads that are more often
travelled on by such vehicles in their work-related driving. Thisis an example of the limitations
of this sort of modelling, that exposure by road type can be accounted in only a limited way by
the owner’ s address.
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Figurel4: Modd 6: estimated number of fatal or serious casualties from crashes per two
vehicle years by market group averaged over owner and vehicle characteristics
interacting with market group (with owner sex=M, “ other urban” owner address,
owner aged 30-59, vehicle age and km driven per year at median). 95%
confidence intervals shown.

4.3.Crude crash rates (Australia and NZ)

The remainder of the Results section presents analysis from the induced exposure modelling of
rollover risk, using Australian and NZ data.

Table 2 shows the numbers of crashes used in this analysis by vehicle market group. The last
column shows crude risk estimates of the form represented by equation (3). These show elevated
rollover risk for 4WDs, People Movers and Sports cars. These crude risk estimates do not take
into account relevant driver and environmental factors. Logistic regression, described below,
provides relative risk estimates adjusted for these factors.
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Table 2: 1995 to 2005 crashed vehicle data by market group from VIC, QLD, WA, NZ.
Number of crashed vehicles that rolled over and crashed vehicles with damage
recorded in rear following a multi-vehicle crash. Australian and NZ data.

n rear-end Rate of rollovers
Market group n rollover damage per rear-end
overall 28,824 7,306 39
Unknown 12,572 2,498 5.0
4WD - Compact 635 85 75
AWD - Large 1,564 118 13.3
4AWD - Medium 565 57 9.9
Large 4,665 1,567 3.0
Luxury 802 232 35
Medium 1,849 582 3.2
People Mover 360 53 6.8
Small 3,412 1,257 2.7
Light 1,810 755 24
Sports 590 102 5.8
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Figure15:  Crude estimates of rollovers per rear-end overall and by sex of driver. Estimates
given by each line are relative to Large cars for each group considered (set to
equal 1).

Figure 15 shows similar figures to the right-hand column of Table 2, but disaggregated by the
sex of the driver. Only for the Sports cars is there a strong difference between the genders in
terms of the vehicle type comparison. Male drivers are considerably more liable to rollover than
female driversin Sports cars according to these crude risk estimates.
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Figure16: Crude estimates of rollovers per rear-end overall and by speed limit area.
Estimates given by each line are relative to Large cars for each group considered
(set to equal 1).

Figure 16 shows a much stronger effect of speed limit area on the rollover risk of certain vehicle
types: Large and Medium 4WDs and People Movers. These vehicles may be less stable due to a
higher centre of gravity compared to width of the wheel track, leading to even greater instability
at higher speeds. A curious result for Sports cars shows a higher liability to rollover relative to
Large carsin lower speed limit areas. This may reflect the way these vehicles are driven in urban
speed limit areas rather than any inherent instability at |ow speeds.

Figure 17 shows a clear pattern of increased crude rollover risk (compared to Large cars) for
older vehicles. It is possible that improvements have been made over the yearsin vehicle design,
leading to greater stability. Note that Figure 17 shows crude rollover risk relative to Large cars,
so any improvement for the market groups featured could be due to rollover risk increasing for
Large cars with more recent year of manufacture, although thisis an unlikely explanation. Crude
estimates are also more liable to be confounded by other variables. For example, a higher
rollover risk for older Sports cars could be estimated by crude risk estimates smply because a
high proportion are driven by a driver group who are prone to rollover crashes, such as young
male drivers.
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Figurel7: Crude estimates of rollovers per rear-end overall and by vehicle year of
manufacture. Estimates given by each line are relative to Large cars for each
group considered (set to equal 1).

4.4.Induced exposure model estimates (Australia and NZ): Rollover rates
according to owner and vehicle factors

The remainder of the Results section presents induced exposure estimates of rollover risk from a
model fitted to Australian and NZ crash data. This model estimates the effects of each variable
(driver, vehicle, and speed limit variables) while controlling for the effects of the other variables.

Figure 18 shows adjusted odds ratio estimates from the model fitted to the data. These same
estimates, plus the odds associated with vehicle year of manufacture, are shown in Table 3. The
last row shows that there was a 2% estimated increase in rollover risk (95% CI 1% to 3%)
associated with each additional manufacture year into the past. So, newer model vehicles were
estimated to present lower risk of rollover, presumably reflecting improving technology with
respect to vehicle stability. The second-to-last row shows that there was a non-significant
decrease in risk for each additional year-of-crash. This factor was retained in the model, even
though it failed to reach statistical significance, as it was a potential confounder of the year-of-
manufacture term. This form of confounding can occur because vehicles with year of
manufacture from 1981 to 1990, for example, were much more common on the roads in the
older crash data analysed (crash data from 1994, for example), which may also represent a crash
environment that was more susceptible to rollover crashes. A decrease in rollover risk can occur
due to improvements in roads (improved surfacing, blackspot remediation, etc) and
improvementsin driver behaviour (e.g., reductionsin average speeds).
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Figure18: Adjusted relative odds of rollover vs rear-end damage associated with the

factors. driver age (compared to age 26-59), gender and passenger vehicle
market group (compared to Large car), year of crash, with 95% confidence
interval bars. Australian and NZ data.

Table 3:

Adjusted relative odds of rollover vs rear-end damage associated with the

factors. driver age (compared to age 26-59), gender and passenger vehicle
market group (compared to Large car), year of crash, and year of manufacture
(change in odds for one year older) with 95% confidence interval bars.
Australian and NZ data. Estimates with confidence intervals that include 1 are
not significantly different from the referent level.

Point 95% Wald
Effect vs comparison group Estimate Confidence Limits
AGE 25 years and under vs 26-59 2.01 1.77 2.28
AGE Greater than 60 years vs 26-59 0.84 0.69 1.02
SEX FemalevsMale 0.65 0.58 0.73
4WD - Compact vs Large 7.54 5.25 10.83
4WD —Largevs Large 7.28 5.51 9.62
4AWD - Medium vs Large 4.70 3.09 7.13
Light vsLarge 121 1.01 1.46
Luxury vsLarge 0.93 0.71 122
Medium vs Large 0.99 0.82 121
People Mover vs Large 2.27 1.43 3.61
Small vsLarge 0.85 0.73 1.00
Sportsvs Large 0.83 0.58 1.20
Y ear of crash (per year) 0.99 0.97 1.01
Y ear of manufacture (per single year older) 1.02 1.01 1.03
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5. Discussion

The measures of crash risk presented here are not estimates per distance driven, although they do
control for distance driven viathe sorts of terms of equation (1) described in section 3.2.2 above.
This is because the crash rate per vehicle was not found to increase proportionately to the
distance driven per vehicle. Such non-linear associations between distance driven and risk have
been found by studies such as Maycock and Lockwood (1993), in which risk increases less than
proportionately to the amount of driving undertaken. Keall and Frith (2006) found that low km
drivers, who are aso likely to drive vehicles with low annual kms, tend to drive shorter tripsin
mainly urban areas, on roads where risk is highest per distance driven. Higher km driverstend to
drive more on rural speed limit roads.

The low crash risk of 4WDs overall was estimated despite their relatively high risk of rollover
(as shown in Figure 9 and Figure 18). This high rollover risk was consistent with a prior study of
crash patterns in Australia and New Zealand (Keall et a, 2006). That study also identified
inexperienced drivers (or, more particularly, young drivers) on higher speed limit roads as
having a particularly high 4WD rollover crash rate. As discussed in that paper, higher speeds
lead to greater instability of vehicles, particularly those that have a high centre of gravity relative
to the width of their wheel base, such as most 4WDs, vans and utilities. Using induced exposure
risk estimation, Figure 9 identified rural owner address as being a significant risk factor for
rollover, which is most likely related to the sorts of roads that drivers living in rural areas
typically use. The induced exposure estimates represented in Figure 18 show a doubled risk of
rollover for young drivers (here, defined as aged under 26). Induced exposure measures are
susceptible to some biases and it is likely that young drivers’ rollover risk is underestimated by
the current analysis, according to Figure 2 and Figure 3.

A further important issue to note in interpreting the crash risk estimates derived from the New
Zealand vehicle inspection data relates to the nature of the police reported crash data on which
the estimates are based. Whilst police in New Zealand report both injury (casualty) and non-
injury crashes, only the injury crash reports have sufficient detail to identify the make, model
and market group of the crash involved vehicles. Because of the need to have vehicle market
group identified for the analysis, the absolute crash risks estimated from the New Zealand data
in this report is an estimate of the risk of a casualty crash per unit exposure, as discussed in
Section 1.3. This is contributed to by both the primary and secondary safety of a vehicle since
casualty crash risk isaproduct of absolute primary safety (risk of acrash of any severity per unit
exposure) multiplied by the risk of a casualty being sustained given the crash has occurred. This
second component is a secondary safety characteristic of the vehicle and is denoted as the injury
risk component in the secondary safety crashworthiness ratings of Newstead et a (2005).
Estimation of the injury risk component in the Australasian crashworthiness ratings system is
only possible because of the availability of non-injury crash data sourcesin Australia.

Noting the crash risk estimates presented in this report are the risk of a casualty crash identifies
an important contributor to the estimates for both Large 4WD vehicles and Sports cars. Large
4AWD vehicles have the lowest injury risks of any class of vehicle in the crashworthiness ratings
of Newstead et al (2005). In contrast, Sports cars have one of the highest injury risks of any
market group, which would contribute to the high casualty crash risk estimated here. The
differences between the market group secondary safety injury risk estimates are much smaller
than the differences between the market group casualty crash risks estimated here. This suggests
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that the casualty crash risks estimated in this report are driven more by a combination of primary
safety effects and driver behavioural effects than by secondary safety effects (the injury risk
component) in the measure.

In theory, it would be possible to adjust the estimated casualty crash risks using the
crashworthiness injury risk estimates to give estimates of vehicle primary safety performance
unaffected by differences in secondary safety performance. Currently, secondary safety injury
risk estimates only exist on a vehicle market group basis for all crash types combined (in
Newstead et al, 2005) although estimates for specific crash types, such as vehicle rollover, could
be produced to adjust all the estimates obtained in this study. Production of secondary safety
adjustment factors for other crash types was beyond the scope of this study, hence all the
estimates have been presented on a consistent, unadjusted basis.

The measures of total casualty rates provided in this study involved fitting Poisson regression
models where any interactions of variables with the market group variable were excluded
(Models 5 and 6). This effectively estimated an average expected injury rate for the market
groups under NZ conditions in 2004/05, with the mix of driving conditions, vehicle types and
driversthat existed in New Zealand at that time. This sort of analysisisimportant asit simplifies
statements about the relative risks of the vehicle market groups considered. However, the
analysis is more limited in its ability to be generalised than the analysis that considers
interactions with the market group variable. These latter analyses allow for differences in risk
between the market groups according to differences in other variables studied. For example,
Model 1 found an interaction between vehicle owner age (which may generally be seen as a
proxy for driver age) such that Large 4WDs were low risk vehicles for owners aged 20 and over,
but high risk for teenage owners. This same pattern was found in Australian and NZ data for
teenage drivers of 4WDs compared to drivers aged 20 plus (Keall et a, 2006). This implies that
inexperience may play a greater role in the control of these larger and less stable vehicles than
for the other vehicle types considered.

Currently, NZ data for primary risk estimation are only available for two years, meaning that
only the most popular makes and models can be evaluated with any high degree of statistical
accuracy. The confidence intervals shown in Figure 13 for Model 5 even for the least numerous
market group (“4WDL", with approximately 1.8% of the fleet) are clearly small enough to
justify this form of analysis. Shown in Table 4 are the most common makes and models on the
New Zedand MVR, al of which have at least as many vehicles as the 4WDL market group.
Primary risk estimates for these vehicles are currently viable. As more data become available,
the scope of the analysis will obviously be able to be expanded.

Table 4: NZ makes/models with at |east 40,000 licensed vehicles

MITSUBISHI GALANT
TOYOTA CAMRY
NISSAN PULSAR
HONDA CIVIC

FORD FALCON
MAZDA 323/FAMILIA
NISSAN BLUEBIRD
NISSAN PRIMERA
SUBARU LEGACY
TOYOTA COROLLA
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Several qualifications are required for the interpretation of the primary risk estimates. To the
authors knowledge, these are the first estimates of primary vehicle safety produced in the
literature that account for important factors such as the distance driven by the vehicles, the
characteristics of the owners and, to some extent, where the vehicles are driven (proxied by the
owners address). Nevertheless, it is highly likely that these risk estimates are influenced by
non-vehicle factors that cannot be measured by available data, such as the manner in which the
vehicles are driven or risk-taking characteristics specific to drivers favouring particular vehicle
types. To some extent this is inevitable, as the operator of any machine will change their
behaviour in response to the characteristics of that machine. Even though it can be argued that
the manner of driving is affected by the vehicle type and therefore validly should be included in
the estimates of primary safety, the fact is that particularly Sports cars, vans and utilities, and
AWD vehicles may be driven in a different manner and may be purchased by drivers wishing to
drive in this manner. Therefore, introducing policies that replace one type of vehicle with
another may not necessarily reap the benefits in reduced crash risk expected from this analysis.
For example, a Sports car owner who enjoys driving fast may still drive fast in a4WD and have
a correspondingly high crash risk, even though a naive interpretation of the analysis described
here predicts an improvement in crash risk. Clearly, Sports cars are presented and marketed as
high-speed vehicles, which is likely to make them attractive to drivers who like driving fast. It is
also likely that this manner of driving is a major factor making this market group clearly the
highest crash risk passenger vehicle market group on New Zealand roads. In contrast, 4WDs
have generally low to average crash risk, despite the possibility that they may be used more on
relatively high-risk backcountry roads. It should be borne in mind that only crashes occurring on
public roads in New Zealand were considered in the crash risk analysis, so some crashes
occurring in characteristically 4WD terrain were not accounted for.

Further research, which looks at the patterns of crashes by type of crash and vehicle market
group, can potentially identify whether there are differences in driving styles between market
groups. Further research that evaluates induced exposure risk measures of vehicles in Australia
and New Zealand could potentially address some of these issues of the influence of driving style
on primary vehicle safety estimation. Questions that can be answered include: are there
particular crash types that are a problem for vehicle type X; are there particular driver groups or
situations associated with these crash problems and what advice can be given to the driving
public to help mediate this risk? Some differences in driving style can already be derived from
other data sources. For example, 4WD vehiclesin New Zealand are used proportionally more on
rural speed limit roads (compared to urban speed limit roads) than other passenger vehicles
according to NZ travel survey estimates. Despite some methodological limitations of induced
exposure estimates, they provide a very convenient means of illuminating patterns in crash data
that cannot usually be achieved by other means.

Itislikely that data on vehicle distance driven collected as part of annual vehicle roadworthiness
inspections in New South Wales in Australia will allow similar analyses of primary risk
estimation to be undertaken, as were done here for NZ data. Further research is required to
evaluate the utility of these data sources to produce primary risk estimates based on matched
NSW crash and motor vehicle register data. Added value could be obtained from New South
Wales data by obtaining estimates of the risk of a tow-away or greater severity crashes, as non-
injury crashes are reported by police in New South Wales. Thisisin contrast to the ratings based
on New Zealand data presented here that measure casualty crash risk only, with some
corresponding limitations discussed above.
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Figure 9 shows estimated risk of rollover by vehicle type (and also by speed limit area),
controlling for distance driven according to odometer readings from New Zealand data
Generally these estimates are consistent with the estimates shown above in Figure 18 and Table
3, derived from induced exposure risk estimates using Australian and NZ crash data. Although
the induced exposure estimates of Table 3 show a much higher relative risk of rollover for the
4WD vehicles, it must be borne in mind firstly that we are looking at Australian data as well as
NZ datain that analysis, and driving conditions etc may differ between countries. Secondly, the
induced exposure method of estimating risk has its limitations. Note that Figure 4, above, shows
that 4WD vehicles exposure was underestimated compared to data on distance driven. This
means that risk estimates are likely to be somewhat overestimated (as the induced exposure risk
estimator has exposure as a denominator, as shown in equation (3)). We cannot be sure of the
level of this overestimation as there are only NZ data available for making the comparison
shown in Figure 4. Nevertheless, if we use adjustment factors based on the data from Figure 4,
the relative rollover risks of Compact, Large and Medium 4WDs are generaly consistent with
the confidence intervals shown in Figure 9. Nevertheless, it is worth emphasising that the New
Zedland based crash risk estimates are measuring the risk of a casualty crash whereas the
Australian crash data include both injury and non-injury crashes. This could explain at least
some of the differences between the absolute crash risk estimates and those derived from the
induced exposure methodol ogy.

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). Clearly, 4WD vehicles have the most to benefit from this
technology and prospective owners of 4WDs should consider this as a very desirable feature of
any new purchase.
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6. Conclusions

From model s fitted to crash and Motor Vehicle Register data, estimates were made of the
primary safety of NZ passenger vehicle market groups, controlling for owner characteristics
(age, gender, place of residence) and vehicle characteristics (vehicle age, distance driven). The
main features of these estimates can be summarised as follows:

o Intheway they are currently used in New Zealand, 4WD vehicles generally have
alow estimated crash risk compared to other classes of vehicles.

0 Previous studies from Australia and New Zealand have estimated that 4WD
vehicles provide generally good levels of occupant protection in the event of a
crash (crashworthiness). However these previous studies have also established
that 4WD vehicles, particularly large and medium 4WD vehicles, pose a
disproportionately high risk of seriousinjury to other road users with which they
collide (aggressivity).

o Degspitetheir established high aggressivity, 4WD vehicles appear to impose
relatively low injury risk overall to their own occupants, to other roads users and
occupants of other vehicles per year of exposure on the road and adjusted for
distance driven. Thisisaresult of their estimated low crash involvement risk
related to the way these vehicles are currently used, combined with good
crashworthiness, offsetting the effects of high aggressivity.

0 By far the least safe market group analysed in terms of crash risk was Sports cars.
These vehicles consistently had a high risk compared to other market groups
under the same circumstances modelled. For rural owners, these vehicles were
particularly risky.

0 Most vehicles with high annual kilometres driven were not found to have
proportionately higher crash risk than low annual kilometre vehicles. This has
been found in other studies, and isrelated — at least in part — to the sorts of
driving and roads travelled on by drivers who drive large distances.

The original intent of the current study was to estimate risk associated primarily with vehicle
design and handling. However, comparing the resultant risk estimates for 4WD vehicles to those
for Sports carsin particular suggests the estimated risks are predominantly affected by driver
behavioural factors that could not be measured in the avail able data rather than factors
associated with vehicle design and handling. Whether these driver behavioural factors reflect
behavioural adaptation to the type of vehicle being driven or are related to the type of driver
buying a particular type of vehicle and the way that vehicleis used could only be determined
through further research. Consequently, the relatively low crash risk estimated for 4WD vehicles
in this study may not be observed if adifferent cohort of drivers were substituted for those
currently using these vehicles.

Rollover crash risk was also estimated from Australian and NZ data using induced exposure risk
estimation, controlling for driver and exposure factors. The main features of the anaysis of
rollover risk can be summarised as follows:

0 Despitetheir low crash risk overal, the risk of rollover was found to be high for
4WD vehicles. Furthermore, previous studies have shown that 4WD vehicles
have a higher relative fatality risk in rollover crashes than other classes of
vehicle. The only other market group considered with a consistently high rollover
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risk was Vans and Utilities. This was consistent with results from previous
studies that have aso shown higher rollover risk for those vehicles (4WDs and
People Movers) with arelatively high centre of gravity compared to the width of
the wheel track.

0 Anaysisof primary risk estimates for rollover crash involvement from NZ data
identified rural owner address as being a significant risk factor for vehicle
rollover, which is most likely related to the sorts of roads that non-urban drivers
typically use.

o Asfoundinaprevious study of Australian and NZ crash data, a Situation of
particularly high risk of rollover was found when teenagers either drove or owned
4WD vehicles. This may be related to the fact that 4AWD vehicles are more
unstable and more difficult to control than cars and thus present greater risk for
inexperienced drivers.

o0 Higher rollover risk was found for older vehicles: a vehicle manufactured ayear
before another vehicle was estimated to have a 2% higher relative rollover risk,
all other things being equal (vehicle market group, driver age and gender, speed
limit area, jurisdiction, year of crash).

0 Femaledriverswere found to have a 35% lower relative rollover risk than male
drivers (with 95% confidence interval 42% to 27%).

These results suggest that parents who are 4WD owners — and, to alesser extent, owners of
People Movers — need to be wary of allowing their novice family members to use such vehicles
keeping in mind that cars present significantly lessrollover risk for young drivers. The high
AWD rollover risk in general reinforces the importance of electronic stability technology as a
highly desirable risk-reducing feature for these relatively unstable vehicles that are prone to
rollover crashes.
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8. Appendix 1: output from primary risk models

8.1. Model 1: Logistic model of crash involvement risk per vehicle year

The LOGJ STI C Procedure

Anal ysi s of Maxi mum Li kel i hood Esti mat es

St andard val d
Par anet er DF Esti mat e Error Chi - Squar e
I nt er cept 1 -5.6917 0.1184 2309. 2398
ONNER_GENDER FEVALE 1 0. 0465 0.0171 7.3636
agegrp 15-19 1 1.9811 0. 3316 35. 7026
agegrp 20-29 1 1.0261 0. 1600 41.1038
agegrp 30-59 1 0. 2016 0.1236 2.6608
mar ket gr oup 4A\WDC 1 0. 4169 0.1663 6. 2827
mar ket group 4VDL 1 - 0. 3999 0. 2864 1. 9490
mar ket gr oup 4\\DM 1 -0. 0696 0.1714 0. 1650
mar ket gr oup | arge 1 0. 0706 0.1386 0. 2595
mar ket group I'i ght 1 0. 4841 0. 1413 11. 7339
mar ket gr oup I ux 1 0. 0457 0.1458 0. 0982
mar ket gr oup medi um 1 0. 3025 0.1190 6. 4644
mar ket gr oup pm 1 0. 4936 0. 2088 5.5910
mar ket gr oup smal | 1 0. 4644 0.1136 16. 7081
mar ket gr oup sport 1 0. 7363 0. 1694 18. 8825
mar ket gr oup unknown 1 0. 2093 0.1210 2.9919
t owncl ass 0 1 0. 4680 0. 1042 20. 1630
t owncl ass 1 1 0.1602 0. 0892 3.2261
veh_age 1 0.0162 0. 00436 13. 7997
kny1l 1 1.1204 0.2974 14.1913
kny2 1 6.1285 1.3381 20.9772
agegr p*mar ket gr oup 15-19 4\WDC 1 -0.7847 0.7716 1.0341
agegr p* mar ket gr oup 15-19 AVDL 1 0.6793 1.0791 0. 3963
agegr p* mar ket gr oup 15-19 4\V\DM 1 -0.1203 0. 5892 0. 0417
agegr p* mar ket gr oup 15-19 | arge 1 0.1034 0. 3431 0. 0909
agegr p*mar ket gr oup 15-19 I'i ght 1 -0.4411 0. 3439 1. 6451
agegr p* mar ket gr oup 15-19 I ux 1 0.1186 0. 3517 0.1137
agegr p* mar ket gr oup 15-19 medi um 1 - 0. 0802 0. 2995 0.0718
agegr p* mar ket gr oup 15-19 pm 1 -0.5224 1.0583 0. 2437
agegr p* mar ket gr oup 15-19 smal | 1 -0.0923 0. 2876 0.1030
agegr p* mar ket gr oup 15-19 sport 1 -0.2842 0. 3282 0. 7498
agegr p* mar ket gr oup 15-19 unknown 1 0. 0610 0. 3069 0. 0395
agegr p* mar ket gr oup 20- 29 ANDC 1 - 0. 4555 0. 2244 4.1185
agegr p* mar ket gr oup 20- 29 AWDL 1 -0.1430 0. 4377 0. 1067
agegr p* mar ket gr oup 20- 29 4\\DM 1 -0.1184 0. 2246 0.2777
agegr p* mar ket gr oup 20- 29 | arge 1 0. 0844 0.1677 0. 2534
agegr p* mar ket gr oup 20-29 I'i ght 1 -0. 6056 0.1781 11. 5572
agegr p*mar ket group  20-29 | ux 1 0.0774 0.1776 0.1899
agegr p* mar ket gr oup 20-29 medi um 1 -0.2749 0. 1458 3. 5554
agegr p* mar ket gr oup 20- 29 pm 1 -0.4276 0. 2850 2.2513
agegr p* mar ket gr oup 20-29 smal | 1 -0. 3438 0. 1404 5.9924
agegr p* mar ket gr oup 20-29 sport 1 -0. 4444 0. 1867 5. 6681
agegr p* mar ket gr oup 20-29 unknown 1 - 0. 1458 0. 1487 0. 9609
agegr p* mar ket gr oup 30-59 4\DC 1 - 0. 2805 0.1618 3. 0035
agegr p* mar ket gr oup 30-59 AWDL 1 0.1814 0. 2822 0.4130
agegr p* mar ket gr oup 30-59 4A\V\DM 1 0. 2126 0. 1707 1.5518
agegr p* mar ket gr oup 30-59 | arge 1 -0. 1039 0. 1356 0. 5865
agegr p*mar ket group  30-59 I'i ght 1 -0. 2536 0.1325 3. 6641
agegr p* mar ket gr oup 30-59 | ux 1 0. 0500 0. 1404 0.1271

Pr > Chi Sq

. 0001
0067
0001
0001
1029
0122
1627
6846
6105
0006
7539
0110
0181
0001
0001
0837
0001
0725
0002
0002
0001
3092
5290
8382
7631
1996
7359
7887
6216
7483
3865
8424
0424
7440
5982
6147
0007
6630
0594
1335
0144
0173
3270
0831
5204
2129
4438
. 0556
7215

OO0 O000000000000000000000000ONOOOANOANAOOOOOOOOOANAOA
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St andar d Wal d

Par anet er DF Esti nmat e Error Chi - Squar e Pr > Chi Sq
agegr p* mar ket gr oup 30-59 medi um 1 - 0. 1856 0.1172 2.5049 0. 1135
agegr p* mar ket gr oup 30-59 pm 1 -0.3183 0.1972 2.6049 0. 1065
agegr p* mar ket gr oup 30-59 smal | 1 -0.1335 0.1124 1.4123 0. 2347
agegr p* mar ket gr oup 30-59 sport 1 -0.3197 0. 1639 3. 8080 0. 0510
agegr p* mar ket gr oup 30-59 unknown 1 -0.0662 0.1187 0. 3108 0.5772
agegr p*t owncl ass 15-19 0 1 - 0. 3539 0.1328 7.1020 0. 0077
agegr p*t owncl ass 15-19 1 1 -0.2944 0. 1056 7.7694 0. 0053
agegr p*t owncl ass 20- 29 0 1 -0.1372 0.0787 3.0380 0. 0813
agegr p*t owncl ass 20- 29 1 1 -0. 1906 0. 0696 7.5077 0. 0061
agegr p*t owncl ass 30-59 0 1 0. 0180 0. 0657 0. 0752 0. 7840
agegr p*t owncl ass 30-59 1 1 -0.0124 0. 0562 0. 0487 0. 8254
mar ket gr ou*t owncl ass 4WDC 0 1 -0. 2097 0. 1550 1.8313 0.1760
mar ket gr ou*t owncl ass 4WDC 1 1 -0.1140 0. 1451 0.6173 0.4321
mar ket gr ou*t owncl ass 4WDL 0 1 -0.0742 0. 2126 0.1217 0.7272
mar ket gr ou*t owncl ass 4WDL 1 1 0.1677 0.1870 0. 8041 0. 3699
mar ket gr ou*t owncl ass 4\WM 0 1 -0.3013 0.1364 4. 8807 0. 0272
mar ket gr ou*t owncl ass 4\WDM 1 1 0. 0105 0. 1169 0. 0080 0. 9286
mar ket gr ou*t owncl ass | arge 0 1 -0.0912 0.1176 0. 6011 0. 4382
mar ket gr ou*t owncl ass | arge 1 1 0. 2006 0.1030 3.7962 0.0514
mar ket gr ou*t owncl ass |1 ght 0 1 -0.2974 0. 1382 4.6330 0. 0314
mar ket gr ou*t owncl ass |i ght 1 1 0. 0803 0.1213 0. 4378 0. 5082
mar ket gr ou*t owncl ass | ux 0 1 -0. 3511 0. 1300 7.2915 0. 0069
mar ket gr ou*t owncl ass | ux 1 1 0.1130 0.1160 0. 9481 0. 3302
mar ket gr ou*t owncl ass nmedium O 1 -0. 1532 0. 1027 2.2279 0. 1355
mar ket gr ou*t owncl ass nmedi um 1 1 0.1158 0. 0898 1. 6620 0. 1973
mar ket gr ou*t owncl ass pm 0 1 -0.1968 0.1620 1.4751 0. 2245
mar ket gr ou*t owncl ass pm 1 1 -0. 0425 0. 1560 0. 0742 0.7854
mar ket gr ou*t owncl ass smal | 0 1 -0.4014 0. 0989 16. 4891 <. 0001
mar ket gr ou*t owncl ass smal | 1 1 -0. 0625 0. 0862 0. 5251 0. 4687
mar ket gr ou*t owncl ass sport 0 1 -0.3993 0.1331 9. 0072 0. 0027
mar ket gr ou*t owncl ass sport 1 1 -0.0371 0.1209 0. 0940 0. 7591
mar ket gr ou*t owncl ass unknown O 1 -0.3021 0. 1032 8. 5660 0. 0034
mar ket gr ou*t owncl ass unknown 1 1 0. 0137 0. 0919 0. 0223 0. 8814
kmyl*agegrp 15-19 1 -2.1893 0.4730 21. 4223 <. 0001
knyl*agegrp 20- 29 1 -2.0753 0.2791 55.2738 <. 0001
kny1l*agegrp 30-59 1 -0.6783 0. 2310 8. 6238 0. 0033
kmy2*agegrp 15-19 1 1.7833 1.5081 1.3982 0. 2370
kmy2*agegr p 20- 29 1 1. 5865 0. 6547 5.8720 0. 0154
kny2*agegr p 30-59 1 0.6611 0.5388 1. 5055 0.2198
veh_age*knyl 1 0.1093 0.0170 41. 0750 <. 0001
veh_age*kny2 1 -0. 2346 0. 0486 23.3170 <. 0001
veh_age*agegrp 15-19 1 -0.0354 0. 0115 9.5133 0. 0020
veh_age*agegrp 20-29 1 -0.0143 0. 00637 5.0111 0. 0252
veh_age*agegr p 30-59 1 0. 000199 0. 00491 0. 0016 0. 9677
kny1*kny2 1 -7.2719 1. 6007 20. 6383 <. 0001
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8.2.  Model 2: Logistic model of rollover crash involvement risk per vehicle

year
Anal ysi s of Maxi mum Li kel i hood Esti nates
St andar d vl d
Par anet er DF Esti mat e Error Chi - Squar e Pr > Chi Sg
I nt ercept 1 - 8. 8057 0. 2413 1331. 4017 <. 0001
OWNER_GENDER FEMALE 1 -0.3684 0. 2329 2.5009 0.1138
agegrp 15-19 1 1. 9406 0. 2037 90. 7649 <. 0001
agegrp 20- 29 1 1.3668 0. 1429 91. 4942 <. 0001
agegrp 30-59 1 0. 5107 0.1278 15. 9644 <. 0001
OMER_GENDER*agegrp FEMALE 15-19 1 0. 4666 0. 3610 1.6711 0. 1961
OMER_GENDER*agegrp FEMALE 20-29 1 -0.1164 0. 2727 0.1821 0. 6696
OMER_GENDER*agegrp FEMALE 30-59 1 0. 3439 0. 2463 1.9487 0.1627
mar ket gr oup AWDC 1 0.7730 0. 3226 5. 7396 0.0166
mar ket gr oup A\\DL 1 0. 3681 0. 3709 0. 9852 0. 3209
mar ket group A\\DM 1 0. 9925 0. 2402 17.0779 <. 0001
mar ket group I'i ght 1 0.3271 0. 3310 0.9764 0.3231
mar ket gr oup I ux 1 0. 0126 0. 3225 0. 0015 0. 9689
mar ket gr oup nedi um 1 -0. 0341 0. 2414 0. 0199 0. 8878
mar ket gr oup pm 1 0. 3893 0. 4029 0.9333 0. 3340
mar ket gr oup smal | 1 0. 3125 0.2240 1. 9454 0.1631
mar ket gr oup sport 1 0. 6506 0. 2969 4.8037 0. 0284
mar ket gr oup unknown 1 0. 3838 0. 2317 2.7435 0. 0976
mar ket gr oup vanut e 1 0. 6602 0. 2341 7.9562 0. 0048
t owncl ass 0 1 -1.0088 0.4243 5. 6536 0.0174
t owncl ass 1 1 -0.5088 0.2911 3. 0557 0. 0805
mar ket gr ou*t owncl ass 4\WDC 0 1 0.1744 0. 6098 0. 0818 0.7749
mar ket gr ou*t owncl ass 4\WDC 1 1 -0.3178 0. 4924 0.4166 0.5186
mar ket gr ou*t owncl ass 4WDL 0 1 1. 6085 0. 6257 6. 6087 0. 0101
mar ket gr ou*t owncl ass 4WDL 1 1 0. 1059 0. 5929 0. 0319 0. 8583
mar ket gr ou*t owncl ass 4\DM 0 1 0. 6412 0.5031 1.6243 0. 2025
mar ket gr ou*t owncl ass 4\WM 1 1 -0.0419 0. 3722 0. 0127 0.9104
mar ket grou*t owncl ass |i ght 0 1 - 0. 3966 0.7083 0. 3135 0. 5755
mar ket gr ou*t owncl ass |ight 1 1 0.1113 0. 4542 0. 0600 0. 8064
mar ket gr ou*t owncl ass | ux 0 1 0.2026 0. 6098 0.1104 0. 7396
mar ket gr ou*t owncl ass | ux 1 1 0.1074 0. 4586 0. 0549 0.8148
mar ket gr ou*t owncl ass nmedium O 1 0. 6215 0. 4851 1. 6414 0. 2001
mar ket gr ou*t owncl ass nmedi um 1 1 0. 5049 0. 3446 2.1468 0. 1429
mar ket gr ou*t owncl ass pm 0 1 0.2619 0. 6869 0. 1454 0. 7030
mar ket gr ou*t owncl ass pm 1 1 -0.1050 0.5787 0. 0330 0. 8560
mar ket gr ou*t owncl ass smal | 0 1 -0. 1607 0. 4775 0.1132 0. 7365
mar ket gr ou*t owncl ass smal | 1 1 0. 1082 0. 3271 0. 1095 0. 7407
mar ket gr ou*t owncl ass sport 0 1 -0.2100 0.5843 0.1292 0.7192
mar ket gr ou*t owncl ass sport 1 1 0. 0518 0. 4163 0. 0155 0. 9009
mar ket gr ou*t owncl ass unknown 0O 1 -0.0732 0. 4832 0. 0230 0. 8795
mar ket gr ou*t owncl ass unknown 1 1 0. 0890 0. 3404 0. 0684 0. 7937
mar ket gr ou*t owncl ass vanute O 1 0. 9385 0. 4930 3. 6235 0. 0570
mar ket grou*t owncl ass vanute 1 1 0.3092 0. 3522 0.7710 0.3799
veh_age 1 0.0254 0. 00709 12. 8105 0. 0003
X 1 1. 8047 0. 2990 36. 4217 <. 0001
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8.3. Model 3: Logistic model of multi-vehicle crash involvement risk per

vehicle year

The LOQ STI C Procedure

Anal ysi s of Maxi mum Li kel i hood Esti nmates

St andard Val d
Par amet er DF Esti nat e Error Chi - Squar e
I ntercept 1 -5.8347 0. 1085 2890. 0459
OWNER_GENDER FEVALE 1 0. 0603 0. 0220 7.5000
agegrp 15-19 1 1.7993 0. 2536 50. 3557
agegrp 20-29 1 0.6221 0. 1260 24.3691
agegrp 30-59 1 -0. 0446 0. 0891 0. 2507
mar ket gr oup 4WDC 1 0. 0594 0. 1483 0. 1605
mar ket gr oup 4WVDL 1 -0.0614 0. 1662 0. 1365
mar ket gr oup 4\\DM 1 0. 0254 0.1141 0. 0494
mar ket gr oup I'i ght 1 0. 0265 0.1349 0. 0386
mar ket gr oup | ux 1 -0. 0633 0.1240 0. 2609
mar ket gr oup medi um 1 0. 1032 0. 0899 1. 3185
mar ket gr oup pm 1 0. 1582 0.1632 0. 9395
mar ket gr oup smal | 1 0. 2960 0. 0857 11.9185
mar ket gr oup sport 1 0. 3838 0. 1290 8. 8578
mar ket gr oup unknown 1 0. 1330 0. 0913 2.1242
mar ket gr oup vanut e 1 - 0. 0866 0. 1032 0. 7047
t owncl ass 0 1 0. 3001 0.1352 4.9260
t owncl ass 1 1 0. 1004 0. 1210 0.6883
agegr p*t owncl ass 15-19 0 1 -0.1902 0.1712 1.2341
agegr p*t owncl ass 15-19 1 1 -0. 2949 0. 1439 4.2019
agegr p*t owncl ass 20- 29 0 1 -0.0142 0. 1004 0. 0200
agegr p*t owncl ass 20- 29 1 1 -0.1349 0. 0906 2.2148
agegr p*t owncl ass 30-59 0 1 0. 1295 0. 0812 2. 5455
agegr p*t owncl ass 30-59 1 1 0. 0218 0. 0701 0. 0967
mar ket gr ou*t owncl ass 4WDC 0 1 -0. 0839 0.1918 0.1916
mar ket gr ou*t owncl ass 4WDC 1 1 -0.1110 0.1854 0. 3585
mar ket gr ou*t owncl ass 4WDL 0 1 -0.3918 0. 2693 2.1163
mar ket gr ou*t owncl ass 4WDL 1 1 -0.2430 0.2341 1.0773
mar ket gr ou*t owncl ass 4\WM 0 1 -0.2058 0.1688 1. 4862
mar ket gr ou*t owncl ass 4\WDM 1 1 - 0. 0535 0. 1491 0.1289
mar ket gr ou*t owncl ass |i ght 0 1 -0.1185 0. 1755 0. 4560
mar ket gr ou*t owncl ass |i ght 1 1 0. 1523 0. 1592 0.9146
mar ket gr ou*t owncl ass | ux 0 1 -0.1982 0.1635 1.4698
mar ket gr ou*t owncl ass | ux 1 1 0.1848 0. 1503 1.5135
mar ket gr ou*t owncl ass nmedi um O 1 -0.1013 0. 1227 0. 6821
mar ket gr ou*t owncl ass nedium 1 1 -0.0114 0.1127 0. 0103
mar ket gr ou*t owncl ass pm 0 1 -0.1171 0. 2027 0. 3340
mar ket gr ou*t owncl ass pm 1 1 -0. 1329 0. 2004 0. 4402
mar ket gr ou*t owncl ass smal | 0 1 -0. 2607 0. 1165 5. 0070
mar ket gr ou*t owncl ass smal | 1 1 -0.1999 0. 1077 3. 4450
mar ket gr ou*t owncl ass sport 0 1 -0.1736 0. 1649 1.1086
mar ket gr ou*t owncl ass sport 1 1 - 0. 1405 0. 1577 0. 7939
mar ket gr ou*t owncl ass unknown 0O 1 -0.2001 0.1221 2.6846
mar ket gr ou*t owncl ass unknown 1 1 -0.1230 0. 1147 1.1486
mar ket gr ou*t owncl ass vanute O 1 0.2003 0. 1496 1.