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Analysis of trends by year of vehicle manufacture showed statistically significant improvement in the 

crashworthiness of New Zealand light passenger vehicles over the years of manufacture studied. Most of the 

measured improvement occurred over the years of manufacture from 1983 to 2008. Over this period, the risk of 

death or serious injury to drivers reduced by over 79% for the fleet as a whole. During this period vehicle safety 

in New Zealand was affected by several competing effects: a general increase in both active and passive safety 

features in vehicles; increasing proportions of used imported vehicles entering the New Zealand fleet; and 

increases in the regulation of vehicle safety standards by the New Zealand Government. 

 

Estimates of crashworthiness trends in the used import vehicle fleet by year of first registration in New Zealand 

from 1986 to 2013 showed improved crashworthiness of the used import fleet over these years. A differential in 

apparent safety between the new and used imported vehicles was identified and continues to need careful 

monitoring. 

 

The results of this report are based on a number of assumptions and warrant a number of qualifications that should 

be noted. 
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EXECUTIVE SUMMARY 

 

This report describes the update of New Zealand crashworthiness ratings by year of vehicle 

manufacture for 1964-2013 model vehicles. New Zealand crashworthiness ratings by year of 

manufacture were first estimated by Newstead et al (2005a) for 1964-2002 model vehicles. 

Crashworthiness ratings of vehicles by year of first registration in New Zealand were also 

examined, focusing on the fleet of used imported vehicles sold in New Zealand. 

Crashworthiness ratings measure the relative risk of death or serious injury (hospitalisation) 

to drivers of vehicles involved in crashes. The estimates are derived from analysis of data on 

real crashes. The estimates were subsequently updated in Newstead et al (2006) for 1964-

2004 model vehicles, in Newstead et al (2007b) for 1964-2005 model vehicles, in Newstead 

et al (2008b) for 1964-2006 model vehicles, in Newstead et al (2009b) for 1964-2007 model 

vehicles, in Newstead et al (2010b) for 1964-2008 model vehicles, in Newstead et al (2011b) 

for 1964-2009 model vehicles, in Newstead et al (2012b) for 1964-2010 model vehicles, in 

Newstead et al (2013b) for 1964-2011 model vehicles and in Newstead et al (2014b) for 1964-

2012 model vehicles as a continual monitor of the crashworthiness progress of the New 

Zealand vehicle fleet. The analysis in this study is based on data from Police reports on injury 

crashes occurring in New Zealand during 1991-2013. 

 

Crashworthiness is an estimate of the occupant protection provided by a vehicle, namely the 

risk of a driver of a vehicle being killed or seriously injured (admitted to hospital) when 

involved in a crash. It is obtained from the product of injury severity (of injured drivers) and 

injury risk (of drivers involved in crashes) for the drivers of vehicles of the specified year of 

manufacture or specified year of first registration in New Zealand. The method of analysis, 

first demonstrated in the study of Newstead et al (2005a), gives unbiased estimates of injury 

risk from injury crash data where the total number of uninjured drivers is unknown, as in the 

New Zealand crash data reported by Police. It was again used here. The method was used 

separately to obtain crashworthiness for vehicles by year of manufacture and by year of first 

registration in New Zealand. 

 

The injury risk estimates were based on crash data for 125,162 drivers involved in crashes 

between two vehicles in New Zealand during 1991-2013 where one or both drivers was 

injured and the vehicle was manufactured between 1964 and 2013. The injury severity 

estimates were based on crash data for 154,769 drivers injured in crashes in New Zealand 

during 1991-2013 and where the vehicle was manufactured between 1964 and 2013. 

 

The injury risk ratings were adjusted for the sex and age of the driver, the speed limit at the 

crash location and the year in which the crash occurred. The injury severity ratings were also 

adjusted for the number of vehicles involved in the crash. These factors are known to be 

strongly associated with injury risk and injury severity. Adjustments were made via logistic 

regression analysis techniques with the aim of measuring the effects of vehicle factors alone, 

uncontaminated by other factors available in the data that affected crash severity and injury 

susceptibility. The degree of accuracy of the crashworthiness ratings is represented by the 

confidence limits of the rating in each case. 

 

Analysis successfully estimated trends in the crashworthiness of the light passenger vehicle 

fleet (cars, station wagons, four wheel drives, vans and utilities) in New Zealand by both year 

of manufacture and year of first registration for used imports in New Zealand. Estimates of 

crashworthiness by year of vehicle manufacture for the New Zealand light passenger vehicle 

fleet as a whole along with 95% confidence limits are shown in Figure E1. Analysis of trends 
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by year of vehicle manufacture show statistically significant improvement in the 

crashworthiness of New Zealand light passenger vehicles over the years of manufacture 

studied. The majority of the measured improvement occurred over the years of manufacture 

from 1983 to 2008. Over this period, the risk of death or serious injury to drivers in a crash 

reduced by over 79% for the fleet as a whole. During this period vehicle safety in New 

Zealand was affected by several competing effects: a general increase in both active and 

passive safety features in vehicles; increasing proportions of used imported vehicles entering 

the New Zealand fleet; and increases in the regulation of vehicle safety standards by the New 

Zealand Government.  

 

Figure E1:  Crashworthiness by year of manufacture (with 95% confidence limits) 

 
Estimates of crashworthiness trends in the vehicle fleet by year of first registration in New 

Zealand from 1986 to 2013 for used imported vehicle were also obtained and are shown in 

Figure E2 along with 95% confidence limits. They showed a numerically high 

crashworthiness rating (indicating poor occupant protection performance) of newly registered 

vehicles in the early 1990’s, the years when used imports suddenly began to penetrate the 

market. This was followed by statistically significant improvements in crashworthiness over 

the later years of that decade. Analysis shows that the new vehicles entering the fleet in any 

particular year are more crashworthy than the cohort of second hand imports brought into 

New Zealand in the same year highlighting the concern about the safety implications of the 

used imported vehicle program. However, the most recent analysis in Newstead et al (2014b) 

and the current analysis suggest this gap in crashworthiness performance may have narrowed 

in the last 3 to 4 years of analysis which is encouraging. The differential in apparent safety 

between the new and used imported vehicles continues to need further monitoring. 
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Figure E2:  Crashworthiness by year of first registration in New Zealand (with 95% 

confidence limits): Used Imports 

The results and conclusions of this study are based on a number of assumptions and a number 

of qualifications should be noted. 
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1. BACKGROUND AND AIMS 

1.1 Crashworthiness Ratings 

For over two decades, the Monash University Accident Research Centre (MUARC) has been 

involved in a program of research examining issues relating to vehicle safety in Australia and New 

Zealand through the analysis of mass crash data. A principal focus of the research has been to rate 

the relative performance of different vehicle models in preventing injury to their occupants in the 

event of a crash, commonly known as the crashworthiness of the vehicle. The crashworthiness ratings 

developed as part of the MUARC research rate the relative safety of vehicles by examining injury 

outcomes to drivers in real crashes. More specifically, the defined crashworthiness rating of a vehicle 

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

crash. This risk is estimated from large numbers of records of injury to drivers of that vehicle type 

involved in real crashes on the road. 

 

Crashworthiness was measured in two components: 

 

1. probability of injury for drivers involved in tow-away crashes (injury risk) and 

2. probability of serious injury (death or hospital admission) for injured drivers (injury severity). 

 

Multiplying these two probabilities together formed the crashworthiness rating. This is a measure of 

the probability of serious injury for drivers involved in crashes.  Measuring crashworthiness in two 

components reflecting risk and severity of injury was first developed by Folksam Insurance, which 

publishes the well-known Swedish ratings (Gustafsson et al 1989). In addition to the speed zone and 

driver sex, the Australian crashworthiness method of analysis adjusts for the effects of driver age and 

the number of vehicles involved, producing results with all those factors taken into account. 

1.2 Crashworthiness by Year of Vehicle Manufacture 

One focus of the vehicle crashworthiness ratings study in Australia has been to track historical 

improvements in the average crashworthiness of the vehicle fleet by year of manufacture. The original 

study of Cameron et al (1994c) showed that the crashworthiness of passenger vehicles in Australia 

has improved over the years of manufacture 1964 to 1992 with rapid improvement over the years 

from about 1970 to 1979.  Improvements were related to implementation of a number of Australian 

Design Rules (ADRs) for motor vehicle safety which previous research had shown to be effective in 

providing occupant protection. The study has been regularly updated with the most recent analysis 

covering Australian vehicles with years of manufacture from 1964 to 2012 (Newstead et al, 2014a).  

 

Although New Zealand data have been combined with data from Australian states in producing the 

Used Car Safety Ratings since Newstead et al 2004b the information from New Zealand was not 

included in the estimates of crashworthiness by year of manufacture. This was because trends in 

crashworthiness by year of vehicle manufacture reflect the composition of a particular vehicle fleet 

in terms of the makes and models of vehicles in the fleet as well as the regulatory framework for 

vehicle safety in the country being examined.  

 

The New Zealand and Australian vehicle fleets differ significantly in their mix of vehicle makes and 

models as well as the standards they were manufactured to meet. This is partly a result of the program 

of importing used vehicles into New Zealand (mainly from Japan) which began to have effect in 1987 

when the percentage of used imports in new registrations in New Zealand rose from about 5% to 

about 13%. The levels of used imports rose again to about 50% over the next three years and peaked 

at two thirds of newly registered vehicles in the mid 2000s. Since most newly registered vehicles in 

Australia are new, estimation of combined trends for the two countries by year of manufacture would 

not be particularly meaningful. There is also the problem that innovations and new safety standards 
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potentially flow more slowly into a fleet such as that in New Zealand which allows the import of large 

numbers of second-hand (used) vehicles from other countries. 

 

The regulatory framework governing vehicle safety in New Zealand is also quite different to that in 

place in Australia. Australia has an active vehicle manufacturing industry and requires that all 

vehicles must be manufactured in compliance with the Australian Design Rules (ADRs), so the 

quality is controlled at manufacture. All new vehicles imported into the country, which account for 

the vast majority of new registrations in Australia, must also comply with the ADRs. By contrast New 

Zealand imports all its light vehicles and their quality is controlled at import. The various Land 

Transport Rules require that vehicles must have been manufactured in accordance with approved 

standards but they also provide a choice of equivalent standards, including ADRs, reflecting that the 

vehicles are sourced from different markets. Although both countries mandate many of the same 

standards, the timing of their implementation is quite different, which would be expected to lead to 

differences in crashworthiness by year of vehicle manufacture. For example, compliance with a 

frontal impact standard for occupant protection was implemented for cars manufactured after 1996 in 

Australia. A similar rule was only mandated for cars entering New Zealand after April 2002. 

 

New Zealand crashworthiness ratings by year of manufacture were first estimated by Newstead et al 

(2005a) for 1964-2002 model vehicles using a method of analysis that gives unbiased estimates of 

injury risk from injury crash data where the total number of uninjured drivers is unknown. It examined 

trends in crashworthiness both by year of manufacture and by year of first registration for the New 

Zealand light vehicle fleet. Reflecting differences in the mix of specific vehicle models in the New 

Zealand light vehicle fleet, crashworthiness trends by year of vehicle manufacture in New Zealand 

were shown to be substantially different to those observed in Australia. Whilst the largest gains in 

crashworthiness in Australia were measured during the 1970s years of manufacture, the bulk of the 

gains in crashworthiness of the New Zealand vehicle fleet have occurred since the mid 1980s. Over 

this period, the risk of death or serious injury to drivers in a crash reduced by around 79% for the fleet 

as a whole. Both levels of absolute crashworthiness and trends on a year of manufacture basis were 

similar for used imports and for vehicles sold new in New Zealand. The difference in observed trends 

between Australia and New Zealand is likely due to different patterns in the implementation of 

regulation governing vehicle safety performance between the two countries. 

 

As was the case with the original study of crashworthiness by year of vehicle manufacture in 

Australia, this study set the basis for ongoing monitoring of crashworthiness trends by year of 

manufacture and first registration in the New Zealand vehicle fleet. Addition of further crash data 

from years after 2002 was recommended in the study to obtain estimates for years of manufacture 

and registration beyond 2002 and also to improve the statistical confidence on the estimates for the 

years previously covered. Updates also held the promise of providing a mechanism to evaluate the 

effect of vehicle safety rules and other interventions by the New Zealand Government. The New 

Zealand crashworthiness ratings were subsequently updated in Newstead et al (2006) for 1964-2004 

model vehicles, in Newstead et al (2007b) for 1964-2005 model vehicles, in Newstead et al (2008b) 

for 1964-2006 model vehicles, in Newstead et al (2009b) for 1964-2007 model vehicles, in Newstead 

et al (2010b) for 1964-2008 model vehicles, in Newstead et al (2011b) for 1964-2009 model vehicles, 

in Newstead et al (2012b) for 1964-2010 model vehicles, in Newstead et al (2013b) for 1964-2011 

model vehicles and in Newstead et al (2014b) for 1964-2012 model vehicles. 

1.3 Project Aims 

The aim of this project was to update the ratings previously published in Newstead et al (2014b) of 

New Zealand crashworthiness by year of manufacture for the New Zealand passenger vehicle fleet as 

a whole and by year of first registration for used vehicle imports in New Zealand by including 

additional crash data from the year 2013 for New Zealand. The latter analysis aimed to assess the 

safety of the used imports brought into New Zealand in any particular year. The updated ratings 

focussed on light passenger vehicles including cars, station wagons, four wheel drive vehicles, 
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passenger vans, and light commercial vehicles manufactured during 1964-2013 and crashing in New 

Zealand during 1991-2013. 
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2. CRASH DATA 

Data from New Zealand used to produce the crashworthiness by year of manufacture published in the 

ratings of Newstead et al (2014b) covering vehicles manufactured over the period 1964-2012 and 

crashing during the years 1991-2012 was again used here. In addition, crash data for 2013 for New 

Zealand was obtained and integrated bringing the total period of crash data covered to 1991-2013. 

The methods of selecting appropriate cases from each data source are detailed here. 

 

Two sources of data from New Zealand were used  The first was a crash file showing the registration, 

vehicle, driver and various crash characteristics for all Police-reported crashes in New Zealand for 

the years 1991 to 2013.  The second was registration data giving details of all crash-involved vehicles 

on the NZ register in each year from 1991 to 2013. Extracts from both data sources used in the 

estimation of vehicle safety ratings are described below.  

2.1 Crash Data 

NZ has an established database of Police-reported crashes over many years. Amongst many other 

things, the data are used to produce the annual publication “Motor Accidents in New Zealand” 

summarising injury crashes in NZ (NZTA, 2009, for example). The crash data are stored in the Crash 

Analysis System (CAS) database managed by the New Zealand Ministry of Transport (MoT) and 

covers both injury and non-injury crashes. Whilst non-injury crashes are available from CAS, the 

reporting coverage of non-injury crashes in NZ is not as clear. This is because it is not mandatory for 

a non-injury crash to be reported to the police so the number, nature and degree of vehicle damage, 

if any, are not known. Because of this, and because of problems with vehicle model identification 

documented by Voyce (2000), only injury crash data from New Zealand were available for estimating 

vehicle safety ratings.  

 

To facilitate the use of NZ crash data in computing vehicle crashworthiness ratings, there were a 

number of key variables in the crash data supplied. These variables were required to represent the 

effects of non-vehicle factors on injury outcome in order to be able to estimate crashworthiness ratings 

that represented only the vehicle influences on injury outcome. The key variables available in the data 

were as follows. 

 

 Year of crash (1991, 1992,…, 2013) 

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

 Number of vehicles involved (1, more than 1) 

 Level of urbanisation of crash location (urban, rural) 

 Driver age (<=25 years, 26-59 years, >=60 years) 

 Driver gender (male, female) 

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

 

Data in CAS are stored as a relational database, comprising a series of linked tables with each 

covering a different theme related to a crash. The NZ MoT supplied details of the data fields available 

in the CAS system through a data dictionary of the database. Data from three tables, crash, person 

and vehicle, covered all the required data fields listed above. Linking data in the tables together was 

achieved using the crash identification number (crash_id), traffic unit identifier (ltsa_role) and person 

identifier (pers_id) fields. 

 

Complete extracts of each data table for the years 1991 to 2013, without personal identifier 

information, were supplied for analysis. From these, it was possible to select the required data for 

analysis from the supplied tables. It is noted that each unit in the file did not necessarily represent a 

vehicle that could be rated. A unit also included a motorcycle, bicyclist, pedestrian or heavy vehicle. 
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2.2 Registration Data 

Information from the NZ motor vehicle register on vehicle make, model and year of manufacture was 

required to enhance the crash data for estimation of vehicle crashworthiness ratings. The New Zealand 

Transport Registry Centre (TRC) held the required data (see TRC, 2000, for an overview on 

registration data and the New Zealand vehicle fleet). Data were requested covering all vehicles 

appearing in the 1991-2013 New Zealand crash data with current or historical (archived) registration 

records. Registration records for vehicles appearing in the crash data were selected based on 

registration plate number, assuming the plate number had been recorded accurately by the police in 

the crash data. 

 

Variables required from the registration database were selected based on information from the Pre-

registration Procedures Manual supplied by TRC with reference to information required for accurate 

vehicle model decoding. Variables requested were as follows (with reference to the current version 

of the Pre-Registration Procedures Manual where available). 

 

 Vehicle registration number (plate number) 

 Vehicle Identification Number (VIN) (4-A-1) 

 Vehicle Type (4-A-3)  

 Registration Indicator (4-A-5) 

 Date of Registration 

 Date of First NZ Registration (4-A-6) 

 Country of Previous Registration (4-A-7) 

 Make (4-A-8) 

 Model (4-A-8) 

 Sub-model Name (4-A-8) 

 Industry Model Code (4-A-8) 

 Year of manufacture (4-A-8) 

 Body Type (4-A-9) 

 Country of Origin (4-A-10) 

 Assembly Type (4-A-10) 

 CC Rating (4-A-10) 

 

Of the variables requested, a number were vital for clustering vehicles appearing in the New Zealand 

crash data for analysis by year of manufacture. These were vehicle type, year of manufacture, 

registration number, the date of registration, the date of first New Zealand registration and whether 

the vehicle was sold new in New Zealand, was a used import or re-registered. For some years there 

was some difference in the recording of year of manufacture and date of first registration anywhere 

but the errors are reported to be small. 

 

One difficulty in retrieving vehicle registration information details for crashed vehicles based on only 

the registration plate number arose for registration plates that had been used on more than one vehicle 

model over time. It was not possible for the TRC to find the registration record that was current for a 

plate number just before the time the vehicle crashed. Instead, all records for the plate number of a 

crashed vehicle were retrieved from the registration system and archive. Where multiple records for 

a single plate number were provided, the most appropriate match based on the date of the crash, the 

date of registration and the date of first registration of the vehicle in New Zealand needed to be 

established. The process for doing so is described below. In some cases a registration record could 

not be found for a crashed vehicle. This was most likely because either the registration plate details 

had been recorded incorrectly in the crash data or the vehicle was not registered. The total number of 

registration records is less than the number of units because registration records for some vehicles 

could not be identified along with some units being pedestrians and bicycles that are not registered. 
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2.3 Merging the Crash and Registration Data 

The New Zealand registration and crash files were matched to provide full vehicle and crash 

information for each crash-involved unit. This required the vehicle details obtained from the 

registration files to be matched with the crash files based on the registration number. This process 

raises some unique difficulties. First, in some instances the same vehicle may have crashed more than 

once between 1991 and 2013 causing multiple records for the same vehicle to appear in the 

registration file. Selecting those cases where the date of registration, the date of first NZ registration, 

vehicle make, model and registration details were identical identified these cases. Multiple entries 

were then deleted from the registration file. 

 

Second, it was possible that the same registration number may be associated with more than one 

vehicle over time and with multiple registrations of the same vehicle due to re-registration. If any of 

these vehicles were involved in a crash during the relevant period, all vehicles on the NZ register 

between 1991 and 2013 with the relevant registration numbers appeared as unique entries in the 

registration data file. In cases of multiple entries with the same registration number, it was necessary 

to identify which of the vehicles on the registration file best matched the vehicle involved in the crash 

as shown in the crash file. Registration details were matched to crashes by selecting the most recently 

registered vehicle prior to the accident date using both the date of the first New Zealand registration 

and the registration date of the vehicle. 

 

Finally, in cases where the registration number was unknown or incomplete the crash and registration 

data could not be matched.  This process of matching used here is an enhancement of that described 

in Newstead et al (2003) for matching New Zealand crash and registration data. 

 

Only vehicles manufactured after 1964 and only entries coded as cars, station wagons, vans or utilities 

were relevant to the analysis. This left 288,785 light passenger vehicles for analysis from which the 

drivers’ injury outcomes were used for estimation of the crashworthiness measure. Records on the 

uninjured drivers in the New Zealand injury crash data are incomplete because non-injury crashes in 

New Zealand, and hence uninjured driver details from these crashes, are not required to be reported. 

This meant driver injury risk could not be directly estimated from the available data. To overcome 

this limitation, a method of calculating injury risk from incomplete data was utilised. This injury risk 

estimator is referred to in Section 1.2 and described in Section 3 and involved matching two-vehicle 

crashes and comparing the injury outcome of the drivers in the two vehicles. The nature of the injury 

risk estimator means it only analyses two-car crashes in which the partner vehicle’s driver has been 

injured, a subset of the total available data. Hence injury risk was estimated from the data on 125,162 

drivers involved in a two-vehicle collision during 1991 to 2013 where the other driver was injured. 

This data set is referred to as the "involved drivers". Established methods were used for measuring 

the injury severity of injured drivers recorded in the data. The data on "injured drivers" covered 

154,769 drivers who were injured in crashes in New Zealand during 1991-2013. 
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3. ANALYSIS 

The crashworthiness rating (C) is a measure of the risk of serious injury to a driver of a car when it is 

involved in a crash.  Following the method traditionally used by MUARC, it is defined to be the 

product of two probabilities (Cameron et al, 1992): 

 

i) the probability that a driver involved in a crash is injured (injury risk), denoted by R; and 

ii) the probability that an injured driver is hospitalised or killed (injury severity), denoted by S. 

 

That is 

C R S  . 

 

Folksam Insurance, who publishes the well-known Swedish ratings, first measured crashworthiness 

in this way (Gustafsson et al, 1989). This method has previously been used to produce the Australian 

and New Zealand vehicle fleet crashworthiness ratings (for example Newstead et al, 2014a, and b). 

 

In the present study, each of the two components of the crashworthiness rating were obtained by 

logistic regression modelling techniques. Such techniques are able to simultaneously adjust for the 

effect of a number of factors (such as driver age and sex, number of vehicles involved, etc.) on 

probabilities such as the injury risk and injury severity. 

 

For the analysis of both crashworthiness by year of manufacture and year of first registration for used 

imports (in New Zealand) of New Zealand light passenger vehicles another method is required. 

Because non-injury crashes are not reliably reported in the New Zealand crash data, injury risk cannot 

be measured directly from the data (as a simple ratio of injured drivers over total involved drivers) as 

it is in calculating the vehicle specific ratings of Newstead et al (2014a). The alternative of calculating 

the proportion of injured drivers amongst those involved in injury crashes results in a biased estimate 

of injury risk. To overcome these problems, an alternative measure of injury risk has been used here 

which is based on the paired comparison approach but leads to unbiased estimates. Newstead and 

Watson (2005a) give a description of the derivation of the injury risk estimator. It is further described 

in Cameron et al (2001) where it is also compared to more traditional estimators of injury risk that 

are also derived using the paired comparison approach but which have the problem of being biased. 

 

Logistic regression models were used to adjust the injury risk and severity measures for the effects 

of possible factors other than those related to the vehicle that might have influenced the crash 

outcomes in terms of driver injury risk or severity. This was particularly important when the 

parameter of interest in the logistic regression, in this case the year of manufacture, was confounded 

with the non-vehicle factors. A stepwise procedure was used to identify which factors of those 

available in the data had an important influence on injury outcome. This was done without 

considering the year of manufacture in the model, as the aim was to determine which other factors 

were most likely to have had an influence across a broad spectrum of crashes. Furthermore, it was 

also not considered appropriate to interact vehicle year of manufacture with other factors in the 

logistic model. This is because it was not the aim of the analysis to investigate variation in relative 

vehicle crashworthiness by year of manufacture by the crash circumstance and occupant 

characteristics. Rather, the aim was to estimate the average crashworthiness by year of manufacture 

across all crash and occupant characteristics. 

 

Logistic models were obtained separately for crashworthiness injury risk and crashworthiness injury 

severity because it was likely that the various factors would have different levels of influence on these 

two probabilities. The factors considered during this stage of the analysis for both crashworthiness 

injury risk and crashworthiness injury severity were as follows. 

 

 sex:  driver sex (male, female) 

 age:  driver age (25 years; 26-59 years; 60 years) 
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 speedzone: speed limit at the crash location (<80 km/h; 80 km/h) 

 year:  year of crash (1987, 1988, … ,2013) 

 

For crashworthiness injury severity the following factor was also considered. 

 

 nveh:  the number of vehicles involved (one vehicle; >1 vehicle) 

 

These variables were chosen for consideration because they were part of the New Zealand database 

and are variables that have been shown to have significant relationship to injury outcome in the 

Australian and New Zealand combined vehicle safety ratings.  Inclusion of the year of the crash in 

the logistic model was necessary to account for different long-term trends. All data was analysed 

using the Logistic Regression procedure (PROC LOGISTIC) of the SAS statistical package (SAS, 

1989). 

 

Crashworthiness injury risk and crashworthiness injury severity for individual years of vehicle 

manufacture or first registration were estimated after adding a variable representing year of 

manufacture to the terms identified as being statistically significant in each respective logistic model. 

The regression analyses were performed on 49 individual years of manufacture. A list of all years 

considered, with those with sufficient data for analysis indicated, is given in each of Appendices 1 

and 2. For each year of manufacture or first registration, a 95% confidence interval for estimated 

injury risk and injury severity were obtained using methods described in Newstead and Watson 

(2005a). 

 

The final combined ratings of vehicle crashworthiness are given by:  

 

Crashworthiness Rating = Injury risk x Injury severity. 

 

For a given year of manufacture, j, the crashworthiness rating, , was therefore calculated as: 

 
C R Sj j j   

where 

 

 denotes the injury risk for year of manufacture j, and 

 denotes the injury severity for year of manufacture j. 

 

The 95% confidence limit for the crashworthiness rating was obtained using methods described in 

Newstead and Watson (2005a). Because each of the two estimated crashworthiness components have 

been adjusted for the effect of other factors by logistic regression prior to their incorporation into the 

combined ratings, the resultant crashworthiness rating is also intrinsically adjusted for the influence 

of these factors. It should be noted that the confidence interval for the combined rate reflects the 

variability in the year of manufacture or first year of registration only and not the variability in the 

other factors included in the logistic models. 

C j

Rj

Sj
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4. RESULTS 

4.1  Crashworthiness by Year of Manufacture of the New Zealand Vehicle Fleet 

4.1.1 Injury Risk 

Injury risk was estimated from the data on 125,162 drivers involved in a two-vehicle collision during 

1991 to 2013. This reduced to 68,537 drivers where the other driver was injured. This data set is 

referred to as the "involved drivers". Because of missing values for some of the factors to be included 

in the logistic regression, and the exclusion of pre-1964 vehicles and unknown years, analysis was 

performed on data relating to 66,782 involved drivers, 27,770 of whom were injured. 

 

The non-vehicle factors in the model for injury risk were determined from the variables described in 

Section 3. The following covariates and interactions were statistically significantly associated with 

injury risk and were included in the logistic regression models. 

 

Base effect terms First order interactions 

Age Sex*Speedzone 

Sex Year*Speedzone 

Speedzone Age*Sex 

Year (of crash) Age*Speedzone 

 

No other variable or interaction term significantly improved the fit of each of the logistic models. 

 

The overall (average) injury risk for involved drivers in matched two-vehicle casualty crashes in New 

Zealand where the opposing driver was injured was 41.6%. In other words, the estimated probability 

that a driver involved in a two-vehicle crash in New Zealand was injured where the colliding vehicle 

driver was also injured was 41.6%. 

 

Appendix 1 gives the estimates of injury risk derived by logistic regression for each individual year 

of manufacture for all vehicles combined. The variability in the injury risk estimates relative to the 

year of manufacture can be seen from the width of the corresponding 95% confidence intervals. 

Figure 1 plots injury risk by year of vehicle manufacture with associated 95% confidence limits. 
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Figure 1:  Injury risk by year of manufacture (with 95% confidence limits) 

 

4.1.2 Injury Severity 

The data on "injured drivers" covered 154,769 drivers who were injured in crashes in New Zealand 

during 1991-2013 (as described in Section 2.5).  Because of missing values for some of the associated 

crash factors and the exclusion of pre-1964 vehicles and unknown years, logistic regression was 

performed on data relating to 151,287 injured drivers 26,640 of whom were severely injured (killed 

or admitted to hospital). 

 

Significant non-vehicle related factors identified in the logistic model are as follows. 

 

Base effect terms First order interactions 

Age Speedzone*Nveh 

Sex Age*Sex 

Nveh Age*Nveh 

Speedzone  

Year (of crash)  

 

No other variable or interaction term significantly improved the fit of the logistic model. 

 

The overall (average) injury severity for injured drivers in all vehicles was 17.6%. In other words, 

the estimated probability that a driver injured in a crash was severely injured was 17.6%. 

 

Appendix 1 gives the estimates of injury severity derived by logistic regression for the individual 

years of manufacture for all vehicles. The variability in the estimates of injury severity relative to 

year of manufacture can be seen from the width of the corresponding 95% confidence intervals. 

Figure 2 plots injury severity by year of vehicle manufacture with associated 95% confidence limits. 
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Figure 2:  Injury severity by year of manufacture (with 95% confidence limits) 

 

4.1.3 Crashworthiness by Year of Manufacture 

The crashworthiness estimates for each year of manufacture were obtained by multiplying the 

corresponding individual injury risk and injury severity estimates. Because each of the two 

components has been adjusted for the confounding factors, the resultant crashworthiness estimate is 

also intrinsically adjusted for their influence. 

 

Appendix 1 gives the crashworthiness estimates and the associated 95% confidence intervals for each 

of the years of manufacture included in the analysis. Each estimate is expressed as a percentage, 

representing the relative number of drivers killed or admitted to hospital per 100 drivers involved in 

a crash where the opposing vehicle driver was injured. 

 

The true risk of a driver being killed or admitted to hospital in a crash when the opposing vehicle 

driver is injured is only estimated by each figure, and as such each estimate has a level of uncertainty 

about it. This uncertainty is indicated by the confidence limits in Appendix 1. There is 95% 

probability that the confidence interval will cover the true risk of serious injury (death or hospital 

admission) to the driver of a vehicle of the particular year of manufacture. 

 

The crashworthiness estimates and their confidence limits are plotted for each year of manufacture 

for all vehicles in Figure 3. The relatively wide confidence intervals observed on the estimates of 

crashworthiness for years of manufacture 1964 to 1969 and 2012 to 2013 are a reflection of the 

smaller numbers of crashes involving vehicles manufactured in these years appearing in the data. 

Figure 3 shows general and significant improvement in vehicle crashworthiness with increasing year 

of manufacture over the years considered. Specifically, little improvement can be seen in the years 

1964 to 1983 followed by rapid improvement over the period 1984 to 1995 with vehicles 

manufactured from 1988 being statistically significantly safer on average than those manufactured 

before 1984. There is visual evidence of a decreasing trend in the period after 1995. Examination of 

the corresponding risk and severity plots for all vehicles in Figure 1 and 2 respectively show the 

improvements in crashworthiness with year of manufacture observed in Figure 3 are due to 

improvements in both injury risk and injury severity by year of vehicle manufacture. 
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Figure 3:  Crashworthiness by year of manufacture (with 95% confidence limits) for all 

vehicles (both new vehicles and used imports). 

 

4.1.4 Discussion on the analysis of Crashworthiness by Year of Manufacture of the New 

Zealand Vehicle Fleet 

Before interpreting the results of the analysis, it is useful to give a brief summary of the history of the 

vehicle industry and its regulation in New Zealand. 

 

For most of the twentieth century, starting with the General Motors assembly plant in 1926, New 

Zealand had a local vehicle industry. In the late 1980s, however, the face of the industry changed 

dramatically as a result of the progressive removal of import controls from all automotive products 

and reduction of tariffs on both vehicles and components. There seem to have been a number of 

motivating factors for the Government decision to allow used vehicles to be imported into New 

Zealand. One was to provide a wider source of relatively new and relatively affordable vehicles for 

New Zealand consumers (which in turn put pressure on new-vehicle prices). The need for this was 

highlighted by a trend towards an ageing vehicle fleet in New Zealand at that time. Another 

motivation for the used import program was to attempt to reduce the number of motorcycles in the 

New Zealand fleet. New motor cycle registrations had been at a high level during the 1970s and early 

1980s and they were known to be a less safe means of transport than a car. 

 

The 1990s saw a boom in the sale of used import vehicles in New Zealand along with a corresponding 

decline in the sales of new vehicles. Figures quoted in TRC (2000) show the percentage of used 

imports in annual vehicle registrations from 1960 to 1986 was generally well less than 10%. The 

period from 1987 onwards saw a sharp rise in this percentage and by 2002 around 68% of all vehicle 

registrations in a year were used imported vehicles. Annual registrations of vehicles sold new in New 

Zealand have shown a corresponding decline over the period from around 90,000 units in the early 

1980s to around 60,000 units by the early 2000s. Under these economic constraints, by the late 1990s 

the local light-vehicle assembly industry had ceased operation. 

 

The increase in the percentage of used import vehicle registrations in New Zealand is also reflected 

in crash data summaries such as NZMoT (2009). As was shown in Newstead and Watson (2005a) the 

proportion of crashed vehicles by year of first registration in New Zealand that are used imports 
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generally follows the trends expected from the registration statistics with rapid growth between 1987 

and 2002. 

 

The vast majority of the used light passenger vehicles imported into New Zealand come from Japan. 

Indeed, around 75-80% of all new registrations of both new and used vehicles in New Zealand are 

Japanese vehicles with Australian vehicles the next most prevalent at around 8% of new vehicle 

registrations. 

 

Like most countries, New Zealand has a system of regulations to govern the safety of vehicles on the 

road. The earliest of these were the Traffic Regulations 1936 (TR36), updated in 1954 (TR54) and 

1976 (TR76). For many years, the general focus of the Traffic Regulations was to set requirements 

for vehicles built in New Zealand. However, a separate set of regulations governing vehicle standards 

was developed in order to align New Zealand legislation with that of standard-setting bodies in the 

safety-conscious jurisdictions overseas from which the vehicles were sourced, namely Australia, 

Japan, UN/ECE and the USA. These Transport (Vehicle Standards) Regulations (1990) (VSRs) set 

out the technical standards with which motor vehicles must comply in order to be registered in New 

Zealand.  

 

Over the period since 1990, the vehicle standards policy in New Zealand has been clarified by 

Government in consultation with the vehicle industry using the consultative rule-making procedure, 

and today the VSRs have been replaced by Land Transport Rules covering standards and safety 

requirements. In addition, the important Compliance Rule sets out requirements for inspection and 

certification of vehicles to ensure they meet the safety requirements at import and when on the road 

in New Zealand. Details of the vehicle standards requirements and legislation are available on the 

New Zealand Transport Agency web site (www.nzta.govt.nz)  

 

It is with this history of vehicle safety standards regulation in New Zealand in mind that the analyses 

presented in this report should be interpreted. Because the analysis presented in this study is based on 

a census of all reported injury crashes in New Zealand over the period 1991 to 2013, they can be 

considered as representative estimates of the trends in secondary safety performance of the entire 

light passenger vehicle fleet in New Zealand. 

 

Trends in estimated crashworthiness by year of vehicle manufacture for the New Zealand light 

passenger vehicle fleet as a whole show statistically significant improvement in crashworthiness in 

vehicles manufactured over the period 1964 to 2009. Estimates in Figure 3 show that the 

crashworthiness of vehicles manufactured in the 1960s was relatively poor, although the confidence 

limits on these estimates are relatively wide due to the small numbers of these vehicles in the available 

data. For vehicles manufactured during the 1970s, the crashworthiness estimates are relatively static 

showing no trend to improving or worsening crashworthiness. From about 1984 onwards, however, 

there is a consistent trend to improving crashworthiness by year of vehicle manufacture in the New 

Zealand fleet to about 1997 where the crashworthiness estimates appear relatively static again to 

about 2006. For the period 2006 to 2008 the estimates show a possible trend to improved 

crashworthiness. This possible trend should be teated with caution, particularly from 2009 onwards 

as the confidence limit widths on the estimates become wider due to the smaller number of vehicles 

in the available data. Estimates suggest that the risk of driver death or serious injury in a crash in a 

vehicle manufactured in the early 21st century is approximately 62% less than that for the driver of 

an early 1980s vehicle.  

 

Major legislative change in New Zealand governing vehicle safety standards only started to come 

into force from around 1990 through the VSRs and Land Transport Rules, particularly the 

Compliance Rule, which required proof of standards compliance if a vehicle was to enter the NZ 

fleet. It is also important to note that there was a revision to the Frontal Impact Rule on 1 April 2002, 

which now requires that a Class MA vehicle (passenger car) must have been manufactured in 

accordance with an approved frontal impact standard if it is to enter the New Zealand fleet. (Frontal 

http://www.nzta.govt.nz/
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impact protection systems of course contribute to improving vehicle crashworthiness). The 

crashworthiness ratings for 2003 and 2005 onwards show an improvement in crashworthiness 

possibly as a result of the introduction of the new Frontal Impact Rule (similar in intent to ADR 69). 

 

The estimates of vehicle crashworthiness by year of manufacture for the New Zealand fleet as a whole 

are an average of the estimates for vehicles sold new and the used imports. The average is weighted 

from the number of each registration type crashing for each year of manufacture. 

 

As has been noted in analysing safety trends in the Australian vehicle fleet (Newstead and Cameron, 

2001), the estimates of crashworthiness by year of vehicle manufacture for any particular year of 

manufacture reflect the composition of the fleet by market group and specific makes and models in 

that year. This comment certainly also applies to the analysis of the New Zealand vehicle fleet 

presented here. 

4.2  Crashworthiness by Year of First Registration in New Zealand for Used 
Imports 

A further analysis that is of great interest with respect to the used import program in New Zealand is 

the crashworthiness of the used-import subset of the vehicle fleet by year of first registration in New 

Zealand. The purpose of this analysis was to monitor trends in the average crashworthiness of used 

imports coming into New Zealand by year of import. This is in contrast to the year of manufacture 

analysis which examines trends in crashworthiness-related safety engineering improvements in 

vehicles over time. 

 

Analysis of crashworthiness by year of first registration in New Zealand was carried out in the same 

way as for the year of manufacture analysis. The only fundamental difference was that the variable 

indicating year of manufacture in the analysis was replaced by the variable indicating year of first 

registration. Analysis by year of first registration in New Zealand has focused primarily on used 

import vehicles as the year of manufacture and first registration in New Zealand will generally be the 

same for vehicles sold new in New Zealand. 

4.2.1 Injury Risk by Year of first Registration in New Zealand for Used Imports 

Injury risk was estimated from the data on 49,033 drivers of used imported vehicles involved in a 

two-vehicle collision during 1991 to 2013. This reduced to 26,914 drivers where the other driver was 

injured. This is the used import subset of the same data used for the analysis by year of first 

registration. Because of missing values of some of the factors to be included in the logistic regression, 

and the exclusion of pre-1964 vehicles and unknown years of first registration, analysis was 

performed on data relating to 26,007 involved drivers, 10,468 of who were injured. 

 

The following non-vehicle related terms were statistically significantly associated with injury risk in 

the logistic models for the analysis of used imports. 

 

Base effect terms First order interactions 

Age Sex * Speedzone 

Sex  

Speedzone  

Year (of crash)  

 

The resulting estimates of injury risk by year of first registration for used imported vehicles are 

plotted along with 95% confidence limits in Figure 4. Full details of the estimates are given in 

Appendix 2. 
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Figure 4:  Injury risk by year of first registration in New Zealand (with 95% confidence limits) 

for used imports.  

 

4.2.2 Injury Severity by Year of first Registration in New Zealand for Used Imports 

Injury severity by year of first registration in New Zealand for used imports was estimated from the 

data on 61,171 drivers who were injured in crashes in New Zealand during 1991-2013, a subset of 

the data used in the analysis by year of manufacture. After exclusion of cases with missing values of 

some of the associated crash factors and the exclusion of pre-1964 vehicles and unknown years, 

logistic regression was performed on data relating to 59,611 injured drivers 9,769 of who were 

severely injured (killed or admitted to hospital). Non-vehicle related covariates and interactions 

included in the injury severity logistic regression model are as follows. 

 

Base effect terms First order interactions 

Age Speedzone*Nveh 

Sex Age*Sex 

Speedzone Age*Nveh 

Nveh Sex*Nveh 

Year (of crash)  

 

The resulting estimates of injury severity by year of first registration for used imports are plotted 

along with 95% confidence limits in Figure 5. Full details of the estimates are given in Appendix 2. 
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Figure 5:  Injury severity by year of first registration in New Zealand (with 95% confidence 

limits) for used imports. 

 

4.2.3 Crashworthiness by Year of First Registration in New Zealand for Used Imports 

Estimates of crashworthiness by year of vehicle first registration in New Zealand for used imports 

were obtained by multiplying the corresponding estimates of injury risk and injury severity presented 

previously. The resulting crashworthiness estimates and their 95% confidence limits are presented in 

full in Appendix 2. Plots of the estimates and their 95% confidence limits are in Figure 6. 

Interpretation of the estimates is the same as for the analysis by year of manufacture presented 

previously. 
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Figure 6:  Crashworthiness by year of first registration in New Zealand (with 95% confidence 

limits) for used imports 

 

4.2.4 Discussion on the analysis of Crashworthiness by Year of First Registration in New 

Zealand for Used Imports 

Analysis of trends in vehicle crashworthiness by year of first registration in New Zealand of the used 

import vehicle fleet has aimed to assess the average crashworthiness of second hand vehicles being 

imported into New Zealand in each calendar year and assess the impact of the second hand import 

program on the overall safety of all vehicles registered in New Zealand each year. 

 

Estimates of crashworthiness trends in the used import subset of the vehicle fleet by year of first 

registration in New Zealand from 1986 to 2013 showed improvement in crashworthiness with time, 

over the years of first registration analysed. There is some suggestion that vehicles, particularly in the 

years of importation 2004 to 2008, reached a plateau in crashworthiness performance compared to 

the continued improvement estimated for new vehicles. From 2008 a trend to improved 

crashworthiness is suggested. However, these should again be tempered by the overlapping 

confidence limits on the estimates. 

 

If the age profile of used import vehicles was fixed for each year of first registration in New Zealand 

and the vehicle type mix of the used imports reflected that of new vehicles of the same years of 

manufacture, it would be expected that the estimates of crashworthiness by year of first registration 

in New Zealand would mirror those of vehicles sold new. The only difference would be a shift in the 

estimates equal to the average age of the used import vehicles at their time of first registration in New 

Zealand. Whilst vehicles up to about 12 years old are imported, with some even older than that, the 

majority of used imports are in the range from 3 to 9 years old when imported, with the median age 

being around 6 years. NZ MoT statistics show that the age of the used imported vehicles registered 

in New Zealand each year has been fairly static over the last few years with an average age around 6 

years. From April 2002, all vehicles newly registered in New Zealand were required to comply with 

frontal impact occupant protection standards, as compared to only vehicles manufactured from March 

1999 in the previous rule. The modified rule made it difficult to import used vehicles manufactured 

before 1996, the date after which Japanese domestic vehicles manufactured had to meet the Japanese 
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frontal impact standard accepted under the New Zealand rule. This appears to have had little effect 

on average used import age over the last 5 years. 

 

Previous analysis of Newstead and Watson (2005a) showed that the used imported vehicles being 

brought into New Zealand were as safe on average as the vehicles sold new in New Zealand when 

compared on a year of manufacture basis. It pointed out that because the used vehicles are on average 

6 years old when entering the country, the safety benefits of the latest vehicle technologies take 6 

years longer to be seen in the New Zealand fleet than if the vehicles were sold new in New Zealand. 

The current analysis shows that the new vehicles entering the fleet in any particular year are more 

crashworthy than the cohort of second hand import brought into New Zealand in the same year 

highlighting the concern about the safety implications of the used imported vehicle program. 

However, the most recent analysis of Newstead et al (2014b) and the current analysis suggest this gap 

in crashworthiness performance may have narrowed in the last 3 to 5 years of analysis which is 

encouraging. The differential in apparent safety between the new and used imported vehicles 

continues to need careful monitoring. 

 

4.3  Comparison of Crashworthiness by Year of Manufacture for the Australian 
and New Zealand Vehicle Fleets 

Because of the similarity between the types of vehicles in the Australian and New Zealand vehicle 

fleets, it is interesting to compare the relative trends in safety improvement between the vehicle fleets 

of the two countries. This comparison is also of interest to determine if the quite different strategies 

for vehicle safety regulation adopted in the two countries have led to a fundamental difference in the 

patterns of vehicle safety improvement from year to year. One difficulty in making this comparison 

occurs because the measure of crashworthiness by year of manufacture used in each jurisdiction was 

scaled differently, reflecting the differences in the available data. Unfortunately the estimates from 

each country cannot be scaled to a common basis for comparison because the average absolute injury 

risk cannot be calculated from the injury-only crash data available from New Zealand (see Newstead 

and Watson, 2005a for a full explanation). This means that comparisons between absolute 

crashworthiness cannot be made between the two countries. However, because the analysis method 

used here provides unbiased estimates of relative crashworthiness between each year of manufacture, 

as does the method used to analyse the Australian data, comparisons in relative changes in 

crashworthiness by year of manufacture can be made between the two countries. 

 

Using 1964 as the base year the relative change in crashworthiness by year of vehicle manufacture is 

shown in Figure 7 for both Australia and New Zealand. Crashworthiness by year of vehicle 

manufacture in Australia showed an improvement of around 34% between the end of the 1960s and 

the end of the 1970s in response to the introduction of a program of new Australian Design Rules 

concerning vehicle safety. After a relative plateau in the early 1980s a further steady improvement of 

about 40% in vehicle crashworthiness has been estimated between 1985 and 2012. This means that 

the average risk of death or serious injury to a driver in a crash in an Australian vehicle manufactured 

in 2012 is on average about 75% less than that of a vehicle manufactured in the 1960s. The 

crashworthiness of New Zealand vehicles manufactured in the 1960s was also poor compared to 

subsequent years. However, whilst consistent improvement in crashworthiness was seen in vehicles 

manufactured in the 1970s, New Zealand had little improvement in crashworthiness of vehicles 

manufactured during the 1970s and early 1980s. Only since years of manufacture from about 1984 

has New Zealand seen consistent and dramatic improvements in average vehicle crashworthiness. In 

fact, the crashworthiness of New Zealand vehicles manufactured from the early 1980s to 2008 has 

improved by about the same amount as the total improvement seen in Australian vehicles over the 

period from 1964 to 2005. More recent trend estimates (2011-2013) for both countries should be 

treated with some cuation since they are based on relatively small quantities of data. Continued 

monitoring is recommended to assess the relative improvement between the two countries. 
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Figure 7: Crashworthiness by year of vehicle manufacture as a percentage of 1964 vehicle 

crashworthiness: Australia and New Zealand. 

 

 
 

The key difference in crashworthiness improvement by year of vehicle manufacture between 

Australia and New Zealand then appears not to be the magnitude of the improvement but the relative 

timing of the improvement. The greatest improvements in Australia were observed during the 1970s, 

the period during which the greatest numbers of new regulations concerning vehicle safety were 

introduced. Although improvements have also been estimated in Australia after these years of 

manufacture they have occurred at a slower rate. In contrast the greatest improvement in 

crashworthiness has been observed in New Zealand for vehicles manufactured from the mid 1980s to 

2008. This is also the period in which the greatest movement in introducing vehicle safety regulations 

in the form of the VSRs and Land Transport Rules took place. Estimated trends from both countries 

suggest that regulation of vehicle standards is one of the best ways to achieve the biggest gains in 

vehicle safety performance. 
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5. CONCLUSIONS 

Analysis presented in this report has been able to further quantify the long-term trends in the 

crashworthiness of light passenger vehicles (cars, station wagons, four wheel drives and vans) in New 

Zealand both by year of vehicle manufacture and year of first registration in New Zealand for used 

imports. Crashworthiness is a measure of the relative risk of death or serious injury (hospital 

admission) to vehicle drivers given involvement in a crash. 

 

Years of vehicle manufacture from 1964 to 2013 have been considered through analysis of police 

reported data on crashes involving injury in New Zealand over the period 1991 to 2013. This study 

further updates the study by Newstead and Watson (2005a), Newstead et al (2006), Newstead et al 

(2007b), Newstead et al (2008b), Newstead et al (2009b), Newstead et al (2010b), Newstead et al 

(2011b), Newstead et al (2012b), Newstead et al (2013b) and Newstead et al (2014b) to include year 

2013 for years of manufacture and year of first registration for used imports. It shows similar patterns 

of improvements in crashworthiness with analysis of trends by year of vehicle manufacture showing 

statistically significant improvement in the crashworthiness of New Zealand light passenger vehicles 

over the years of manufacture studied. Most of the measured improvement occurred over the years 

of manufacture from 1983 to 2008. Over this period, the risk of death or serious injury to drivers in a 

crash reduced by around 79% for the fleet as a whole. This period corresponded largely with the 

period over which significant increases in vehicle safety regulation took place in New Zealand.  

 

Estimates of crashworthiness trends in the used import subset of the vehicle fleet by year of first 

registration in New Zealand were also updated to include vehicles imported over the period from 

1986 to 2013. Estimates showed improvement in crashworthiness with time for the years of first 

registration analysed. Absolute levels of crashworthiness and improvements by year of first 

registration paralleled those seen in the analysis by year of manufacture but occurred some 6 years 

later, a lag equivalent to the average age of the used imported vehicles over the study period. Analysis 

shows that the new vehicles entering the fleet in any particular year are more crashworthy than the 

cohort of second hand import brought into New Zealand in the same year highlighting the concern 

about the safety implications of the used imported vehicle program. However, the current analysis 

suggests this gap in crashworthiness performance may have narrowed in the last 3 to 5 years of 

analysis which is encouraging. The differential in apparent safety between the new and used imported 

vehicles continues to need careful monitoring. 
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6. ASSUMPTIONS AND QUALIFICATIONS 

The results and conclusions presented in this report are based on a number of assumptions and warrant 

a number of qualifications that the reader should note. These are listed in the following sections. 

6.1 Assumptions 

It has been assumed that: 

 

 New Zealand Police crash reports accurately recorded driver injury, hospitalisation and death; 

 

 crashed vehicle registration numbers were recorded accurately on Police crash reports and 

that they correctly identified the crashed vehicles in the New Zealand vehicle registers; 

 

 the adjustments for driver sex, age, speed zone, the number of vehicles involved and the state 

and year in which the crash occurred removed the influences of the other main factors 

available in the data that affected crash severity and injury susceptibility; and  

 

 the form of the logistic models used to relate injury risk and injury severity with the available 

factors influencing these outcomes (including the year of manufacture) was correct. 

 

6.2 Qualifications 

The results and conclusions warrant at least the following qualifications. 

 

 Only driver crash involvements and injuries have been considered. Passengers occupying the 

same model cars may have had different injury outcomes. 

 

 Some models with the same name through the 1982-2013 years of manufacture may have 

varied substantially in their construction, specification and mass. Although there should be 

few such models in these updated results, the rating score calculated for these models may 

give a misleading impression and should be interpreted with caution. 

 

 Other factors not collected in the data (e.g. crash impact severity) may differ between the 

models and may affect the results. However, earlier analysis has suggested that the different 

rating scores are predominantly due to vehicle factors alone (Cameron et al 1992). 
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APPENDIX 1 
 
 
 
 
 
 
 
 

CRASHWORTHINESS, INJURY RISK AND INJURY SEVERITY ESTIMATES 
BY YEAR OF VEHICLE MANUFACTURE FOR THE NEW ZEALAND 

VEHICLE FLEET 
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CRASHWORTHINESS INJURY RISK BY YEAR OF MANUFACTURE 

FOR ALL NEW ZEALAND VEHICLES 
 

Year of 

Manufacture  

Coefficient of 

Car Model 

Standard Error 

of Coefficient 

Pr(Risk) 

% 

 

Lower 95% 

Confidence Limit 

Upper 95% 

Confidence Limit 

Width of 

Confidence Interval 

AVERAGE -0.3399  41.58    

       

1964 0.1965 0.2835 46.42 33.20 60.16 26.96 

1965 0.4204 0.2826 52.01 38.38 65.35 26.97 

1966 0.1157 0.2626 44.42 32.32 57.21 24.89 

1967 0.3877 0.2489 51.19 39.17 63.08 23.91 

1968 0.3868 0.2141 51.17 40.79 61.46 20.67 

1969 0.4619 0.1981 53.05 43.38 62.49 19.10 

1970 0.1313 0.1408 44.80 38.12 51.68 13.57 

1971 0.2535 0.1363 47.84 41.25 54.51 13.25 

1972 0.3631 0.1006 50.58 45.66 55.49 9.83 

1973 0.3137 0.1016 49.34 44.39 54.31 9.92 

1974 0.2461 0.0921 47.66 43.18 52.17 8.98 

1975 0.3652 0.0994 50.63 45.77 55.48 9.71 

1976 0.2935 0.0975 48.84 44.09 53.61 9.52 

1977 0.2665 0.1012 48.17 43.25 53.12 9.87 

1978 0.3065 0.0840 49.16 45.06 53.28 8.21 

1979 0.2147 0.0774 46.87 43.12 50.66 7.54 

1980 0.2491 0.0671 47.73 44.46 51.02 6.55 

1981 0.2835 0.0575 48.59 45.78 51.41 5.62 

1982 0.2693 0.0545 48.24 45.58 50.91 5.33 

1983 0.3134 0.0527 49.34 46.76 51.92 5.16 

1984 0.1889 0.0456 46.23 44.02 48.46 4.44 

1985 0.2099 0.0469 46.75 44.47 49.05 4.57 

1986 0.1811 0.0462 46.04 43.80 48.29 4.50 

1987 0.0896 0.0451 43.77 41.61 45.96 4.35 

1988 0.0427 0.0437 42.62 40.54 44.73 4.19 

1989 -0.0204 0.0389 41.09 39.26 42.95 3.69 

1990 -0.0316 0.0378 40.82 39.04 42.62 3.58 

1991 -0.0751 0.0404 39.77 37.89 41.68 3.79 

1992 -0.0757 0.0396 39.76 37.91 41.63 3.72 

1993 -0.0838 0.0417 39.56 37.63 41.53 3.91 

1994 -0.1747 0.0407 37.41 35.56 39.30 3.73 

1995 -0.1472 0.0424 38.06 36.12 40.03 3.92 

1996 -0.0618 0.0402 40.09 38.21 42.00 3.78 

1997 -0.2559 0.0457 35.53 33.51 37.61 4.10 

1998 -0.2267 0.0515 36.20 33.90 38.56 4.66 

1999 -0.2710 0.0551 35.19 32.76 37.69 4.92 

2000 -0.2549 0.0587 35.55 32.96 38.23 5.27 

2001 -0.3130 0.0628 34.23 31.52 37.06 5.54 

2002 -0.3040 0.0658 34.44 31.59 37.40 5.82 

2003 -0.4152 0.0713 31.97 29.01 35.08 6.07 

2004 -0.2663 0.0725 35.29 32.12 38.60 6.48 

2005 -0.3032 0.0817 34.45 30.93 38.15 7.22 

2006 -0.2884 0.0864 34.79 31.05 38.72 7.67 

2007 -0.4947 0.0985 30.27 26.35 34.49 8.14 

2008 -0.5006 0.1079 30.14 25.88 34.77 8.89 

2009 -0.4177 0.1468 31.92 26.01 38.46 12.45 

2010 -0.3258 0.1509 33.95 27.66 40.86 13.20 

2011 -0.4975 0.1794 30.21 23.34 38.09 14.75 

2012 -0.1612 0.2032 37.73 28.92 47.43 18.51 

2013 -0.5841 0.3851 28.41 15.73 45.78 30.05 
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CRASHWORTHINESS INJURY SEVERITY BY YEAR OF VEHICLE 

MANUFACTURE FOR ALL VEHICLES 
 

Year of 

Manufacture 

Coefficient of 

Car Model 

Standard 

Error of 

Coefficient 

Pr(Severity) 

% 

Lower 95%    

Confidence 

Limit 

Upper 95%    

Confidence 

Limit 

Width of 

Confidence 

Interval 

AVERAGE -1.5431  17.61    

       

1964 0.1485 0.2057 19.87 14.21 27.06 12.85 

1965 0.5206 0.1894 26.45 19.88 34.27 14.39 

1966 0.4161 0.1857 24.47 18.38 31.80 13.42 

1967 0.6577 0.1621 29.21 23.09 36.18 13.09 

1968 0.3402 0.1506 23.10 18.27 28.75 10.48 

1969 0.4234 0.1243 24.61 20.37 29.40 9.03 

1970 0.2626 0.1024 21.75 18.52 25.35 6.83 

1971 0.1757 0.0976 20.30 17.38 23.58 6.19 

1972 0.0878 0.0808 18.92 16.61 21.47 4.86 

1973 0.2355 0.0749 21.29 18.93 23.85 4.92 

1974 0.2570 0.0672 21.65 19.50 23.97 4.47 

1975 0.3759 0.0706 23.74 21.32 26.33 5.01 

1976 0.2416 0.0689 21.39 19.21 23.75 4.54 

1977 0.2541 0.0740 21.60 19.25 24.16 4.91 

1978 0.3533 0.0613 23.33 21.25 25.55 4.30 

1979 0.2680 0.0562 21.84 20.02 23.78 3.76 

1980 0.2197 0.0517 21.03 19.39 22.76 3.37 

1981 0.3305 0.0442 22.92 21.43 24.49 3.06 

1982 0.2766 0.0416 21.99 20.62 23.42 2.80 

1983 0.2282 0.0403 21.17 19.88 22.52 2.64 

1984 0.1424 0.0364 19.77 18.66 20.93 2.26 

1985 0.1232 0.0375 19.47 18.34 20.65 2.30 

1986 0.0634 0.0386 18.55 17.43 19.72 2.29 

1987 0.0889 0.0375 18.94 17.83 20.09 2.26 

1988 0.0602 0.0361 18.50 17.46 19.59 2.13 

1989 0.0537 0.0328 18.40 17.46 19.39 1.93 

1990 0.0848 0.0320 18.87 17.93 19.85 1.92 

1991 -0.0047 0.0343 17.54 16.59 18.53 1.94 

1992 -0.0020 0.0341 17.58 16.63 18.57 1.94 

1993 -0.0245 0.0365 17.26 16.26 18.30 2.04 

1994 -0.0505 0.0354 16.89 15.94 17.88 1.95 

1995 -0.0821 0.0377 16.45 15.46 17.49 2.03 

1996 -0.1706 0.0358 15.27 14.38 16.20 1.82 

1997 -0.3383 0.0426 13.22 12.29 14.21 1.92 

1998 -0.1524 0.0465 15.51 14.35 16.74 2.39 

1999 -0.2620 0.0519 14.12 12.93 15.40 2.47 

2000 -0.2767 0.0565 13.95 12.67 15.33 2.66 

2001 -0.4163 0.0635 12.35 11.07 13.77 2.70 

2002 -0.2835 0.0638 13.86 12.44 15.43 2.99 

2003 -0.4219 0.0708 12.29 10.87 13.87 3.00 

2004 -0.3014 0.0709 13.65 12.10 15.37 3.28 

2005 -0.3595 0.0792 12.98 11.33 14.84 3.51 

2006 -0.3848 0.0890 12.70 10.89 14.76 3.87 

2007 -0.6087 0.1087 10.42 8.59 12.58 3.99 

2008 -0.5890 0.1258 10.60 8.48 13.18 4.69 

2009 -0.3660 0.1557 12.91 9.85 16.74 6.90 

2010 -0.3356 0.1588 13.25 10.07 17.26 7.19 

2011 -0.6937 0.2293 9.65 6.38 14.34 7.96 

2012 -0.2537 0.2169 14.22 9.78 20.24 10.46 
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Year of 

Manufacture 

Coefficient of 

Car Model 

Standard 

Error of 

Coefficient 

Pr(Severity) 

% 

Lower 95%    

Confidence 

Limit 

Upper 95%    

Confidence 

Limit 

Width of 

Confidence 

Interval 

2013 -0.3116 0.3591 13.53 7.19 24.03 16.85 
 

CRASHWORTHINESS BY YEAR OF VEHICLE MANUFACTURE 

FOR ALL VEHICLES 
 

Year of 

Manufacture 

Pr(Risk) 

% 

 

Pr(Severity) 

% 

 

Serious injury 

rate per 100 

drivers involved 

% 

Overall 

rank 

order 

Lower 95%    

Confidence 

Limit 

Upper 95%   

Confidence 

Limit 

Width of 

Confidence 

Interval 

AVERAGE 41.58 17.61 7.32     
        

1964 46.42 19.87 9.22 31 5.94 14.31 8.37 

1965 52.01 26.45 13.76 49 9.40 20.14 10.74 

1966 44.42 24.47 10.87 43 7.31 16.16 8.85 

1967 51.19 29.21 14.95 50 10.78 20.75 9.97 

1968 51.17 23.10 11.82 46 8.71 16.05 7.34 

1969 53.05 24.61 13.05 48 10.08 16.91 6.83 

1970 44.80 21.75 9.74 34 7.83 12.13 4.30 

1971 47.84 20.30 9.71 33 7.90 11.94 4.04 

1972 50.58 18.92 9.57 32 8.14 11.24 3.10 

1973 49.34 21.29 10.51 41 9.01 12.25 3.24 

1974 47.66 21.65 10.32 37 8.97 11.87 2.90 

1975 50.63 23.74 12.02 47 10.42 13.86 3.44 

1976 48.84 21.39 10.45 40 9.04 12.07 3.03 

1977 48.17 21.60 10.41 38 8.93 12.13 3.20 

1978 49.16 23.33 11.47 45 10.13 12.99 2.86 

1979 46.87 21.84 10.24 36 9.10 11.52 2.42 

1980 47.73 21.03 10.04 35 9.03 11.15 2.12 

1981 48.59 22.92 11.14 44 10.20 12.17 1.97 

1982 48.24 21.99 10.61 42 9.75 11.54 1.79 

1983 49.34 21.17 10.44 39 9.63 11.33 1.70 

1984 46.23 19.77 9.14 30 8.48 9.85 1.37 

1985 46.75 19.47 9.10 29 8.43 9.83 1.40 

1986 46.04 18.55 8.54 28 7.89 9.24 1.34 

1987 43.77 18.94 8.29 27 7.67 8.96 1.29 

1988 42.62 18.50 7.89 26 7.31 8.51 1.20 

1989 41.09 18.40 7.56 24 7.06 8.10 1.05 

1990 40.82 18.87 7.70 25 7.20 8.24 1.04 

1991 39.77 17.54 6.98 22 6.48 7.51 1.02 

1992 39.76 17.58 6.99 23 6.50 7.51 1.01 

1993 39.56 17.26 6.83 21 6.32 7.37 1.05 

1994 37.41 16.89 6.32 20 5.85 6.82 0.96 

1995 38.06 16.45 6.26 19 5.78 6.78 1.01 

1996 40.09 15.27 6.12 18 5.67 6.60 0.93 

1997 35.53 13.22 4.70 11 4.28 5.15 0.87 

1998 36.20 15.51 5.61 17 5.08 6.21 1.13 

1999 35.19 14.12 4.97 15 4.44 5.56 1.11 

2000 35.55 13.95 4.96 14 4.39 5.59 1.20 

2001 34.23 12.35 4.23 7 3.69 4.84 1.15 

2002 34.44 13.86 4.77 12 4.16 5.48 1.31 

2003 31.97 12.29 3.93 5 3.37 4.59 1.22 

2004 35.29 13.65 4.82 13 4.14 5.60 1.46 

2005 34.45 12.98 4.47 9 3.77 5.31 1.54 

2006 34.79 12.70 4.42 8 3.66 5.33 1.67 

2007 30.27 10.42 3.15 2 2.50 3.98 1.49 

2008 30.14 10.60 3.20 3 2.45 4.17 1.72 



CRASHWORTHINESS TRENDS IN THE NEW ZEALAND VEHICLE FLEET: 1964-2013 34 
 

2009 31.92 12.91 4.12 6 2.96 5.73 2.77 

2010 33.95 13.25 4.50 10 3.22 6.28 3.05 

2011 30.21 9.65 2.91 1 1.81 4.68 2.87 

2012 37.73 14.22 5.37 16 3.45 8.34 4.89 

2013 28.41 13.53 3.85 4 1.70 8.68 6.97 
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APPENDIX 2 

 
 
 
 
 
 
 
 

CRASHWORTHINESS, INJURY RISK AND INJURY SEVERITY ESTIMATES BY YEAR 
OF FIRST NEW ZEALAND VEHICLE REGISTRATION FOR USED IMPORT VEHICLES  
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CRASHWORTHINESS INJURY RISK BY YEAR OF FIRST NEW ZEALAND VEHICLE 

REGISTRATION FOR USED IMPORT VEHICLES  

 

 
Year of first 

registration  

Coefficient of 

Car Model 

Standard Error 

of Coefficient 

Pr(Risk) 

% 

 

Lower 95% 

Confidence Limit 

Upper 95% 

Confidence Limit 

Width of 

Confidence Interval 

 

AVERAGE -0.3950  40.25    

       

1986 -0.0002 0.3490 40.25 25.36 57.17 31.81 

1987 0.1968 0.1857 45.06 36.30 54.13 17.83 

1988 0.1414 0.1613 43.69 36.13 51.56 15.43 

1989 0.3970 0.0886 50.05 45.72 54.38 8.66 

1990 0.3136 0.0679 47.97 44.66 51.29 6.63 

1991 0.2573 0.0798 46.56 42.70 50.47 7.77 

1992 0.1963 0.0831 45.05 41.06 49.10 8.05 

1993 0.0571 0.0765 41.63 38.04 45.31 7.27 

1994 0.0904 0.0654 42.44 39.35 45.60 6.25 

1995 -0.0259 0.0624 39.63 36.74 42.59 5.85 

1996 -0.0235 0.0557 39.69 37.11 42.33 5.22 

1997 -0.0721 0.0572 38.53 35.91 41.22 5.31 

1998 -0.0037 0.0583 40.16 37.45 42.94 5.49 

1999 -0.0542 0.0544 38.95 36.45 41.52 5.07 

2000 -0.0640 0.0577 38.72 36.07 41.44 5.36 

2001 0.0140 0.0565 40.59 37.95 43.28 5.34 

2002 -0.0757 0.0597 38.44 35.72 41.25 5.53 

2003 -0.1508 0.0578 36.68 34.09 39.35 5.26 

2004 -0.1095 0.0633 37.65 34.78 40.60 5.82 

2005 -0.1801 0.0653 36.01 33.11 39.00 5.89 

2006 -0.0547 0.0756 38.94 35.48 42.52 7.04 

2007 -0.1045 0.0818 37.77 34.08 41.60 7.52 

2008 -0.0963 0.1006 37.96 33.44 42.70 9.26 

2009 -0.0982 0.1334 37.91 31.98 44.23 12.25 

2010 -0.1423 0.1242 36.88 31.42 42.70 11.29 

2011 -0.1652 0.1671 36.35 29.16 44.21 15.05 

2012 -0.5608 0.2266 27.77 19.78 37.48 17.70 

2013 0.3177 0.2831 48.07 34.70 61.72 27.02 
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CRASHWORTHINESS INJURY SEVERITY BY YEAR OF FIRST NEW ZEALAND 

VEHICLE REGISTRATION FOR USED IMPORT VEHICLES  

 

 
Year of first 

registration 

Coefficient of 

Car Model 

Standard 

Error of 

Coefficient 

Pr(Severity) 

% 

Lower 95%    

Confidence 

Limit 

Upper 95%    

Confidence 

Limit 

Width of 

Confidence 

Interval 

 

AVERAGE -1.6296  16.39    

       

1986 0.4497 0.3160 23.51 14.19 36.34 22.15 

1987 0.2925 0.1720 20.80 15.79 26.89 11.11 

1988 0.4660 0.1217 23.80 19.75 28.39 8.64 

1989 0.5014 0.0693 24.45 22.03 27.04 5.02 

1990 0.3096 0.0562 21.08 19.31 22.97 3.67 

1991 0.3170 0.0649 21.20 19.16 23.41 4.25 

1992 0.2336 0.0700 19.84 17.75 22.12 4.37 

1993 0.2241 0.0669 19.69 17.70 21.85 4.15 

1994 0.2129 0.0572 19.52 17.82 21.34 3.52 

1995 0.2134 0.0533 19.53 17.94 21.22 3.28 

1996 0.1576 0.0487 18.66 17.26 20.16 2.90 

1997 0.1487 0.0520 18.53 17.04 20.12 3.08 

1998 0.0931 0.0531 17.70 16.24 19.27 3.03 

1999 0.1468 0.0481 18.50 17.12 19.96 2.84 

2000 0.0726 0.0531 17.41 15.96 18.95 2.99 

2001 -0.0119 0.0517 16.23 14.89 17.65 2.76 

2002 -0.0937 0.0546 15.14 13.82 16.57 2.75 

2003 -0.0101 0.0547 16.25 14.84 17.76 2.92 

2004 -0.1243 0.0595 14.76 13.35 16.28 2.94 

2005 -0.1084 0.0616 14.96 13.48 16.56 3.07 

2006 -0.1396 0.0703 14.56 12.93 16.36 3.43 

2007 -0.1506 0.0744 14.43 12.72 16.32 3.60 

2008 -0.1879 0.0954 13.97 11.87 16.38 4.50 

2009 -0.3776 0.1297 11.84 9.44 14.77 5.33 

2010 -0.2855 0.1281 12.84 10.28 15.92 5.64 

2011 -0.3905 0.1514 11.71 8.97 15.14 6.17 

2012 -0.7911 0.2645 8.16 5.03 12.98 7.96 

2013 -1.1677 0.4110 5.75 2.65 12.01 9.35 
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CRASHWORTHINESS BY YEAR OF FIRST NEW ZEALAND VEHICLE REGISTRATION 

FOR USED IMPORT VEHICLES  

 

 
Year of first 

registration 

Pr(Risk) 

% 

 

Pr(Severity) 

% 

 

Serious 

injury rate 

per 100 

drivers 

involved 

% 

 

Overall 

rank order 

Lower 95%    

Confidence 

Limit 

Upper 95%   

Confidence 

Limit 

Width of 

Confidence 

Interval 

AVERAGE 40.25 16.39 6.60     

        

1986 40.25 23.51 9.46 24 5.06 17.69 12.63 

1987 45.06 20.80 9.37 23 6.71 13.08 6.37 

1988 43.69 23.80 10.40 27 8.06 13.41 5.35 

1989 50.05 24.45 12.24 28 10.70 14.00 3.30 

1990 47.97 21.08 10.11 26 9.05 11.30 2.25 

1991 46.56 21.20 9.87 25 8.67 11.25 2.58 

1992 45.05 19.84 8.94 22 7.76 10.30 2.54 

1993 41.63 19.69 8.20 20 7.15 9.40 2.25 

1994 42.44 19.52 8.28 21 7.37 9.31 1.94 

1995 39.63 19.53 7.74 19 6.92 8.65 1.74 

1996 39.69 18.66 7.41 18 6.69 8.20 1.51 

1997 38.53 18.53 7.14 16 6.41 7.95 1.54 

1998 40.16 17.70 7.11 15 6.37 7.93 1.56 

1999 38.95 18.50 7.21 17 6.52 7.97 1.45 

2000 38.72 17.41 6.74 14 6.04 7.53 1.49 

2001 40.59 16.23 6.59 13 5.91 7.33 1.42 

2002 38.44 15.14 5.82 11 5.18 6.54 1.35 

2003 36.68 16.25 5.96 12 5.31 6.69 1.37 

2004 37.65 14.76 5.55 9 4.90 6.30 1.40 

2005 36.01 14.96 5.39 7 4.72 6.14 1.42 

2006 38.94 14.56 5.67 10 4.89 6.58 1.69 

2007 37.77 14.43 5.45 8 4.64 6.39 1.75 

2008 37.96 13.97 5.30 6 4.33 6.49 2.16 

2009 37.91 11.84 4.49 4 3.41 5.92 2.52 

2010 36.88 12.84 4.74 5 3.62 6.19 2.56 

2011 36.35 11.71 4.26 3 3.05 5.95 2.90 

2012 27.77 8.16 2.27 1 1.28 4.02 2.75 

2013 48.07 5.75 2.76 2 1.23 6.22 5.00 

 


