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Abstract
This paper examines determinants of road and traffic crash fatalities in Queensland in the
1973-2007 period using a state-space time-series model. In particular, we investigate the
effects of policies that aimed to reduce drink-driving and economic environment to traffic
fatalities. The results show that random breath testing reduced fatalities by 10 per cent and
that the zero BAC for young drivers reduced fatalities by 15 per cent. Reductions in
economic activity also lead to reductions in road fatalities, estimating that a one per cent
increase in the unemployment rate leads to a reduction of traffic fatalities of 0.22 per cent.
Key words: Road traffic crashes, safety, alcohol, young drivers, state space, Queensland
Introduction
It is well known that drink-driving has long played a substantial role in road traffic crashes,
injuries and deaths, especially among young drivers (Renwick et al., 1982; Mayhew et al.,
1986; Zador et al., 2000; Voas et al., 2006; Ramstedt, 2008). Over the past four decades,
governments in Australia have implemented legislative change and enforcement measures
that are designed to reduce the road toll and improve traffic safety. In relation to drinkdriving in particular, the legal limit of blood alcohol concentration (BAC) for drivers was
reduced from 0.08 (i.e., 80 milligrams of alcohol per 100 millilitres of blood) to 0.05 in 1983,
which resulted in significant reduction of road accidents involving drink-driving (Smith,
1986, 1988). Many other policies that target driving under the influence of alcohol have been
implemented since the introduction of a lower BAC limit. In particular, the random breath
test (RBT) program was introduced in 1988 and was expanded in 1997 to deter drinkdrinking. In 1991, a “zero tolerance” policy was introduced for drivers under the age of 25,
who are required to have a BAC of zero when driving a motor vehicle. . The literature on this
topic has shown that effects of policies on alcohol-impaired driving may vary by jurisdiction,
especially as different jurisdictions implemented such measures at different times and
different ways. Estimates of the effects of such policies by jurisdiction are thus worthwhile
(Mann et al., 2001; Goss et al., 2008), but to the best of our knowledge, the effects of these
measures have not been estimated for Queensland. Our contribution is to examine the effects
of the policies that governments have used over the past few decades to reduce the influence
of alcohol on traffic fatalities in Queensland. We do so using annual data for the period 19732007 period and applying a state-space time series model to control for effects of unobserved
components in road traffic fatalities. Our estimates suggest that these policies – the
implementation of which is typically resource-intensive – did indeed have a profound effect
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on road traffic fatalities in this jurisdiction. While we do not attempt to conduct a cost-benefit
analysis (CBA) here, we suggest that as a next step in this program of research.
Literature review
The association between alcohol and road traffic fatalities has been investigated wide. At the
time of writing, a search on the term “alcohol and traffic accidents” produces 283 results (or
approximately 118,000 results when the quotation marks were dropped) in Google Scholar.
Therefore, in this section we focus on summarizing results from meta-analyses and review
only those studies that are the most relevant to our objectives in this paper. Jones and
Joscelyn (1978) was the first study to review the association between alcohol and traffic
safety. One of their findings was that young male drivers are at high risk of driving under the
influence of alcohol. Mayhew et al. (1986) focused on reviewing three groups of studies: the
extent of drink-driving by youth, alcohol use among young drivers who were involved in
road crashes, and the relative risk of crashing by young drink drivers. They found that young
drivers under the influence of alcohol were more likely to be involved in road crashes than
their sober peers. They proposed two hypotheses in connection to this observation: first, that
young drivers were “inexperienced” with drink-driving; and second, that after drinking young
drivers systematically engaged in more risky behaviour. A meta-analysis by Erke et al.
(2009) to determine the effect of driving under influence (DUI) checkpoints in reducing crash
numbers across Australia, New Zealand, USA, Canada and the Netherlands indicated the
Australian random breath test (RBT) to be the most effective in reducing crashes. Overall,
they found the DUI checkpoints to be effective in reducing the alcohol related crash numbers
by a minimum of approximately 17 per cent.
Mann et al. (2001) reviewed the effects of lower BAC on traffic accidents and consequences.
They revealed that most studies showed beneficial effects of lowering BAC limits on traffic
safety measures but these effects varied in magnitude and duration of effect (i.e., with some
having temporary and others having lasting effects). In addition, they found that the
beneficial effects shown by most studies are due to general deterrence, i.e., they are not
restricted only to lowering the BAC limit.
We agree with others who have written on this topic that it is difficult, if not impossible, to
differentiate effects of different road safety policies that were introduced during the same
period of time. Nevertheless, reviews by Shults et al. (2001) and Goss et al. (2008) have
found that two-thirds of the studies of this kind find significant reductions in fatal crashes due
to increased enforcement. The review by Zwerling and Jones (1999) also suggest that a zero
tolerance towards drunk driving by young drivers is also a very effective way to reduce
alcohol-related fatalities, and several more recent studies also corroborate this argument
(Voas et al., 2003; Liang and Huang, 2008; Chang et al., 2012).
The traffic safety literature also shows that young male drivers are the most likely to be
involved in accidents and to drive under influence of alcohol (Renwick et al., 1982; Lloyd,
1992; Ramstedt, 2008), and hence, policy interventions to lower risk of this group may be
expected to be the most beneficial. The main factors that lead to the relatively higher risks to
young drivers include the development process from adolescence to emerging adults and
differences in risk perception. Arnett (2002), for instance, has argued that young males have
higher levels of testosterone and these are also linked to risky driving behaviours. They argue
that young males are hence more aggressive and tend to engage in (what they believe to be)
shows of bravery and toughness, especially in the presence of young females. Thus, young
male drivers appear often take more risk on the road in the presence of passengers (Preusser
et al., 1998), especially young female passengers (Simons-Morton et al., 2005). Other
explanations of the higher rate of involvement of younger people in serious crashes include
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an optimistic bias, whereby young drivers overestimate their driving skills and hence take
more risk than do other age groups (Tränkle et al., 1990). The results from previous studies
(Voas et al., 2003; Carpenter, 2004; Chang et al., 2012) broadly support this view.
In Australia, most previous studies also suggest that lower BAC limits have improved traffic
safety. For example, Homel (1994) and Smith (1988) found that the reduction of BAC limits
from 0.08 to 0.05 was associated with a significant reduction in traffic fatalities in both New
South Wales and Queensland. More recently Howard et al. (2014) reviewed the implications
of Australian alcohol policy on public health and found evidence that RBT, lowered BAC
limits and low BAC for young drivers were highly effective counter measures. Evidence from
Begg et al. (2007) suggests nearly 336 fatalities among young Australians each year and that
31 per cent of these are alcohol-related. Gruenewald et al. (1999) and Chikritzhs and
Stockwell (2006) found that increased alcohol consumption and later trading hours of hotels
in Perth, Western Australia, were also associated with more crashes by drinking-impaired
drivers. Yakovlev and Inden (2010) have also recently found that alcohol consumption (along
with air temperature and precipitation) was one of the strongest determinants of traffic
fatalities in the U.S. from 1982 – 2006, in the 48 contiguous states.
The role of the business cycle is not always controlled in quantitative studies, but there is
reason to believe that doing so may be important. Leigh and Waldon (1991), for instance,
hypothesized three possible effects of unemployment on fatalities. First, as aggregate
unemployment increases, driving and fatalities should decrease. Second, the effect of
unemployment on drinking per se is ambiguous: some unemployed may drink more due to
stress, but lower incomes may lead to less drinking, making the net effect uncertain. Third,
unemployment may increase aggregate levels of stress and unhappiness, perhaps leading to
poorer concentration, perhaps leading to more crashes and fatalities. Using US data by state
the authors found evidence in support of two of these hypotheses: holding vehicle miles
constant, unemployment increased road crash fatalities (the stress hypothesis), but because
unemployed people drove less, there were fewer fatalities overall. Ruhm (1995) has also
examined the effects of macroeconomic conditions on alcohol consumption and found them
to be pro-cyclical.
Finally, in relation to the methods that have been used in this literature on the relationship
between alcohol and traffic safety, we found state-space time series models to be underrepresented, even though models from the same family (e.g., structural time series) are fairly
common (Bergel-Hayat, 2012; Commandeur et al., 2012). The main difference between
structural time series models and the autoregressive integrated moving average (ARIMA),
which is also widely applied in traffic safety studies, is the treatment of unobserved
components such as trends, slope, cycles and seasonality. Structural time-series models aim
to estimate the variance/covariance of these components, while in ARIMA modelling the
objective is to remove these components using methods such as first-differencing. Here, we
apply a state-space method from the structural time series family to examine the effect of
policy interventions that address drink driving in the State of Queensland, Australia.
Methodology
We estimate the determinants of traffic safety based on the latent risk model by Bijleveld et
al. (2008), which states that losses can be decomposed into exposure to risks and outcomes of
risk. In this study, we use the amount of petrol consumed as our indicator of exposure risk,
the outcomes of this risk are indicated by the number of crashes, and the losses due to crashes
are indicated by the number of traffic fatalities. Since the indicator variables we use may
contain measurement errors, unobserved level, slope, seasonal effects and other exogenous
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factors (i.e., regression effects), we apply a state-space model1 introduced by Harvey and
Durbin (1986) to estimate unobserved components (e.g., level and slopes) and determinants
(e.g., weather and socio-economic conditions) of traffic fatalities as follows:
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1
1
1
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where:






Ft is the number of road traffic fatalities: an indicator of risk losses;
At is the number of traffic accidents: an indicator of risk outcomes;
Et is the amount of petrol consumed: an indicator of risk exposure;
Superscripts 1, 2 and 3 represent components of equations 1, 2 and 3, respectively;
μt and βt are the unobserved level and slope, respectively;

X t1 , X t2 and X t3 is the set of exogenous covariates such as economic activities and
traffic safety interventions, which may differ among equations 1, 2 and 3; and

 t1 ,  t2 and  t3 are random noises, which are assumed not to be mutually correlated,
with variances  21 ,  22 and  23 , respectively.
In each of Equations 1, 2 and 3 above, the first sub-equation is referred to as an “observed”
equation whilst the last two sub-equations are called “state” equations. Both the level and
slope components of these equations are assumed to follow normal distributions with zero
means and non-zero variances. Observations from the three equations above also suggest that
the estimation of Equation 1 alone may produce biased results because the assumption that
regressors are independent are violated (i.e., log At correlates with log X t2 , which include
some components of log X t1 ). Estimating Equations 1, 2 and 3 simultaneously provides the
additional benefit that we are able to estimate the variances and covariance between
unobserved factors (i.e., the levels and slopes).
Parameters of exogenous variables and policy interventions in a state-space model can be
interpreted in a way that is similar to that of standard log-log ordinary least-squares
regression. For example, the parameters of continuous variables (e.g., GSP per capita,
rainfall) can be interpreted as elasticities while the parameters of policy interventions
represent the aggregate impacts of the interventions on traffic fatalities.
Compared to the standard regression approach, though, the main difference of the state-space
model is that the level (i.e., constant or intercept) components are permitted to change over

1

This is also referred to in the literature as “unobserved component” or “multivariate structural time series”

model. For more detailed discussions of this method, see for example Durbin and Koopman (2001).
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time at different rates. Thus, in the special case that the variance of the level and slope of the
above system are equal to zero, a standard OLS approach can be applied.
Data
Sources of data
The data that are used in this study were collected from several sources including the
Australian Bureau of Statistics, the Australian Bureau of Meteorology, Queensland Statistics,
and Queensland Transport. Despite our considerable attempts, we simply could not however
obtain information on the number of accidents and injuries for 1990 and 1991. The missing
data for these years have been imputed by interpolating data from the closest two years. The
data on vehicle kilometres travelled (VKT) also have a number of missing observations. In
general, VKT data are missing at every 3 to 5 years. On the basis of this source of
measurement error, we decided not to use this variable even though it is widely used in the
literature as a measure of exposure to accidents. Other variables that we would like to have
included, such as unemployment and petrol consumption, were not available from 1966 and
1973, respectively. Before that period, these variables were only available one every four to
five years. Therefore, we decided to conduct the analysis from 1973, from which time all of
the variables of interest to us are available.

Figure 1. Main variables
Figure 1 shows that during the study period traffic fatalities in Queensland declined
continuously, with the exception of several outlier years (e.g., 1980, 1995 and 2007).
However, the number of accidents fell sharply in the late 1980s and remained very low until
the early 1990s after which time it has generally increased to the end of the series. Another
notable observation is that our indicator of economic development–which is measured by the
real Gross State Product (GSP) per capita–is almost monotonically increasing, as is the level
of petrol consumption (which is our proxy for traffic exposure). The unemployment rate
shows a slight increase in the study period whilst the annual rainfall declined slightly.
Overall, observations from the actual data seem not to reveal any clear relationship except
that higher economic development is strongly associated with exposure.
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Variable selection
Since it is not possible to examine the effects of the many legislative changes that were
introduced during the study period using the available data (especially when these measures
overlap), we focus on two periods when major policies that aimed to address the drinkdriving were introduced. The specific interventions of interest are as follows:

The introduction of random breath testing on 1 December 1988;

The imposition of a zero blood alcohol concentration (BAC) limit on learner drivers
and young drivers in the first three years of having a driver licence (up to 25 years old) on 1
January 1991;

The random breath test program's expansion in 1997; and

The “Safe4life” road safety strategy that was introduced in Queensland in 2004,
which gave priority to addressing driving under influence of drugs and alcohol, which was
the leading cause of traffic fatalities in the state.
We expect these alcohol-targeted interventions to produce greater effects on traffic fatalities,
even if their effects on accidents and traffic exposure are less obvious. The rationale for being
uncertain about the effects of these policies on accidents per se, is due to risk compensation
theory (Wilde, 1988, 1998), which suggests that when the likelihood of accidents reduces,
people may decide to drive in a way that is actually more risky.
Apart from policy interventions, environmental factors such as weather condition and
economic activities can affect traffic safety. The best proxy for weather conditions that is
available to us is the total rainfall. Rain deteriorates driving conditions, and hence, the
likelihood of traffic accidents and fatalities should increase as a result. Yet, heavy rainfall
may also make people less likely to drive, and to take greater precautions when driving, so
the net effect of this driving conditions proxy is an empirical matter.
We expect economic activities have positive association with traffic fatalities. An increase in
economic activities increases the demand for transport and travel, which may also lead to
more traffic crashes and casualties. In this study, we choose gross state product (GSP) per
capita at 2005 prices, and unemployment rates as measures of economic development and
activities. We expect unemployment rates to be negatively associated with traffic injuries and
for GSP per capita to follow an inverse U-shaped relationship in relation to traffic fatalities.
Previous studies such as Kopits and Cropper (2005), Bishai et al. (2006) and Iwata (2010)
suggested that the relationship between income and traffic fatalities becomes negative when
income per capita reaches $6000 to $18000. On that basis, one may hypothesise that the
relationship between GSP per capita and traffic fatalities in Queensland will be negative as
income per capita in Queensland for the study period was between $30,000 and $50,000 (see
Figure 1).
Results and discussion
The results show that residuals of three regressions satisfy the assumptions of
homoscedasticity, normality and serial independence at the five percent level. In particular,
we apply the Ljung and Box (1978) Q test, the H(m) test (Jarque and Bera, 1980), and the
Bowman and Shenton (1975) N-test test the assumptions of serial independent,
homoscedasticity and normality, respectively. Graphically, these residuals lie within the
intervals (± 2/ n = ± 0.34) and do not deviate much from that of the normal distribution (see
Figure 2).
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Figure 2. Autocorrelation functions and histograms of standardised residuals
The decomposition of unobserved components in Figure 3 shows that the regression line fits
the data very closely (first row). The unobserved level component shows a gradual increasing
trend of traffic fatalities in the study period (second row). Since the observed traffic fatalities
decreased continuously over the same period, the impacts of policy interventions (and other
exogenous factors) must increase substantially over time to not only compensate for the
unobserved increasing trend but also result in declining traffic fatalities over time. The
unobserved slope component confirms an overall unobserved increasing trend in traffic
fatalities (i.e., positive slope) during the study period, with the exception of 1983 where slope
was zero (third row). In addition, the slope estimates suggest that the rate of the unobserved
increasing trend flattened in two periods: 1973-1983 and 1990-1995.
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Figure 3. Unobserved components of traffic fatalities
The multivariate results in Table 1 (Multivariate 1) show that the unemployment rate and all
policy interventions are statistically significant determinants of traffic fatalities in
Queensland. In particular, the introduction of the random breath test program in 1988, the
imposition of zero BAC for young drivers in 1991, the expansion of the random breath test
program in 1998, and the “Safe4life” strategy in 2004 all led to reductions of traffic fatalities:
by 12.1, 13.5, 22.8 and 15.3 per cent, respectively.2 The results also suggest that a one per
cent decrease in unemployment rate is associated with a 0.22 per cent reduction in traffic
fatalities, on average. Notably, though, the frequency of accidents, GSP per capita and
rainfall have no significant effects on traffic fatalities.
Table 1. Determinants of road traffic fatalities
Parameters
Multivariate Multivariate Univariate
1
2
-0.083
***0.268
-0.065
Log of accidents
-0.504
*-0.978
-0.644
Log of GSP per capita
***-0.221
***-0.225
**-0.162
Log of unemployment rate
-0.038
-0.011
-0.035
Log of rainfall
**-0.13
*-0.101
**-0.126
Random breath test program started
(1=1988 onwards)
**-0.146
***-0.169
*-0.131
Zero BAC for young drivers (1=1991
onwards)
***-0.259
***-0.223
***-0.296
Random breath test expansion (1=1998
onwards)
***-0.166
***-0.173
**-0.143
“Safer4life” strategy (1=2004 onwards)
2

As the regressions are in the log-log form, these numbers are calculated as (eβ-1)100, where β is the

parameters of the dummy variables for policy interventions.
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0.0003
.000002
0.001
Level variance (σξ2)
2
0.0002
0.0002
.00004
Slope variance (σ )
2
0.0017
0.002
0.002
Irregular variance (σ )
1.47 (0.47)
1.41 (0.50)
0.03 (0.98)
Normality: test statistics (p-value)
0.58 (0.77)
0.22 (0.98)
0.47 (0.84)
Homoscedasticity: test statistics (p-value)
-5.47
-5.27
-5.14
Akaike Information Criterion (AIC)
0.80
0.76
0.72
R2
Note: Significant level: ***=1%; **=5% and *=10%. Covariance on unobserved
components and parameters of other equations in multivariate models are not reported for
brevity.
The results also show a high correlation coefficient between the slope and level components
of both the exposure and accidents series and the fatality series (see Table 2). This suggests
that the level and slope of these series are affected by the same unobserved mechanism. To
test this hypothesis, we re-estimated the model by imposing restrictions that the three
equations follow a common trend and slope. The new results (Multivariate 2) show that the
parameters of accidents become positive and statistically significant as expected. In
particular, one per cent increase in accidents results in 0.27 per cent increase in traffic
fatalities. Moreover, the parameter of GSP per capita is statistically significant at the ten
percent level, suggesting that a one percent increase in GSP per capita is associated with 0.98
per cent reduction in traffic fatalities. The sign and magnitude of other parameters are similar
the previous estimates. For example, the effects of random breath test, zero BAC and
expansion of random breath test contribute to the reduction of traffic fatalities by 10, 17 and
22 per cent, respectively. The “Safe4life” strategy contributed to another 17 per cent
reduction in traffic fatalities since its introduction in 2004. However, the introduction of the
common trend and slope produce a slightly less desirable according to model selection
criteria resulting in a lower R2 and higher test statistic on the Akaike Information Criterion
(AIC).
Table2. Covariance\correlation matrices of unobserved components
Fatalities
Accidents
Exposure
Level
0.0003
Fatalities
0.6595
0.9519
0.0005
0.0021
Accidents
0.3975
0.0003
0.0003
0.0003
Exposure
Slope
0.0002
Fatalities
-0.6963
0.9968
-0.0002
0.0005
Accidents
-0.7515
0.0001
-0.0002
0.0001
Exposure
Note: Diagonal components are variances; lower-diagonal components are covariance (in
italic); upper diagonal components are correlation coefficients (in bold)
For sensitivity analysis, we also present results of a univariate estimate (i.e., estimating
Equation 1, only). These results suggest that the effect of the zero BAC policy is only
statistically significant at the ten percent level, while the statistical significance of the
unemployment rate and other policy interventions falls to the five percent level, with the
exception of the random breath test expansion program (see Table 1, Univariate). In addition,
both the R2 and AIC confirm that the multivariate model is a superior choice to the univariate
specification.
We acknowledge that, apart from controlling for drink driving, many other road safety
initiatives were also implemented during the study period. Some of these we cannot take into
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account such as the compulsory seat belt wearing in vehicles started from 1973 as it covers
the whole study period (i.e., so have no reference period to compare the effects of this
initiative). Nevertheless, this issue has been investigated by Bhattacharyya and Layton
(1979), who found that the seat belt law was associated with 46 per cent reduction in traffic
fatalities in Queensland. Other interventions were introduced at the same periods that
captured by the dummy variables in the analyses. For example, a policy to reduce impaired
driving was introduced on the same period as the random breath test programs in 1988; the
red light camera and random road watch programs were introduced on the same period as the
zero BAC programs in 1991; and the Integrated Planning Act that aim for improve road
design as implemented on the same period as the expansion of the random breath test
program.
Conclusions
This paper has examined the effects of traffic safety interventions in Queensland in the 19732007 period, especially those target the drink driving behaviour using a state-space time
series model that can control for unobserved components such as trend and slope. We found
that the random breath test program, zero BAC policy for young drivers and random breath
test expansion resulted in sizeable reductions in traffic fatalities, estimating their effects to be
reductions of 10, 17 and 22 per cent, respectively. The “Safe4life” strategy in 2004
contributed to a substantial and statistically significant reduction in traffic fatalities of 17
percent. Among other exogenous factors, unemployment rates are the sole significant
determinant of traffic fatality rates and the parameter estimates suggest a one percent increase
in unemployment rate is associated with a 0.22 per cent reduction in traffic fatalities.
These results suggest that policies that have targeted drink-driving as a way to combat road
traffic casualties have proved very effective in this jurisdiction. In future work, it would be
useful to subject these policies to a formal cost-benefit analysis, to determine if the resulting
benefits outweighed the costs of implementing these policies. One of the difficulties of doing
so is that detailed information on expenditures for such programs are likely to be difficult to
obtain and, in particular, difficult to disaggregate by initiative. Nevertheless, work of the kind
presented here could be used as the basis for such a study of the net welfare effects of these
very effective policies.
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