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Abstract:

A number of recent studies in Victoria have evaluated the effects of countermeasures and other factors which

appear to be responsible for the substantial reduction in road trauma since 1989. These include:

• Increased random breath testing, supported by mass media publicity
• New speed cameras, supported by mass media publicity
• Reduced economic activity
• Reduced alcohol sales

• Improvements to the road system through treatment of accident black spots
• Bicycle helmet wearing law
• Lowering of 110 km/h freeway speed limit

A need was identified to combine the results of these studies into a single model which could explain the
overall reduction. Models developed in the evaluation of the first two countermeasures, estimated from
monthly crash data covering the period 1983-92, were consolidated to estimate the effects on serious

casualty crashes during each of the years 1990-92. The contributions of random breath testing, speed camera
operations, road safety television publicity, unemployment rates and alcohol sales were estimated. Whilst the
contributions of the last three countermeasures listed above were not estimated explicitly, their contributions
to reducing crashes were accounted for in the general trend component of the models.

The models estimating reductions in serious casualty crashes due to various factors were then validated using
1993 monthly crash data. Subsequently, the contributions of random breath testing, speed camera tickets
issued, levels of road safety television publicity, unemployment rates and alcohol sales to reducing the
number of serious casualty crashes were estimated for the period 1990-93. A method of separately estimating
the effect of accident blackspot treatments and disaggregating this from the trend was described and applied.

As an example of application of the modelling procedure to a crash sub-group, the methods were applied to
serious casualty crashes over the period 1983-93 involving at least one driver in the age range 17 to 25
inclusive. The contributions of the same road safety programs and socio-economic factors to reducing the
number of serious casualty crashes involving young drivers were estimated for the period 1990-93.
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EXECUTIVE SUMMARY

A number of recent studies in Victoria have evaluated the effects of countermeasures and

other factors which appear to be responsible for the substantial reduction in road trauma
since 1989. These include:

• Increased random breath testing, supported by mass media publicity
• New speed cameras, supported by mass media publicity
• Reduced economic activity
• Reduced alcohol sales

• Improvements to the road system through treatment of accident black spots
• Bicycle helmet wearing law

• Lowering of 110 km/h freeway speed limit

A need was identified to combine the results of these studies into a single model which
could explain the overall reduction. This report aims to develop an understanding of how
some of the various factors/countermeasures have interacted to produce this reduction.
Models developed in the evaluation of the first two countermeasures, estimated from,
monthly crash data covering the period 1983-92, were consolidated to estimate the effects
on serious casualty crashes during each of the years 1990-92. The contributions of random
breath testing, speed camera operations, road safety television publicity, unemployment
rates and alcohol sales were estimated. Whilst the contributions of the last three

countermeasures listed above were not estimated explicitly, their contributions to reducing
crashes were accounted for in the general trend component of the models.

The models estimating reductions in serious casualty crashes due to various factors were
then validated using 1993 monthly crash data. This was done in two ways. Firstly the
models estimating serious casualty crash variations over the period 1983-92 were
extrapolated to estimate the monthly number of crashes occurring in 1993. These estimates
showed close conformity to the actual monthly numbers of serious casualty crashes
observed. Secondly, the models were re-estimated on data covering the period 1983-93 and
the parameter estimates compared with those from the old models. None of the parameter
estimates experienced statistically significantly change when the models were re-estimated
on the 1983-93 data. Subsequently, the contributions of random breath testing, speed
camera tickets issued, levels of road safety television publicity, unemployment rates and
alcohol sales to reducing the number of serious casualty crashes were estimated for the
period 1990-93. A method of separately estimating the effect of accident blackspot
treatments and disaggregating this from the trend was described and applied.

As an example of application of the modelling procedure to a crash sub-group, the methods
were applied to serious casualty crashes over the period 1983-93 involving at least one
driver in the age range 17 to 25 inclusive. The contributions of the same road safety
programs and socio-economic factors to reducing the number of serious casualty crashes
involving young drivers were estimated for the period 1990-93.
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1. INTRODUCTION

Since 1989 there has been a remarkable reduction in deaths and injuries on Victorian roads.
The drop in fatalities from 776 in 1989 to 396 in 1992 is the largest continuous reduction
ever experienced in Victoria and brought the total to below 400 for the first time since
1948, when there were 87% fewer registered vehicles. As well as the substantial decrease in

road fatalities in Victoria since 1989, there have also been large reductions in serious

injuries (Figure 1). During 1993, the number of fatalities increased to 435, but the number
of serious injuries was essentially unchanged.

FIGURE 1

Percentage change from 1987, Victoria.
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These large reductions in deaths and injuries have been attributed to the implementation of
various safety programs which were introduced commencing in September 1989, and to the
downturn in the economy which occurred during the period under consideration.

It is important to estimate the contribution of each of these programs and if possible the
mechanism by which they achieved their reductions, so that they can be fine tuned for
further gains and allocation of future resources can be made on the basis of the best
available information. Some of the measures which are considered to have contributed to
the reductions include:

• New Speed Cameras, supported by publicity;
• Increased Random Breath Testing, supported by publicity;
• Bicycle Helmet Wearing Law;
• Lowering of 110 km/h freeway speed limit;
• Improvements to the road system through treatment of accident black spots; and
• Special enforcement campaigns.



As the periods of implementation for many of these measures coincided and most were
applied throughout the State, evaluation was made more difficult. Nevertheless, evaluations
covering the relevant period have been done on all but the last measure.

This project aims to assess the contribution these factors have had on Victorian road trauma
trends over this period. This has been achieved by extending the results of some of the
previous evaluations to the end of 1993 to estimate the contribution of each major factor to
reducing serious casualty crashes. A method of combining the results from each of these
evaluations has then been developed and applied to estimate the contribution of each major
road safety campaign, along with other socio-economic changes, to reducing serious
casualty crashes in Victoria over the period 1990-93.

1.1 A MUL TIV ARIA TE MODELLING APPROACH

Smeed(1968) attempts to explain the fatality rate from road deaths in a population by
relating the number of fatalities per 10,000 vehicles to the number of vehicles per
population. A generalisation of Smeed's law which accounts for large discontinuities in the
road toll due to major road safety initiatives is presented in Appendix A and applied to the
Victorian road toll. Unfortunately, the generalised Smeed's relationship offers no insight
into the relative effectiveness of individual road safety initiatives when a number of

programs are introduced at the same time. This method also fails to take account of the
effect that relatively slowly varying factors, such as economic ones, may have on road
trauma. Clearly a more detailed approach is required to make a full assessment of the
factors influencing road trauma in Victoria.

A number of studies have modelled Victorian road trauma trends for various road user

groups at various times of the week (Cameron et al 1992a, Cameron et al 1992b, Cameron
et al 1993). The method of analysis used has been that of multivariate log-linear regression
which involves relating measures of road safety programs and economic effects, along with
general trend and monthly variation, to the observed road trauma series via a regression
equation. This method has proved useful in being able to establish the particular influence
each factor in the regression equation has on the outcome measure (vis. road trauma).

This project outlines the major countermeasures and other factors which have influenced
road trauma since 1989. A review of the models fitted as part of previous evaluation
projects is given, including details of the measures of specific factors included in the models
and the resulting model estimates. The focus of this project is to estimate the contribution of
the individual countermeasures/factors to the overall reduction in road trauma since 1989.

So far the evaluation studies have measured effects on crashes of specific severity levels, jn
specific regions of the State, specific times of the week, and sometimes for specific road
user groups (in each case chosen to be most relevant to the measure being evaluated). To
achieve an estimate of the overall reduction in road trauma in Victoria up to the end of
1992, a method of combining the results of the described models is developed and applied.
The methods of modelling and combination of models are validated on data to the end of
1993. The methods are then applied to provide estimates of road trauma reduction to the
end of this period. Finally, the procedures are applied to a relevant road user group to
illustrate the application of the technique in estimating the factors influencing road trauma
in a sub-population of Victorian road users.
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2. COUNTERMEASURES AND OTHER FACTORS SINCE 1989

Vulcan (1993) and Cameron, Newstead and Vulcan (1994) give a summary of the major
measures influencing Victorian road trauma since 1989 and the results of the different

evaluations conducted. The countermeasures considered to have contributed to the

reduction in road trauma (in chronological order) were:

• Increased random breath testing using "booze buses", supported by mass media publicity
(from September 1989)

• Lowering of 110 km/h freeway speed limit (September 1989)

• New speed cameras, supported by mass media publicity (from December 1989)
• Bicycle helmet wearing law (July 1990)

• Improvements to the road system through treatment of accident black spots (continuous)
• Special enforcement campaigns (various months during 1989-92).

All but the last of these have been subject to evaluation by MUARC or VIC ROADS. In
addition, the following factors are considered to have also contributed to the reduction:

• Reduced economic activity (measured by unemployment rates)
• Reduced alcohol sales.

Of the countermeasures, the random breath testing (RBT) and speed camera programs
(including supporting publicity in each case) had the greatest potential to have broad effects
because they were long-term in nature and were not focused on crashes involving only
particular road users or occurring only on particular parts of the road system. For this
reason the project has given priority to estimating the contributions of these programs and
their key elements.

3. ENFORCEMENT PROGRAMS AND SUPPORTING PUBLICITY

MUARC has conducted evaluations of the RBT program (Drummond et al 1992; Cameron
et al 1992a; Cavallo and Cameron 1992) and the speed camera program (Cameron et a1
1992b). In addition, there has been a separate evaluation of the Transport Accident
Commission (TAC) road safety television advertising which extended the above studies
when assessing the role of the advertising in support of enforcement (Cameron et al 1993;
Cameron and Newstead 1993).

3.1 RANDOM BREATH TESTING PROGRAM

The program of increased random breath testing (RBT) using highly visible "booze buses"
commenced in September 1989. Prior to this date, car-based random breath testing was the
predominant form of RBT operations (though some testing was also carried out from four
relatively small Toyota Coaster buses). The number of car-based tests in the Melbourne
metro area and the rest of the Victoria can be seen in Figure 2b. Bus-based RBT, shown in
Figure 2b, showed a considerable increase using the four existing buses in late 1989.
Further dramatic increases in bus-based testing was seen during 1990 by the progressive
introduction of 13 new purpose built, highly visible "booze-buses" provided by TAC to the
Victoria Police for this purpose. With the introduction of the bus-based RBT program, a
corresponding decline in car-based operations was observed, The RBT initiative was

3



supported by the first of the TAC high-exposure publicity campaigns, "If you drink then

drive - you're a bloody idiot", launched in December 1989. Television advertising with
drink-driving themes was used consistently by TAC during 1990-93.

FIGURE 2a

Number of Bus-based Random Breath Tests per month
Melbourne (MSC) and the Rest of Victoria (RoV) 1989 - 1993
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FIGURE 2b

Number of Car-based Random Breath Tests per month
Melbourne (MSC) and the Rest of Victoria (RoV) 1983 - 1993
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Cameron et al (1992a) examined changes in Ilhigh alcohol hourllJ (HAH) serious casualty
crashes occurring in Melboume~ and in the rest of Victoria (where the program was slower

to develop), during 1990 and 1991 separately. Serious casualty crashes (SCCs) are those
resulting in death or serious injury (usually hospital admission). The changes were adjusted

for parallel changes in corresponding areas of NSW, to account for 11 other 11 factors affecting
crashes apart from the effects of economic conditions, which were taken into account using
trends in unemployment rates in each State. Using multivariate regression models, the
analysis found the statistically significant reductions in HAH SCCs of 18% in Melbourne

and 13% in rural Victoria during 1990. There was also a statistically significant reduction
of 24% in rural Victoria during 1991, but the apparent 13% reduction in HAH SCCs in
Melbourne during 1991 was not statistically significant.

The analysis was subsequently extended by Cameron et al (1993) who fitted the
multiplicative model shown in Appendix B to the monthly numbers of HAH SCCs in

Melbourne and country Victoria (separately) during 1983-92. The explanatory variables
used in the models also covered the period 1983-92 and included:

• monthly unemployment rates in the corresponding area (Figure 3)
• number of random breath tests conducted in the area

• an index of alcohol sales in Victoria (Figure 4)
• effect of TAC television advertising with drink-driving themes
• seasonal variation (monthly steps, positive or negative)
• long-term trend.

When considering RBT in their analysis, Cameron et al (1993) included the total number of
Random Breath Tests, by all operations methods, as an explanatory variable in the fitted
models. Since that study, more detailed RBT data has become available which allows the
tests to be divided into those conducted using car-based and bus-based operations, as shown
in Figure 2. In the work presented here, the models of Cameron et al (1993) have been re
fitted using the new disaggregated RBT data so the effects of car and bus based operations
can be assessed separately.

To measure economic activity, factors such as unemployment and vehicle travel can be
considered as accurate indicators. A report by Thoreson et al (1992) considered the use of
many different factors to measure the economic activity in Victoria and discovered that
unemployment had a better association with the road toll than vehicle travel.
Unemployment acted like a proxy for vehicle travel. The index of alcohol sales was based
on the monthly sales turnover figures of hotels, liquor stores and licensed clubs in Victoria.
This data was converted into constant price terms using the alcohol beverages sub-index of
the Consumer Price Index. The index is considered to represent monthly variations in the
volume of alcohol beverage consumption (Thoresen et al 1992). However it does not take
into account any changes in alcohol content, except to the extent that this was reflected in
price per unit volume.

J The "high alcohol hours" of the week (ie. 4pm Sunday to 6am Monday, 6pm to 6am on Monday to
Thursday nights, 4pm Friday to 8am Saturday, and 2pm Saturday to Warn Sunday) are those periods when
the percentage of drivers killed or admitted to hospital with a blood alcohol content exceeding 0.05% was
about 38% (Harrison 1990). The "low alcohol hours" are the converse of these periods, during which less
than 4% of driver serious casualties had blood alcohol content exceeding 0.05%.

5



The effect of TAC television advertising was measured by a function "Adstock" (Broadbent

1979) which represents the audience's retained awareness of current and past levels of
advertising. Adstock in the current week is a cumulation of Target Audience Rating Points
(TARPs2) in the current week with the decayed effects (applying a specific retention factor)
of TARPs placed in each previous week. Thus Adstock is cumulative, decayed ratings and
represents the amounts of advertising current at the time. Using a half life of five weeks,
Adstock was calculated from the weekly levels of advertising placed by the TAC to
represent the total effect in each week of the TAC's current and past advertising. In essence,

it represents the total TARP effect on awareness considered to be given to or retained by the

target audience during a specific week. The Adstock of TAC television advertising during
each month in 1990-93, by theme of the message, is shown in Figure 5.

FIGURE 3

Unemployment Rates in Melbourne (MSD) and the rest of Victoria (ROV)
1983-93
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2 Target Audience Rating Points is a measure of audience reach. It is a summation of the Rating Points (ie.
the percentage of persons in the viewing area estimated to be watching the specific television channel at the
time the advertisement was shown) for the particular Target Audience of the advertisements (in this case
persons aged 18-39).
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FIGURE 4

Index of Alcohol Sales in Victoria, 1983-93
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FIGURE 5

TAC Road Safety Television Advertising - Monthly Adstock by theme
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The model in Appendix B was fitted by first taking logarithms of the number of HAH SCCs
and each of the explanatory variables, and then fitting the relationship using multiple linear
regression. Variables with a monthly value of zero before the logarithm transformation were
set equal to zero in the transformed data. The regression coefficients of each of the (logged)
explanatory factors included in the models, excepting the coefficients for the monthly step
variables and the intercept, are summarised in Table 1. The model for Melbourne crashes
explained 84% of the monthly variation and the model for crashes in country Victoria
explained 66%.

The monthly unemployment rate was very highly significantly and inversely related to the
crashes in Melbourne, and significantly and inversely related to the crashes in country
Victoria. The strength of the relationships were greater than those observed in previous
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studies of total Victorian fatalities to the end of 1990 (Thoresen et al 1992) and of HAH

SCCs to the end of 1991 (Cameron et aI1992a).

Initially, both the car and bus-based RBT series were included in the fitted models for both
metropolitan Melbourne and the rest of Victoria in high alCohol hours. In both models the
monthly number of car-based random breath tests was found not to be significant and
subsequently excluded from the models. The monthly number of bus-based random breath

tests, however, was highly significant and inversely related to the crashes in Melbourne, but

was not statistically significantly related to monthly HAH SCC variations in country

Victoria. In country Victoria bus-based RBT, although not significant itself, appeared to

have a strong relationship with Drink-Driving Adstock. This was indicated by a strong

correlation between the parameter estimates of Drink-Driving Adstock and bus-based RBT
in the estimated models. It was decided to removing the non significant bus-based RBT

from the model (indicated by the NS in Table 1) which consequently increased the
statistical significance of Drink-Driving Adstock.

This aspect of the analysis highlights that, whilst bus based RBT showed no statistically
significant effect on HAH SCCs in country Victoria, the strong correlation between the
estimates of the two program effects, when included together in the model, indicates that the
significant Adstock effect may, at least in part, represent the effectiveness of the bus-based

RBT program as well. This means that the effectiveness of RBT cannot be discounted

because of non-significance in the model. Rather, the significance of the Drink-Driving
Adstock may incorporate some measure ofRBT effectiveness also.

Monthly variations in the index of alcohol sales in Victoria were significantly and positively

related to the HAH SCCs in Melbourne (very highly significant) and in country Victoria

(highly significant). It is possible that the reductions in alcohol sales may be related to the
increases in RBT and associated publicity. This point will be discussed further on .

Awareness of TAC drink-driving television advertising, measured by Adstock, was very
highly significantly and inversely related to the monthly number of HAH SCCs in country
Victoria and was not significantly (only just) related to monthly variations on Melbourne
HAH SCCs.
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Table 1: Effects of unemployment rate, number of random breath tests, alcohol sales
(all Victoria), and Adstock of TAC drink-driving publicity on serious
casualty crashes during high alcohol hours of the week. Melbourne and
country Victoria 1983-92.

AREA OF VICTORIA
EstimatedT valueSignificance

coefficient of

level

Explanatory variable

logged variable(103 dJ.)(two-tailed)

MELBOURNE CRASHES •

trend 0.0035***4.3790.0001

•

unemployment rate in month -0.3110***-8.1870.0001

•

no. of bus-based random breath tests -0.0164**-2.6660.0089

during month
•

alcohol sales during month 0.6650***4.0010.0001

•
drink-driving Adstock in month -0.0155-1.8170.0722

CRASHES IN COUNTRY VICTORIA •

trend 0.0028**2.7240.0076
•

unemployment rate in month -0.1788**-2.6550.0092
•

no. of random breath tests (car or bus NSNSNS

based) during month •
alcohol sales during month 0.7265**3.0600.0028

•
drink-driving Adstock in month -0.0284***-4.3800.0001

* Statistically significant at p<O. 05 level; ** Highly statistically significant at p<O. 01 level;
*** Very highly statistically significant at p<O.OOllevel;
NS = not significant and excluded from model (see text).

Because of the multiplicative structure of the models fitted, the regression coefficients in
Table 1 are estimates of the "elasticity" of HAH secs to a change in the explanatory factor.
Thus, for example, a 1% decrease in alcohol sales in Victoria is estimated to result in a
0.665% decrease in the number of HAH secs in Melbourne, if all other major factors
affecting these crashes remained constant. However it should be noted that these
"elasticities" may only be valid over the range of the explanatory variables actually
considered when developing the models, and should not be assumed to apply when the
explanatory factors fall outside these ranges.

3.2 SPEED CAMERA PROGRAM

New slant radar speed cameras were progressively introduced in Victoria commencing with
four in December 1989 and building to 54 by January 1991. The program included the
high-exposure publicity campaign "Don't fool yourself - speed kills" launched in April
1990. From mid-1990 to December 1993 the number of Traffic Infringement Notices
(TINs) issued per month for offences detected by the speed cameras varied from 14,000 to
64,000, averaging 16,100 during the second half of 1990 and more than 40,000 per month
during each of the years 1991-93.
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MUARC has evaluated the effect of the program on changes in "low alcohol hour" (LAR)
casualty crashes and their severity during four periods from December 1989 to December
1991 in which there were different combinations of levels of publicity and camera activity
(Cameron et al 1992b). The general effects of the program were measured relative to crash
experience in NSW during the same period, and after taking into account the differential
changes in unemployment rates and crash seasonality and trends in each State. The analysis
found statistically significant reductions of 21% and 28% in the frequency and severity,
respectively, of LAR casualty crashes in Victoria during the period (July 1990 to February
1991) when the levels of camera activity and publicity were both high.

A second stage of the evaluation linked the monthly variations in the frequency and severity
of LAH casualty crashes in Melbourne with speed camera operating hours (Figure 6), speed
camera TINs issued (Figure 7) and levels of TAC television publicity (TARPs), as well as
variations in Melbourne unemployment rates and crash seasonality and trend. The analysis
fitted the multiplicative models shown in Appendix C to monthly crash frequencies and
severities during 1983-91. For the frequencies of LAR casualty crashes, the analysis found
statistically significant relationships with the number of TINs issued, with levels of all TAC

publicity and with the speed-related publicity in particular (lower level of significance).

However the speed camera operating hours were not statistically significant (Cameron et al

1992b).

Subsequently the analysis was repeated considering only levels of TAC television publicity

with "speeding" or "concentration" themes (Cameron et al 1993). It was considered

unlikely that the drink-driving publicity influenced the low alcohol hour crashes, since the

proportion of such crashes involving alcohol is relatively small. The inclusion of the drink

driving TARPs with TARPs of the other themes appeared have masked a stronger
relationship between these TARPs and LAR casualty crashes. The estimated exponent of

the "speeding" and "concentration" TARPs was almost twice as large as that for all TARPs
when each was included in turn in the same model.

FIGURE 6

Monthly number of Hours of Speed Camera Operations
Melbourne, June 1990 - December 1991 (earlier data not available)

140

1200

1<XXl

OIl

g 80J
:J:

'0
ci Emz

4CO

o

D J F M A M J J A SON
8
9

10

D J F M A M J J A sON
9
o



FIGURE 7

Monthly number of Traffic Infringement Notices Issued
for Speeding Offences Detected by Speed Cameras

Victoria 1989 - 1993
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The evaluation of the speed camera program had used all casualty crashes (and their
severity) as the criterion to measure the effects of the program. In contrast, the evaluation
of the RBT program was based on serious casualty crashes. In order to provide a common
basis from which the effects of the two programs could be combined, it was decided to re
examine the links between elements of the speed camera program and crashes; this time in
terms of the effects on serious casualty crashes (during LAHs). The model in Appendix D
was fitted to monthly numbers of SCCs in Melbourne and country Victoria (separately)
during 1983-92. The explanatory variables, covering the period 1983-92 in the models,
included:

• monthly unemployment rates in the corresponding area (Figure 3)
• number of TINs issued from speed cameras in Victoria (Figure 7)
• Adstock of TAC television advertising with speeding and concentration themes (see

Figure 5)
• seasonal variation (monthly steps, positive or negative)
• long-term trend.

The regression coefficients of each of the (logged) explanatory factors included in the
models, excepting the coefficients for the monthly step variables and the intercept, are
summarised in Table 2. The model for Melbourne crashes explained 78% of the monthly
variation and the model for crashes in country Victoria explained 67%.
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Table 2: Effects of unemployment rate, number of speed camera TINs issued, and

Adstock of TAC "speeding" and "concentration"publicity on serious casualty
crashes during low alcohol hours of the week. Melbourne and country
Victoria 1983-92.

AREA OF VICTORIA EstimatedT valueSignificance

coefficient of

level

Explanatory variable

logged variable(104 d.f.)(two-tailed)

MELBOURNE CRASHES
•

trend 0.0032***4.8570.0001

•

unemployment rate in month -0.1172*-2.2550.0262

•

no. of speed camera TINs issued -0.0243***-4.8130.0001

•

speeding and concentration Adstock -0.0289***-3.7810.0003

CRASHES IN COUNTRY VICTORIA •

trend 0.0020**3.0570.0028

•

unemployment rate in month -0.1945**-3.0410.0030

•

no. of speed camera TINs issued -0.0098-1.6340.1053

•

speeding and concentration Adstock -0.0266***-3.6820.0004

* Statistically significant at p<O. 05 level; ** Highly statistically significant at p<O. 01 level;

*** Very highly statistically significant at p<O. OOlleve/.

As in the models for HAH crashes (Table 1), the monthly unemployment rate was

significantly and inversely related to the LAH serious casualty crashes in both Melbourne
and country Victoria.

The monthly number of speed camera TINs issued was very highly significantly and
inversely related to LAH SCCs in Melbourne, but was not statistically significant so far as
the link with LAH crashes in country Victoria was concerned. A relationship of this type
had not previously been tested for country crashes in the evaluation of the speed camera
program (Cameron et al 1992b). The absence of a statistically significant link with levels of
activity of the speed camera program, which has been predominantly operated in
Melbourne, is consistent with the generally weaker general effects found in country towns
and on rural highways in that study.

Awareness of TAC "speeding" and "concentration" television advertising, measured ?y
Adstock, was very highly significantly and inversely related to the monthly number of LAH
SCCs in both areas of the State.

4. COMBINING THE RESULTS OF THE MODELS

Having fitted the models described above to the various serious casualty crash series, the
next step is to establish the degree to which each explanatory variable in the model affects
the series. Following this, the results of each of the four analyses will be combined to give a
measure of how each explanatory variable has affected Victorian road trauma as a whole.
The theory of decomposing the multiplicative form of the log-linear models used will be

12



discussed along with a method for combining the results from a number of analyses. These
methods will then be applied to the models of the Victorian serious casualty crashes fitted
above.

4.1 DECOMPOSITION OF THE MODELS

A method by which log-linear models can be decomposed to show the effect of each

explanatory variable individually on the response variable is most easily demonstrated by
considering first a general model with three explanatory variables. The general form of this
model is given in equation 4.1.1.

where y is the response variable, x}, x2 and x3 are the explanatory variables with u, ~ and y

being their respective elasticities. Consider first the effect of changing the level of

explanatory variable Xl from Xl(O) to Xl(l) whilst keeping x2 and x3 constant. This will

have the effect of changing the response variable, Y, from Y(O) to Y(1)- The percentage
reduction in y is given by equation 4.1.2.

(Y(O) - Y(1)J x 100% = [1- (x](]) JCI.] x 100% ... (4.1.2)Y(O) x](O)

What is important to note in equation 4.1.2 is that the percentage change brought about in Y
by changing Xl by the given amount is independent of the levels of x2 and x3. This means

that changing X 1 from xl (0) to xl (1) will affect the same percentage change in Y regardless
of the level of x2 and x3. The same though cannot be said of the magnitude of the change in
y. Equation 4.1.3 shows that the magnitude of the change in y caused by the change in Xl is
in fact dependent on the values of x2 and x3

The same results apply equally to varying explanatory variables x2 and X3 individually. As
an example, what this would mean practically is that the number of, say, serious casualty
crashes saved by increasing the level of road safety initiative Xl will depend on the current
level of the other road safety initiatives X2 and x3. The percentage of crashes saved,
however, will be the same regardless of the levels of x2 and x3.

The results obtained above may be generalised to accommodate varying xI, X2 and X3

simultaneously. If each X is varied from X(O) to x(1), the resulting percentage change in y
from Y(O)to Y(l) is given by equation 4.1.4.

(Y(O) - Y(1)J = I_(X](])JCI.(X2(1)JP(X3(])JY ... (4.1.4)~~ ~~ ~~ ~~

This is equivalent to three independent percentage reductions of the response variable, one
attributable to each explanatory variable. The magnitude of each percentage reduction is
given in equation 4.1.2.
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4.2 COMBINATION OF RESULTS FROM MULTIPLE ANALYSES

In modelling the road trauma trends in Victoria, the analysis has been broken up into
Melbourne and country Victoria as well as high and low alcohol hours. It is of interest to
combine these results to see how the variables of interest have affected Victorian road

trauma as a whole. A method by which the forms of two log-linear models can be combined

and the interpretation of the result will be presented here.

Once again, the method is best explained by means of a general example. Consider two log
linear forms given by

The combination of these two models is simply obtained by summing left and right hand

sides of both equations giving

The problem now is to find the effect that changing each independent variable has on the

combined model. Consider changing variable xl from XI(O) to XI(I) resulting in YI+Y2

changing from YI(O)+Y2(O) to YI(I)+Y2(1) with x2, x3, X4 and X5 fixed. The percentage
change inYI+Y2 will be given by (4.2.2)

Equation 4.2.2 cannot be further reduced meaning that the percentage reduction in the
response variable due to changing Xl is dependent on the levels of the other explanatory
variables. The same applies to changing any of the other independent variables. This means
it is not possible to attribute independently a fixed percentage reduction in the response
variables due to a change in one of the explanatory variables. Hence, no unique
decomposition of the combined model, 4.2.1, into reductions attributable to each
explanatory variable exists.

A compromise must be struck in arriving at a suitable decomposition of the model 4.2.1
with respect to the explanatory variables. This compromise is best achieved if we consider
varying each explanatory variable individually and examining the change relative to the
model set at some base level. The model base level is defined by setting each individual
explanatory variable at some suitable base level. The choice of a suitable base level for, the
model in practice will be discussed in the practical application of the method in section 5.

LetYl(O)+Y2(O) be the base level of the model with explanatory variables Xi, i=1, ..,5, set at
Xi(O). As above, varying Xl(O) to xl(1) alters the combined response variable to Yl(1)+Y2(1)
with percentage change given by 4.2.2. An expansion of the left hand side of equation
4.2.2. is given in equation 4.2.3 with the result showing the percentage reduction in the
combined dependent variable due to Xl given the particular base level of the model.
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(1- YI(I) + Y2(1) ) X 100% = 1- { YI(1) + Y2(D) } x 100% noting Y2(1) = Y2(D) hereYI(D) + Y2(D) YI(D) + Y2(D) YI(D) + Y2(D)

{ ( JeJ. }

- 1- YI(D) xI(1) + Y2(D) x 100% by 4.1.2

YI(D) + Y2(D) XI(D) YI(D) + Y2(D)

= YI(D) {1_(X](l)]eJ.} x 100% ... (4.2.3)YI(D) + Y2(D) XI(D)

Examining the form of equation 4.2.3 and noting that xl affects component YI of the
combined model, YI+Y2, then the percentage reduction due to xl on the combined model is

equal to the percentage reduction in YI alone due to xl weighted by the proportion YI(O)

represents of the combined base response YI (0)+Y2(0)

If the explanatory variable appears in the equations of both response variables, as does x2 in
the example used here, the corresponding reduction in the combined response variables due

to changing x2 from its base level X2(0) to x2(1) is

( J ( { ( J f3}

1- YI(1) + Y2(1) x 100% = h(D) 1- X2(1)

YI(D) + Y2(D) YI(D) + Y2(D) X2(D)

+ Y2(D) {1- (X2(1)JI;;}] x 100% ...(4.2.4)YI(D) + Y2(D) X2(D)

This is again a weighted average of the percentage reductions in Yl and Y2 due to x2 with

the weights being the proportion YI(O) and Y2(0) respectively represent of the combined
base response.

Using the methods described above, the effect of each variable on the combined model can
be estimated. As mentioned, this method of combination is not unique but is attractive in the
sense that it allows consistent treatment of each variable and is computationally elegant.

5. ESTIMATING THE IMPACTS ON TOTAL ROAD TRAUMA IN
VICTORIA

The primary interest in developing the above theory of log-linear model decomposition is in
the application to the models fitted to the serious casualty crash series described previously.
It is of interest to establish how each factor in a particular model affects the total number of
serious casualty crashes observed.

The model fitted for each casualty crash series estimates the observed number of casualty
crashes in each month. As shown by equation 4.1.2., the percentage reduction attributable to
each explanatory variable in a month is calculated from the actual value the variable took in
that month and that variable's base level. Whilst the value the variable took in estimating the
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model parameters is known, a suitable base level must be decided upon in the context of the

particular variable.

The road safety countermeasure explanatory variables fitted in the models are; number of
bus-based RBT tests, number of speed camera TINs issued, drink-driving Adstock and
speed and concentration Adstock. We are interested in the effectiveness of these programs
at their current levels of operation as compared to them not being implemented at all. A
suitable base level for these variables then is zero. The two remaining explanatory variables
of interest are the social and economic measures of alcohol sales and unemployment rate. It
would not be sensible to chose a base level of zero for these variables as, in reality, these
two measures will never attain a zero value. Whilst Figure 4 shows alcohol sales undergoing
consistent downward trend, Figure 3 shows that the major changes in the unemployment
rate have only occurred since mid-1990 when it increased dramatically. It is in this period
that unemployment would potentially have the most influence on serious casualty crashes.
A suitable base to which to adjust unemployment and alcohol sales in each month is the
level in the corresponding month in 1988. This decision is reinforced by noting that the road
safety countermeasures included in the models were accelerated during 1989 and that a
major downturn in road trauma was noticeable in late 1989.

Once the percentage reductions in serious casualty crashes have been calculated for each
explanatory variable in a model, the crash frequency which would have been expected if the
road safety initiatives had not been operating, and unemployment and alcohol sales had
remained at 1988 levels, can be calculated. This is done by dividing the actual crash
frequency estimated by the model by the combined product of the percentage reductions, to
estimate the expected number of crashes if each factor had remained at its base level. The
monthly variation and long term trend parameters are carried through the adjustment
process as estimated.

The full table of percentage reductions attributable to each road safety program as well as
alcohol sales and unemployment are given in Appendix E for each of the four models fitted.
The results are presented for the years 1990 to 1992 where the most substantial drops in
serious casualty crashes took place and where all of the road safety programs were
operating. The method of combining models described above was used to calculate the
percentage reductions in high and low alcohol hours across the whole state, in the MSD and
rest of Victoria in all hours, and in the whole of Victoria in all hours. These results appear
in the margins of the table in Appendix E. The percentage reductions in total Victorian
serious casualty crashes attributable to each road safety initiative and both social variables
are summarised in Table 3.

It should be noted that in the decomposition of the model for the serious casualty crashes in
rest of Victoria in low alcohol hours, the effect of the speed camera TINs was estimated
even though this factor was not found to be statistically significant in the model. In fact, the
significance level of the speed camera TINs was marginal (p = 0.1) and the estimated
elasticity meant this factor had a non-trivial influence on the model. For this reason it has
been included in the decomposition. The same argument applies to the Drink-Driving
Adstock in Melbourne crashes in high alcohol hours. The significance level of the Adstock
was very marginal (p = 0.07) and was thus included in the decomposition of the model.
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Table 3 : Estimated reductions in serious casualty crashes attributable to various
factors - Victoria, All Hours, 1990-92

=:::::::::::::::II~::::::::=:::::::/::::::/1111::/\\:
::::::::::::::1".::::::=:':::::;..........................

............ ,............... ' ..............
Modelled actual serious casualty crashes 615053425211

(actual serious casualty crashes)
(6156)(5371)(5156)

Expected* serious casualty crashes
894092759619

Reduction in serious casualty crashes
31.2%42.4%45.8%

Contribution of unemployment

0.7%10.5%13.1%
Contribution of alcohol sales

5.6%8.4%10.5%

Contribution of speed camera TINs

8.3%9.3%9.4%

Contribution of speed and concentrationpublicity
7.5%10.4%10.4%

Contribution of Bus-Based RBT
5.6%5.8%5.7%

Contribution of drink-drivingpublicity
7.2%6.4%6.9%

Contribution of above four road safety programs

25.7%28.3%28.8%

*Expected if the road safety initiatives and other factors had remained at base levels

It should also be noted that these percentages cannot simply be added up to estimate the
total contribution. If more than one contributor is being considered, the percentage
reduction of each must be applied in turn. This is because of the multiplicative nature of
each of the four models. The proportion of crashes remaining after each contributor needs
to multiplied by the proportions for the other contributors to estimate the proportion
remaining when all contributors are considered, and thus estimate the overall percentage
reduction.

As a means of displaying the effects of the factors of interest over time, the percentage
reductions have been transformed into numbers of serious casualty crashes for each month
and plotted against time. The resulting charts for each of the four models are presented
Appendix F. Because of the multiplicative form of the fitted models the actual number of
crashes prevented attributable to each factor will depend on the order in which each factor is
thought to take effect. Since the true order of effect is not known one must be assumed. For
the charts presented here, it has been assumed that the social variables, alcohol sales and
unemployment acted first, followed by the effects of the road safety programs. This gives
the most wnservative estimates of the number of serious casualty crashes saved by the road
safety programs. The percentage savings, however, will still be the same as estimated in
Table 3.

6. VALIDATION OF THE MODELS

Validation of the models fitted to the 1983-1992 Victorian serious casualty crash data
involved investigation of two properties of the fitted models. Firstly, the predictive power
of the models was determined by extrapolating them to the end of 1993 using the observed
1993 values of the model covariates. The number of monthly serious casualty crashes
predicted by extrapolating the models was then compared to the number actually observed
during 1993. This served to measure of the predictive power of the models up to a year
ahead. The second validation method used was to re-fit the models including the 1993
serious casualty crash data. Parameter estimates for the 1993 updated models were then
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compared to the previous parameter estimates using data up to December 1992, to see if the

estimated influence of each major factor on the road toll had changed.

Both validation methods have similar objectives with each essentially examining the

stability of the model parameter estimates over the 1993 year'. The second method is more
tractable in allowing simple statistical comparison of the old and new parameter estimates

through the estimated parameter standard errors. The first method has the advantage of
allowing convenient graphical comparison of observed and expected numbers of monthly
serious casualty crashes during 1993.

6.1 EXTRAPOLATION OF 1992 MODELS

Using the actual covariate values for 1993 in the four models estimated using data covering

the period 1983-1992, the number of serious casualty crashes occurring in 1993 was

predicted. Both the observed and predicted number of serious casualty crashes occurring
1993 are given in Table 4 for Melbourne and the rest of Victoria in high and low alcohol
hours along with the percentage error in the predicted number. The total for all of Victoria,

all hours is also given in Table 4.

Table 4 : Numbers of serious casualty crashes, Victoria 1993
Observed and estimated using 1983-92 models.

Serious Casualty NumberNumber% Error in

Crashes

ObservedPredictedPrediction

HAH

MSD16201472-9.1%

RoV

872 828-5.0%

LAH

MSD17601803+2.4%

RoV

941 904-3.9%

Total

51935007-3.6%

Table 4 shows the total number of serious casualty crashes during 1993 in the whole of
Victoria, all hours, to be estimated reasonably accurately with an under-estimation of 3.6%.
The number of high alcohol hour crashes in both parts of the state was under estimated.
The number of low alcohol hour crashes in Melbourne are marginally over estimated while
the number of low alcohol hour crashes in country Victoria are marginally under estimated.
The reason for the larger underestimate in Melbourne during high alcohol hours is not
evident from the analysis but may be due to changes in influence of the modelled road
safety or economic covariates. This possibility will be examined in section 6.2 below where
the models are re-estimated including the 1993 serious casualty crash data.

Figure 8 shows the observed and estimated serious casualty crash trend by month for the
whole of Victoria, all hours. The estimated series follows the observed very closely,
reflecting the accuracy of the estimate noted in Table 4. Plots of the monthly observed and
expected trends for the four Melbourne, rest of Victoria, high and low alcohol hours
combinations are given in Appendix G. The noted under estimation in high alcohol hours
and the over and under estimations (Melbourne and country Victoria respectively) in the
low alcohol hours can be seen in these plots, however, the general estimation of serious
casualty crash trend in each of the four groups appears reasonable.
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FIGURE 8

Monthly number of serious casualty crashes, Victoria 1993

Observed and estimated using 1983·92 models.
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The accuracy in the estimated 1993 serious casualty crash series shown in Figure 8 suggests
the modelling procedure described in this report could provide good one year ahead
estimates of monthly serious casualty crash frequencies. One difficulty in obtaining one
year ahead estimates is that the values of the covariates used in the models must be known
or projected for the year being estimated. This will generally not be possible, especially for
the type of economic, social and road safety variables being used here. To enable one year
ahead predictions then, the values of the covariates for the year of interest would need to be
estimated. Whilst this is possible using such methods as time series projection for the
economic and social indicators, and budget and planning forecasts for road safety measures,
this would certainly compromise the accuracy of crash number estimates.

6.2 RE-ESTIMATION USING DATA TO DECEMBER 1993

The second method of model validation was to re-estimate the model parameters including
the 1993 serious casualty crash data. Serious casualty crash data for Melbourne and the rest
of Victoria in high and low alcohol hours, now covering the period 1983-93, was modelled
using the same four model structures and including the same covariates as described in
section 3 above. Table 5 shows the old (from data covering 1983-92) and new coefficient
estimates for the economic, social and road safety program covariates, along with 95%
confidence limits on these estimates.
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Table 5 : Parameter estimates and 95% confidence limits.

1983-92 models vs. 1983-93 models.

MSD
Data to Dec. 1992

""""IKAH""""'::.:::""""L:=:""""':mm""""'::%::"""":'i'i""""':::%:""""'?:::::"""":;@I-

Unemployment
Ratel -0.311

(-0.385, -0.237)

-0.288

(-0.358, -0.219)

-0.179

(-0.311, -0.0468)

-0.169

(-0.296, -0.0418)

Bus-based
Random Breath

Testing
-0.0164 -0.0186 NS NS

(-0.0285, -0.0044) I (-0.0304, -0.0067)
Alcohol

Salesl 0.665

(0.339, 0.991)

Drink-Driving
Adstock

Unemployment
Rate. -0.117

(-0.22, -0.0154)

Speed Camera
TINs. -0.0243

(-0.0341, -0.0144)

0.537

(0.237, 0.837)

-0.0162

(-0.0325, -0.0001)

-0.183

(-0.268, -0.0969)

-0.0227

(-0.0325, -0.013)

0.727

(0.261, 1.192)

-0.028

(-0.041, -0.016)

-0.195

(-0.320, -0.0691)

-0.00978

(-0.0215, 0.0020)

0.629

(0.201, 1.058)

-0.029

(-0.041, -0.0166)

-0.229

(-0.347, -0.111)

-0.0111

(-0.0232, 0.001)

Speed & Cone.
Adstoekl -0.0289 -0.0235

(-0.0438, -0.0139) (-0.0375, -0.009)

NS = not significant and excluded from model.

-0.0266

(-0.0407, -0.0124)

-0.0233

(-0.037, -0.0088)

Table 5 shows no statistically significant change in any of the parameter estimates between
the old and new models. This is indicated by the overlap in each of the pairs of 95%
confidence limits. Discrepancies between the numbers of serious casualty crashes observed
and that expected from extrapolation of the old models in high and low alcohol hours was
noted in section 6.1 above. An explanation for this can be offered by examining the changes
in parameter estimates between old and new models in Table 5. Compared with the old
models, the new models predict a smaller influence of alcohol sales in high alcohol hours as
a result of including 1993 data. Similarly, in low alcohol hours, the influence of
unemployment is found to be greater when using the 1993 data in the model. The changes
in these two parameter estimates is particularly evident in Melbourne, again consistent with
the observations made in section 6.1. It must be stressed however that the changes in these
two parameters is not statistically significant, suggesting the observed error in the estimates
of section 6.1 is also not statistically significant. Plots of the fits of each of the four models
to the observed monthly number of serious casualty crashes are given in Appendix H.

Having re-estimated the serious casualty crash models using data covering the period 1983
93, the models were again decorriposed and combined, using the methods of Section 4, to
give estimates of the influence of each modelled road safety, economic and social factor on
the total Victorian road toll. A summary of these results is given in Table 6, which is an
update of Table 3 and now including 1993, where the influence of each factor is expressed
as a percentage reduction in serious casualty crashes attributable to that factor. The full table
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of percentage reductions attributable to the various modelled factors broken down by region
of State and time of day is given in Appendix I. As for the calculation in Table 3, all
percentage reductions are calculated using covariate changes relative to the 1988 calendar
year.

Table 6 : Estimated reductions in serious casualty crashes

attributable to various sources. Victoria, all hours, 1990-93.

1990 1991 1992 1993

Modelled actual serious casualty crashes 6168 5342 5192 5183

(actual serious casualty crashes) 6156 5371 5156 5193
Expected * serious casualty crashes 8827 9118 9419 9731

Reduction in serious casualty crashes 30.1% 41.4% 44.9% 46.7%

Contribution of increased unemployment 0.8% 11.5% 14.4% 15.3%
Contribution of reduced alcohol sales 4.7% 7.1% 9.0% 11.5%

Contribution of speed camera TINs 7.9% 8.9% 9.0% 8.9%
Contribution of speed and concentration publicity 6.2% 8.7% 8.7% 8.3%

Contribution of Bus-Based RBT 6.3% 6.5% 6.5% 6.8%

Contribution of drink-driving publicity 7.5% 6.7% 7.3% 7.1%

Contribution of above four road safety programs 25.2% 27.5% 27.9% 27.6%
* Expected if the road safety initiatives and other factors had remained at base levels

Table 6 shows the continuing high percentage reductions in serious casualty crashes in 1993
(27.6%) attributable to road safety programs. This is consistent with the high levels of
activity maintained in these programs throughout 1993, as depicted in Figures 2 and 5 to 7.
The contribution of unemployment and reduced alcohol sales is substantially greater in
1993, again as a result of the respective plateauing of these factors during 1993, as shown in
Figures 3 and 4.

7. APPLICATION TO A CRASH SUB-GROUP: YOUNG DRIVER
CRASHES

The analysis described above has estimated the influence of various factors on all serious
casualty crashes in Victoria. These methods can be equally well applied to a subset of these
crashes, for example crashes involving a particular road user group or occurring on a
particular type of road. For illustration, the subset of crashes involving at least one driver in
the age group 17 to 25 years inclusive have been selected here. Crashes involving young
and inexperienced drivers are a significant contributor to total road trauma in Victoria, with
drivers in the 17 to 25 year age group being involved in about 39% of serious casualty
crashes. Road safety campaigns on themes such as drink driving and speeding are
particularly aimed at drivers in this age group and it is anticipated that they would have a
particularly strong effect here.

7.1 STATISTICAL MODELS FITTED

7.1.1 High alcohol hours

Following the high alcohol hours model fitted to all serious casualty crashes, the same
model structure as shown in Appendix B was applied here for Melbourne and the rest of
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Victoria separately. As for all serious casualty crashes (SCCs), the major road safety

campaigns considered to have a possibly significant influence on crashes in this sub-group
were random breath testing, measured in number of tests per month, and road safety media

publicity. In including the media publicity in the models, both TARPs and Adstock were
considered for all campaigns combined and for only the drink-driving campaign.

Exploratory analysis showed the Adstock measure to have a much closer association with
the number of observed SCCs than TARPs. Although total Adstock showed a strong

relationship with SCCs, the drink-driving component alone was found to be just as strong
and hence included in the final model.

Whilst age-specific unemployment rates would have been preferable for inclusion in the
models, these were not readily available so total unemployment for the region being

modelled was used. Again, a linear trend component and monthly seasonal dummies were

included in the models along with total alcohol sales in Victoria as a proxy for consumption.

A summary of the model parameter estimates for Melbourne and the rest of Victoria are

given in Table 7.

Table 7: Effects of unemployment rate, number of random breath tests, alcohol sales
(all Victoria), and Adstock of TAC drink-driving publicity on serious
casualty crashes involving at least one driver aged 17 to 25 years during
high alcohol hours of the week. Melbourne and country Victoria 1984-93.

AREA OF VICTORIA EstimatedT valueSignificanc
coefficient of

e level

Explanatory variable

logged(103 d.f.)(two-tailed)
variableMELBOURNE CRASHES

•

trend 0.00373***3.9170.0002
•

unemployment rate in month -0.313***-5.6660.0001
•

no. of bus-based random breath tests -0.0174*-2.3690.0197
during month •

alcohol sales during month 0.673**2.8140.0059
•

drink-driving Adstock in month -0.0224*-2.2910.0240

CRASHES IN COUNTRY VICTORIA •

trend -0.00110.9020.3692
•

unemployment rate in month -0.1054-1.0490.2964
•

no. of bus-based random breath tests -0.0368*-2.2050.0297
during month •

alcohol sales during month 0.7073*2.0390.0440
•

drink-driving Adstock in month 0.01100.6120.5420

* Statistically significant at p<O. 05 level; ** Highly statistically significant at p<O. 01 level;
*** Very highly statistically significant at p<O. 0011eve!.

The models shown in Table 7 fitted to SCC data for Melbourne and the rest of Victoria

explained 87% and 73% of the monthly variation respectively, based on the fitted model R
squared values. A statistically significant linear trend was found in the data for Melbourne
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with the effects of unemployment and alcohol sales being highly statistically significant.
The effect of random breath testing and drink-driving publicity, although also statistically
significant, were not as strong.

Effects of the modelled factors in the rest of Victoria were quite different from those in

Melbourne. Here, no significant linear trend was found in the data along with no statistically
significant effects found due to unemployment or drink-driving publicity. These results are

different to those obtained for all crashes where bus-based random breath testing was found'
to be not significant and drink-driving adstock was highly significant. For the young driver
involved crashes statistically significant effects were found due to bus-based random breath

testing and alcohol sales. As for the analysis including all road users, a high correlation

between bus-based RBT and drink driving publicity was observed in the model. Hence, the

same caution in interpreting· the individual effects of these two program measures from the

modelling results, as was levied at the all road user type analysis, is pertinent here (see
Section 3.1).

7.1.2 Low alcohol hours

Once again, the model structure of Appendix D was considered appropriate for low alcohol
hour SCCs, including linear trend, monthly seasonal dummies, unemployment and road
safety program effects. The two major road safety programs considered to have had
significant influence in the low alcohol hours were the speed camera program, measured by
the number of TINs issued per month, and the road safety media publicity. Exploratory
analysis showed Adstock to be the most appropriate measure of media publicity, with the
speeding related Adstock having the highest association with the monthly SCCs. Adstock of
publicity with "concentration" themes showed no association with monthly SCCs in either
Melbourne or the rest of Victoria. Adstock for both "speeding" and "concentration" themes
together showed less association with monthly SCCs than did just "speeding" alone. Table 8
summarises the results of the modelling for the two regions of the state.

All four main factors fitted were statistically significant in the model of SCCs in
Melbourne, the model explaining 71% of the variation in the data. The number of speed
camera TINs was very highly statistically significant, as was observed for all LAH SCCs,
with unemployment also being highly significant. Whilst still a statistically significant
factor, speeding Adstock in this model is not as highly significant as was speeding and
concentration Adstock in the model for all SCCs (Table 2). This suggests that whilst the
effect of advertising is still significant in this group of drivers, it effect is not as strong as
for all drivers combined.

For SCCs in the rest of Victoria, the fitted model explained 53% of the variation in the data.
Unlike the high alcohol hours SCCs modelled in section 7.1.1 above, unemployment rate
had a statistically significant association with low alcohol hours SCCs although there was
again no significant linear trend in the data. Road safety publicity on the speeding theme
also had a significant effect on SCCs here whilst the effect of speed camera TINs was not
significant. The lack of significance in the speed camera TINs is not surprising given that
the majority of speed camera operations have been confined to the lower speed zones and
the Melbourne metropolitan area.
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Table 8: Effects of unemployment rate, number of speed camera TINs issued, and

Adstock of TAC "speeding" publicity on serious casualty crashes involving
at least one driver aged 17 to 25 years during low alcohol hours of the week.
Melbourne and country Victoria 1984-93.

AREA OF VICTORIA EstimatedT valueSignificance
coefficient of

level

Explanatory variable
logged variable(104(two-tailed)

d.f.)MELBOURNE CRASHES
•

trend 0.00225*2.4080.0178
•

unemployment rate in month -0.2106**-3.3620.0011
•

no. of speed camera TINs issued -0.0274***-3.6290.0004
•

speeding Adstock -0.0246*-2.4050.0179

CRASHES IN COUNTRY VICTORIA •

trend 0.001380.9950.3218
•

unemployment rate in month -0.2719*-2.5460.0124
•

no. of speed camera TINs issued -0.0124-1.0970.2754
•

speeding Adstock -0.0306*-2.3030.0233

* Statistically significant at p<O.05 level; ** Highly statistically significant at p<O.Ollevel;

*** Very highly statistically significant at p<O.OOllevel.

7.2 DECOMPOSITION AND COMBINATION OF THE MODELS

Using the methods of Section 4, the fitted models for SCCs involving young drivers have
been decomposed to estimate the annual effect of each significant factor. These results have

then been combined to give the overall annual influence of various factors on this group for
the whole of Victoria, all hours. The full table showing the influence of each factor for
Melbourne and the rest of Victoria in high and low alcohol hours, as well as all hours and

all places in Victoria combined, is given in Appendix J for the years 1990 to 1993. The
influence of each factor or group of factors is expressed as a percentage reduction in serious
casualty crashes due to that factor. The percentage reductions due to unemployment and
alcohol sales are for these factors relative to the year 1988. This year was chosen as a base

for comparison as it is immediately prior to the year where the major road safety programs
included in the models began and it precedes major changes in the levels of unemployment
driven by the economic recession. Table 9 gives a summary of the percentage reduction in
SCCs attributable to each modelled factor for the years 1990-1993 for Victoria as a whole,
all hours.
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Table 9 : Estimated reductions in serious casualty crashes involving at least one
driver aged 17 to 25 years attributable to various factors.
Victoria, all hours, 1990-1993.

1990 1991 1992 1993

Modelled actual serious casualty crashes 2480 2126 2034 2087

(actual serious casualty crashes) 2520 2113 2020 2044
Expected* serious casualty crashes 3805 3912 4020 4347

Reduction in serious casualty crashes 34.8% 45.7% 49.4% 52.0%

Contribution of increased unemployment 1.8% 12.5% 15.4% 16.2%
Contribution of reduced alcohol sales 6.8% 10.1% 12.7% 15.3%

Contribution of speed camera TINs 6.5% 7.5% 7.5% 8.3%

Contribution of speed publicity 5.4% 6.8% 6.7% 7.5%
Contribution of Bus-Based RBT 12.1% 12.6% 12.8% 12.4%

Contribution of drink-driving publicity 7.0% 6.3% 6.9% 6.5%

Contribution of above four road safety programs 27.7% 29.4% 29.9% 30.6%
* Expected if the road safety initiatives and other factors had remained at base levels

By comparison with Table 6, which shows the percentage reductions in all crashes
attributable to various factors, Table 9 shows the increases in unemployment rates have
contributed greater reductions in young driver SCCs during the period 1990-1993 than all
SCCs. This was to be expected given the greater impact of unemployment on the young.
The modelling results show this effect to particularly dominate in the Melbourne area in
high alcohol hours suggesting that unemployment may have most effect on reducing
discretionary travel and hence risk exposure in the Melbourne area. Interestingly, this result
is not mirrored in the rest of Victoria in high alcohol hours with unemployment rate having
no significant association with these crashes. Uniformly strong effects due to alcohol sales
were found in all areas of Victoria perhaps also reflecting the greater burden of economic
recession on the young.

Consistent with these socio-economic effects, the young driver SCCs displayed greater
reductions from the expected levels during 1990-1993 than SCCs in general. In addition,
Table 9 shows that the road safety programs appeared to have marginally greater effects on
young driver crashes, contributing reductions in their serious casualty crashes of about 28
31% during the years 1990-1993. A large part of this extra impact due to the road safety
programs appears to be due to the much stronger effects of bus-based random breath testing
on young driver crashes suggesting this initiative is particularly pertinent to this age group-.

8. THE EFFECTS OF OTHER FACTORS

The results presented so far have estimated the effects that a number of the major road
safety programs operating in Victoria over the period 1989-93, along with social and
economic effects, have had on road trauma trends over that period. Whilst many of the road
safety programs having a major effect on Victorian road trauma have been considered here,
there are possibly many other factors, including road safety programs, which have also
influenced Victorian road trauma to some degree but have not been considered. The
following sections describe firstly how factors not considered explicitly in the models fitted
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so far are accommodated by the modelling process. Secondly, a method by which the effect

on road trauma of factors not able to be included explicitly in the modelling process can be

included is described. This method is then applied to estimating the effect of accident

blackspot treatments on reducing road trauma in Victoria.

8.1 REPRESENTATION OF OTHER FACTORS IN THE FITTED MODELS

In producing the estimates presented so far of the effect that various major factors have on
road trauma in Victoria, monthly serious casualty crash numbers have been modelled as a

function of road safety, economic and social measures. If these factors considered were the

only ones that influenced road trauma in Victoria, then modelling the SCC data as a
function of these factors alone would produce models of acceptably close fit to the observed
crash data. For the four models considered in the analysis presented here however, fitting

only the road safety, economic and social factors would not have resulted in models of

acceptable fit to the observed casualty crash series. Hence additional measures had to be
included in the fitted models to explain some of the residual variation in the crash data not

explained by the major factors considered. The additional measures included in the models
were monthly dummies and a general trend factor. The form of monthly dummies and

general trend factor in the fitted models is indicated in Appendices Band D.

The roles of the monthly dummies and general trend factor in explaining residual variation

in the fitted models, when included, are quite different. Monthly dummy variables are

included in order to explain residual seasonality in the monthly crash data over a year.
When included in the models here, the dummies may represent residual variation in the

crash data due to, for example; environmental effects such as rainfall and daylight hours, the

effects of holiday periods such as Christmas, or the differing number of days in each month,
none of which were considered explicitly in the models fitted here. When considering
effects aggregated on an annual basis however, seasonal effects represented by monthly
dummies will be the same each year and hence of no interest.

The role of the general trend factor, when included in the fitted models, is quite different.
Residual variation in the data represented by trend is typically due to factors which vary
slowly over time in a monotonically increasing or decreasing fashion. Factors not included
in the models which may be represented by the included trend component are, for example,
population increases, driver licensing increases, gradual and continual improvement of the
road network system or, in fact, any other time variant, non seasonal factor. The trend
component of the model represents the average effect of all these other non-seasonal factors
which are not included explicitly in the models.

The effect of the trend component in the models estimating the effect of various factors on
Victorian road trauma can be seen in Table la. Table 10 is an expansion of Table 6
presented in Section 6.2. and shows not only the effects of the explicitly included road
safety, social and economic factors, but also the influence of the general estimated trend
relative to the 1988 base comparison year. In Table 6, the trend factor was included in
estimating the number of expected serious casualty crashes per year, with this figure rising
each year reflecting a general upwards trend. Having removed the trend component, the
expected number of SCCs each year in Table la is then equal to the number expected in
1988, the base reference year. It should be noted that the negative sign associated with the
percentage reduction due to all other factors, represented by the trend, indicates an
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increasing effect on the number of SCCs. This reflects that the net effect of all other factors
not included explicitly in the models was to increase the expected number of SCCs each
year.

Table 10 : Estimated reductions in serious casualty crashes
attributable to various sources, with the effect
of all other factors (trend) disaggregated Victoria, all hours, 1990-93.

1993-
5183
5193
8274-
46.7%

1992-
5192
5156
8274-
44.9%

1991-
5342
5371
8274-
41.4%

1990-
6168
6156
8274-
30.1%

Modelled actual serious casualty crashes
(actual serious casualty crashes)

Expected* serious casualty crashes

Reduction in serious casualty crashes explained by
factors included explicitly in the models
Contribution of other factors (ie. trend) -6.6% -10.2% -14.0% -17.4%

Total reduction in SCCs relative to 1988 25.5% 35.4% 37.2% 37.4%

Contribution of increasedunemployment 0.8% 11.5% 14.4% 15.3%
Contribution of reduced alcohol sales 4.7% 7.1% 9.0% 11.5%

Contribution of speed camera TINs 7.9% 8.9% 9.0% 8.9%
Contribution of speed and concentrationpublicity 6.2% 8.7% 8.7% 8.3%

Contribution of Bus-Based RBT 6.3% 6.5% 6.5% 6.8%

Contribution of drink-driving publicity 7.5% 6.7% 7.3% 7.1%

Contribution of above four road safety programs 25.2% 27.5% 27.9% 27.6%
* Expected if road trauma had remained at 1988 levels

8.2 INCLUDING THE EFFECTS OF ACCIDENT BLACKSPOT TREATMENTS

Section 8.1 above discusses the role of monthly dummies and trend in the estimated effects
on SCC numbers and disaggregates the trend effect from the estimates. Of interest now is
to disentangle the effects of some of the combined factors which are represented by the
trend component.

One road safety program whose effectiveness is of interest, and is currently represented by
the trend in the analysis presented here, is accident blackspot (ABS) treatments. The data
available on accident blackspot treatments in Victoria is in a highly condensed form from
RTA, RCA, VicRoads and Ministry of Transport annual reports, giving only the total
number of sites treated and total expenditure for each financial year. Ideally, this data would
be included as an factor in the SCC data models and the model parameters re-estimated to
establish the effectiveness of the ABS program in reducing SCC frequency. Due to the
nature of the ABS data available however, this procedure is not practical for a number of
reasons.

Firstly the data is available only on an annual basis whilst the SCC data is modelled on a
monthly basis. This means that, for inclusion in the modelling process, the ABS data would
need to be proportioned across the 12 months of the year. To achieve this, an average
monthly ABS expenditure or treatment profile would need to be known or assumed. Such a
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profile is not known and assuming one would be entirely arbitrary. Secondly, the effects of
ABS treatments are thought to be cumulative meaning that once each site is treated, it
remains effective in reducing crash numbers for many years after. Such a cumulative
process, when represented numerically as a covariate for modelling, has a very smooth
shape which is similar to the functional form of the trend component used in the models
fitted in this project. As the trend function and ABS treatment profile are of similar shape,
it is not practical to include both factors together as covariates in a single model due to co
linearity problems. Inclusion of the ABS data alone in the model would lead to incorrect
estimates of effectiveness. This is because the ABS series would take on the role of the

trend factor in the model and act as a proxy for all factors not included explicitly in the
model, as did trend alone. Hence an alternative method of including the effects of ABS
treatments in the estimated overall percentage reductions in SCC numbers is required.

Appendix K details the process by which the estimated reductions in SCC numbers due to
ABS treatments can be obtained. It is assumed firstly that each ABS site treated saves one
casualty crash per year from the year of implementation onwards (Cunningham 1993). As
the ABS data is given in financial years, it is assumed that all sites were, on average,
completed at the mid year, ie. they were fully effective by the commencement of the
calendar year. In this way, a cumulative profile of casualty crashes saved across the years of
interest is built up. Casualty crash numbers are then converted to serious casualty crash
numbers, for use here, hy using the average ratio of serious casualty crashes to all casualty
crashes in Victoria for each year. Using the expected number of serious casualty crashes if
road safety and other initiatives had remained at 1988 levels from Table 6, along with the
estimated annual SCC savings due to ABS treatments, a percentage reduction in SCC
numbers due to ABS treatments can then be estimated.

Using the multiplicative percentage reduction theory of section 4.1, the estimated
percentage reductions in SCC numbers in Victoria due to ABS treatments over the period
1990-93, relative to 1988, can be factored from the trend component. Table 11 presents
these results with the effect of ABS treatments factored from the trend component. Table 11
shows the estimated percentage reductions of ABS treatments on SCC relative to the 1988
base year to range from 1.5% in 1990 to 4.8% in 1993 demonstrating the cumulative effects
of ABS treatments.

Whilst the method illustrated has been used to disaggregate the effects of accident blackspot
treatments in' reducing SCCs from the general trend component, similar deterministic
methods could be used for other factors which cannot be explicitly included in the
modelling process. This would be possible for other factors where the effect on SCC
numbers in Victoria can be estimated by some other process external to modelling.
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Table 11 : &timated reductions in serious casualty crashes

attributable to various sources, including the effect
of accident blackspot treatments. Victoria, all hours, 1990-93.

1990199119921993

Modelled actual serious casualty crashes 6168

534251925183
(actual serious casualty crashes) 6156

537151565193
Expected* serious casualty crashes

8274827482748274

Reduction in SCCs explained by factors included 31.1%
42.7%46.6%49.3%

explicitly in the models (including Acc Bspot) Contribution of other factors (ie. trend-AccBspot) -8.1%

-12.7%-17.6%-23.5%

Total reduction in SCCs relative to 1988 25.5%
35.4%37.2%37.4%

Contribution of increased unemployment 0.8%

11.5%14.4%15.3%
Contribution of reduced alcohol sales 4.7%

7.1%9.0%11.5%

Contribution of speed camera TINs 7.9%

8.9%9.0%8.9%
Contribution of speed and concentrationpublicity 6.2%

8.7%8.7%8.3%
Contribution of Bus-Based RBT 6.3%

6.5%6.5%6.8%
Contribution of drink-driving publicity 7.5%

6.7%7.3%7.1%

Contribution of above four road safety programs 25.2%
27.5%27.9%27.6%

Contribution of accident blackspot treatments

1.5%2.3%3.0%4.8%

Contribution of all road safety programs 26.3%

29.1%30.1%31.1%

* Expected if road trauma had remained at 1988 levels

9.

DISCUSSION

It is possible that the speed camera program may also have had an effect on high alcohol
hour (HAH) serious casualty crashes (as well as low alcohol hour (LAH) crashes).
However, as most of the camera operations were during LABs and in order to try to
separate the effects of the RBT and speed camera programs, the speed camera operations
(ie. camera hours and TINs issued) were excluded from the HAH crash models. Similarly,
the number of RBTs, drink-driving publicity levels, and the index of alcohol sales were
excluded from the LAH crash models because drivers have BACs over 0.05% in less than
4% ofLAH serious casualty crashes.

Based on the models fitted to monthly variations in serious casualty crashes in Victoria to
the end of 1993, it appears that the major road safety programs combining Police
enforcement and mass media publicity have contributed to most of the reduction in these
crashes during 1990-93 compared with levels expected. These road safety programs are
estimated to have contributed reductionsin serious casualty crashes of 25-28% during these
four years. It is' estimated that the speed camera operations, principally through the issuing
of speeding TINs, have contributed 8-9%, and that television advertising with a
combination of "speeding" and "concentration" themes (which apparently supported the
speed cameras) has contributed 6-8%. It is estimated that the increased random breath
testing using "booze buses" has contributed about 6-7% each year and that the supporting
"drink-driving" advertising on television has contributed about 7% each year. Accident
blackspot treatments completed after 1988 have been estimated to provide additional
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reductions in serious casualty crashes during the period, rising from about 1.5% reduction in

1990 to nearly 5% reduction in 1993.

In addition to these major programs, it appears that reduced economic activity and reduced
alcohol sales have also contributed to the reduction in serious casualty crashes. The

contribution of increased unemployment rates is estimated to be 1% reduction during 1990

(principally in the second half of the year), 11% during 1991 and around 15% during 1992
and 1993. This is consistent with the fact that, as shown in Figure 3, unemployment did not

begin to exceed the 1988 levels until late 1990 in Melbourne and early 1991 in the rest of
Victoria. The relatively small contribution of unemployment rates during 1990 should be

compared with that of Thoresen et al (1992) who estimated that increased unemployment
contributed to a decrease of about 7% in Victorian road fatalities during that year. If

increased unemployment during 1990 led to a reduction in certain types of discretionary
travel, it may be that this travel was associated with high risk of fatal outcome rather than...
senous InJury.

The contribution of reduced alcohol sales to the reduction in serious casualty crashes was

estimated to rise from 5% in 1990 to 7% in 1991, 9% in 1992 and 11% in 1993. In the

regression models of monthly numbers of serious casualty crashes during high alcohol
hours, the level of alcohol sales was highly to very highly statistically significant, but the
number of random breath tests was (highly) statistically significant only in Melbourne. The
contribution of reduced alcohol sales to reductions in this type of crash is not surprising

given its almost direct relationship with drink-driving. The question is whether the
increased random breath testing and supporting publicity led to the reduced alcohol sales (at

least in part), and whether this was an indirect effect of the enforcement activity in addition
to the direct effect measured by its regression coefficients (see Table 1). It was not possible

to address this question using the analysis methods described here, but it may be possible
using alternative methods.

Together the road safety programs, reduced economic activity and reduced alcohol sales
appeared to have produced reductions in serious casualty crashes of 31% during 1990, 43%
during 1991, 47% during 1992 and 49% in 1993, compared with expected levels. The
expected levels were those which the models predicted if the road safety programs had not
been operating and if the unemployment rate and alcohol sales had remained at their 1988
levels. During the latter part of 1989, some of the programs commenced operation and
alcohol sales were falling. Further analysis of the models not presented here has predicted
that the number of serious casualty crashes during 1989 was about 10% lower than that
which would have been expected if the 1988 experience had continued. While this estimate
is likely to be exaggerated because the road safety programs were in their infancy and
unlikely to have had the effects they displayed during 1990-92, it does suggest that the
percentage reductions estimated for each countermeasure/factor are more appropriately
based on 1988 levels rather than 1989. It is because of these likely exaggerated estimates
that the estimated contributions of the various factors influencing road trauma have not been
given for 1989. For this reason, the contributions of various factors during 1989 presented
in the figures in Appendix F should be treated with extreme caution.

The similarity in the influence of various factors on serious casualty crashes involving
young drivers, compared with their influence on all crashes, is not surprising given the large
proportion these crashes make of the total (about 39%). As discussed, the influence of the
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economic circumstances manifesting as high unemployment ~d reduced alcohol sales, has

had a notably greater influence on the crash rate of the young driver group as would be

expected. Whilst the overall influence of road safety programs on this group of drivers was
only slightly higher, the much higher influence of the RBT program is of particular note.

This suggests that drink driving is more of a problem in this age group than in the general

population and hence they are more responsive to programs aiming at deterring such

behaviour. The results obtained here point to a continued need for maintaining drink
driving countermeasures targeted against this particular age group.

One aspect which has not been fully investigated in this study is possible interactions

between various factors included in the analysis. As mentioned in Section 3.1, in country

Victoria, bus-based RBT appeared to have a strong relationship with Drink-Driving

Adstock, indicated by a strong correlation between the parameter estimates of Drink

Driving Adstock and bus-based RBT when included together in the model. This result

indicates the presence of an interactive link between these two components of the drink
driving countermeasure program, meaning the individual effect of each measure cannot be
estimated accurately. It is also possible such interactions are present between the speeding
related countermeasures considered (speed cameras and related publicity). It is, however,
difficult to provide an accurate measure of interaction between variables when using
continuous variables as in the modelling process here. Given this, it is more appropriate to
caution the reader on the interpretation of the results presented where interaction effects are
likely to be present. In such cases, it is perhaps better to consider the combined effect of the
variables between which interactions exist, perhaps as a program effectiveness estimate (eg :
drink-driving program effectiveness), rather than placing too much emphasis on the
individual component estimates.

10. CONCLUSIONS

This project detailed methods of statistical modelling to asses the influence of some major
factors influencing road trauma in Victoria. These methods were applied to data covering
the period 1983-92 and validated on data covering 1993. This allowed calculations of the
contributions made by major factors in reducing road trauma over the period 1990-93.

A number of road safety measures and other factors contributed to the reductions in road
trauma in Victoria during the years 1990 to 1993. The major contributors and the apparent
percentage reduction in serious casualty crashes due to each measure/factor were:

• Speed camera operations (principally speeding TINs issued): 8-9%

• "Speeding" and "concentration" television advertising: 6-8%

• Bus-based random breath testing: 6-7%

• "Drink-driving" television advertising: 7%
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• Reduced alcohol sales1 : 5% in 1990

7% in 1991

9% in 1992

11% in 1993

• Reduced economic activity (measured by unemployment rates): 1% in 1990
11% in 1991
15% in 1992 and 1993.

• Accident Blackspot Treatments: 1.5% in 1990 rising to
4.8% in 1993.

These percentages cannot simply be added up to estimate the total contribution. If more
than one contributor is being considered, the percentage reduction of each must be applied

in turn. The anti-speeding and drink-driving programs together are estimated to have
contributed reductions in serious casualty crashes of at least 25-27% during these three

years. It is unclear whether the reduction in alcohol sales may have been, at least in part,
due to the increased random breath testing and hence its apparent effect on crashes may

partially represent an indirect effect of the increased testing.

Estimates of the magnitude of the influence of the major factors affecting serious casualty

crashes involving drivers aged 17 to 25 were made using the methods developed for all

serious casualty crashes. The major contributors and the apparent percentage reduction in

serious casualty crashes due to each measure/factor for this sub-group were:

Speed camera operations (principally speeding TINs issued):

"Speeding" television advertising:

Bus-based random breath testing:

"Drink-driving" television advertising:

Reduced alcohol sales2:

8%

6-7%

12%

6-7%

7% in 1990
10% in 1991
13% in 1992
15% in 1993

• Reduced economic activity (measured by unemployment rates): 2% in 1990
13% in 1991
15% in 1992
16% in 1993.

•

•

•

•

•

Noted in this group were the much stronger effects of unemployment and alcohol sales,
reflecting the particularly hard impact of economic circumstances on young people, as well
as the increased impact of road safety programs, in particular those associated with drink
driving.

1 The extent to which this is related to increased RBT and drink-driving publicity is yet to
be established.
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11. FURTHER RESEARCH RECOMMENDED

The results of this research indicate three general areas of further research which should be
pursued.

(I) Continuing monitor of road trauma trends in Victoria

The methods of this report have set up a framework under which a continuing monitor of

the major factors influencing road trauma in Victoria could be carried out. Such a project
would be important in assessing the continued effectiveness of road safety programs already
in place and could be extended to asses the effectiveness of any new programs undertaken
in the future. A continuing measure of the effectiveness and relative influence of various

road safety programs would also be useful in planing future directions and levels of
implementation of such programs. Such a monitoring system could also be used to
investigate the possible influence of various factors outside the spheres which have been
considered in this report (for example, the influence of speeding TINs on HAH crashes).

(2) Modelling of road trauma in other crash sub-groups.

This project has demonstrated the applicability of the modelling techniques to assessing the
influences on road trauma in a particular sub-group of road users, that group being young
drivers aged 17 to 25. It is recommended that these techniques be applied to assess the
major influences on road trauma in other crash subgroups. Some groups of interest are;

• Single vehicle crashes
• Pedestrian involved crashes

• Crashes involving elderly drivers

Whilst modelling for this project has been confined to serious casualty crashes, the methods
could equally well be applied to all casualty crashes.

(3) Investigation of the relationship between alcohol sales and increased RBT and drink
driving publicity

It may be possible to investigate this relationship by examining the reduction (if any) in
alcohol sales in other states where there were much lower increases in RBT and drink

driving publicity during the same period. It may be necessary to allow for other relevant
factors such as unemployment to the extent that this is possible.
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APPENDIX A

SMEED'S LAW AND ROAD SAFETY COUNTERMEASURES

Smeed( 1968) attempts to explain the fatality rate from road deaths in a population by
relating the number of fatalities per 10,000 vehicles (FlY) to the number of vehicles per
population (VIP) via the relationship

where B has been estimated for most populations studied at 2/3 and A is a scaling constant
for the particular population. Smeed's law in this form however does not take into account
the possibility of major road safety interventions having a drastic effect on the fatality rate
over a short period of time. Major effective road safety interventions causing a large drop in
the fatality rate over a short period of time would result in discontinuities in the (FlY) v.
(VIP) curve at the time of application. To allow for possible discontinuities in the fatality
rate, Smeed's law can be generalised.

Hakkert, Livneh and Mahalel (1976) and Young (1989) suggest that the parameter, A, in
Smeed's Law may not necessarily be constant and could vary across countries and across
time in a particular country. They viewed A as a "safety index" which may make gradual or
step improvements in a country, reflecting improvements in road safety independent of that
which could be expected from increased motorisation (VIP).

Discontinuities in (F/V), as suggested by Hakkert et al (1976) and Young (1989), can be
accommodated in a generalisation of Smeed's law by allowing the parameter A to make
step-changes at appropriate points in time (ie. where the major 'interventions commenced)
resulting in a vertical shift in the original Smeed's curve across the discontinuity. The decay
rate, B, remains the same throughout the curve. This may be represented mathematically by
the relationship

F = (IT A/i )(V)-BV i=O P

where N is the number of points at which major road safety interventions were introduced
and Ii are indicator functions indicating the presence of the road safety initiatives. That is,
if road safety initiative i is introduced at time ti the indicator function is given by

0, t <1; i = O,l, ..,NIi = 1 t > t ', I

where t is time. The form of the multi phase Smeed's law above is linear when both sides of
the equation are logged, meaning the parameters, Ai and B, can be estimated and tested by
regular linear regression methods. This generalised form of Smeed's law accommodates
both the established improvement in fatality rates with increased motorisation represented
by the original Smeed's law as well as allowing for periods of rapid reduction in fatality
rates stemming from major road safety initiatives.

'.

11 i



This generalised version of Smeed's law has been used to model the Victorian fatality series

from 1960 to 1992. Discontinuities in the (FIV) series have been allowed at appropriate
times of major road safety initiatives in Victoria:

• 1971 (compulsory seat belt wearing - December 1970) .

• 1978 (RBT blitzes commenced in Melbourne; and increased penalties fo~ drink-driving
offences - December 1978)

• 1984 (red light cameras introduced in Melbourne - August 1983; mandatory licence
disqualification for exceeding the speed limits by 30 km/h - December 1983; zero
blood alcohol limit for first year drivers - May 1984)

• 1990 (RBT "booze buses" - September 1989; increased speed camera operations 

December 1989; TAC intensive road safety television advertising - December 1989).

The actual fatality rate per 10,000 vehicles versus that predicted by the generalised Smeed's

law is given in Figure I plotted against year. Analysis of variance shows the generalised
Smeed's law model offers significant improvement in fit to the series over the simple
Smeed's law (F4 27=20.4, p*<O.OOOl).Statistically significant drops in the fatality rate per,
vehicle, beyond that attributed to increases in motorisation predicted by the simple Smeed's
law, were predicted at each of the time points listed above by the generalised model (1971
step - p*=0.03, 1978 step - p*=0.0004, 1984 step - p*=0.02, 1989 step - p*<O.OOOl).

FIGURE 1

Observed fatalities per 10,000 vehicles vs. Prediction by generalised Smeed's Law
1960-1992
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The significant improvement in fit by the generalised Smeed's law model over the simple
model points to the effectiveness of the road safety initiatives noted at the discontinuities,
with the relative success of each intervention package indicated by the size of the particular
discontinuity. Unfortunately, the generalised Smeed's relationship offers no insight into the
relative effectiveness of each individual initiative. This method also fails to take account of

the effect that relatively slowly varying factors, such as economic ones, may have on road
trauma. Clearly a more detailed approach is required to make a full assessment of the
factors influencing road trauma in Victoria.



APPENDIXB

MODELS FITTED TO MONTHLY
HIGH ALCOHOL HOUR

SERIOUS CASUALTY CRASHES (SCCs)

MONTHL Y SCCs = a x (eTREND)b
x URATEC
x RBTTd
x ALCSe

x ADSTOCKf

x FEBg

(1 in Jan 1983,2 in Feb 1983, .. )
(unemployment rate during month)
(RBT tests)
(alcohol sales)

(TAC publicity Adstock)

(dummy for February months)

(dummy for December months)
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APPENDIXC

EVALUATION OF SPEED CAMERA PROGRAM

PHASE 2: EFFECTS OF PROGRAM MECHANISMS

MODELS FITTED TO MONTHLY
LOW ALCOHOL HOUR CASUALTY CRASHES

1. Model for Casualty Crashes

CASUAL TY CRASHES = a x (eTREND)b(1 in Jan 1983,2 in Feb 1983, .. )
x URATEc (unemployment rate during month)

x TINSd (speed camera TINs issued)
x HOURSe (hours of camera operations)
x TARPSf (TAC road safety publicity TARPs)

x FEBg (dummy for February months)

(dummy for December months)

2. Model for Injury Severity of Casualty Crashes

Fatal plus Serious Injury Crashes
Severity Ratio = --------------------------------------------

Minor Injury Crashes

SEVERITY RATIO a x (eTREND)b
x URATEc
x TINSd
x HOURSe
x TARPSf
x FEBg

x DECq



APPENDIXD

MODELS FITTED TO MONTHLY
LOW ALCOHOL HOUR

SERIOUS CASUALTY CRASHES (SCCs)

MONTHLY SCCs = a x (eTREND)b
x URATEC
x TINSd

x ADSTOCKe

x FEBf

x DECP

(1 in Jan 1983,2 in Feb 1983, .. )
(unemployment rate during month)

(speed camera TINs issued)

(TAC publicity Adstock)

(dummy for February months)

(dummy for December months)
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Percentage reductions in serious casualty crashes attributable to various sources
Victoria 1990-1992 : Relative to 1988

Data covering 1983-1992

Observed serious casualty crashes

Expected serious casualty crashes
Reduction in serious casualty crashes

Contribution of unemployment
Contribution of alcohol sales

Contribution of speed camera TINs
Contribution of speed & concentration publicity

Contribution of road safety programs

Observed serious casualty crashes
Expected serious casualty crashes

Reduction in serious casualty crashes

Contribution of unemployment
Contribution of alcohol sales

Contribution of RBT

Contribution of drink-driving publicity
Contribution of road safety programs

Observed serious casualty crashes
Expected serious casualty crashes

Reduction in serious casualty crashes

Contribution of unemployment
Contribution of alcohol sales

Contribution of speed camera TINs
Contribution of speed & concentration publicity

Contribution of RBT

Contribution of drink-driving publicity
Contribution of road safety programs

.••••M.S~D.<
1990

2076
3113

33.3%
1.4%
0.0%

20.0%
15.5%
32.4%

1939
3062

36.7%
3.9%

10.9%
16.2%
11.8%
26.1%

4015
6176

35.0%

2.6%
5.4%

10.1%
7.8%
8.0%
5.8%

28.2%

1991

1830
3236

43.4%
7.3%
0.0%

22.6%
21.2%
39.0%

1629
3196

49.0%
18.4%
16.3%
16.7%
10.4%
25.3%

3459
6431

46.2%
12.8%
8.1%

11.4%
10.7%
8.3%
5.2%

31.1%

APPENDIXE

f#QJ\N<· .?/. A.nVi~t§rii</
19921990 ········.•99 .• ···"992 ·1990 1991HH1992
1858 1116 956 950 3192 2786 2807
3360 1362 1394 1427 4475 4630 4786

44.7% 18.1% 31.4% 33.4% 28.7% 39.8% 41.3%
8.9% -4.0% 5.4% 7.8% -0.2% 6.7% 8.6%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

22.8% 8.6% 9.8% 9.9% 16.5% 18.7% 18.9%
21.4% 13.8% 19.7% 19.8% 15.0% 20.7% 20.9%
39.3% 21.2% 27.6% 27.8% 29.0% 35.6% 35.9%

1533 1019 926 871 2958 2556 2404
3335 1402 1449 1498 4464 4645 4833

54.0% 27.3%.36.1% 41.9% 33.7% 45.0% 50.3%
22.1% -3.5% 4.9% 7.2% 1.5% 14.2% 17.5%
20.4% 11.7% 17.7% 22.1% 11.2% 16.7% 20.9%
16.5% 0.0% 0.0% 0.0% 11.1% 11.5% 11.4%
11.2% 20.5% 18.3% 19.6% 14.5% 12.9% 13.8%
25.8% 20.5% 18.3% 19.6% 24.0% 22.9% 23.6%

3391 2134 1882 1820 6150 .5342 5211
6694 2764 2844 2925 8940 9275 9619

49.3% 22.8% 33.8% 37.8% 31.2% 42.4% 45.8%
15.5% -3.7% 5.1% 7.5% 0.7% 10.5% 13.1%
10.2% 5.9% 9.0% 11.3% 5.6% 8.4% 10.5%
11.4% 4.2% 4.8% 4.8% 8.3% 9.3% 9.4%
10.7% 6.8% 9.7% 9.7% 7.5% 10.4% 10.4%
8.2% 0.0% 0.0% 0.0% 5.6% 5.8% 5.7%
5.6% 10.4% 9.3% 10.0% 7.2% 6.4% 6.9%

31.5% 20.0% 22.0% 22.7% 25.7% 28.3% 28.8%



APPENDIXF

DECOMPOSITION OF MODELS FITTED TO

MONTHLY SERIOUS CASUALTY CRASHES (SCCs)

M.S.D. : High Alcohol Hours
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Serious casualty crashes per monthSerious casualty crashes per month
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APPENDIXG

OBSERVED vs. PREDICTED MONTHLY
SERIOUS CASUALTY CRASHES

USING MODELS ESTIMATED ON 1983-92 DATA

MELBOURNE: HIGH ALCOHOL HOURS
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MELBOURNE: LOW ALCOHOL HOURS
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APPENDIXH

OBSERVED VS. PREDICTED MONTHLY SERIOUS CASUALTY
CRASHES USING MODELS ESTIMATED ON 1983-93 DATA
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Percentage reductions in serious casualty crashes attributable to various sources
Victoria: 1990 -1993 relative to 1988

APPENDIX I

199019911992199319901991199219931990199119921993

Observed serious casualty crashes

209517931785184311219499359483216274127202791

Expected serious casualty crashes

302531123202329513501378140714374375449146094732

Reduction in serious casualty crashes

30.7%42.4%44.3%44.1%17.0%31.2%33.5%34.0%26.5%39.0%41.0%41.0%

Contribution of unemployment

2.2%11.2%13.6%14.2%-4.7%6.3%9.1%10.5%0.0%9.7%12.2%13.0%
Contribution of alcohol sales

0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%

Contribution of speed camera TINs

18.8%21.3%21.6%21.4%9.7%11.0%11.2%11.1%16.0%18.1%18.4%18.3%

Contribution of speed & concentration publicity

12.8%17.6%17.8%17.1%12.2%17.5%17.6%17.0%12.6%17.6%17.7%17.1%

Contribution of road safety programs

29.2%35.1%35.5%34.8%20.7%26.6%26.8%26.3%26.6%32.5%32.8%32.2%

Observed serious casualty crashes

193416641587154410189368848482952260124712392

Expected serious casualty crashes

306531983338348313871429147215174452462848104999

Reduction in serious casualty crashes
36.9%48.0%52.5% ·55.7%26.6%34.5%39.9%44.1%33.7%43.8% . 48.6%52.2%

Contribution of unemployment

3.6%17.2%20.7%21.5%-3.3%4.6%6.8%7.9%1.5%13.3%16.4%17.4%
Contribution of alcohol sales

8.9%13.4%16.8%21.4%10.2%15.5%19.4%24.7%9.3%14.0%17.6%22.4%
Contribution of RBT

18.1%18.7%18.4%19.0%0.0%0.0%0.0%0.0%12.5%12.9%12.8%13.2%

Contribution of drink-driving publicity

12.2%10.8%11.7%11.3%20.9%18.7%19.9%19.4%14.9%13.2%14.2%13.8%

Contribution of road safety programs

28.1%27.5%27.9%28.2%20.9%18.7%19.9%19.4%25.5%24.4%25.2%25.2%

Observed serious casualty crashes

402934573372338721391885182017966168534251925183

Expected serious casualty crashes

609063116540677727372807287929548827911894199731

Reduction in serious casualty crashes

33.8%45.2%48.4%50.0%21.8%32.9%36.8%39.2%30.1%41.4%44.9%46.7%

Contribution of unemployment

2.9%14.2%17.2%17.9%-4.0%5.4%8.0%9.2%0.8%11.5%14.4%15.3%
Contribution of alcohol sales

4.5%6.8%8.6%11.0%5.2%7.9%9.9%12.7%4.7%7.1%9.0%11.5%

Contribution of speed camera TINs

9.3%10.5%10.6%10.4%4.8%5.4%5.5%5.4%7.9%8.9%9.0%8.9%

Contribution of speed & concentration publicity

6.4%8.7%8.7%8.3%6.0%8.6%8.6%8.3%6.2%8.7%8.7%8.3%
Contribution of RBT

9.1%9.5%9.4%9.8%0.0%0.0%0.0%0.0%6.3%6.5%6.5%6.8%

Contribution of drink-driving publicity

6.2%5.5%6.0%5.8%10.6%9.5%10.2%10.0%7.5%6.7%7.3%7.1%

Contribution of road safety programs

27.6%30.1%30.4%30.2%20.0%21.8%22.4%21.9%25.2%27.5%27.9%27.6%



APPENDIXJ
Percentage reductions in serious casualty crashes attributable to various sources Victoria: 1990 -1993 relative to 1988Crashes involving at least one driver aged 17 to 25
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19911992199319901991199219931990 1991 1992 .... 1993

Observed serious casualty crashes

72864163174333728127527110649229061013
Expected serious casualty crashes

11051171119314303783783843901483154915761820
Reduction in serious casualty crashes

34.2%45.3%47.1%48.1%10.9%25.7%28.2%30.7%28.3%40.5%42.5%44.3%
Contribution of unemployment

2.4%12.7%15.5%16.2%-5.6%7.4%10.8%12.4%0.4%11.4%14.3%15.4%
Contribution of alcohol sales

0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%0.0%
Contribution of speed camera TINs

22.3%25.1%25.4%25.2%0.0%0.0%0.0%0.0%16.6%19.0%19.2%19.8%
Contribution of speed & concentration publicity

13.2%16.3%16.1%17.2%15.6%19.7%19.5%20.8%13.8%17.1%17.0%18.0%
Contribution of road safety programs

32.6%37.3%37.5%38.1%15.6%19.7%19.5%20.8%28.2%32.9%32.9%34.2%
Observed serious casualty crashes

9528077577294643983713451416120511281074
Expected serious casualty crashes

16111685176318437106786816842322236324442527
Reduction in serious casualty crashes

40.9%52.1%57.0%60.4%34.7%41.3%45.5%49.6%39.0%49.0%53.8%57.5%
Contribution of unemployment

4.0%18.5%22.2%23.1%0.0%0.0%0.0%0.0%2.8%13.2%16.0%16.9%
Contribution of alcohol sales

11.0%16.4%20.6%26.0%11.5%17.2%21.5%27.3%11.2%16.7%20.9%26.3%
Contribution of RBT

17.1%17.6%17.4%17.9%26.2%29.1%30.6%30.7%19.9%20.9%21.1%21.4%
Contribution of drink-driving publicity

16.5%14.6%15.8%15.3%0.0%0.0%0.0%0.0%11.4%10.4%11.4%11.2%
Contribution of road safety programs

30.8%29.6%30.4%30.5%26.2%29.1%30.6%30.7%29.1%29.2%30.0%30.2%

Observed serious casualty crashes

16801448138814728016796466152480212620342087
Expected serious casualty crashes

271728562955327310881056106510743805391240204347
Reduction in serious casualty crashes

38.2%49.3%53.0%55.0%26.4%35.7%39.3%42.7%34.8%45.7%49.4%52.0%

Contribution of unemployment

3.4%16.2%19.5%20.1%-2.0%2.7%3.9%4.5%1.8%12.5%15.4%16.2%
Contribution of alcohol sales

6.6%9.7%12.3%14.6%7.5%11.1%13.8%17.4%6.8%10.1%12.7%15.3%
Contribution of speed camera TINs

9.1%10.3%10.3%11.0%0.0%0.0%0.0%0.0%6.5%7.5%7.5%8.3%
Contribution of speed & concentration publicity

5.4%6.7%6.5%7.5%5.4%7.0%7.0%7.6%5.4%6.8%6.7%7.5%
Contribution of RBT

10.1%10.4%10.4%10.1%17.1%18.7%19.6%19.6%12.1%12.6%12.8%12.4%
Contribution of drink-driving publicity

9.8%8.6%9.4%8.6%0.0%0.0%0.0%0.0%7.0%6.3%6.9%6.5%
Contribution of road safety programs

30.2%31.5%31.9%32.4%21.6%24.4%25.2%25.7%27.7%29.4%29.9%30.6%



ESTIMATION OF SERIOUS CASUAL TV CRASH REDUCTIONS DUE TO ACCIDENT BLACKSPOT TREATMENTS APPENDIX K

Implementation Year
No. of sitesCASUAL TV CRASHES SAVED (assuming all sites treated at mid financial year)

Treated 1983
19841985198619871988198919901991199219931994

82/83
40404q40404040404040404040

83/84
909090909090909090909090

84/85
157 157157157157157157157157157157

85/86
118 118118118118118118118118118

86/87
246 246246246246246246246246

87/88
337 337337337337337337337

88/89
300 300300300300300300

89/90
257 257257257257257

90/91
204 204204204204

91/92
278 278278278

92/93
531 531531

93/94
375 375

CRASH SAVINGS TOTAL CAS CRASHES

40130287405651988128815451749202725582933
SCC/CC

0.45150.38160.38150.36010.35960.34330.32340.30870.32390.31380.33120.3312
SERIOUS CAS CRASH

18.149.6109.5145.8234.1339.2416.5476.9566.5636.1847.2971.4

TOTAL S.C.CRASHES EXPECTED*

6821689072937586795383028550882791189419973110200
EXPECTED+SAVING

6839.16939.67402.57731.88187.18641.28966.59303.99684.510055.110578.211171.4
PERCENT SAVING

0.3%0.7%1.5%1.9%2.9%3.9%4.6%5.1%5.8%6.3%8.0%8.7%

SAVINGS SINCE 1988
SERIOUS CAS CRASHES

77.4137.8227.3296.9508.0632.2
PERCENT SAVING

0.9%1.5%2.3%3.0%4.8%5.7%

*Expected if the road safety initiatives and other factors had remained at 1988 levels


