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This report presents the results of an evaluation of the Transport Accident Commission (TAC) 
funded Accident Black Spot Program, implemented during 1992 to 1996. More than 550 
hazardous locations throughout Victoria were treated at a cost of $85m. The purpose of this 
study was to evaluate the effectiveness of the TAC-funded program in terms of reductions in 
casualty crashes and casualty crash costs at treated locations, and the economic worth of 
treatments.  The evaluation addressed the economic impacts on the community and examined 
effectiveness by treatment type. 
 
The results showed the Program has been effective overall, yielding positive outcomes for the 
community. In summary, the Program has reduced reported casualty crash numbers by 26.4%, 
and has reduced casualty crash costs to the community by 29.6%.  Over its full life, the 
program was estimated to deliver safety benefits to the community 4.1 times program costs, 
rising to 5.1 times the program costs if seven high-cost treatments, funded within the program 
for reasons in addition to poor casualty crash record alone, are excluded.  Expressed 
differently, the Program was estimated to achieve a Net Present Worth of $274m for the 
community or $277m if the seven high-cost sites are excluded from the evaluation.  
Evaluation of the program has identified some treatment types that were highly successful, 
while others seem to have been unsuccessful or have not been shown to be successful because 
of insufficient numbers of sites having undergone these treatment types in the program. 
 
The results of the evaluation provide a reliable and objective basis for enhancing strategies for 
future investment in road infrastructure safety. 
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SUMMARY 

This report presents the results of an evaluation of the Transport Accident Commission (TAC) 
funded Accident Black Spot Program, implemented during 1992 to 1996. 559 hazardous 
locations throughout Victoria were treated at a cost of $85m. The performance of black spot 
programs relies heavily on systematic and rigorous methods for identifying hazardous road 
locations and on implementing appropriate treatment types that target predominant casualty 
crash types.  The purpose of this study was to evaluate the effectiveness of the TAC-funded 
program in terms of reductions in casualty crashes at treated locations, and the economic 
worth of treatments.  The evaluation addressed the economic impacts on the community, and 
examined effectiveness by treatment type.  The results provide the TAC, VicRoads and other 
responsible agencies with reliable, objective information for enhancing strategies for future 
road safety investment. The major findings from the evaluation are summarised below: 
 
1. Overall 
The results showed the Program has been effective overall, reducing reported casualty crash 
numbers by 26.4%, and reducing casualty crash costs to the community by 29.6%.  Over its 
full life, the Program was estimated to deliver safety benefits to the community 4.1 times 
Program costs, rising to 5.1 times the program cost if seven high-cost treatments (included in 
the program for reasons in addition to poor casualty crash record alone) are excluded.  
Expressed differently, the Program was estimated to achieve a Net Present Worth of $274m 
for the community or $277m if the seven high-cost-sites are excluded from the evaluation.   
 
2. By Treatment Type 
In order to address a wide range of casualty crash circumstances, the Program comprised 56 
specific different types of treatments grouped into 21 more general treatment groups.  A 
number of specific treatment types as well as broader treatment groups were highly effective 
in reducing casualty crash frequencies and costs.  Several treatment types or groups were 
found to be successful in terms of their economic worth to the community.  Relevant 
estimates are summarised in Tables I and II, below. Other treatment types appear not to have 
reduced casualty crash frequencies or costs and their future use requires careful reassessment. 
 
3. Conclusions 

In aggregate, the Program produced positive outcomes for the community.  Over its full life, 
the Program is expected to deliver savings to the community of 4.1 times the investment in 
the Program. Some treatment types were highly successful; others had insufficient numbers of 
treated sites to be able to show genuine success, while others appear to have been 
unsuccessful. There have been two main benefits of the Program and its subsequent 
evaluation.  Firstly, there are immediate benefits in the form of an estimated saving of over 
590 casualty crashes per annum at treated locations. Secondly, there are long term benefits in 
the form of continued improvement in the performance of future black spot programs, 
achievable through more sharply focused investment strategies.  These strategies should be 
based on greater use of treatments found to be highly successful in this program. At the same 
time, there should be a reduced emphasis in black spot programs on some treatment types 
and, in some cases, further research on countermeasure types that have not demonstrated 
successful outcomes. 
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Table I: Estimated Reductions in Casualty Crash Frequencies and Costs by Treatment Type 
(results statistically reliable at better than 95% confidence) 

Treatment Type Sub-Treatment Type Estimated  
Casualty 

crash 
Reduction 

Estimated 
Casualty crash 
Cost Reduction

Roundabout  70% 83% 
 Modify Existing Roundabout 57% 58% (N/S) 
 New Roundabout 73% 87% 
Signal Remodel  25% 34% 
 Fully Controlled Right Turn 32% 40% 
New Signals  32% 17% (N/S) 
Other Intersection Improvements  16% 26% 
 Street Lighting 29% 30% (N/S) 
 Channelisation 36% 55% 
 Splitter Islands 27% 40% 
 Staggered T  86% 98% (N/S) 
 Left Turn Slip Lane 30%  25% (N/S) 
New Pedestrian. Operated 
Signals  34% 41% (N/S) 

Pavement Resealing (Route)  44% 66% 
Roadway Delineation (Route)  28% 31% 
 Median Construction 61%  66% (N/S) 
 Edge Line Marking 24% 31% 
 Curve Delineation 51%  20% (N/S) 
Curve Realignment  46%  32% (N/S) 
Shoulder Sealing  31% 29% 
 Shoulder Sealing with Regular 

Line Marking 29% 29% 

 Shoulder  Sealing with Obstacle 
Clearing and Regular Line 
Marking 

51% 50% 

Pavement Widening   31%  37% (N/S) 
N/S = Not statistically significant at the 5% level 

 
Table II: Estimated Economic Worth by Treatment Type  
 (results statistically reliable at better than 95% confidence) 

Treatment Type Sub-Treatment Type Estimated BCR Estimated 
NPW 

Roundabout  5.2 $30.5M 
 New Roundabout 5.0 $27.4M 
Signal  
Remodel 

 8.9 $42.6M 

 Fully Controlled Right Turn 12.6 $24.3M 
Other Intersection 
Improvements 

 8.8 $32.9M 

 Splitter 
 Islands 

25.1 $16.7M 

Pavement Resealing  18.3 $5,72M 
Roadway Delineation  32.8 $62.6M 
 Edge Line Marking 53.9 $54.8M 
Shoulder Sealing  4.3 $76.12M 
 Shoulder Sealing with  Regular 

Line Marking 
4.4 $57.7M 

 Shoulder Sealing with Obstacle 
Clearing and Regular Line Marking

8.6 $21.9M 
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1.0 INTRODUCTION 

Victoria introduced an accident black spot program in 1979, with a budget of about $0.4m 
and four treatments in the first year. After 1982, annual expenditure increased markedly. 
Through the use of low cost, highly effective casualty crash countermeasures, past programs 
have aimed to reduce both the incidence and severity of casualty crashes at locations with a 
bad casualty crash record. Monash University Accident Research Centre (MUARC) published 
an evaluation of the effectiveness of black spot treatments in 1990 (Corben et al., 1990).  It 
found that for black spot intersection treatments: 
 

• casualty accident frequencies fell by an average of 33%, and 
• average Benefit Cost ratios of 8 were achieved. 
 

A subsequent MUARC study of mid-block black spot treatments (Tziotis, 1993) showed 
similar results. 
 
During the 1990s, the Transport Accident Commission (TAC) funded a program of accident 
black spot treatments throughout Victoria. Implemented in two stages, the first stage of the 
program consisted of $75m of black spot treatments implemented during the 1992/93 and 
1993/94 financial years. Stage two of the program consisted of $10m of black spot treatments 
implemented during the 1994/95 and 1995/96 financial years. Together, the two stages of the 
program treated some 559 individual locations throughout Victoria with poor casualty crash 
records.  Treatment at these locations fell into 21 broad categories, as shown in the 
categorisation listing of Appendix 1. 
 
MUARC has completed evaluations of both the $75m and subsequent $10m accident black 
spot programs for the TAC (Corben et al., (1996) and Newstead et al., (1995)). The studies 
evaluated the effectiveness of the programs in terms of the reduction in casualty accident 
frequency at the treatment sites and the economic worth of the program of treatments to both 
the TAC and to the community at large. The evaluations also examined the effectiveness of 
the program by treatment type. 
 
One limitation of these evaluations was that they were carried out soon after completion of 
the programs in order to detect statistically reliable effects at the earliest possible times. As a 
result, limited post-treatment casualty crash histories were available for analysis. Most of the 
sites had fewer than two years post-treatment casualty crash data available for analysis with 
some as little as six months. Consequently, many of the estimates of effects for specific 
treatment types had low levels of associated statistical confidence. Whilst many treatment 
types appeared to have been effective in reducing casualty crash frequency and cost, a limited 
number of statistically reliable conclusions could be made from the evaluations at the time 
they were completed. 
 
1.2 Study Aims and Scope   

The aim of this study was to estimate the effectiveness of specific black spot treatment types 
through simultaneous evaluation of the combined four years of the TAC-funded accident 
black spot treatment program. The study has a substantially longer period of after-treatment 
casualty crash history compared to previous evaluations of the TAC-funded program, with 
casualty crash data up to the end of 1998 analysed. Consequently, all treated sites have a 
minimum of 2.5 years after-treatment casualty crash history with some having up to six years. 
It was expected that the greater quantities of after-treatment data would provide far greater 
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statistical precision in the estimates of treatment effectiveness leading to more definitive 
conclusions on the effectiveness of a wide range of black spot treatment types for which 
robust estimates of effectiveness are not available.  
 
Effectiveness of the program has been measured in terms of: 
 

• The net reduction in casualty crash frequency and  casualty crash cost at treated sites, 
and  

• The economic worth to the community of the program of treatments. This component 
of the study evaluates in broader terms the economic worth to the community of the 
TAC's investment in the black spot program. It measures benefits in terms of the 
community savings from reduced casualty crashes at treated sites and the monetary 
costs of the treatments. Future benefits and costs have been discounted at a rate of 8%, 
as recommended by the Victorian Treasury for evaluating public projects. VicRoads 
and other agencies commonly use this method of economic evaluation of road safety 
measures. 

 
The evaluation also examines the effectiveness of the program by treatment category at both 
broad and specific levels of categorisation. 
 
1.3 Significance of the Results 

The results of these analyses provide TAC, VicRoads and other responsible agencies with 
reliable, objective information for enhancing future investment in road safety strategies.  In 
particular, the results allow more precise targeting of treatments to maximise the return on 
any future investment by TAC or other responsible agencies in road-engineering safety 
treatments. 
 
2.0 DATA 

2.1 Treatment Data 

VicRoads provided essential details about each black spot treatment. Fields provided in the 
data included: 
 

• treatment number and program administration code 
• black spot location and municipality 
• treatment description 
• treatment start and finish dates 
• estimated treatment capital cost (including planning, design and project supervision) 
•  estimated annual maintenance and operating costs of each treatment  
•  estimated treatment life 

 
Using information in the treatment description field, one of the treatment codes described in 
Appendix 1 was assigned to each treatment for use in the analysis phase.  
 
2.2 Casualty crash Data 

Casualty crash details required as input to the evaluation system are obtained from the 
Victorian State Traffic Accident Record (STAR), which contains extensive information on 
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casualty crashes reported to Police. All reported casualty crashes (which in Victoria only 
include those involving injury) over the period 1987 to 1998 were obtained for analysis.  
 
Critical data fields for use in the study contained were: 
 

• Casualty crash date 
• Casualty crash severity 
• Local government area of casualty crash 
• Specific casualty crash location 

  
The casualty crash severity levels used in the evaluation were as defined in the VicRoads 
Accident Database and set out in Table 1 below.  Severity definitions used were: 
 
Fatal Injury: injury resulting in death within a period of up to 30 days from the casualty 
crash; 
 
Serious Injury: includes hospital admissions as well as transport to hospital, but not 
necessarily requiring hospitalisation; 
 
Other Injury: a treated injury that did not require hospitalisation or transport to hospital. 
 

Table 1: Definition of casualty crash severity levels 
Casualty crash Severity VicRoads Accident Database Definition 

Severity level 1 Fatal Casualty crash 
Severity level 2 Serious Injury Casualty crash 
Severity level 3 Other Injury Casualty crash 

 
 
2.3 Casualty crash Cost Data  

This study used the results of Andreassen's work (1992) on traffic casualty crash costs to 
estimate the social costs of reported casualty crashes in both the before- and after-treatment 
periods. Evaluation was restricted to the effects of treatments on reported casualty crashes as 
only casualty crashes reported to police in Victoria have been coded in the available data 
since 1991. Although many non-casualty crashes are also reported to police, there is no 
consistent basis or requirement for reporting hence the reason for them not appearing in the 
official data. The approach used here was based on the severity of injuries to persons involved 
in a casualty crash of given severity. Andreassen’s standardised per person injury costs were 
used in conjunction with estimates of the average number of people in casualty crashes by 
severity of casualty crash and severity of injury. Estimates of average occupant injury levels 
by casualty crash severity were derived by analysing VicRoads’ Accident Database for 1987 
and 1988, for casualty crashes occurring in Metropolitan Melbourne and in the rest of 
Victoria. Estimates were adjusted for inflation to convert from 1991 to 1995 values using the 
latest available estimates of Consumer Price Index (e.g. ABS, 1998). The methods for 
obtaining the final casualty crash cost estimates are detailed in Section 3, below. 
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3.0 METHODS 

3.1 Study Design 

A quasi-experimental evaluation design incorporating the use of control groups was used in 
the study for the assessment of casualty crash frequency and casualty crash cost changes 
attributable to the black spot program. This design estimated treatment effect by comparing 
casualty crash frequency or cost at each treated site to those at a similar untreated control site 
or group of sites both before and after the black spot treatment was implemented. Use of 
control groups was necessary to give an adequate measure of the large reductions in casualty 
crash frequency in Victoria due to factors other than these treatments over the period of data 
analysed in the study.  These factors include other road safety initiatives, such as use of speed 
cameras and random breath testing, and economic circumstances that significantly affected 
the road toll (Newstead et al. 1995). 
 
3.2 Choice of Control Groups 

Selection of control group/s in a quasi-experimental study design is a balance between 
matching of specific site characteristics in order to control for confounding influences on 
casualty crash trends, and maintaining a sufficient number of casualty crashes to ensure 
adequate statistical power in the analysis. The key function of the control groups used in this 
study was to represent the influences of the major roads safety programs and socio-economic 
factors affecting road trauma in Victoria over the study period. These factors have had a broad 
influence on road trauma across the whole state (Newstead et al. 1995). Consequently, the 
matching of control sites to treated sites was made on a relatively broad level.  
 
Having identified the sites treated under the black spot program, all non-treated sites served as 
potential control sites. Control sites for each treated site were chosen as all untreated areas of 
the same Local Government Area (LGA) in which the treated site was located. Selection of 
control site in this way matched the broad criteria discussed and maximised the casualty crash 
data available for analysis but also reflected the fact that factors affecting casualty crash 
occurrence, such as land use, traffic densities and speeds, vary between LGAs. If there were 
multiple sites in one LGA treated under the black spot program, each used the same set of 
control casualty crashes in the analysis. An analysis regime was developed to cater for this 
structure which avoided double counting of the control casualty crashes. This is detailed 
below. 
 
3.3 Extraction of Treatment and Control Group Casualty crash and Casualty 
crash Cost Data 
 
Large portions of the State Traffic Accident Record (STAR), which have been obtained from 
VicRoads, are held by MUARC. These files cover all casualty crashes occurring in Victoria 
from January 1987 to the present.   The variables contained in these files allow identification 
of casualty crashes occurring at treatment sites.  They also allow matching of casualty crashes 
from non-treatment sites, by the matching criteria for each treatment site described above, to 
serve as controls. The method by which casualty crash costs were extracted is also described 
here. 
 
3.3.1  Black Spot Treatment Data 

The location of casualty crashes appearing in the STAR is defined by two variables. These are 
Road Reference Point (RRP) describing the location of casualty crashes occurring at 
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intersections and Road Segment (RS) describing the location of casualty crashes occurring on 
segments of road between intersections.  Each casualty crash in the STAR has a single RRP 
or RS attached to it to uniquely define the location of the casualty crash.   
 
To facilitate the extraction of casualty crashes at treated black spot sites, the RRP and RS 
location codes were identified for each black spot treatment appearing in the treatment 
database. The Geographical Information System (GIS) package ARCVIEW was used to map 
the location of each black spot treatment in the database and then match with the 
corresponding RRP and RS values for each site through use of a GIS layer supplied by 
VicRoads.  This layer contains all RRP and RS values. Extracted RRP and RS values for the 
treated black spot sites were then matched against the STAR to identify casualty crashes 
occurring at treated sites.  
 
By using the relevant treatment works start and finish data for each black spot site, extracted 
casualty crash data for each site were separated into before- and after-treatment periods for 
analysis. For each site, a five-year pre-treatment casualty crash history was used to minimize 
the possibility of regression-to-the-mean effects. The maximum available amount of after-
treatment casualty crash data was analysed.   Given casualty crash data were available until 
the end of 1998 for the analysis, this meant between 2.5 and six years after-treatment data 
were available for all of the treated sites.  
 
3.3.2 Control Site Data 

As described in the study design Section 3.2 above, control sites have been defined as all 
areas in an LGA not treated under the black spot program. Hence, after identifying casualty 
crashes at treated sites in the manner described above, all remaining casualty crashes served 
as control casualty crashes. The recorded LGA of each control casualty crash determined the 
treated sites to which it was matched for analysis.  
 
One difficulty in defining the before- and after-treatment periods for selection of the time 
periods for analysis of the control site casualty crashes was that there were quite often more 
than one treated site in each LGA. This required modification of the before- and after-periods 
of treated sites common to the one LGA so a single set of control data could be used for all 
treated sites within the same LGA. The following technique for choosing the before and after-
treatment data periods for all treatment and control locations within an LGA, was used. 
 
• The before-treatment data period was chosen to be five years before the first starting date 

of treatment works amongst all treatment sites within the LGA 
• The after-treatment data period was chosen as the month immediately after the latest 

finishing date of treatment works amongst all treated sites within the LGA, up to the end 
of 1998 (the latest available casualty crash data) 

 
Using this regime of selecting “before and after” data periods allowed all treated sites within 
an LGA to be analysed simultaneously against the one set of control data from the same LGA. 
This technique maximised the amount of data control, hence maximising the power of the 
statistical analysis. It also ensured there were no black spot treatment works being carried out 
in an LGA during the “before and after” data periods to ensure there were no latent effects, 
such as traffic migration away from road work sites, confounding the estimated program 
effectiveness. 
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3.3.4 Treatment and Control Site Casualty crash Costs 

Each casualty crash in the STAR was assigned a cost using the technique described in Section 
3.4 below, based on the severity and location of the casualty crash. Extraction of “before and 
after” treatment casualty crash cost data at treatment and control sites was then carried out in 
the same manner as extraction of the casualty crash frequency data. Instead of counting 
casualty crash numbers, as was carried out in extraction of the casualty crash frequency data, 
total casualty crash cost for all casualty crashes occurring in the “before and after” periods at 
the treatment and control sites were computed by summation. 
 
3.4 Casualty crash Costing  

Given the scope of the project and the range of treatment types being evaluated, a number of 
simplifying assumptions and computational techniques, generally consistent with those made 
in the previous MUARC evaluations of treatments at locations with a bad accident record 
(Corben et al. 1990), have been used. 

Firstly, monetary values of benefits and costs were expressed in 1995 values by discounting at 
the rate recommended by the Victorian Treasury (8%) and by increasing estimates of 
treatment costs, as applicable for inflation.  Secondly, the monetary values of any significant 
travel time, vehicle operating costs, air or noise pollution impacts were not included in the 
economic evaluation.  Thirdly, maintenance and/or operating costs of individual treatments 
or, where appropriate, treatment types, along with the expected project life of each treatment 
were obtained from VicRoads. 
 
There were instances where locations have received more than one type of treatment (e.g. 
public lighting/delineation/pavement sealing, right turn phase/right turn lane, etc.).  Because 
each treatment type usually has a different project life and profile over time of the costs of 
maintenance and operation, it was necessary to revise the assumptions regarding the costs of 
maintenance and operation of the treatment over its full life.  In this evaluation, it has been 
assumed that: 
 
• the aggregation of individual treatments at a particular location has a project life equal to 

the longest project life of the individual component treatments and that the initial capital 
cost is the sum of the individual capital costs of the component treatments; and 

 
• the profile over time of the maintenance and operation costs of the total treatment was 

simply the year by year sum, for the individual component treatments, of the periodic 
replacement costs of those treatments of shorter life, and of the maintenance and operation 
costs of all of the component treatments. 

 
A number of issues were relevant to estimating the costs of casualty crashes to the 
community.  Methods were developed to allow costs to be used to estimate the monetary 
value of changes in casualty crash occurrence following a black spot treatment. The method is 
fundamental to evaluating the economic worth of treatments and of the Program overall. 
 
The method described below has been used to estimate the social costs of reported casualty 
crashes in both the before-treatment and the after-treatment periods, at treatment and control 
sites. 
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Method for Estimating Casualty crash  Costs 
� 
1. The social costs of each casualty crash at treated sites were estimated from the 

product of: 
 
• the "standardised per person costs" of casualty crashes for each casualty crash 

severity level, and  
• the average number of people in casualty crashes of the corresponding severities.  

Separate estimates were derived from analysis of the STAR for 1987 and 1988, for 
casualty crashes occurring in both the Melbourne Metropolitan area and the rest of 
Victoria. 

 
The severity levels of casualty crashes at treated sites are detailed in the State Traffic 
Accident Record and shown in Table 2. Estimates of the "standardised per person costs" 
are given in Andreassen (1992). The resultant dollar values were adjusted for inflation to 
convert to 1995 values using the latest available estimates of Consumer Price Index 
(ABS, 1998).  These resulting casualty crash cost estimates, summarised in Table 3 
below, did not include vehicle repair and other related costs, which were added, where 
applicable, at a subsequent stage.   
 
2.  The incident costs for each casualty crash type were then added to the social 
casualty crash costs estimated in step 1 above.  Incident costs were defined by 
Andreassen (1992) as the "Costs attached to the accident itself such as delay to other 
traffic, vehicle repair costs, vehicle insurance administration, accident 
investigation/reporting, legal costs, alternate transport, excludes other property damage 
costs."   
 
Andreassen (1992) has estimated incident costs for twenty significant casualty crash 
types for both urban and rural casualty crashes.  Estimates of the incident costs of the 
remaining casualty crash types have been made in this study, based on the data reported 
by Andreassen. Crash types are defined using the table of Definitions for Classifying 
Accidents (DCA) used by VicRoads to describe the configuration of reported crashes.  
 
3.  Total casualty crash costs for each treated location were derived by summing the 
total costs of all casualty crashes at the location, as estimated in steps 1 and 2 above.� 

 
Described mathematically, the estimated social cost Cx, of casualty crashes of DCA type x at 
a location, is: 
 

Cx = n1x.c1 + n2x.c2 + n3x.c3 + (n1x+ n2x+ n3x).Ix  ...(Eqn. 1) 
 

where,  
n1x = the number of DCA type x casualty crashes of severity level 1, 
c1 = the average "per casualty crash" cost of casualty crashes of severity level 1, 

  n2x = the number of DCA type x casualty crashes of severity level 2, 
 c2 = the average "per casualty crash" cost of casualty crashes of severity level 2, 
 n3x = the number of DCA type x casualty crashes of severity level 3, 
 c3 = the average "per casualty crash" cost of casualty crashes of severity level 3, 
and  
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Ix  = the incident cost for a casualty crash of DCA type x. 
 

The severity levels to be used in the evaluation are as defined in the VicRoads casualty crash 
database (STAR) and set out in Table 2 below.  
 

Table 2: Definition of Casualty crash Severity Levels 
Severity Level� VicRoads Database Definition� 
Severity level 1 Fatal Casualty crash 
Severity level 2 Serious Injury Casualty crash 
Severity level 3 Other Injury Casualty crash 

 
Table 3 gives the estimated average social costs per casualty crash (1995 dollars) by urban 
and rural location derived using the "standardised per person costs" of casualty crashes for 
each casualty crash severity level (Andreassen 1992) and the average number of people in 
casualty crashes of the corresponding severities.  Urban casualty crashes are defined as those 
occurring in the Melbourne Metropolitan area whilst rural casualty crashes are defined as 
those occurring in the rest of Victoria. 
 

Table 3:Estimated average social costs per casualty crash (1995 dollars)  
(excluding incident costs) 

Fatal Casualty crash Serious Injury Other Injury Casualty 
Urban Rural Urban Rural Urban Rural 

784,091 843,804 119,428 124,116 7,320 7,657 

 
Therefore, the total social casualty crash cost, TC, in the before (or after)-treatment period for 
each treated location is the sum of all values of Cx, for DCA values x = 100 to 199.  That is,       

 

∑
=

=
199

100x
xCTC   ...(Eqn. 2) 

 
The same basic formulae apply for urban and rural locations, except that the average costs of 
casualty crashes of a given severity level vary between urban and rural locations, reflecting 
the different average numbers of people involved in urban and rural casualty crashes (and the 
different incident costs). 
 
3.5 Statistical Analysis Methods 

3.5.1 Effects on Casualty crash Frequency 

Count data assembled for analysis in a quasi-experimental before/after-treatment/control 
design define a two by two contingency table. The aim of the statistical analysis is to estimate 
the percentage change in casualty crash frequency from before to after-treatment at the treated 
sites relative to that at the control sites. Apart from the lack of treatment and control group 
site randomisation, this is the same analysis framework used in analysis of clinical trials 
where a randomised treatment-control structure is used.  
 
Medical literature shows the most appropriate means of analysing count data from trials to 
estimate net treatment effects relative to a control, is via a log-linear analysis with a Poisson 
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error structure (Breslow and Day, 1987). The estimate resulting from the analysis in the case 
of the casualty crash data being analysed here is not a relative risk of an outcome, such as 
cancer in a clinical trial, but the relative casualty crash change in treatment group compared to 
control. The distributional assumptions about casualty crash frequency made in the use of this 
method are consistent with those proposed by Nicholson (1996a,b). 
 
Bruhning and Ernst (1985) have demonstrated the application of log-linear Poisson models to 
the analysis of quasi-experimental road safety evaluation designs.  Demonstrated as part of 
the application were techniques for estimating aggregate treatment effectiveness across 
subsets of treated sites in an analysis, as well as tests for homogeneity of treatment 
effectiveness across selections of treated sites. An application of the analysis methods similar 
to those demonstrated by Bruhning and Ernst (1985) has been used here. 
 
The log-linear analysis method demonstrated by Bruhning and Ernst (1985) can be described 
as follows. Data defined by the quasi experimental study design with before- and after-
treatment data in each of L treatment and control pairs can be summarised in a series of L 2x2 
contingency tables, represented in Table 4. 
 

Table 4: Contingency table format used in analysis method 
Site Control Group Treatment Group 
No. Before After Before After 
1 n111 n112 n121 n122 
... ... ... ... ... 
L nL11 nL22 nL21 nL22 

 
A log-linear model with Poisson error structure, appropriate for the variability in the casualty 
crash data, is then fitted to the data, with the model form given by Equation 1. The log-linear 
model form of Equation 3 can easily be fitted in common statistical software packages such as 
SAS. 
 

ijkikijiijkn βββββ ++++= 0)ln(  …(Eqn. 3) 
 

In Equation 3, i is the site number, j is the treatment or control group index, k is the before- or 
after-treatment index, the β values are the model parameters and nijk is the cell casualty crash 
count. The percentage casualty crash reduction at site i attributable to the treatment, adjusted 
for the corresponding change in casualty crash frequency at the control site is given by 
Equation 4. 
 

))exp(1(100 ijki β−×=Δ % …(Eqn. 4) 
 
Statistical significance of Δi is equal to the statistical significance of βijk, obtained directly 
from the fitted log-linear model. Confidence limits for Δi are computed in the normal way 
using the estimated standard error of βijk obtained from the fitted log-linear model and using 
the transformation given by Equation 4. Subtle modifications of the above model can be made 
to estimate average treatment effect across a number of treated sites.  These modifications are 
detailed in Bruhning and Ernst (1985). Such modifications to the model can also be used to 
test for homogeneity of treatment effect across a collection of treated sites. This is also 
detailed in Bruhning and Ernst (1985). 
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The above methodology has been described for unique pairs of treatment and control data. 
The model is easily extended to handle multiple treatments compared against a single control 
group, as is the case in the data being analysed for the TAC-funded accident black spot 
program evaluation here. Instead of the treatment and control index, j, having only 2 levels, it 
is extended to having T +1 levels, where there is T treatments being measured against a single 
control. The percentage casualty crash reduction of treatment t, from the set of T being 
measured against control site i is then given by Equation 5. 
 

))exp(1(100 itkit β−×=Δ %….(Eqn 5) 
 
3.5.2 Effects on Casualty crash Costs 

Statistical methods used for analysis of the effects of the black spot treatment program on 
casualty crash costs are a modification of those used for analysis of program effects on 
casualty crash frequency. The derivation of casualty crash costing is given by Equation 1. If 
we consider the casualty crash count at each severity level, within each DCA category at each 
site, to be independent Poisson distributed variates, it is easily shown that the total casualty 
crash cost at a site is distributed according to an over-dispersed Poisson distribution. 
Consequently, the same analysis procedure described for estimating program effects on 
casualty crash frequency, except in fitting the model described by Equation 3, an over-
dispersed Poisson distribution is used in place of the standard Poisson distribution to describe 
the model error structure. 
 
Fitting of log-linear statistical models with over-dispersed Poisson error structure is facilitated 
by the statistical analysis software SAS, using the GENMOD procedure.  
 
 
3.6 Accident Migration and Regression-To-The-Mean 

Accident Migration  
 
One possible outcome of treating accident black spots is accident migration where the black 
spot treatment leads to casualty crash risk being moved, either entirely or partly, from the 
treated site to another nearby or vice versa, depending on the treatment type. If not considered 
in an analysis, accident migration effects can lead to an incorrect estimate of the net benefit of 
a black spot treatment to the community. It was considered that the most likely cause of an 
accident migration effect in this study would be through a treatment altering traffic volume at 
the treated site. To assess this likelihood, traffic volume data for the treated sites and 
neighboring sites to where traffic may have diverted would be needed. In addition, it would 
not only have been necessary to examine changes in traffic flows to the sites neighboring the 
treated sites but also casualty crash records would need to have been analysed at the 
neighboring sites. This is because the neighboring sites may be inherently safer with net risk 
at the neighboring site not necessarily increasing with the extra traffic volume diverted to it.  
 
Due to the number of treated black spots considered in the evaluation (i.e., 559 treatments) 
and the resources available, it was impractical to obtain and analyse traffic volume data for all 
the treated sites and neighbouring sites that might have been affected by accident migration. 
In addition it was beyond the scope of the project to analyse casualty crash risk changes at all 
neighboring sites to those treated, to properly assess the migration of casualty crash risk. 
Consequently, no results presented from this study are compensated for the effects of accident 
migration. Accident migration effects are not considered likely to be large, given the breadth 
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of sites and treatment types analysed in this study.  This generally accords with advice of road 
authorities when asked to indicate treatments that may lead to a substantial shift in traffic 
volumes.  Importantly, some treatment types will encourage traffic migration, (e.g., grade 
separation) while others will potentially discourage traffic migration, e.g., fully controlled 
turn phases.  In the case of fully controlled right turns, some road user groups may choose to 
turn elsewhere if they perceive that delays will increase. Other road users groups (e.g., older 
drivers) may be attracted to this type of treatment because of perceived higher levels of safety 
and less stressful travel. 
 
Regression-to-the-Mean  
 
Regression-to-the-mean is another potentially confounding influence on estimated black spot 
treatment effectiveness. It is caused by selecting black spot sites for treatment that have a high 
casualty crash frequency measured over a narrow window in time, due to the expression of an 
extreme in random variation.  Selecting sites for treatment on such a basis means that the 
likelihood of the casualty crash frequency at the selected site reducing in the immediate next 
period, merely due to chance, is high. If the treatment effect at the site is evaluated using the 
same inadequate casualty crash data from which the site was selected for treatment, the results 
of the evaluation will be spurious. 
 
Numerous analysis methods have been proposed to overcome the problem of regression-to-
the-mean, such as Abbess et al. (1981). Many of these methods, however, make restrictive 
assumptions about the likely distribution of accident frequencies both at individual sites and, 
more importantly, between sites. The estimates of regression-to-the-mean effects, and hence 
treatment effects, are largely a product of the assumptions made about these distributions. The 
authors feel that it is potentially dangerous and misleading to use such methods that rely so 
heavily on the assumptions made. Other methods recommend more reliable strategies for 
minimising the potential for regression-to-the-mean problems. These include the use of 
adequate pre-treatment casualty crash histories to give an accurate estimate of the true pre-
treatment casualty crash frequency at the chosen site, and not analysing exactly the same data 
period that was used to select the treatment site. 
 
A number of measures have been taken to avoid the possibility of regression-to-the-mean 
effects confounding the estimates of black spot effectiveness made in this study. Firstly, a 
five-year time span of pre-treatment casualty crash data has been analysed to ensure accurate 
estimates of pre-treatment casualty crash frequency. In addition, this period did not coincide 
with the casualty crash data period from which the treated sites were selected. Finally, an 
analysis technique was used that properly recognises the level and distribution of random 
variation in the data and computes confidence limits and significance probability levels that 
properly reflect this.  
 
3.7 Evaluation Output Measures 

Output variables from the evaluation system, comparing the before-treatment and after-
treatment periods were calculated at the following levels of site aggregation: 
 
• total program 
• total program excluding 7 high-cost sites (see below) 
• 4 broad treatment categories (i.e., Intersection Treatments, Pedestrian Facilities, Route 

Treatments and Road Feature Treatments) 
• broad treatment types (e.g., signal remodel) 
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• specific treatment types (e.g., fully controlled right turn phase) 
 
Analysis was also conducted at the first four of the above analysis levels stratified by 
metropolitan Melbourne and non-Melbourne treatments. This analysis was carried out in 
order to assess the differential program effectiveness between Melbourne and the rest of 
Victoria.  
 
As part of the 1992/93 to 1993-94 TAC-funded black spot treatment program phase, seven 
sites were treated with high-cost road works. Selection of these sites was not made entirely on 
poor casualty crash record alone, but also considered potential for improved mobility 
resulting from the treatments. Because these sites were not chosen strictly on the traditional 
grounds for black spot selection and because the high-cost of the treatment chosen had the 
potential to compromise estimates of the effectiveness usually comprise low-cost treatments, 
these sites have been treated separately in the evaluation. The seven sites and their associated 
treatments were as follows. 
 

Treatment Location Treatment Description Treatment Capital Cost 
Dohertys Rd (Truganina):  
Palmers Rd to  Woods Rd 

Widen and construct 
roundabout at Palmers Rd $1,510,000

Dandenong-Hastings Rd (Skye):  
1Km North and South Of Hall Rd Upgrade 2lane to 4 lane $1,689,278

Mountain Highway (Wantirna): 
Burwood Hwy to Boronia Rd  Upgrade 2lane to 4 lane $2,851,297

Mulgrave Fwy (Doveton):  
At Heatherton Rd Bridge Widening $3,887,502

Lower Dandenong Rd (Braeside): 
Centre D'nong Rd to Howard St Upgrade 2lane to 4 lane $3,959,627

Mornington Peninsula Fwy (Mt Martha): 
Moorooduc Rd to Nepean Hwy Construct freeway section $5,959,397

South Eastern Arterial (Chadstone): At 
Warrigal Rd  Construct Overpass $10,502,345

 Total $30,359,446.00

  
The three fundamental output variables of the evaluation were: 
 
• change in average annual casualty crash frequency (percentage); 
• change in average annual casualty crash costs (percentage); and 
• indicators of economic worth (NPW, and BCR) 
 
While the value of calculating changes in the average annual casualty crash frequency is 
obvious, the usefulness of calculating changes in the average annual casualty crash costs is 
less obvious.  An individual treatment or type of treatment may prove unsuccessful in 
reducing casualty crash frequency but successful in reducing the severity of casualty crashes, 
the latter effect being detected through a reduction in the average annual casualty crash costs. 
 
Each of the economic indicators computed provided valuable but unique information on the 
worth of the particular investments being evaluated and were also estimated for categories of 
projects, grouped according to treatment type or casualty crash type being treated, and for the 
Program overall. A definition of the two economic measures computed is as follows. 
 
Net Present Worth (NPW) indicates the difference between the present value of the time 
stream of casualty crash savings and the present value of the time stream of costs incurred to 
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achieve these savings.  NPW values are expressed in units of dollars and, provided an 
estimate exceeds zero, the project would be assessed as worthwhile.  NPW represents the net 
return on the particular investment.  To enable comparison with other black spot programs of 
different scale, NPW values for the total program or for components of the program should 
also be expressed on a per treatment basis. 
 
Benefit Cost Ratio (BCR) is the ratio of the present value of the time stream of casualty crash 
savings to the present value of the time stream of costs incurred to achieve these savings.  
BCR values measure the capacity or power of a single unit of investment to return benefits in 
terms of casualty crash savings.  Being a ratio of monetary values, it has no units and, 
provided an estimate exceeds the value one, the project would be deemed to be worthwhile.  
A previous evaluation of black spot intersection treatments (Corben, Ambrose and Wai, 1990) 
found an average BCR of 8, indicating, for example, a return of $8m in casualty crash savings 
for every $1m invested. 
 
4.0 RESULTS 

This section presents the main results of evaluating the effectiveness and economic worth of 
TAC-funded accident black spot treatments implemented during 1992/93 to 1995/96 at 553 
locations, for a total capital cost of A$84.6m.  
 
For the specific treatment types, only those results for which a statistically reliable 
interpretation of findings applies are reported in the following sections. Full results of the 
evaluation are detailed in Appendices 2 and 3. Appendices 2 and 3 also show the total number 
of sites and total capital expenditure in each treatment categorisation. Both two-sided 95% 
confidence limits and computed two-sided statistical significance levels of the results are 
shown and indicate statistical reliability. Significance values less than 0.05 indicate 
significant reductions in casualty crash frequency or cost attributable to the black spot 
treatment program. Estimates with a significance value less than 0.05 will also have a 95% 
confidence limit for casualty crash reduction, casualty crash cost reduction and Net Present 
Worth (NPW) estimates, that did not overlap zero and 95% confidence limits for Benefit to 
Cost Ratio (BCR) estimates that do not overlap one. It should be noted that the significance 
probabilities for BCR and NPW are the same as that estimated for casualty crash cost 
reduction, as both these economic measures are direct functions of the estimated casualty 
crash cost reduction.  
 
Results with significance probabilities in the range 0.05 to 0.1 are also reported here. If it is 
assumed that accident black spot treatments will lead to reduced casualty crash frequency and 
cost, a one sided statistical significance test is appropriate. A two-sided significance value of 
0.1 corresponds to a one-sided significance value of 0.05, hence the decision to present results 
with significance probabilities less than 0.1.  The practical interpretation of meeting these 
statistical significance values is that we can be 95% confident that using treatments on similar 
problems and at similar locations will have a beneficial effect of the magnitude estimated. 
 
4.1 CHANGES IN CASUALTY CRASH FREQUENCY AND COSTS 

4.1.1 Program and Broad Treatment Type  

Table 5 gives the estimated casualty crash reductions for the TAC-funded black spot program 
as a whole, for the program excluding the seven high-cost treatment sites and the seven high-
cost sites separately and by the four broad treatment categories in the program. The number of 
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sites and total capital works cost in each classification is also shown, along with the 95% 
confidence limits and statistical significance probabilities for the estimated casualty crash 
reductions. 
 
Table 5: Estimated percentage casualty crash reduction attributable to the accident black spot 

program for the whole program, seven high-cost sites and broad treatment categories 
 Number 

of 
Treated  

Sites 

Total Capital 
Works Cost

Estimated % 
Casualty 

crash 
Reduction 

Lower 
95% CL 

Upper 
95% CL 

Statistical 
Significance 
Probability 

Whole Program 559 $84,624,889 26.42% 23.55% 29.18% <.0001 

     
Program Excluding  
7 High-cost Sites 552 $54,265,443 25.29% 22.33% 28.13% <.0001 

7 High-cost Sites 7 $30,359,446 57.28% 45.77% 66.36% <.0001 

Broad Categories       
Intersection 
Treatments 308 $21,173,703 27.63% 23.10% 31.90% <.0001 

Pedestrian Facilities 15 $541,352 12.30% -20.12% 35.97% 0.4131 

Route Treatments 190 $30,305,199 28.54% 24.42% 32.43% <.0001 

Treatment of Road 
Features 39 $2,245,189 4.54% -5.80% 13.88% 0.3759 

 
Results in Table 5 shows the Program was effective overall in statistically significantly 
reducing casualty crashes frequency by a net 26% compared to the control areas.  Excluding 
the seven high-cost treatment sites, at which a 57% statistically significant casualty crash 
reduction was recorded, the remainder of the program resulted in a statistically significant net 
reduction in casualty crash frequency of 25%. There was a clear distinction in program 
effectiveness when considering broad categories of treatments made under the program. Both 
intersection and route treatments showed highly statistically significant casualty crash 
reductions of 28% and 29% respectively. Whilst producing estimates indicative of casualty 
crash reduction effectiveness, neither pedestrian facilities nor treatment of road features 
showed statistically significant casualty crash reductions. 
 
Table 6 shows results analogous to Table 5 but for estimated changes in casualty crash cost 
rather than casualty crash frequency. The number of treated sites and total capital works cost 
has been excluded from Table 6, as it is the same as for Table 5. 
 
Results of the analysis of change in casualty crash cost, shown in Table 6, are generally 
consistent with those for casualty crash frequency presented above. Overall, the program was 
estimated to produce a statistically significant 30% reduction in casualty crash costs at the 
treated sites relative to the control sites. The seven high-cost sites showed a significant 58% 
reduction in casualty crash costs. Intersection and route treatments showed significant 
casualty crash cost reduction whilst pedestrian facilities and road feature treatments carried 
out under this program were not shown to be effective. For each categorisation of treatments 
considered, the estimated percentage casualty crash cost reductions were slightly higher than 
the corresponding casualty crash frequency reduction estimates. This suggests the treatments 
were not only effective in reducing casualty crash frequency but were slightly more effective 
in reducing casualty crash severity.  
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Table 6: Estimated percentage casualty crash cost reduction attributable to the accident black 
spot program for the whole program, seven high-cost sites and broad treatment categories 

 Estimated % 
Casualty 

crash Cost 
Reduction 

Lower 
95% CL 

Upper 
95% CL 

Statistical 
Significance 
Probability 

Whole Program 29.59% 24.05% 34.74% <.0001 

    
Program Excluding  
7 High-cost Sites 28.59% 22.90% 33.86% <.0001 

7 High-cost Sites 58.10% 32.40% 74.03% 0.0004 

Broad Categories     
Intersection 
Treatments 34.60% 24.77% 43.15% <.0001 

Pedestrian Facilities 13.08% -65.70% 54.41% 0.6701 

Route Treatments 29.00% 21.61% 35.69% <.0001 

Treatment of Road 
Features 10.68% -10.08% 27.52% 0.2898 

 
4.1.2 By Treatment Type 

In order to address a wide range of casualty crash circumstances, the accident black spot 
program comprised over 40 different types of treatments at the finest level of categorisation. 
Each treatment type is listed in Appendix 1 along with their correspondence to a broader 
categorisation by treatment type. Correspondence to the categorisation into one of the four 
broad categories, for which analysis results are given above, is also shown.  
 
Table 7 shows the estimated casualty crash reductions attributable to the black spot program 
by treatment type, and sub-treatment type within each treatment type. Information shown in 
Table 7 is in the same format as for Table 5 and includes number of sites treated in each 
treatment type and total capital cost, the estimated percentage casualty crash reduction 
attributable to the treatment and the statistical significance probability of the estimated 
casualty crash reduction. (95% confidence limits are not shown in Table 7 but can be found in 
Appendix 2)  Table 7 only shows those treatment types for which a statistically significant 
casualty crash reduction was estimated. Results for all other treatment types considered where 
the estimated casualty crash reduction was not statistically significant are given in Appendix 
2. Similarly, only sub- treatment categories that showed a statistically significant casualty 
crash reduction due to the accident black spot treatments are shown in Table 7. All sub-
treatment casualty crash effect estimates are shown in Appendix 2.  
 
 
 
Table 7: Estimated percentage casualty crash reduction attributable to the accident black spot 

program by treatment type for effective program elements 
 

Treatment Type Sub-Treatment Type Number of 
Treated  

Sites 

Total Capital 
Works Cost 

Estimated % 
Casualty crash 

Reduction 

Statistical 
Significance 
Probability 

Roundabout  52 $6,729,844 70.17% <.0001 
 Modify Existing Roundabout 5 $328,114 57.16% 0.001 
 New Roundabout 47 $6,401,730 73.22% <.0001 
Signal Remodel  98 $5,218,925 24.85% <.0001 
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 Fully Controlled Right Turn 47 $1,941,544 32.02% <.0001 
New Signals  35 $4,138,546 32.1% <.0001 
Other Intersection 
Improvements  117 $4,064,596 15.8% 0.0006 

 Street Lighting 11 $347,633 28.8% 0.0044 
 Channelisation 15 $591,816 36.4% 0.0075 
 Splitter Islands 38 $677,203 26.6% 0.0097 
 Staggered T  2 $125,976 86.0% 0.0615 
 Left Turn Slip Lane 6 $448,680 29.7% 0.0325 
New Pedestrian. Operated 
Signals  9 $484,052 33.9% 0.0723 

Pavement Resealing 
(Route)  3 $329,625 44.3% 0.0108 

Roadway Delineation 
(Route)  56 $1,892,317 28.2% <.0001 

 Median Construction 2 $133,700 60.8% 0.0202 
 Edge Line Marking 40 $1,034,718 23.6% <.0001 
 Curve Delineation 9 $676,451 50.5% <.0001 
Curve Realignment  5 $575,885 46.3% 0.0631 
Shoulder Sealing  101 $22,608,170 30.7% <.0001 
 Shoulder Sealing with 

Regular Line Marking 78 $16,642,106 29.2% <.0001 

 Shoulder  Sealing with 
Obstacle Clearing and 
Regular Line Marking 

17 $2,872,132 50.9% <.0001 

Pavement Widening   6 $532,275 30.9% 0.0496 

 
As is evident from Table 7, the study has been able to identify many treatment types, and sub-
treatment types within these, that have been successful in reducing casualty crash frequency at 
the treated black spot sites.  
 
Table 8: Estimated percentage casualty crash cost reduction attributable to the accident black 

spot program by treatment type for effective program elements 
 

Treatment Type Sub-Treatment Type Number of 
Treated  

Sites 

Total Capital 
Works Cost 

Estimated % 
Casualty crash 
Cost Reduction 

Statistical 
Significance 
Probability 

Roundabout  52 $6,729,844 83.3% <.0001 
 New Roundabout 47 $6,401,730 87.2% <.0001 
Signal Remodel  98 $5,218,925 33.7% 0.0002 
 Fully Controlled Right Turn 47 $1,941,544 40.1% 0.0014 
Other Intersection 
Improvements  117 $4,064,596 26.0% 0.0055 

 Channelisation 15 $591,816 54.6% 0.0491 
 Splitter Islands 38 $677,203 40.4% 0.0177 
Pavement Resealing 
(Route)  3 $329,625 65.8% 0.0357 

Roadway Delineation 
(Route)  56 $1,892,317 30.6% <.0001 

 Edge Line Marking 40 $1,034,718 30.6% <.0001 
Shoulder Sealing  101 $22,608,170 29.1% <.0001 
 Shoulder Seal With Regular 

Line Marking 78 $16,642,106 28.8% <.0001 

 Shoulder Seal With Obstacle 
Clearing & Regular Line 
Marking 

17 $2,872,132 50.3% 0.0032 

 
Table 8 shows the analogous information to Table 7 for estimated casualty crash cost 
reductions by treatment type and sub-treatment type. Again, only treatment and sub-treatment 
types with statistically significant estimated casualty crash cost reductions are shown in Table 
8. Estimated casualty crash cost changes for all treatment and sub-treatment types are shown 
in Appendix 3. 
 
A number of the specific treatment types and sub-treatment types with statistically significant 
estimated casualty crash reductions in Table 7 did not show statistically significant reductions 
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in casualty crash costs in Table 8. In some instances this is because the estimated casualty 
crash cost reduction was not as high as the casualty crash reduction estimated for the same 
treatment, indicating the casualty crash reductions were at the lower end of the severity scale. 
In other cases the estimated casualty crash cost reductions were of similar magnitude to the 
estimated casualty crash reduction but the casualty crash cost reduction failed to reach 
statistical significance even though the casualty crash reduction estimate was significant. This 
is because the casualty crash cost data have inherently higher variation due to the construction 
of the cost variable, described in Section 3.4. Consequently, a greater number of casualty 
crashes are often required at treated sites to establish significant casualty crash cost changes 
than are required to establish significant casualty crash frequency changes. 
 
4.2 Economic Worth 

Two separate measures of economic worth were used for evaluating the impacts of the TAC-
funded accident black spot program on the community. They were Net Present Worth (NPW) 
and Benefit/Cost Ratio (BCR).  Each measure is in common use and provides a unique and 
valuable indication of the economic worth of the investment in the black spot program. 
 
Economic analyses were conducted at the Program level, broad treatment level and by 
treatment type and treatment sub-type. All treatment costs in the evaluation of community 
impacts, including differential maintenance cost of the black spot treatments, were included 
over the lives of the treatments. Annual casualty crash cost savings were derived from the 
estimated percentage casualty crash cost savings presented above applied to the average 
annual before-treatment casualty crash costs at the treated sites. A discount rate of 8% was 
used in calculating the community BCR and NPW estimates.  This discount rate accorded 
with that used by the Victorian Treasury for evaluation of public expenditure capital works 
programs.   
 
4.2.1 Program and Broad Treatment Type 

Estimated BCRs and NPWs for the program as a whole, for the seven high-cost sites and 
remainder of the program, and for the four broad treatment categories are given in Table 9.  
Table 9 also shows the 95% confidence limits for the BCR and NPW estimates. These have 
been derived by assuming the treatment and differential maintenance costs at each treated site 
to be error free and using the estimated confidence limits on the estimated casualty crash cost 
reductions shown in Table 6. 
 
The estimated BCR of the total program for the community, shown in Table 9, was 4.1.  It 
was estimated that the total program would achieve for the community a NPW of $274.1m.  
That is, the net monetary benefits to the community, over the lives of the treatments, are 
expected to exceed the total capital costs of the improvements, including maintenance and 
operating costs, by $274.1m.  Excluding the seven high-cost major sites, listed in Section 3.7, 
the estimated Program BCR for the community was 5.8.  The NPW to the community was 
$277.4m.  Despite the estimated statistically significant reductions in casualty crash frequency 
and cost at the seven high-cost treatment sites, the BCR and NPW for the treatments at these 
sites were only 1.0 and $0.371m respectively. The estimated BCR for treatments at the seven 
high-cost sites was not statistically significantly different from 1, nor was the estimated NPW 
statistically significantly different from 0, shown by the range of the 95% confidence limits 
on each estimate in Table 9. This reflects the relatively high treatment cost per casualty crash 
saved at these sites. It should be noted that there is a direct correspondence between the 
statistical significance of BCR and NPW estimates. A BCR significantly greater than 1 will 
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always have a corresponding NPW greater than zero because the two measures are simply 
two different ways of presenting the one pair of treatment benefits and costs.  It should be 
noted that the measures of economic worth for these seven treatments include only safety 
benefits and as such place no value on operational benefits likely to have resulted from the 
seven high-cost treatments. 
 
Of the four broad treatment categories considered, both the intersection and route treatments 
had estimated BCRs and NPWs statistically significantly different from 1 and 0 respectively. 
Interestingly, the treatment of road features category had a relatively high, although not 
statistically significant, estimated BCR despite not having a relatively large estimated casualty 
crash cost saving. This, perhaps, reflects relatively low treatment cost per casualty crash saved 
for treatments in this category and may signal potential for projects of this type to be effective 
in the future even though significant treatment effectiveness was not established here. 
 

Table 9: Estimated Benefit Cost Ratio and Net Present Value of the accident black spot 
program for the whole program, seven high-cost sites and broad treatment categories 

 BCR NPW 
 Estimated 

BCR 
Lower 

95% CL
Upper 

95% CL
Estimated 

NPW 
Lower 

95% CL 
Upper 

95% CL

Whole Program 4.1 3.3 4.8 $274.1M $205.0M $337.3M

       
Program Excluding  
7 High-cost Sites 5.8 4.6 6.8 $277.4M $210.6M $339.2M

7 High-cost Sites 1.0 0.6 1.3 $0.371M -$13.5M $8.99M

Broad Categories       

Intersection Treatments 5.3 3.8 6.6 $104.5M $67.9M $136.3M

Pedestrian Facilities 1.9 -9.6 7.8 $0.750M -$8.70M $5.71M

Route Treatments 5.8 4.3 7.2 $149.3M $103.4M $190.9M

Treatment of Road Features 7.9 -7.4 20.3 $15.7M -$19.3M $44.0M

NNN = Statistically significant at the 5% level 
 
4.2.2 By Treatment Type 

Economic worth of the project was also assessed for various treatment types and sub-types in 
the same groupings as casualty crash frequency and cost effects were assessed. Estimated 
BCRs and NPWs for each project treatment type and treatment sub-type, along with 95% 
confidence limits on each measure, are given in Appendix 4. Several treatment types were 
successful in terms of their economic worth to the community. Estimates that achieved 
statistical reliability of economic worth by treatment and sub-treatment type are shown in 
Tables 10. Statistical reliability is indicated by 95% confidence limits that do not contain 1 for 
BCR or 0 for NPW. 
 
Table 10: Estimated Benefit Cost Ratio and Net Present Value of the accident black spot 
program by specific treatment and sub-treatment categories 

  BCR NPW 
Treatment Type Sub-Treatment 

Type 
Estimated 

BCR 
Lower 

CL 
Upper 

CL 
Estimated 

NPW 
Lower 

CL 
Upper 

CL 
Roundabout  5.2 4.1 5.8 $30.5M $22.5M $34.4M
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 New 
Roundabout 

5.0 4.0 5.4 $27.4M $20.6M $30.4M

Signal  
Remodel 

 8.9 4.7 12.2 $42.6M $20.2M $60.7M

 Fully Controlled 
Right Turn 

12.6 5.6 17.7 $24.3M $9,71M $35.0M

Other Intersection 
Improvements 

 8.8 2.7 13.6 $32.9M $7.88M $53.2M

 Splitter 
 Islands 

25.1 5.3 38.0 $16.7M $3.01M $25.6M

Pavement 
Resealing 

 18.3 1.9 24.4 $5,72M $0.305M $7.71M

Roadway 
Delineation 

 32.8 21.7 42.5 $62.6M $40.7M $81.7M

 Edge Line 
Marking 

53.9 34.6 70.6 $54.8M $34.9M $72.0M

Shoulder  
Sealing 

 4.3 2.7 5.7 $76.12M $38.2M $109.0M

 Shoulder 
Sealing with  
Regular Line 
Marking 

4.4 2.5 6.0 $57.7M $25.2M $85.2M

 Shoulder 
Sealing with 
Obstacle 
Clearing and 
Regular Line 
Marking 

8.6 3.6 11.7 $21.9M $7.40M $30.9M

 
4.2 Program Effects by Urban and Rural Location 

There has been some interest as to the relative effectiveness of black spot treatment programs 
in urban areas relative to rural areas under the program being assessed here. To investigate 
this, the population of black spots being investigated was stratified into urban and rural 
groups and effectiveness re-analysed. Urban and rural areas were defined as those within the 
Melbourne metropolitan area and those outside the Melbourne metropolitan area respectively. 
It was not practical to further segregate those sites outside of metropolitan Melbourne into 
those in built up areas (rural towns) and those outside of built up areas. Analysis of effects 
was carried out for each stratum in the same way as for the whole group of sites together, as 
reported above. Treatment sub-types were not analysed by urban and rural areas due to 
insufficient number of sites. However, analysis was conducted at all levels of treatment 
aggregation above the level of treatment sub-type. 
 
Results of estimation of accident black spot treatment effects stratified by urban and rural 
treatment location are given in Appendix 5. Program effects on both casualty crash frequency 
and casualty crash cost are given along with statistical significance levels on each estimate 
and 95% confidence limits. Economic analysis has not been carried out on the stratified sites. 
 
Results presented in Appendix 5 suggest the accident black spot treatment program has been 
more effective in reducing casualty crash frequency and casualty crash costs at sites located 
outside of the metropolitan Melbourne area than at sites in metropolitan Melbourne when 
examining program effectiveness as a whole. It should be noted that this difference is not 
statistically significant at the 95% level, indicated by the fact that the 95% confidence limits 
on the total program effectiveness estimates overlap. When looking at the 7 high-cost 
treatment sites and the rest of the black spot program separately, the same pattern is evident 
with rural treatment being more effective than urban treatments in reducing casualty crash 
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frequency and cost. Again, however, differences are not statistically significant. Looking at 
the program by broad treatment categories, intersection treatments appear to be marginally 
more effective in urban areas whilst route treatments appear to be slightly more effective in 
rural areas. Again, these differences are not statistically significant. Neither pedestrian 
facilities nor treatment of road features showed significant casualty crash frequency or cost 
reductions in urban or rural areas. 
 
It is difficult to compare relative effectiveness of specific treatment types between urban and 
rural areas because particular treatment types are more common in one or other of the areas. 
This point also gives warning to interpretation of the comparison of the program in urban and 
rural areas in general as the mix of treatment types in each strata is not the same. Of the 
treatment types carried out in both regions, intersection treatments including roundabouts, 
signal remodels, new signal installations and other intersection treatment were generally more 
effective in urban areas than rural areas. Curve realignment was estimated to more effective in 
rural areas whilst roadway delineation and shoulder sealing were more effective in urban 
areas. None of the differences in treatment effectiveness between urban and rural areas 
reached statistical significance based on the 95% confidence limits. 
 
 
5 DISCUSSION 

5.1 Interpretation and General Discussion 

This report has presented an evaluation of the TAC-funded accident black spot treatment 
program implemented in Victoria over the years 1992/93 to 1995/6 in terms of its 
effectiveness in reducing casualty crash frequency and cost as well as its economic worth to 
the community. Analysis has shown the program to be effective overall in reducing casualty 
crash frequency and costs. If we use the average annual before-treatment casualty crash 
frequency at all sites treated under the program and the estimated 26% percent net saving in 
casualty crashes due to the program, this translated to an annual saving of some 594 casualty 
crashes due to the full program implementation. The estimated casualty crash cost saving due 
to the program of 30% was greater than the estimated percentage casualty crash saving. This 
suggests that, of the estimated 594 casualty crashes saved annually, proportionately more 
casualty crashes were saved at higher severity levels than at lower severity levels, due to the 
higher cost of high severity crashes. 
 
In designing the evaluation analysis framework used here, a number of decisions were made 
about selection of elements of the framework. One important decision is the definition of 
control sites to be used in the analysis. As described in the study design, this study has used 
control sites from the same local area to control for factors broadly influencing road trauma in 
the local region. Some would argue that control matching should be far more specific, with 
close matching of geographical and road environment features. For example, treatments at 
signalised intersections of arterial roads should have control sites chosen from only signalised 
intersections in the near vicinity to the treated site. Selecting control sites in this way would 
be necessary if there were specific factors that had unique effect on specific sites. Control 
matching at this level of detail inevitably has the trade-off of a loss in statistical analysis 
power because of reduced data quantities. In the context of this study, it was felt that the 
likely main effects requiring control were those influencing road trauma at a broad level; 
hence the non-specific nature of the controls chosen. It was felt that the gain in statistical 
power made by the choice of control far outweighed the likely relatively minor extra 
adjustments for possible bias, facilitated by the use of highly matched control sites.  
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A further issue of study design and output was the decision in this study to examine the 
effects of the black spot treatments on all casualty crash types. The alternative to this would 
be to study treatment effect on casualty crash types most likely to be affected by the particular 
treatment being examined; for example right turn against casualty crashes at intersection 
signals with respect to fully controlled right turn phase treatments. Analysis of only specific 
casualty crash types however gives rise to the potential to miss all possible benefits of a 
treatment as well as potential detrimental effects. For example, fully controlled right turn 
phases at intersections are effective in reducing right turn against casualty crashes but, in 
addition may also reduce pedestrian crashes involving turning vehicles and/or increase 
another crash types.  Analysis by casualty crash type is, perhaps, more relevant when one is 
interested in examining the mechanisms of black spot treatment effectiveness. As stated, the 
aim of this study was to examine the overall casualty crash frequency, cost and cost-
effectiveness of the black spot program, an aim only properly served by analysis of all 
casualty crash types.  
 
One of the primary purposes of completing this evaluation was to include more post-treatment 
casualty crash experience at treated and control sites in the analysis than had been possible in 
either of the previous evaluations of the TAC-funded Accident Black Spot Program. In both 
the previous evaluations, only limited after-treatment casualty crash data were available. 
Consequently, for many treatment types, the results of the previous evaluations were 
inconclusive. Only a small number of treatment types in either of the previous evaluations 
showed statistically significant casualty crash frequency or cost reductions. In contrast, this 
evaluation has shown the effectiveness in statistically reliable terms of a far greater number 
specific treatment types and sub-treatment than either of the previous evaluations. 
 
As with all statistical analyses, a failure to reject the null hypothesis of no change does not 
necessarily mean there was no real change in the underlying population variable, but could 
mean that the data sample analysed was insufficient to detect that change. In this context it 
means that treatments and sub-treatments that did not show a statistically significant casualty 
crash reduction are not necessarily ineffective but could not be shown to be effective through 
analysis in this study. Generally, the treatment types in this study that did not show significant 
casualty crash frequency or cost reductions due to the program were those that had relatively 
few sites at which they were implemented and hence relatively small before- and after-
treatment casualty crash numbers at the treated sites. Consequently it is unlikely that addition 
of further casualty crash history into the analysis for these sites would produce definitive 
estimates of effectiveness for these treatment types. Given the small number of sites for each 
of the non-significant treatment types, there would also be problems in interpreting the 
general effectiveness of these treatment types. This will be further explored below. 
 
Analysis techniques developed for use in this study have allowed the assessment of the 
statistical significance in changes in casualty crash cost. This, in turn, allows statistical 
confidence limits to be placed on the economic measures, BCR and NPW, computed in this 
study. This has been rarely, if ever, done in accident black spot studies in the past but 
represents a valuable addition to the study output. It has been able to highlight, in a number of 
instances in this study, statistically significant casualty crash reductions for a treatment type 
that have not led to a BCR significantly or greater than 1 or a NPW significantly or greater 
than zero. Without the statistical confidence bands on the economic measures, it could 
wrongly have to been assumed that a statistically significant casualty crash reduction always 
led to a BCR and NPW significantly or greater than 1 and 0 respectively. 
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One important function of this study is to guide road safety practitioners in the development 
of future accident black spot programs. It is of use then to know how the results of this study 
can be generalised to other applications. This study has demonstrated that an accident black 
spot program can be successful in producing significant casualty crash frequency and cost 
savings with significant economic benefit to the community. This is not to say, however, that 
every black spot program as a whole, implemented in any manner, would produce the benefits 
shown in this study. This is because the overall program benefits measured here apply to the 
program as it was implemented here. In planning effective future black spot programs, it is 
more relevant to examine results by treatment type and sub-treatment types and build 
programs comprised of those treatment types found to be effective.  
 
The majority of treatment types showing statistically significant casualty crash reductions in 
this study are based on treatments carried out at a reasonable number of sites (5 or more) and 
hence the results are most likely able to be generalised to predict the likely effectiveness of 
future treatments. There are however a few treatment types found to be successful here that 
are base on only a few treated sites. These should be treated with caution when predicting the 
future success of these treatments in case the sites undergoing those treatments in this study 
were atypical of sites usually receiving such treatment. The same comment may be leveled at 
treatment sites found to be unsuccessful in this study. If the results are based on relatively few 
sites receiving that treatment, then this may not be truly indicative of the treatment potential 
for success if there was something unusual about those few sites treated. It is beyond the 
scope of this study to assess the appropriateness of each treatment at each site examined in 
this study to fully assess the ability to generalise results. 
 
On the topic of generalising results beyond this study, it is interesting to note that the 
estimated Net Present Worth of the black spot program evaluated here of $277m is higher 
than the Victorian Government's investment of $240m in the accident black spot program 
recently commenced. This demonstrates clearly that programs of black spot treatments can be 
self perpetuating if the community benefits gained from one program are re-invested in future 
program for the overall continuing benefit of road safety. 
 
5.2  Casualty crash Costing 

Assessment of the economic worth of the TAC-funded Accident Black Spot Program assessed 
in this study have been based on casualty crash costs derived by Andreassen (1992). These 
have been transformed using casualty crash data averages to produce average cost per 
casualty crash, by casualty crash severity stratified by urban and rural location of casualty 
crash. The casualty crash costs of Andreassen (1992) have been used in many road safety 
studies since their computation. More recently, the Bureau of Transport Economics (BTE) 
have derived an updated set of casualty crash costs (BTE 2000) based on a number of 
different computational methods and assumptions to those of Andreassen (1992) to produce 
average casualty crash costs by casualty crash severity. 
 
Table 11 shows the estimates of casualty crash cost by casualty crash severity produces for 
use here and by the BTE. 
 
Table 11: Comparison of casualty crash costing used in this study and those proposed by 
BTE (2000) 
 Urban casualty 

crash costs used in 
this study 

Rural casualty 
crash costs used in 

this study 

BTE casualty crash 
cost estimates 
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Fatal Casualty crash 784,091 843,804 1,652,994 
Serious Injury 
Casualty crash 

119,428 124,116 407,990 

Other Injury 
Casualty crash 

7,320 7,657 13,776 

 
Table 11 shows that the BTE study values fatal and other injury casualty crashes at a level 
roughly twice that used in this study whilst serious injury casualty crashes are valued by the 
BTE at roughly 3.4 times the value used in this study. Weighting these differences by the 
relative number of fatal serious and other injury casualty crashes in a given year, this means 
that BTE would value casualty crash savings on average 2.9 times the value given in this 
study.  
 
Using the casualty crash cost estimates derived by the BTE would increase each of the 
estimated BCR figures by a factor of 2.9. This would increase the estimate program BCR 
from 4 to around 12, a very marked increase. Similar increases would be seen in the other 
statistically significant BCRs estimated whilst some of the non-significant BCRs shown in 
Appendix 4 would become significantly greater than 1. These changes would also be reflected 
in the estimated NPWs, all of which would increase accordingly. 
 
Use of the BTE casualty crash costing figures may or may not change the estimated 
percentage casualty crash cost savings found in this evaluation using the Andreassen (1992) 
derived figures. If a treatment changed the severity profile of casualty crashes at a site, then 
the estimated casualty crash cost saving would differ for the two costing methods.  If no 
changes in the casualty crash severity profile were affected by the treatment, the two methods 
would produce identical cost saving estimates. 
 
One issue Table 11 reflects is that the BTE casualty crash cost figures do not include separate 
estimates of casualty crash costing by urban and rural location of casualty crash. The casualty 
crash cost estimates used in the evaluation estimates casualty crash costs in rural areas to be 
around 4 percent higher than in urban areas, reflecting different vehicle occupancy rates and 
average casualty crash severities in the two regions. Whilst the BTE may have estimated 
differential urban and rural casualty crash costs as part their study, they are not reported. 
Another source of information not available from the BTE study that has been used in this 
study is casualty crash incidence costs (including cost such as emergency services attendance 
and vehicle towing). Andreassen (1992) provides incidence costs by specific casualty crash 
types.  Generally, incidence costs make up only a minor proportion of the total costs of a 
casualty crash, especially when high severity injuries occur. 
 
The issue of casualty crash costing is a vexed one and constant debate arises about the most 
appropriate manner of costing road trauma in Australia. Issues such as whether to use human 
capital or willingness to pay approach to computing casualty crash costs can make vast 
differences to the cost estimates obtained. This study has used one particular means of costing 
casualty crashes and interpretation of the results on casualty crash cost saving and economic 
worth of the program should be made with respect to the assumptions and methods used to 
produce these costs. There are other methods that could have been used. One of the primary 
reasons for choosing the methods used here was to be consistent with the previous evaluations 
of the TAC-funded Accident Black Spot Program in Victoria, hence allowing direct 
comparison with the results of this study.   
  

EVALUATION OF THE 1992-1996 TAC-FUNDED ABS TREATMENT PROGRAM IN VICTORIA 23 



6  ASSUMPTIONS  

In estimating the effectiveness of the TAC-funded Accident Black Spot Program in reducing 
casualty crash frequency and costs, as well as in computation of the economic indicators for 
the program, a number of assumptions have been made. These are as follows.  
 
• Descriptions of the accident black spot treatments supplied by VicRoads were accurate 

and led to accurate identification of the geographical location of the treated site for 
analysis purposes. No independent audit of the sites was undertaken to verify location and 
treatment details. 

• Control sites selected for the analysis accurately and fully represented the effects of other 
factors besides the treatment at the black spot sites on casualty crash frequency and 
casualty crash cost. 

• The form of the statistical models and error structures chosen was the most appropriate for 
the analysis and provided accurate and unbiased estimates of program effectiveness. 

• Casualty crash costs used in the analysis appropriately reflected the real cost of casualty 
crashes to the community. 

 
7 CONCLUSIONS 

This report presents the results of an evaluation of the Transport Accident Commission (TAC) 
funded Accident Black Spot Program, implemented during 1992/93 to 1995/96. 559 
hazardous locations throughout Victoria were treated at a cost of $85m. The performance of 
black spot programs relies heavily on systematic and rigorous methods for identifying 
hazardous road locations and on implementing appropriate treatment types that target 
predominant casualty crash types.  The purpose of this study was to evaluate the effectiveness 
of the TAC-funded program in terms of reductions in casualty crashes and costs at treated 
locations, and the economic worth of treatments.  The evaluation addressed the economic 
impacts on the community, and examined effectiveness by treatment type.  The results 
provide the TAC, VicRoads and other responsible agencies with reliable, objective 
information for enhancing strategies for future road safety investment. 
 
The results showed the Program has been effective overall, yielding positive outcomes for the 
community. In summary, the Program has reduced reported casualty crash numbers by 26.4%, 
and has reduced casualty crash costs to the community by 29.6%.  Over its full life, the 
program was estimated to deliver safety benefits to the community 4.1 times Program costs, 
rising to 5.1 times the program cost if seven high-cost treatments, included in the program for 
reasons in addition to poor casualty crash record alone, are excluded.  Expressed differently, 
the Program was estimated to achieve a Net Present Worth of $274m for the community or 
$277m if the seven high-cost sites are excluded.   
 

Evaluation of the program has identified some treatment types that were highly successful, 
while others seem to have been unsuccessful or have not been proved successful because of 
insufficient numbers of sites having undergone these treatment types in the program. 
Treatment types that showed statistically reliable reductions in casualty crash frequencies and 
costs to the community were: 
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• New Roundabout (73% and 87%, respectively) 

• Fully Controlled Right Turn Phases at signals (32% and 40%) 

• Channelisation (36% and 55%) 

• Splitter Islands (26% and 40%) 

• Pavement Resealing along routes (44% and 66%) 

• Edge Line Marking (23% and 30%) 

• Shoulder Sealing (30% and 29%) 

 

Further more, the following treatment types also showed statistically significant casualty 
crash savings but did not have estimated casualty crash cost savings that achieved statistical 
significance, even though many of the estimated casualty crash cost savings were relatively 
large (shown in brackets). 

 

• Modify Existing Roundabout 57% (58%) 

• New Signals 32% (16%) 

• Street Lighting 29% (30%) 

• Staggered T Intersection 86% (98%) 

• Left Turn Slip Lane 30% (25%) 

• New Pedestrian Operated Signals 34% (41%) 

• Median Construction on Route 61% (66%) 

• Curve Delineation on Route 51% (20%) 

• Curve Realignment 46% (32%) 

• Pavement Widening 31% (37%) 

•  

There have been two main benefits of the Program and its subsequent evaluation.  Firstly, 
there are immediate benefits in the form of an estimated saving of over 590 casualty crashes 
per annum at treated locations.  Secondly, there are long term benefits in the form of 
improved performance of future black spot programs, achievable through more sharply 
focused investment strategies. These strategies should be based on greater use of highly 
successful treatments, particularly the types listed above.  At the same time, there should be a 
reduced emphasis and, in some cases, further research on countermeasure types that have not 
demonstrated successful outcomes. 
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APPENDIX 1 

Listing of Treatment Categories 

 



 



 
1.0  Intersection Treatments (308 trts.) 
1.1  Roundabout 

1.1.1  modify existing 
1.1.2  new 

1.2  Grade separation 
1.3  Signal remodel 

1.3.1  fully controlled right turn phase 
1.3.2  partial right turn phase  
1.3.3  new signal hardware 
1.3.4  mast arm 
1.3.5 signal linking 

1.4  New signals 
1.5  Rail level crossing treatments 

1.5.1  boom barriers 
1.5.2  pedestrian gates 
1.5.3  flashing lights and signs 

1.6  Other intersection improvements 
1.6.1  street lighting 
1.6.2  channelisation 
1.6.3  splitter islands 
1.6.4  staggered-T treatment 
1.6.5  signs 
1.6.6  skid resistant surfacing 
1.6.7  line marking 
1.6.8 raised reflective pavement 
markers 
1.6.9  kerb extensions 
1.6.10 five-lane treatments 
1.6.11 left turn slip lane 
1.6.12 left turn lane 
1.6.13 right turn lane 
1.6.14 freeway ramp modification 

2.0  Pedestrian Facilities (15 trts.) 
2.1  new pedestrian operated signals 
2.2  remodelled pedestrian operated signals 
2.3  school crossing warning signals 
2.4  relocated crossing 

3.0  Route Treatments (190 trts.) 
3.1  Freeway construction 
3.2  Public street lighting 

3.2.1  new 
3.2.2  upgrade existing 

3.3  Pavement resealing 
3.4  Roadway delineation 

3.4.1  median 
3.4.2  edge marking 
3.4.3  tactile edge marking 
3.4.4  curve 

3.5  Curve realignment 
3.6  Shoulder sealing 

3.6.1 S/Seal with Tactile LM 
3.6.2 S/Seal with Regular LM 
3.6.3 S/Seal, Obs Clr & TLM 
3.6.4. S/Seal, Obs Clr & RLM 

3.7  Overtaking lanes 
3.8  Two lanes upgraded to four lanes 
3.9  Pavement widening 
4.0  Treatment of Road Features 
(39 trts.) 
4.1  Roadside hazards 

4.1.1  pole relocation 
4.1.2  frangible poles 
4.1.3  hazard removal 
4.1.4  energy absorbing protection 
(e.g. guardrail) 

4.2  Bridge hazard/end post treatments 
4.2.1  guard rail 
4.2.2  hazard delineation 
4.2.3  shoulder sealing 
4.2.4  bridge widening 
4.2.5  culvert widening and 
flattening 

 
 

 

 



 

 



 
 
 
 
 
 

APPENDIX 2 
Estimated Casualty Crash Effects Attributable to the Black Spot Program 

 

 



 

 



Crash Effects Summary         
      Estimated   

Number Treatment Treatment Crashes Control Crashes Crash 95% CL  
of Sites Cost Before After Before After Reduction Lower  Upper p* 

Program Whole Program 559 $84,624,889 11243 6298 534597 344280 26.42% 23.55% 29.18% <.0001 
         

Program + 7 High Cost Sites           
 Progam Excl. 7 High Cost Sites 552 $54,265,443 10938 6206 524882 337779 25.29% 22.33% 28.13% <.0001 

7 High Cost Sites 7 $30,359,446 305 92 9715 6501 57.28% 45.77% 66.36% <.0001 
4 Broad Categories           

 1 : Intersection Treatments 308 $21,173,703 3711 1680 404530 254339 27.63% 23.10% 31.90% <.0001 
 2 : Pedestrian Facilities 15 $541,352 106 66 21617 15184 12.30% -20.12% 35.97% 0.4131 
 3 : Route Treatments 190 $30,305,199 6011 3811 70869 49958 28.54% 24.42% 32.43% <.0001 
 4 : Treat Road Features 39 $2,245,189 1110 649 27866 18298 4.54% -5.80% 13.88% 0.3759 

Level 1            
 1.1 : Roundabout 52 $6,729,844 381 72 58869 38440 70.17% 61.52% 76.87% <.0001 
 1.3 : Signal Remodel 98 $5,218,925 1631 739 149195 91012 24.85% 17.81% 31.29% <.0001 
 1.4 : New Signals 35 $4,138,546 390 163 54544 35682 32.08% 18.19% 43.61% <.0001 
 1.5 : Rail Level Crossing Treat's 6 $1,021,792 20 7 6399 3091 39.52% -45.18% 74.81% 0.2604 
 1.6 : Other Intersection Imp. 117 $4,064,596 1289 699 135523 86114 15.76% 7.10% 23.61% 0.0006 
 2.1 : New Ped. Operated Sigs. 9 $484,052 54 30 14522 10784 33.87% -3.82% 57.87% 0.0723 
 2.2 : Remodel Ped Signals 2 $16,374 4 5 2795 1702 -41.21% -431.67% 62.49% 0.6099 
 2.3 : School X-ing Warning Signs 1 $10,845 16 12 1190 495 -76.76% -275.99% 16.91% 0.1391 
 2.4 : Relocate Crossing 1 $6,081 14 3 827 320 46.44% -87.56% 84.70% 0.3289 
 2.5 : Central Median 1 $9,000 10 7 1399 755 -30.16% -243.36% 50.66% 0.5943 
 3.2 : Public Street Lighting 6 $315,445 232 121 9335 5921 11.10% -11.24% 28.96% 0.3036 
 3.3 : Pavement Resealing 3 $329,625 71 28 2206 1512 44.35% 12.69% 64.53% 0.0108 
 3.4 : Roadway Delineation 56 $1,892,317 3549 2563 11362 8598 28.26% 22.13% 33.90% <.0001 
 3.5 : Curve Realignment 5 $575,885 31 13 2387 1621 46.31% -3.47% 72.14% 0.0631 
 3.6 : Shoulder Sealing 101 $22,608,170 1963 984 38978 27115 30.70% 24.60% 36.30% <.0001 
 3.7 : Overtaking Lanes 13 $4,051,482 87 55 2036 1544 11.35% -25.88% 37.57% 0.5005 
 3.9 : Pavement Widening 6 $532,275 78 47 4565 3647 30.89% 0.06% 52.21% 0.0496 
 4.1 : Roadside Hazards 22 $1,659,382 1064 614 25453 16530 4.35% -6.31% 13.94% 0.409 
 4.2 : Bridge Treatments 17 $585,807 46 35 2413 1768 7.17% -46.82% 41.31% 0.7506 

          
          
          
          

 



Crash Effects Summary         
      Estimated   

Number Treatment Treatment Crashes Control Crashes Crash 95% CL  
of Sites Cost Before After Before After Reduction Lower  Upper p* 

Level 2           
 1.1.1 : Mod. Existing R'dabout 5 $328,114 78 19 5229 2723 57.16% 29.02% 74.14% 0.001 
 1.1.2 : New Roundabout 47 $6,401,730 303 53 53640 35717 73.22% 64.04% 80.06% <.0001 
 1.3.1 : FCRT 47 $1,941,544 834 342 69704 42347 32.02% 22.71% 40.21% <.0001 
 1.3.2 : PCRT 3 $58,860 76 37 3181 2193 15.68% -26.18% 43.66% 0.4069 
 1.3.3 : New Signal Hardware 1 $62,716 21 15 1013 714 -1.85% -98.86% 47.84% 0.9572 
 1.3.4 : Mast Arm 8 $285,583 123 88 11291 6661 -21.05% -60.05% 8.45% 0.1802 
 1.3.5 : Signal Linking 1 $33,200 10 9 1327 706 -64.28% -305.90% 33.51% 0.2821 
 1.5.1 : Boom Barriers 2 $539,335 2 2 1654 640 -150.75% -1687.52% 64.82% 0.3589 
 1.5.2 : Pedestrian Gates 3 $348,702 12 5 4597 2294 15.77% -140.37% 70.48% 0.7484 
 1.5.3 : Flashing Lights and Signs 1 $133,755 6 0 148 157 100.00% 0.00% 100.00% 0.9833 
 1.6.1 : Street Lighting 11 $347,633 268 100 16198 8801 28.85% 10.07% 43.71% 0.0044 
 1.6.2 : Channelisation 15 $591,816 131 50 21345 11384 36.37% 11.38% 54.31% 0.0075 
 1.6.3 : Splitter Islands 38 $677,203 211 125 18895 13097 26.57% 7.21% 41.90% 0.0097 
 1.6.4 : Staggered T 2 $125,976 10 1 504 361 86.00% -9.96% 98.22% 0.0615 
 1.6.5 : Signs 5 $50,542 125 117 4368 2734 -8.92% -48.28% 20.00% 0.5873 
 1.6.6 : Skid Resist. Surface 9 $382,717 85 57 12183 6448 -24.45% -75.85% 11.93% 0.215 
 1.6.7 : Line Marking 3 $16,366 34 33 2540 2556 15.81% -37.02% 48.27% 0.4886 
 1.6.8 : RRPMs 2 $64,187 50 31 1483 787 -41.43% -124.12% 10.76% 0.1402 
 1.6.9 : Kerb Extensions 1 $4,740 13 15 2079 1055 -120.58% -365.19% -4.60% 0.0377 
 1.6.10 : Five Lane Treat. 1 $4,163 5 2 1449 758 24.70% -288.99% 85.42% 0.7349 
 1.6.11 : Left Turn Slip Lane 6 $448,680 152 50 8124 3931 29.70% 2.90% 49.11% 0.0325 
 1.6.12 : Left Turn Lane 3 $236,223 41 20 5293 3183 21.26% -36.56% 54.60% 0.3949 
 1.6.13 : Right Turn Lane 13 $710,641 94 46 13250 8299 19.64% -14.89% 43.80% 0.2305 
 1.6.14 : Freeway Ramp Mod. 2 $13,739 24 11 3244 1482 -10.64% -127.28% 46.14% 0.783 
 3.2.1 : New Lighting 5 $276,792 227 117 8477 5332 12.19% -10.27% 30.08% 0.2635 
 3.2.2 : Upgrade Lighting 1 $38,653 5 4 858 589 -23.94% -363.16% 66.84% 0.7496 
 3.4.1 : Median 2 $133,700 28 9 948 433 60.77% 13.59% 82.19% 0.0202 
 3.4.3 : Edge Line Marking 40 $1,034,718 3243 2442 4240 3423 23.56% 16.46% 30.05% <.0001 
 3.4.4 : Curve Delineation 9 $676,451 179 68 2421 1772 50.51% 33.13% 63.38% <.0001 
 3.6.1 : S/Seal + Tactile LM 6 $3,093,932 160 113 710 510 17.83% -8.98% 38.05% 0.1727 
 3.6.2 : S/Seal + Regular LM 78 $16,642,106 1550 796 35529 24918 29.20% 22.34% 35.46% <.0001 
 3.6.4 : S/Seal, Obs. Clr + RLM 17 $2,872,132 253 75 2739 1687 50.94% 34.80% 63.08% <.0001 
 4.1.1 : Pole Relocation 2 $16,936 5 2 1962 1322 40.45% -207.47% 88.47% 0.536 

 



Crash Effects Summary         
      Estimated   

Number Treatment Treatment Crashes Control Crashes Crash 95% CL  
of Sites Cost Before After Before After Reduction Lower  Upper p* 

 4.1.2 : Frangible Poles 5 $251,485 239 162 9470 6252 0.57% -22.37% 19.21% 0.9573 
 4.1.3 : Hazard Removal 7 $773,125 519 291 8028 4941 6.49% -9.19% 19.92% 0.3965 
 4.1.4 : Energy Abs. Prot. 8 $617,836 301 159 5993 4015 2.53% -19.18% 20.28% 0.8031 
 4.2.1 : Guard Rail 14 $364,596 42 35 1775 1495 -0.61% -60.63% 36.98% 0.9797 
 4.2.3 : Bridge S/Seal 1 $36,946 1 0 269 77 100.00% 0.00% 100.00% 0.9962 
 4.2.4 : Bridge Widening 1 $131,343 1 0 125 51 100.00% 0.00% 100.00% 0.9957 

4.2.5 : Culvert Widening and 
Flattening 

1 $52,922 2 0 244 145 100.00% 0.00% 100.00% 0.9928 

        
NOTES       Bold  = Statistically Significant at 5% Level 

 = Statistically Significant at 10% Level Negative reductions indicate an increase    Bold 
N/A = No result available because of insufficient data         
Before and after treatment time periods are not necessarily equal       
Not all treatments have level 1 and level 2 categorisations         
Confidence limits are assymetrical due to the log linear model structure      

 

 



 



 
 
 
 
 
 

APPENDIX 3 
Estimated Casualty Crash Cost Effects Attributable to the Black Spot Program 

 



 



Crash Cost Effects Summary    
 Estimated   

Number Treatment Treatment Crashes Control Crashes Cost 95% CL  
of Sites Cost Before After Before After Reduction Lower  Upper p* 

Program Whole Program 559 $84,624,889 $989,011,193 $490,244,156 $35,881,785,602 $21,587,742,095 29.59% 24.05% 34.74% <.0001 
         

Program + 7 High Cost Sites           
 Progam Excl. 7 High Cost Sites 552 $54,265,443 $965,575,577 $483,425,382 $35,191,095,124 $21,151,528,867 28.59% 22.90% 33.86% <.0001 

7 High Cost Sites 7 $30,359,446 $23,435,616 $6,818,774 $690,690,478 $436,213,228 58.10% 32.40% 74.03% 0.0004 
4 Broad 
Categories 

          

 1 : Intersection Treatments 308 $21,173,703 $232,188,220 $89,634,434 $26,293,155,258 $15,400,081,809 34.60% 24.77% 43.15% <.0001 
 2 : Pedestrian Facilities 15 $541,352 $7,647,164 $4,670,720 $1,355,296,189 $901,058,842 13.08% -65.70% 54.41% 0.6701 
 3 : Route Treatments 190 $30,305,199 $635,613,057 $342,723,701 $5,665,471,077 $3,672,998,651 29.00% 21.61% 35.69% <.0001 
 4 : Treat Road Features 39 $2,245,189 $90,127,136 $46,396,527 $1,877,172,600 $1,177,389,565 10.68% -10.08% 27.52% 0.2898 
Level 1            

 1.1 : Roundabout 52 $6,729,844 $22,965,423 $2,424,533 $3,872,567,749 $2,348,531,058 83.32% 65.72% 91.89% <.0001 
 1.3 : Signal Remodel 98 $5,218,925 $95,838,096 $35,557,493 $9,486,925,071 $5,397,527,835 33.73% 17.98% 46.46% 0.0002 
 1.4 : New Signals 35 $4,138,546 $19,799,581 $9,166,232 $3,508,160,294 $2,108,597,483 16.66% -27.99% 45.74% 0.405 
 1.5 : Rail Level Crossing Treat's 6 $1,021,792 $4,610,203 $1,919,038 $427,811,182 $183,374,612 21.77% -99.26% 69.29% 0.6067 
 1.6 : Other Intersection Imp. 117 $4,064,596 $88,974,917 $40,567,138 $8,997,690,962 $5,362,050,821 25.99% 8.47% 40.16% 0.0055 
 2.1 : New Ped. Operated Sigs. 9 $484,052 $5,283,451 $2,428,196 $929,894,457 $641,057,705 40.71% -36.32% 74.22% 0.2184 
 2.2 : Remodel Ped Signals 2 $16,374 $192,702 $316,571 $156,719,945 $93,390,800 -59.19% -3335.71% 92.62% 0.7668 
 2.3 : School X-ing Warning Signs 1 $10,845 $649,762 $805,520 $71,689,145 $31,949,469 -173.77% -1514.30% 53.57% 0.2659 
 2.4 : Relocate Crossing 1 $6,081 $738,207 $48,278 $50,985,921 $14,474,047 76.91% -3237.48% 99.84% 0.5635 
 2.5 : Central Median 1 $9,000 $308,744 $582,595 $80,846,308 $45,206,423 -237.64% -3476.72% 68.13% 0.3123 
 3.2 : Public Street Lighting 6 $315,445 $16,373,033 $8,737,042 $604,314,589 $377,551,164 6.00% -47.83% 40.23% 0.7886 
 3.3 : Pavement Resealing 3 $329,625 $6,791,305 $1,415,673 $169,016,261 $109,124,858 65.76% 6.90% 87.41% 0.0357 
 3.4 : Roadway Delineation 56 $1,892,317 $375,545,701 $223,548,138 $1,051,083,665 $724,421,839 30.62% 20.24% 39.64% <.0001 
 3.5 : Curve Realignment 5 $575,885 $3,885,618 $1,598,054 $179,315,749 $108,393,736 31.95% -86.42% 75.16% 0.4541 
 3.6 : Shoulder Sealing 101 $22,608,170 $216,124,107 $97,495,043 $3,151,066,856 $1,972,951,488 29.15% 17.98% 38.80% <.0001 
 3.7 : Overtaking Lanes 13 $4,051,482 $10,084,837 $6,542,303 $205,318,387 $140,470,151 -3.55% -81.39% 40.88% 0.9029 
 3.9 : Pavement Widening 6 $532,275 $6,808,456 $3,387,448 $305,355,570 $240,085,415 36.82% -28.97% 69.05% 0.2072 
 4.1 : Roadside Hazards 22 $1,659,382 $84,864,033 $43,103,384 $1,654,428,033 $1,016,511,364 9.13% -12.52% 26.61% 0.3797 
 4.2 : Bridge Treatments 17 $585,807 $5,263,103 $3,293,143 $222,744,567 $160,878,201 26.11% -60.07% 65.89% 0.443 
Level 2           

 1.1.1 : Mod. Existing R'dabout 5 $328,114 $3,368,757 $799,800 $358,612,042 $179,149,778 58.14% -55.14% 88.71% 0.1925 
 1.1.2 : New Roundabout 47 $6,401,730 $19,596,666 $1,624,733 $3,513,955,707 $2,169,381,280 87.25% 69.82% 94.62% <.0001 
 1.3.1 : FCRT 47 $1,941,544 $46,168,643 $15,183,413 $4,516,111,608 $2,536,839,375 40.15% 17.93% 56.36% 0.0014 
 1.3.2 : PCRT 3 $58,860 $4,075,660 $1,621,091 $194,085,926 $135,242,100 29.85% -89.11% 73.98% 0.4834 
 1.3.3 : New Signal Hardware 1 $62,716 $743,114 $1,575,068 $73,003,399 $44,346,574 -258.95% -1487.05% 18.82% 0.092 
 1.3.4 : Mast Arm 8 $285,583 $9,508,362 $3,749,193 $734,898,818 $389,300,033 25.90% -41.84% 61.29% 0.3655 
 1.3.5 : Signal Linking 1 $33,200 $1,197,909 $161,796 $99,569,225 $48,614,181 73.67% -323.72% 98.36% 0.3465 
 1.5.1 : Boom Barriers 2 $539,335 $877,817 $34,780 $101,971,842 $28,948,094 86.21% -4157.69% 99.96% 0.4982 
 1.5.2 : Pedestrian Gates 3 $348,702 $2,774,700 $1,884,258 $317,519,621 $144,977,074 -36.25% -273.27% 50.27% 0.5475 
 1.5.3 : Flashing Lights and Signs 1 $133,755 $957,686 $0 $8,319,719 $9,449,444 100.00% 0.00% 100.00% 0.9803 
 1.6.1 : Street Lighting 11 $347,633 $13,921,869 $5,305,877 $1,031,918,787 $535,659,173 29.67% -21.18% 59.18% 0.2047 

 



Crash Cost Effects Summary    
 Estimated   

Number Treatment Treatment Crashes Control Crashes Cost 95% CL  
of Sites Cost Before After Before After Reduction Lower  Upper p* 

 1.6.2 : Channelisation 15 $591,816 $9,425,414 $2,251,106 $1,405,756,487 $719,217,115 54.57% 0.32% 79.29% 0.0491 
 1.6.3 : Splitter Islands 38 $677,203 $22,660,401 $9,577,957 $1,410,263,162 $893,634,593 40.42% 8.61% 61.16% 0.0177 
 1.6.4 : Staggered T 2 $125,976 $1,387,564 $20,204 $34,948,222 $23,743,914 97.98% -3311.89% 100.00% 0.3035 
 1.6.5 : Signs 5 $50,542 $9,357,089 $8,264,512 $307,784,674 $174,272,792 -26.78% -130.37% 30.23% 0.4362 
 1.6.6 : Skid Resist. Surface 9 $382,717 $3,784,988 $2,551,763 $778,941,564 $389,775,038 -43.98% -239.66% 38.97% 0.4052 
 1.6.7 : Line Marking 3 $16,366 $2,669,918 $1,425,922 $173,043,724 $163,595,495 50.02% -51.36% 83.49% 0.2199 
 1.6.8 : RRPMs 2 $64,187 $2,848,853 $2,024,279 $91,119,033 $47,445,324 -53.97% -312.43% 42.52% 0.3906 
 1.6.9 : Kerb Extensions 1 $4,740 $696,343 $766,373 $126,281,482 $56,320,025 -132.75% -1226.96% 59.18% 0.3414 
 1.6.10 : Five Lane Treat. 1 $4,163 $202,255 $35,764 $83,603,213 $45,913,933 68.03% -12913.4% 99.92% 0.7099 
 1.6.11 : Left Turn Slip Lane 6 $448,680 $8,024,143 $2,427,228 $527,259,664 $235,847,317 24.93% -63.53% 65.53% 0.4705 
 1.6.12 : Left Turn Lane 3 $236,223 $2,825,942 $732,189 $422,521,319 $225,946,497 56.97% -74.39% 89.38% 0.2376 
 1.6.13 : Right Turn Lane 13 $710,641 $7,231,968 $2,135,635 $888,715,214 $510,690,574 47.49% -19.78% 76.98% 0.1257 
 1.6.14 : Freeway Ramp Mod. 2 $13,739 $2,008,751 $779,553 $188,970,276 $82,438,663 11.46% -263.31% 78.42% 0.8659 
 3.2.1 : New Lighting 5 $276,792 $16,049,732 $7,664,281 $541,786,528 $338,742,370 16.76% -33.24% 47.99% 0.4446 
 3.2.2 : Upgrade Lighting 1 $38,653 $323,301 $1,072,761 $62,528,061 $38,808,794 -488.38% -4749.94% 28.62% 0.0996 
 3.4.1 : Median 2 $133,700 $1,782,692 $386,042 $58,836,319 $20,167,137 66.44% -133.68% 95.18% 0.2701 
 3.4.3 : Edge Line Marking 40 $1,034,718 $353,479,224 $212,435,915 $478,361,926 $359,667,099 30.64% 19.67% 40.11% <.0001 
 3.4.4 : Curve Delineation 9 $676,451 $12,028,860 $6,924,665 $222,984,643 $138,235,815 19.57% -38.23% 53.20% 0.4307 
 3.6.1 : S/Seal + Tactile LM 6 $3,093,932 $22,066,978 $14,628,978 $76,442,547 $46,930,629 3.02% -49.90% 37.26% 0.8901 
 3.6.2 : S/Seal + Regular LM 78 $16,642,106 $164,316,331 $74,602,821 $2,790,948,146 $1,762,785,239 28.84% 16.31% 39.50% <.0001 
 3.6.4 : S/Seal, Obs. Clr + RLM 17 $2,872,132 $29,740,798 $8,263,244 $283,676,163 $163,235,620 50.33% 20.93% 68.80% 0.0032 
 4.1.1 : Pole Relocation 2 $16,936 $425,774 $141,052 $120,524,217 $84,431,777 51.14% -1123.47% 98.05% 0.6629 
 4.1.2 : Frangible Poles 5 $251,485 $14,351,034 $9,137,849 $586,526,244 $369,392,574 3.15% -53.90% 39.05% 0.8923 
 4.1.3 : Hazard Removal 7 $773,125 $47,327,289 $23,233,441 $524,447,047 $287,756,548 9.66% -21.24% 32.69% 0.4983 
 4.1.4 : Energy Abs. Prot. 8 $617,836 $22,759,936 $10,591,042 $422,930,525 $274,930,465 9.42% -36.04% 39.69% 0.6336 
 4.2.1 : Guard Rail 14 $364,596 $4,344,707 $3,293,143 $158,618,384 $133,555,813 13.67% -91.73% 61.13% 0.7181 
 4.2.3 : Bridge S/Seal 1 $36,946 $21,027 $0 $24,438,141 $7,121,930 100.00% 0.00% 100.00% 0.9985 
 4.2.4 : Bridge Widening 1 $131,343 $21,395 $0 $13,002,823 $5,818,649 100.00% 0.00% 100.00% 0.9981 

4.2.5 : Culvert Widening and 
Flattening 

1 $52,922 $875,974 $0 $26,685,219 $14,381,809 100.00% 0.00% 100.00% 0.9868 

        
       Bold  = Statistically Significant at 5% 

Level 
NOTES    Bold  = Statistically Significant at 10% 

Level 
Negative reductions indicate an increase      
N/A = No result available because of insufficient data      
Before and after treatment time periods are not equal      
Not all treatments have level 1 and level 2 categorisations      
Confidence limits are assymetrical due to the log linear      
Not all treatments have level 1 and level 2 categorisations    
Confidence limits are assymetrical due to the log linear model analysis method used    

 



 
 
 
 
 
 
 
 

APPENDIX 4 
Estimated Economic Worth of the Accident Black Spot Program 

 



 



Economic Analysis   
 Estimated   

 Cost 95% CL BCR 95% CL NPV 95% CL 

 Reduction Lower  Upper p* Point Lower CL Upper CL Point Lower CL Upper CL 
Program Whole Program 29.59% 24.05% 34.74% <.0001 4.07 3.31 4.78 $274,131,023.51 $205,992,361.29 $337,292,387.14 

         
Program + 7 High Cost Sites          

 Progam Excl. 7 High Cost Sites 28.59% 22.90% 33.86% <.0001 5.76 4.61 6.82 $277,361,796.41 $210,584,384.87 $339,212,833.89 
 7 High Cost Sites 58.10% 32.40% 74.03% 0.0004 1.01 0.56 1.29 $370,811.54 -$13,533,906.91 $8,989,976.78 

4 Broad Categories           
 1 : Intersection Treatments 34.60% 24.77% 43.15% <.0001 5.33 3.81 6.65 $104,522,190.13 $67,942,181.15 $136,318,870.33 
 2 : Pedestrian Facilities 13.08% -65.70% 54.41% 0.6701 1.92 -9.62 7.97 $750,396.49 -$8,702,154.62 $5,708,645.54 
 3 : Route Treatments 29.00% 21.61% 35.69% <.0001 5.81 4.33 7.16 $149,329,630.61 $103,391,869.10 $190,938,255.28 
 4 : Treat Road Features 10.68% -10.08% 27.52% 0.2898 7.86 -7.42 20.26 $15,684,657.15 -$19,253,735.54 $44,035,316.90 

Level 1            
 1.1 : Roundabout 83.32% 65.72% 91.89% <.0001 5.24 4.13 5.78 $30,500,997.05 $22,537,745.16 $34,375,205.79 
 1.3 : Signal Remodel 33.73% 17.98% 46.46% 0.0002 8.86 4.72 12.21 $42,571,840.23 $20,159,993.98 $60,679,620.04 
 1.4 : New Signals 16.66% -27.99% 45.74% 0.405 0.88 -1.48 2.42 -$722,846.86 -$15,128,254.14 $8,656,964.40 
 1.5 : Rail Level Crossing Treat's 21.77% -99.26% 69.29% 0.6067 1.64 -7.50 5.23 $772,140.11 -$10,183,892.87 $5,073,667.92 
 1.6 : Other Intersection Imp. 25.99% 8.47% 40.16% 0.0055 8.77 2.86 13.56 $32,931,496.19 $7,879,855.27 $53,187,988.11 
 2.1 : New Ped. Operated Sigs. 40.71% -36.32% 74.22% 0.2184 4.62 -4.12 8.42 $2,734,177.28 -$3,867,673.63 $5,605,411.71 
 2.2 : Remodel Ped Signals -59.19% -3335.71% 92.62% 0.7668 -8.88 -500.30 13.89 -$174,978.12 -$8,881,042.64 $228,397.07 
 2.3 : School X-ing Warning Signs -173.77% -1514.30% 53.57% 0.2659 -135.46 -1180.48 41.76 -$1,947,100.32 -$16,858,229.80 $581,636.46 
 2.4 : Relocate Crossing 76.91% -3237.48% 99.84% 0.5635 74.55 -3138.39 96.78 $447,285.62 -$19,090,657.06 $582,466.48 
 2.5 : Central Median -237.64% -3476.72% 68.13% 0.3123 -127.44 -1864.44 36.53 -$1,265,854.61 -$18,385,639.98 $350,224.37 
 3.2 : Public Street Lighting 6.00% -47.83% 40.23% 0.7886 3.81 -30.37 25.55 $1,087,429.26 -$12,132,426.19 $9,493,548.32 
 3.3 : Pavement Resealing 65.76% 6.90% 87.41% 0.0357 18.35 1.93 24.39 $5,718,866.53 $305,155.26 $7,709,694.98 
 3.4 : Roadway Delineation 30.62% 20.24% 39.64% <.0001 32.81 21.69 42.48 $62,626,069.48 $40,734,943.91 $81,669,559.84 
 3.5 : Curve Realignment 31.95% -86.42% 75.16% 0.4541 3.24 -8.76 7.62 $1,297,889.48 -$5,658,114.62 $3,836,896.79 
 3.6 : Shoulder Sealing 29.15% 17.98% 38.80% <.0001 4.32 2.67 5.75 $76,193,461.03 $38,202,087.43 $109,010,475.79 
 3.7 : Overtaking Lanes -3.55% -81.39% 40.88% 0.9029 -0.16 -3.71 1.86 -$4,958,887.14 -$20,099,977.88 $3,684,999.20 
 3.9 : Pavement Widening 36.82% -28.97% 69.05% 0.2072 7.93 -6.24 14.88 $3,767,118.99 -$3,935,097.33 $7,540,125.33 
 4.1 : Roadside Hazards 9.13% -12.52% 26.61% 0.3797 8.63 -11.84 25.16 $12,808,928.59 -$21,549,881.39 $40,558,446.36 
 4.2 : Bridge Treatments 26.11% -60.07% 65.89% 0.443 4.12 -9.48 10.39 $1,895,111.66 -$6,365,009.30 $5,708,107.66 

Level 2           
 1.1.1 : Mod. Existing R'dabout 58.14% -55.14% 88.71% 0.1925 9.23 -8.75 14.08 $3,086,204.62 -$3,657,687.34 $4,905,725.47 
 1.1.2 : New Roundabout 87.25% 69.82% 94.62% <.0001 5.03 4.02 5.45 $27,460,150.06 $20,610,075.35 $30,353,027.20 
 1.3.1 : FCRT 40.15% 17.93% 56.36% 0.0014 12.65 5.65 17.75 $24,323,189.73 $9,707,558.93 $34,981,453.78 
 1.3.2 : PCRT 29.85% -89.11% 73.98% 0.4834 25.32 -75.57 62.74 $1,568,431.52 -$4,938,472.63 $3,981,993.83 
 1.3.4 : Mast Arm 25.90% -41.84% 61.29% 0.3655 12.37 -19.99 29.28 $3,451,183.76 -$6,368,362.85 $8,580,780.01 
 1.3.5 : Signal Linking 73.67% -323.72% 98.36% 0.3465 34.29 -150.66 45.78 $1,149,760.85 -$5,238,689.84 $1,546,765.13 
 1.5.1 : Boom Barriers 86.21% -4157.69% 99.96% 0.4982 2.33 -112.42 2.70 $848,461.55 -$72,303,935.01 $1,085,420.80 
 1.5.2 : Pedestrian Gates -36.25% -273.27% 50.27% 0.5475 -5.22 -39.37 7.24 -$2,353,074.11 -$15,267,229.00 $2,360,714.63 
 1.5.3 : Flashing Lights and Signs 100.00% 0.00% 100.00% 0.9803 10.28 0.00 10.28 $1,697,693.19 -$182,845.74 $1,697,694.73 

 



Economic Analysis   
 Estimated   

 Cost 95% CL BCR 95% CL NPV 95% CL 

 Reduction Lower  Upper p* Point Lower CL Upper CL Point Lower CL Upper CL 
 1.6.1 : Street Lighting 29.67% -21.18% 59.18% 0.2047 13.35 -9.53 26.63 $5,306,325.86 -$4,523,607.46 $11,011,286.89 
 1.6.2 : Channelisation 54.57% 0.32% 79.29% 0.0491 15.43 0.09 22.42 $8,682,108.43 -$546,851.80 $12,888,404.19 
 1.6.3 : Splitter Islands 40.42% 8.61% 61.16% 0.0177 25.13 5.35 38.03 $16,691,775.19 $3,010,871.76 $25,610,321.38 
 1.6.4 : Staggered T 97.98% -3311.89% 100.00% 0.3035 17.91 -605.55 18.28 $2,197,412.87 -$78,799,427.76 $2,245,423.06 
 1.6.5 : Signs -26.78% -130.37% 30.23% 0.4362 -39.59 -192.73 44.69 -$2,051,711.22 -$9,791,747.82 $2,207,970.38 
 1.6.6 : Skid Resist. Surface -43.98% -239.66% 38.97% 0.4052 -4.29 -23.39 3.80 -$2,027,535.31 -$9,344,278.62 $1,073,950.61 
 1.6.7 : Line Marking 50.02% -51.36% 83.49% 0.2199 76.98 -79.04 128.50 $1,308,471.81 -$1,378,483.22 $2,195,765.35 
 1.6.8 : RRPMs -53.97% -312.43% 42.52% 0.3906 -32.15 -186.09 25.33 -$2,127,644.91 -$12,008,965.02 $1,561,350.28 
 1.6.9 : Kerb Extensions -132.75% -1226.96% 59.18% 0.3414 -333.8 -3085.69 148.82 -$1,587,223.05 -$14,630,925.19 $700,665.64 
 1.6.10 : Five Lane Treat. 68.03% -12913.4% 99.92% 0.7099 56.59 -10741.02 83.11 $231,387.11 -$44,715,599.90 $341,804.87 
 1.6.11 : Left Turn Slip Lane 24.93% -63.53% 65.53% 0.4705 7.94 -20.25 20.89 $3,152,724.00 -$9,646,295.08 $9,028,608.10 
 1.6.12 : Left Turn Lane 56.97% -74.39% 89.38% 0.2376 13.25 -17.30 20.78 $2,922,711.79 -$4,366,810.26 $4,721,292.72 
 1.6.13 : Right Turn Lane 47.49% -19.78% 76.98% 0.1257 9.24 -3.85 14.98 $6,070,120.77 -$3,571,421.37 $10,297,190.72 
 1.6.14 : Freeway Ramp Mod. 11.46% -263.31% 78.42% 0.8659 32.59 -748.94 223.06 $434,028.47 -$10,303,109.74 $3,050,745.76 
 3.2.1 : New Lighting 16.76% -33.24% 47.99% 0.4446 11.61 -23.04 33.27 $3,694,571.31 -$8,368,069.89 $11,230,734.35 
 3.2.2 : Upgrade Lighting -488.38% -4749.94% 28.62% 0.0996 -54.82 -533.18 3.21 -$2,157,605.13 -$20,647,476.57 $85,522.36 
 3.4.1 : Median 66.44% -133.68% 95.18% 0.2701 5.51 -11.08 7.89 $927,895.90 -$2,487,142.71 $1,418,358.03 
 3.4.3 : Edge Line Marking 30.64% 19.67% 40.11% <.0001 53.94 34.63 70.62 $54,780,749.67 $34,797,522.81 $72,035,530.67 
 3.4.4 : Curve Delineation 19.57% -38.23% 53.20% 0.4307 5.31 -10.38 14.45 $2,937,814.90 -$7,749,882.09 $9,156,417.79 
 3.6.1 : S/Seal + Tactile LM 3.02% -49.90% 37.26% 0.8901 0.31 -5.20 3.88 -$2,119,615.02 -$19,175,551.67 $8,914,439.26 
 3.6.2 : S/Seal + Regular LM 28.84% 16.31% 39.50% <.0001 4.40 2.49 6.03 $57,662,282.21 $25,226,071.05 $85,239,429.33 
 3.6.4 : S/Seal, Obs. Clr + RLM 50.33% 20.93% 68.80% 0.0032 8.58 3.57 11.72 $21,851,130.99 $7,403,854.23 $30,926,771.32 
 4.1.1 : Pole Relocation 51.14% -1123.47% 98.05% 0.6629 25.34 -556.73 48.59 $412,252.62 -$9,445,672.30 $805,939.15 
 4.1.2 : Frangible Poles 3.15% -53.90% 39.05% 0.8923 3.43 -58.67 42.50 $610,524.11 -$15,005,145.46 $10,437,456.99 
 4.1.3 : Hazard Removal 9.66% -21.24% 32.69% 0.4983 11.82 -25.99 40.00 $8,367,875.04 -$20,869,389.69 $30,153,450.73 
 4.1.4 : Energy Abs. Prot. 9.42% -36.04% 39.69% 0.6336 5.31 -20.32 22.37 $2,744,986.04 -$13,582,492.61 $13,616,538.32 
 4.2.1 : Guard Rail 13.67% -91.73% 61.13% 0.7181 2.88 -19.31 12.87 $713,879.07 -$7,722,064.71 $4,512,300.61 
 4.2.3 : Bridge S/Seal 100.00% 0.00% 100.00% 0.9985 0.94 0.00 0.94 -$2,233.92 -$38,229.92 -$2,233.89 
 4.2.4 : Bridge Widening 100.00% 0.00% 100.00% 0.9981 0.34 0.00 0.34 -$90,469.32 -$136,146.65 -$90,469.28 

 4.2.5 : Culvert Widening and Flattening 100.00% 0.00% 100.00% 0.9868 28.34 0.00 28.34 $1,446,652.89 -$52,922.00 $1,446,654.16 
   

 = Statistically Significant at 5% Level   
   
   
   
   

  

 



 
 
 
 
 

APPENDIX 5 
Estimated Black Spot Program Effects by Urban and Rural Location 

 

 



 



SEPARATE URBAN AND RURAL ANALYSIS  
   
 Crash Effects Cost Effects
 URBAN Estimated Estimated 
 Crash 95% CL Cost 95% CL 

Reduction Lower  Upper p* Reduction Lower  Upper p* 
Program Whole Program 23.46% 19.58% 27.14% <.0001 25.73% 17.82% 32.87% <.0001 

        
Program + 7 High Cost Sites        

 Progam Excl. 7 High Cost Sites 21.85% 17.83% 25.67% <.0001 23.99% 15.80% 31.38% <.0001 
7 High Cost Sites 53.98% 40.60% 64.35% <.0001 56.54% 27.71% 73.87% 0.0013 

4 Broad Categories          
 1 : Intersection Treatments 27.75% 22.75% 32.42% <.0001 32.60% 21.94% 41.80% <.0001 
 2 : Pedestrian Facilities  8.82% -26.49% 34.27% 0.5804 9.37% -68.20% 51.17% 0.7551 
 3 : Route Treatments  22.60% 14.15% 30.22% <.0001 21.54% 5.35% 34.96% 0.0112 
 4 : Treat Road Features  3.51% -7.33% 13.25% 0.5105 7.19% -13.95% 24.41% 0.4762 
Level 1           
 1.1 : Roundabout  72.34% 60.65% 80.56% <.0001 83.07% 55.69% 93.53% 0.0003 
 1.3 : Signal Remodel  25.81% 18.66% 32.34% <.0001 36.90% 22.42% 48.68% <.0001 
 1.4 : New Signals  34.64% 20.34% 46.36% <.0001 18.71% -23.44% 46.46% 0.3313 
 1.5 : Rail Level Crossing Treat's  15.66% -140.68% 70.44% 0.7503 -36.08% -250.78% 47.21% 0.5236 
 1.6 : Other Intersection Imp. 17.40% 7.40% 26.31% 0.001 22.79% 2.27% 39.01% 0.0316 
 2.1 : New Ped. Operated Sigs.  33.87% -3.81% 57.88% 0.0723 40.72% -28.67% 72.69% 0.186 
 2.2 : Remodel Ped Signals  -41.17% -431.51% 62.50% 0.6102 -59.11% -2676.69% 90.88% 0.7502 
 2.3 : School X-ing Warning Signs -76.33% -275.09% 17.11% 0.1408 -173.35% -1325.76% 47.59% 0.2327 
 2.5 : Central Median -30.15% -243.32% 50.66% 0.5944 -237.70% -2939.14% 62.47% 0.2776 
 3.2 : Public Street Lighting 11.18% -11.14% 29.02% 0.3002 5.65% -43.79% 38.10% 0.7866 
 3.3 : Pavement Resealing  56.15% 14.51% 77.51% 0.0155 46.72% -93.57% 85.33% 0.3388 
 3.4 : Roadway Delineation  59.55% 42.89% 71.35% <.0001 53.39% 14.80% 74.51% 0.0131 
 3.5 : Curve Realignment  -43.43% -272.78% 44.81% 0.4592 -180.92% -1121.55% 35.40% 0.1684 
 3.6 : Shoulder Sealing  15.56% 3.35% 26.22% 0.0142 20.22% -0.60% 36.73% 0.0562 
 3.9 : Pavement Widening 30.85% -0.43% 52.39% 0.0527 27.86% -42.99% 63.61% 0.3495 
 4.1 : Roadside Hazards  3.55% -7.29% 13.28% 0.5065 7.17% -13.42% 24.02% 0.4665 

          
          
          
          
          

 



RURAL   Crash Effects   Cost Effects    
 Estimated Estimated    

Crash 95% CL Cost 95% CL  
Reduction Lower  Upper p* Reduction Lower Upper p* 

Program Whole Program 30.64% 26.31% 34.71% <.0001 33.25% 25.26% 40.39% <.0001 
        

Program + 7 High Cost Sites         
 Progam Excl. 7 High Cost Sites 30.01% 25.62% 34.13% <.0001 32.78% 24.69% 40.00% <.0001 

7 High Cost Sites 72.47% 46.18% 85.92% 0.0002 62.77% -10.98% 87.51% 0.0762 
4 Broad Categories          

 1 : Intersection Treatments  26.92% 15.50% 36.80% <.0001 41.80% 18.48% 58.44% 0.0016 
 2 : Pedestrian Facilities  46.38% -87.77% 84.69% 0.3298 77.00% -4828.70% 99.89% 0.5915 
 3 : Route Treatments  30.83% 26.08% 35.28% <.0001 31.43% 22.60% 39.25% <.0001 
 4 : Treat Road Features  15.33% -27.26% 43.67% 0.4236 37.34% -35.92% 71.12% 0.2368 
Level 1           
 1.1 : Roundabout  67.38% 52.84% 77.44% <.0001 83.53% 52.70% 94.27% 0.0008 
 1.3 : Signal Remodel  5.67% -37.67% 35.37% 0.7621 -43.26% -242.30% 40.04% 0.4186 
 1.4 : New Signals  7.01% -62.05% 46.64% 0.7976 -11.54% -428.80% 76.47% 0.8906 
 1.5 : Rail Level Crossing Treat's  67.01% -60.37% 93.21% 0.1692 97.34% -1015.76% 99.99% 0.2391 
 1.6 : Other Intersection Imp.  11.50% -6.97% 26.78% 0.2062 33.19% -0.46% 55.57% 0.0526 
 3.3 : Pavement Resealing  30.36% -30.74% 62.91% 0.2601 76.70% -6.84% 94.92% 0.0608 
 3.4 : Roadway Delineation  25.69% 19.11% 31.73% <.0001 29.46% 18.02% 39.31% <.0001 
 3.5 : Curve Realignment  74.86% 32.98% 90.57% 0.0058 78.41% -31.36% 96.45% 0.0961 
 3.6 : Shoulder Sealing  38.43% 31.45% 44.70% <.0001 33.54% 19.65% 45.02% <.0001 
 3.7 : Overtaking Lanes  12.29% -24.53% 38.22% 0.4635 -2.45% -84.59% 43.14% 0.9358 
 3.9 : Pavement Widening  37.04% -600.23% 94.34% 0.7066 97.19% -10296.9% 100.00% 0.3941 
 4.1 : Roadside Hazards  37.84% -54.42% 74.98% 0.3057 76.77% -163.77% 97.95% 0.239 
 4.2 : Bridge Treatments  7.37% -46.50% 41.44% 0.7432 26.19% -66.19% 67.22% 0.4633 

NOTES         
 Negative reductions indicate an increase 

= Statistically Significant at 5% Level N/A = No result available because of insufficient data Bold 
= Statistically Significant at 10% Level Before and after treatment time periods are not equal Bold 

 Not all treatments have level 1 and level 2 categorisations 
 Confidence limits are assymetrical due to the log linear 
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