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SUMMARY 
 

Traffic accidents cause high material and human losses, what is reflected in society. The logical 
result is the need for efficient road safety in designing a new and the existing road system. 
Slovenia is, like other new EU Member States, aware of its tasks for improving traffic safety. In 
accordance with very clear demands of European transport policy about road safety – that is an 
EU recommendation of halving the number of road accident victims in the European Union by 
2010 – Slovenia has also put into its national program a decision to halve the number of dead 
casualties on Slovenian roads. Unfortunately, the current situation in the field of road safety in 
Slovenia is - despite the highly ambitious plans - still not satisfactory. It has to be admitted that 
traffic safety in Slovenia has been improved during the last years but we still have not achieved 
the objectives of reducing road accidents, injured participants or dead casualties. 

 

One of the "steps" to achieved desired level is also to improve existent road infrastructure. Road 
infrastructure improvement supposed to be applied to "black spots" first. For safety 
management it is well known, that we have three main motives for safety management: 
economic effectiveness, professional and institutional responsibility, and fairness. Survey 
among 25 EU states about estimating the most effective short, medium, and long term 
measures - both at national level and at EU level - shown, that measures related to 
infrastructure safety management (such as high-risk site management - black spot 
management), road safety audit and road safety inspection, are generally recognized as a high 
priority. While high-risk site management is a short-term measure, other infrastructure safety 
management measures make their impact in the medium to long term. 

 

One of the possible approaches to identification of "safety problems" (safety deficiencies: 
accident frequency, accident rate, accident severity) is also use of accident prediction models 
(APM). With those models and use of various criteria we can detect not only "black spots" but 
also "larger targets". 

 

A large number of "statistical predictive safety models" are described in the literature. Many 
attempts were done to use those models to establish a relationship between various traffic 
parameters and the number of accidents at road sections or road intersections. For statistical 
safety prediction models it is often suggested that accident occurrences are discrete, sporadic 
and random in nature. Thereby it is suggested to use Poisson regression models. The variation 
in accident occurrence is also considered to be due in part to the systematic variation in 
identified traffic measures such is traffic flow rates, measures of speed and intersection design 
parameters. Discrete, Poisson or negative binomial distributions are usefully applied to estimate 
the number of accidents that occur at road sections / intersections over a particular period of 
time. For accident prediction modeling the "generalized linear modeling" approach has been 
found to be particularly useful. This approach accounts for the fact that the dependent variable 
(e.g. number of accidents) does not need to be normally distributed (as is often the approach to 
describe the relationship between accident frequency and traffic flows on major and minor roads 
at intersections). 

 

For the purpose of this work I collect different types of data for 60 level intersections on state 
road network in Slovenia. I divide those intersections into four different groups: 3-leg without left 
turn lanes on major road, 3-leg with left turn lanes on major road, 4-leg without left turn lanes on 
major road and 4-leg with left turn lanes on major road. All intersections were in rural area - 
outside urban area - with limited influence (or no influence at all) of pedestrians or / and cyclists. 
For observed intersections I collect different types of needed data: data about traffic accident for 
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last 5 years (from 2002 - 2006), data about traffic (AADT on major and minor road), data about 
geometrical elements of the intersections, alignment of legs and other needed data (lane / 
shoulder width, speed limit, lighting, present of left / right turn lanes, type of terrain etc.) 

 

After study of relevant literature I consider two different types of APM, which seemed to be 
correct and useful for my research work. I evaluate those different types of APM and made 
calculation for data which I obtained. At the end I made the correlation between those models 
with use of an empirical Bayesin method for calculating adjusted accident frequency. 

 



Glossary of terms and contractions

 

I 
 

 

GLOSSARY OF TERMS AND CONTRACTIONS 
 

AADT Average Annual Daily Traffic [veh./day] 

Accident (traffic) Event between road-users that results in injury, fatality or property damage 

Accident outcome Result of an accident in terms of injury severity, fatality and in some cases 
also property damage 

APM Accident Prediction Model 

Accident rate Number of accidents in accordance with a measure of exposure 

Accident risk Risk for accident involvement (for different road-user classes). Objective risk 
reflects accident frequency in relation to a measure of exposure or population 

Accident severity Level of injury sustained in a traffic accident: usually categorized as minor, 
serious or fatal 

Calibration Process used in Traffic Simulation to (statistically) ensure that the functioning and 
behavior of a particular model and/or sub-model corresponds with observed empirical 
measurements or predetermined values 

Collision Impact event between two or more road-users/vehicles, or a road-user (vehicle) and 
stationary object 

Collision course Existence of a common projected conflict point in time and space for two (or 
more) road-users/vehicles, usually based on momentary measures of trajectory, speed and 
distance 

Conflict A potentially unsafe interactive event that requires evasive action (braking, swerving or 
accelerating) to avoid collision 

Crash Term that is sometimes preferred to (traffic) accident due to the fact that it implies an 
element of causality rather than an unforeseen random occurrence 

Driver behavior Largely misused and over-simplified term used in traffic engineering that is 
used to describe the actions and/or variability of drivers in different driving situations. Should 
relate to the study of individual behavioral processes that underlie driver actions (performance) 

Driver performance Generally refers to the skill and ability level of drivers in relation to the 
driving task 

Exposure Measure of spatial or temporal duration in the traffic system in relation to the number 
of dynamic system objects road-users, vehicles (axles), etc. 

Fatality Death resulting from a traffic accident (usually within a 30 day period after the accident 
occurrence) 

GLM Generalized Linear Modeling 

Injury accidents Traffic accidents that result in minor or serious injury to one or more parties. 
Some statistical measures and accident risk quotients include accidents that involve both injury 
and fatality. 

Police reported accidents Accidents that are reported to the police and are recorded in the 
accident database of accident statistics  

Safety Freedom from accident or loss (see also Traffic Safety) 

Traffic safety Term that is implicitly accepted as being related to the negative performance of 
the traffic system measured by traffic accident frequency and outcome severity. At the individual 
level, experienced traffic safety is related to the absence of danger and feeling of security 

Traffic system Systems theory view used to describe the processes of the traffic system as 
dynamic and complex interactions between and among key elements at various hierarchical 
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levels. The three main elements are usually identified as: the roadway infrastructure, the road-
user, and the vehicle 

Underreporting Term used to describe the fact that many accidents are not reported to the 
police and therefore are not represented in accident statistics. Accidents with only material 
damage are in Slovenia typically underreported 

USA United States of America 

Validation Validation refers to the process of ensuring that measures generated by the model 
correspond (within statistical tolerances) to those measured in the field, thereby ensuring model 
representativeness 

Validity Validity concerns the accuracy with which a measure represents a theoretical construct 
(assessed often through consensus) 

Vulnerable Road-Users Term generally used to describe pedestrians and cyclists, but may 
also include mopeds and sometimes also motorcycles in view of their susceptibility to injury in 
the event of an accident 

WHO World Health Organization 
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1 INTRODUCTION 

 

1.1 SUBJECT OF THE RESEARCH / RESEARCH BACKGROUND 

One of the biggest "holes" in the process of traffic management is represented with "missing" of 
the reliable methods and evaluation procedure for predicting the traffic safety on the existent 
road sections and intersections and on the road sections and intersections which we plan to 
construct. 

Today's efficient traffic safety management process must contain also a "view forward" which 
means that we have to know - of course by performing particular activity and by knowing the 
past traffic/safety situation - what could we expect in the future in the field of traffic safety on 
separate locations in the road network. 

In the process of planning reconstruction of level intersection (or making new one) on one point 
we have to decide, which type of the intersection will present the optimal solution for observed 
location. 

When we analyze variant solutions of the reconstruction of the level intersection we normally 
use different methods with which we could select optimal variant from geometric, required land, 
traffic capacity, cost (economic) and some others aspects. Many of those aspects we could 
quite precise define and evaluate their cost/benefit efficiency.  

The biggest problems present evaluation of the specific solution from traffic safety point of view. 
There is no "all-purpose" or "universal" approach to that problem; there is also no adequate 
procedure for predicting traffic safety at some types of the intersections.  

According to shortly described problem of the research it seems legitimate to make a scientific 
research about: 

 the factors which influence to the predicted level of the traffic safety in different types of level 
intersections; 

 methodology aspects of predicting the expected level of traffic safety in different types of 
intersections; 

 methods and models for accident prediction; 
 test and validations of current models for collected data. 

 

1.2 PROBLEMS, PURPOSE AND AIM OF THE RESEARCH 

In the process of planning a new intersection (or we plan a reconstruction of existing one) often 
we have to answer the question: which type of the intersection will be the optimal solution? 

Today is – more or less – often "practice" that type of the intersection and geometric elements 
of them depends on functional criteria's, location of intersection in road network, land 
availability, traffic capacity, financial resources and other factors. Often there is just a 
"subjective judgment" about traffic safety effectiveness of proposed solution. 

In correlation with this there are two main questions: 

 Is it possible to reestablish a (common) methodology for evaluating traffic safety 
effectiveness of different types of level intersections? 

 Which methods and models should we use for traffic accident prediction? 
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Main aim of the research is to find a solution for traffic safety evaluation (accident prediction) of 
different types of level intersections which will be based on data obtained for existent 
intersections. 

 

1.3 THE STRUCTURE OF THE DISSERTATION 

The dissertation will be divided in six chapters with subchapters. 
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2 SLOVENIAN TRAFFIC SAFETY STATISTICS AND IDENTIFICATION OF 

PROBLEMS 

 

Traffic accidents cause high material and human losses, what is reflected in society. The logical 
result is the need for efficient road safety in designing a new and the existing road system. 

Slovenia is, like other new EU Member States, aware of its tasks for improving traffic safety. In 
accordance with very clear demands of European transport policy [34] about road safety – that 
is an EU recommendation of halving the number of road accident victims in the European Union 
by 2010 – Slovenia has also put into its national program [35] a decision to halve the number of 
dead casualties on Slovenian roads. 

Unfortunately, the current situation in the field of road safety in Slovenia is - despite the highly 
ambitious plans - still not satisfactory (figure 2.1). 

 

 

Figure 2.1: Number of fatalities in road accidents in EU (by million of population) [39] 

 

In line with the general trend amongst East European countries, the number of road deaths in 
Slovenia was 5% higher in 2007 than in 2001 [41]. This increase was below the 7,4% average 
annual reduction which is required of all EU members in order to reach the EU target of halving 
road deaths between 2001 and 2010. The underperformance of East European countries partly 
accounted for a slower 4,2% overall annual EU reduction in road deaths, which has pushed 
back the year of reaching the original 2010 target to 2018. In the case of Slovenia it means that 
the country needs a big change in reducing the numbers of deaths to reach the EU target at all. 

In 2007 the number of road deaths per million population in Slovenia was 146, 70% above the 
EU average of 86. If we make a detailed breakdown of the national data by region and by type 
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of road we could find out, that - in terms of regional differences - more than 57% of road deaths 
are observed in just three of the twelve Slovenian regions. Local roads also account for a higher 
proportion of road deaths (37%) compared to their share of traffic (28%). These figures highlight 
the road safety effort that is needed also at the local level to match the positive developments in 
road safety management at the national scale. 

However, in year 2008 in Slovenia we have a very impressive 27% drop in road deaths to 214, 
down from 293 in year 2007 [40]. With this encouraging improvement Slovenia can get back on 
track in reaching its own national target. 

One of the "steps" to achieved desired level is also to improve our existent road infrastructure. 
Road infrastructure improvement supposed to be applied to "black spots" first. For safety 
management it is well known, that we have three main motives for safety management [36]: 
economic effectiveness, professional and institutional responsibility, and fairness. 

Survey among 25 EU states [37], [38] about estimating the most effective short, medium, and 
long term measures, both at national level and at EU level shown, that measures related to 
infrastructure safety management, such as high-risk site management (black spot 
management), road safety audit, and road safety inspection, are generally recognized as a high 
priority. 

While high-risk site management is a short-term measure, other Infrastructure safety 
management measures make their impact in the medium to long term. Most of the infrastructure 
tasks are to be realized on the national level. 
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3 PREDICTING THE EXPECTED LEVEL OF THE TRAFFIC SAFETY IN 

LEVEL INTERSECTIONS 

3.1 TRAFFIC SAFETY AND INTERSECTIONS 

Transportation is vital - to economics success and quality of live - in urban and rural areas. 
However, the rapid growth of populations - in many of cities - and corresponding vehicle 
kilometers of travel, commerce and transportation infrastructure has generated also negative 
effects as congestions, deterioration of air quality, noise and motor vehicle crashes. According 
to WHO road traffic injuries are a major but neglected global public health problem, requiring 
concerted efforts for effective and sustainable prevention [43]. Of all the systems that people 
have to deal with on a daily basis, road transport is the most complex and the most dangerous. 
Worldwide, the number of people killed in road traffic crashes each year is estimated at almost 
1,2 million, while the number injured could be as high as 50 million – the combined population of 
five of the world’s large cities. These statistics emphasize why traffic safety remains a major 
concern of the traveling public and why traffic safety improvements are needed. 

To improve traffic safety, each element of the roadway transportation system should be 
examined [44]. Representing conflict points in the road network, intersections have received 
and should continue to receive considerable attention. Intersections continue to represent 
crash-prone locations on a transportation network. When approaching intersections, drivers are 
confronted with a complex driving task that includes observing and responding to traffic control 
devices, reacting to these devices by stopping, reducing speed (or proceeding without delay), 
executing turns, observing and reacting to pedestrians and cyclists and avoiding conflicts with 
other vehicles. 

The complex vehicle movements at intersections may lead to traffic conflicts. Subsets of 
conflicts lead to crashes. Thus, intersection safety is (or at least it should be) a high priority in 
local and state level. 

To emphasize traffic safety defectiveness of intersections we could present some USA facts 
[45]. Despite intersections represent just a small portion of highway system have relatively high 
number of crashes: 39% of total crashes, 27% of total fatalities, 22% of total fatal crashes and 
23% of total serious injuries. 

 

3.2 BASIC PRINCIPLES FOR PREDICTING THE EXPECTED LEVEL OF THE 

TRAFFIC SAFETY 

3.2.1 PRINCIPLES BASED ON THE FORMER DATA ABOUT TRAFFIC ACCIDENTS 

Historical data about traffic accidents are an important indicator of the safety performance of a 
roadway. The main problems with this type of data are that they are not highly variable. It is very 
difficult to estimate the long-term of the expected accident rate using just a relatively short-
duration sample (for example 1 to 3 years) of accident data. This is especially true for rural 
roadway sections and for the rural intersections - on many locations are accidents very "rare" 
events. Many locations have no accidents at all - or just one accident over a period of several 
years. But, if a location has experienced no accidents in the past years, it is of course not 
correct to think that it will never experience any accident in the future. 

 



Chapter 3: Predicting the expected level of traffic safety in level intersections

 

6 
 

3.2.2 PRINCIPLES BASED ON THE STATISTICAL DATA 

Safety analysts have, for many years, applied statistical techniques to develop models to predict 
the accident experience of roadways and intersections. Such models are developed by 
obtaining a database of accident and roadway characteristics (e.g., traffic volumes, geometric 
design features, and traffic control features) data from highway agency records, selecting an 
appropriate functional form for the model, and using regression analysis to estimate the values 
of the coefficients or parameters in that model. 

Historically, most such models were developed with multiple regression analysis. Recently, 
researchers have begun to use Poisson and negative binomial regression analyses which are 
theoretically better suited to accident data based on small counts (i.e., zero or nearly zero 
accidents at many sites). However, regardless of the statistical technique used, accident 
prediction models never quite seem to meet the expectations of their developers and potential 
users.  

Regression models are very accurate tools for predicting the expected total accident experience 
for a location or a class of locations, but they have not proved satisfactory in isolating the effects 
of individual geometric or traffic control features. There is a strong temptation to interpret each 
coefficient in a regression model as representing the true effect of an incremental change in its 
associated roadway feature. This is a reasonable assumption is some cases, but not in others. 
A key drawback of regression models is that they are based on statistical correlations between 
roadway characteristics and accidents that do not necessarily represent cause-and-effect 
relationships. Furthermore, if the independent variables in the model are strongly correlated to 
one another, it is difficult to separate their individual effects. In addition, if a variable in the 
model is strongly correlated to an important variable that happens not to be included in the 
available data base, the coefficient of the variable in the model may represent the effect of the 
unavailable variable rather than its own effect. Thus, the value of the coefficient of a particular 
geometric feature may be a good estimate of the actual effect of that feature on safety, or it may 
be merely an artifact of, or a surrogate for, its correlation to other variables. 

 

3.2.3 PRINCIPLES BASED ON "BEFORE - AFTER" ANALYSIS 

Before-and-after studies have been used for many years to evaluate the effectiveness of 
highway improvements in reducing accidents. However, most "before - after" studies reported in 
the literature have design flaws such that the study design cannot account for the effects of 
regression to the mean. Therefore, the potential user of the "before - after" study results cannot 
be certain whether they represent the true effectiveness of the potential improvement in 
reducing accidents or an overoptimistic forecast that is biased by regression to the mean.  

Safety experts generally share the opinion that, if the potential bias caused by regression to the 
mean can be overcome, a "before - after" study may provide the best method to quantify the 
safety effects of roadway geometric and traffic control features. Hauer [5] has developed a new 
approach that remedies the problem of regression to the mean that has, in the past, caused 
"before - after" studies to provide unreliable results. However, very few of these well-designed 
"before - after" studies have been conducted. 

 

3.2.4 PRINCIPLES BASED ON THE EXPERT OPINION 

Expert judgment, developed from many years of experience in the highway safety field, can 
have an important role in making reliable safety estimates. Experts may have difficulty in 
making quantitative estimates with no point of reference, but experts are usually very good at 
making comparative judgments (e.g., A is likely to be less than B, or C is likely to be about 10 
percent larger than D). Thus, experts need a frame of reference based on historical accident 
data, statistical models, or before-and-after study results to make useful judgments. 
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3.3 METHODOLOGICAL ASPECTS OF ACCIDENT PREDICTION MODELS 

In this chapter - based on report [32] - review of some methodological issues and problems 
related to the development, fitting and evaluation of accident prediction models (APM) are 
shown. We could (and should) discuss about following topics: 

 choice of explanatory variables for inclusion in APM, 
 choice of model form, 
 generalized linear models, 
 dual-state models, 

 specification of functional relationships, 
 specification of residual terms, 
 evaluation of goodness of fit, 
 causal interpretation of relationships found, 
 assessing the predictive performance of a model, 
 application of model estimates in the empirical Bayes approach to road safety estimation, 
 assessing potential sources of error in predictive models. 

A quick note about terminology: the term "accident prediction model (APM)" usually denotes a 
multivariate model fitted to accident data in order to estimate the statistical relationship between 
the number of accidents and factors that are believed to be (causally) related to accident 
occurrence. The term "predictive" is somewhat misleading - "explanatory" would be a better 
term. Prediction namely refers to attempts to forecast events that have not yet occurred, 
whereas APM are always fitted to historical data and can thus only describe and perhaps 
explain past events. Terms that are used less frequently but in the same sense as the term 
predictive model, include multivariate model, explanatory model or structural road accident 
model [7]. 

 

3.3.1 CHOICE OF EXPLANATORY VARIABLES 

The use of statistical techniques to the analysis of accident data originated from the use of the 
Poisson probability model to describe the incidence of accidents in a population risk. The basic 
concepts of road accident statistics were developed by Simeon Denis Poisson - he investigated 
the properties of binominal trials (e.g. the experiment that has two possible outcomes: success 
or failure, the probability of success is the same at each trial, the outcome of a trial is 
independent of other trials). 

Poisson studied what happened to the binomial probability distribution when the number of trials 
(N) became very large, while at the same time the probability of failure (p) became very low. 
Denote the expected value in N trials by . Poisson found that the probability of x failures in N 
trials could be adequately described by probability function: 

 
!x

e
xXP

x   (3.1)
 

where: 
 expected value of the random variable X 
x specific value of variable 
e base of the natural logarithms (e=2,71828) 
x! number of permutations of x 
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The parameter  is equals to N×p in case when N very large and p is very small. If we 
"translate" those terms to a language of "traffic safety" we could get: 

     prateAccidentNExposureaccidentsofnumberExpected   (3.2)
 

Accident rate is "traditionally" defined as the number of accidents per unit of exposure: 

exposure of Unit

accidents of Number
rate Accident   (3.3)

Exposure of course denotes the number of trials. Commonly used unit of exposure is one 
kilometer of travel [8]. 

Based on this framework, the explanatory variables that are potentially relevant in APM can be 
placed in two main categories: 

 variables describing exposure to accident risk, 
 risk factors that influence the number of accidents expected to occur per unit of exposure. 

The choice of explanatory variables to be included in an APM ought to be based on theory [9]. A 
theoretical basis for choosing explanatory variables might take the form of, for example, a 
causal model, or path diagram, specifying the relevant variables and their paths of influence. In 
practice, a theoretical basis for identifying explanatory variables is rarely stated explicitly [10]. 

The usual basis for choosing explanatory variables appears to be simply data availability. But, 
the choice of explanatory variables should not be based just on data availability exclusively. 
They should include variables that: 

 have been found in previous studies to exert a major influence on the number of accidents, 
 can be measured in a valid and reliable way, 
 are not very highly correlated with other explanatory variables included. 

Explanatory variables commonly included in APM fitted to data referring to roadway elements 
include: 

 an indicator of exposure - often an estimate of vehicle kilometers of travel (usually including 
motor vehicles only), 

 variables describing the transport function of the road (motorway, main arterial, collector 
road, access road), 

 variables describing cross section (number of lanes, lane width, shoulder width, presence of 
a median, median width etc.), 

 variables describing traffic control (speed limit, type of traffic control at intersection). 

Variables that are less often included in accident prediction models referring to roadway 
elements include: 

 variables describing alignment (horizontal, vertical curvature), 
 estimates of pedestrian and cyclist exposure, 
 variables describing road user behavior (speed, use of protective devices etc.). 

 

3.3.2 CHOICE OF MODEL FORM 

The basic form of nearly all modern APM is this (see e.g. [11], [7], [12]): 

     ii xeQE  (3.4)

The estimated expected number of accidents, E(), is a function of traffic volume, Q, and a set 
of risk factors, xi (i = 1, 2, 3, ..., n). The effect of traffic volume on accidents is modeled in terms 
of an elasticity that is a power, , to which traffic volume is raised [14]. 
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The elasticity shows the percentage change of the expected number of accidents, which is 
associated with a 1 percentage change in traffic volume. If the value  is 1, the number of 
accidents is proportional to traffic volume, if the  is less than 1, the number of accidents 
increases by smaller percentage than traffic volume and if the value of  is greater than 1, the 
number of accidents increases by a greater percentage than traffic volume. For discussion see 
e.g. [15]. 

In models for intersections a fairly common model form is the following (see e.g. [16], [17], [18], 
[19]): 

     ii x
MIMA eQQE  (3.5)

In this model QMA refers to the number of vehicles entering an intersection from the major road, 
QMI refers to the number of vehicles entering an intersection from the minor road. 

 

3.3.3 GENERALIZED LINEAR MODELING 

In many models generalized linear modeling (GLM) is used to compute the estimates of the 
parameters of the models. In this section is given a short overview about GLM. 

Let Y be an n-dimensional stochastic vector with mean  (also an n-dimensional vector) and 
independent components and let y be the vector with observed values. The mean of Yi (the i-th 
component of Y) is given by i. This mean is a function of the explanatory variables x0, ... xp. In 
the case of standard linear regression Yi is normally distributed with mean i and variance 2. 
The mean is linear function of the explanatory variables; hence we get equation (2.6): 

n,...,1ix
p

0j
jji  


 (3.6)

Parameters 0, ... p are unknown, the variable x0 is the dummy-variable for the intercept and 
hence equal to zero. 

GLM can be used if a stochastic vector is not normally distributed with constant variance or if 
the relationship between the mean and the explanatory variables is not linear. Generalized 
linear models exist of a linear predictor i (equation 2.7): 

 


p

0j
jji x  (3.7)

But, in that case the linear predictor is not necessarily equal to the mean i. In the case of GLM 
the relation between the linear predictor and the mean is given by g(i)= i, where g - called the 
link function - is a monotone and differentiable map. 

The parameters 0, ... p will be estimated by using the maximum likelihood method. In this 
method the parameters are estimated by maximizing the log likelihood, given by (equation 2.8): 

       


n

1i
iii

n

1i
iii ;yflog;yIy;I  (3.8)

In (2.8) fi is the distribution of yi. This distribution should be the following form (equation 2.9): 

 
 

   




,yc

by

eyf  
(3.9)

In (2.9) a, b and c are function defining a particular distribution. The parameter  is called the 
over-dispersion parameter. 



Chapter 3: Predicting the expected level of traffic safety in level intersections

 

10 
 

The way in which a model fits the data (e.g. goodness of fit a model) can be expressed by 
several statistics: 

 scaled deviance, 
 Pearson's 2, 

 t-Statistic, 
 Kvalseth's R2 [20], 
 Mean deviance ratio, 
 The Freeman-Tukey index, 
 The proportion explained [21], 

 R2 proposed by Miaou et al. [22], 
 Log-likelihood ratio. 

 

3.3.4 DUAL-STATE MODELS 

APM differ in terms not just of the variables included, but also with respect to the assumptions 
made regarding the accident generating process. It is important to stress the fact that the 
accident generating process cannot be observed directly - only its outcome can be observed. 
The most common form of model is based on the assumption that accidents occur at a constant 
rate per unit of time in a given period. This rate will vary from place to place and may vary from 
period to period - those models are referred to as single-state models. 

Another type of model is dual-state model. In those models we have two states - for example 
"normal state" where accidents occur at constant rate most of the time and occasional "spells" 
in which the risk of accidents is temporarily increased (for example rainfall, unusually cold 
weather, time with increased traffic etc.). Recently, an alternative family of models - usually 
referred to as zero-inflated Poisson (or zero-inflated negative binomial models) - have been 
proposed [25] and applied in some analyses [26]. These models are based on the assumption 
that there are two modalities (or two states) for the accident generating process: a normal state 
corresponding to the usual assumption of a constant expected number of accidents per unit of 
time, and a safe state, in which accidents will not occur. The resulting empirical probability 
distribution for the number of accidents will be a mixture of a standard compound Poisson 
distribution (like the negative binomial distribution) and a distribution containing zero outcomes 
(i.e. no accidents recorded) only. The empirical distribution will then contain an excessive 
number of zeros compared to the standard negative binomial distribution. 

 

3.3.5 SPECIFICATION OF FUNCTIONAL RELATIONSHIPS 

Specification of functional relationships refers to the mathematical form of functions relating the 
number of accidents to one or more explanatory variables. In the standard formulation of APM a 
power function is applied to describe the effects of exposure, and an exponential function 
applied to describe the effects of risk factors - these functional relationships can both take on 
many shapes. 

 

3.3.6 SPECIFICATION OF RESIDUAL TERMS 

Observed variation in the number of accidents is nearly always a mixture of systematic and 
random variation - it is only the systematic part that can be explained by means of APM. A 
"perfect model" explained all systematic variation in accident counts. 
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When estimating an accident prediction model, it is important to specify the distribution of the 
residual terms correctly. The residual term of a model is the part of systematic variation in 
accident counts, plus random variation, which is not explained by the model. 

A correct specification of the residual terms of a model is one that specifies the same 
distribution of the residuals as the probability distribution best fitting the original data set. As 
already noted, a number of probability distributions have been fitted to accident data: 

 Poisson distribution, 
 negative binomial distribution, 
 zero-inflated Poisson, zero-inflated negative binomial [25], 
 dual-state Poisson, 
 Poisson inverse Gaussian [24], 
 condensed negative binomial, 

 long and short distribution [23]. 

 

3.3.7 EVALUATION OF GOODNESS OF FIT 

Several measures have been proposed to evaluate the goodness of fit of APM - some of them 
are stated in previous chapters. In [22] Miaou shows that squared multiple correlation 
coefficients is not suited as a measure of the goodness of fit of an APM. In [27] Maher & 
Summersgill discuss the use of the scaled deviance and the log-likehood ratio as measures of 
goodness-of-fit, concluding that the scaled deviance is not suited for data sets that have a low 
mean number of accidents. Fridstrom et al. [9] discuss and compare five measures of 
goodness-of-fit, one of these termed Elvik index is derived from the over-dispersion parameter 
of negative binomial APM. 

Total variation in the count of accidents can be decomposed into random variation and 
systematic variation [5]: 

variation Systematic  variation Random  variation Total   (3.10)

There is systematic variation in number of accidents whenever the variance exceeds the mean - 
this is referred to as over-dispersion. The amount of over-dispersion found in a data set, can be 
described in terms of the over-dispersion parameter, which is defined in equation (2.11): 

  1Var(x)  (3.11)

Most models assume a constant over-dispersion parameter. If, however, the "size" of the units 
of analysis differs (for example, road sections with different lengths), it is more correct to treat 
the over-dispersion parameter as a variable and model it as a function. [29] 

 

3.3.8 CASUAL INTERPRETATION OF RELATIONSHIPS FOUND 

Discussions about the causality of statistical relationships usually start with the statement: 
"correlation does not equal causation". Correlation is necessary for causation, but not sufficient. 
What more should there be to a statistical relationship in order to interpret it as evidence of a 
causal relationship? This question has already been discussed [30], [31] - and also by others. It 
is a complex question. Following criteria have been proposed to help assess if a statistical 
relationship is causal: 

 internal consistency of the relationship, with respect to, for example, subsets of data in a 
study or different specifications of multivariate models, 

 invariance with respect to potentially confounding factors, meaning that a relationship does 
not vanish when potentially confounding factors are controlled for, 
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 plausibility in terms of a known causal mechanism or well-established scientific law, 
 support for counterfactual statements, meaning that the relationship has a genuine 

predictive capacity. 

Ideally speaking, model building seeks to reproduce law-like relationships. A scientific law 
supports counterfactual statements - this criterion will be satisfied, or at least to some extent 
supported, if an APM produces broadly correct predictions for a data set that was not used in 
fitting the model. Such predictive success indicates that the relationships included in a model 
are valid in general, and not just idiosyncratic or local. 

 

3.3.9 ASSESSING THE PREDICTIVE PERFORMANCE OF A MODEL 

As already noted, "to predict" is not the same as "to explain". Most accident prediction models 
are not in fact predictive models, but explanatory models. Their predictive performance is mostly 
unknown.  

There are at least two ways of evaluating the predictive performance of an accident prediction 
model. The first one is to use the model to predict accident counts in future years. The second 
one is to use only half the data set to fit a model and use the other half of the data set to test its 
predictive performance. One rarely sees any of these tests of predictive performance applied. 

Testing predictive performance is essential if one wants to support a causal interpretation of 
model estimates. One of the criteria of causality is that statistical relationships are reproduced 
over time in different contexts. To interpret a statistical relationship as a statement of a scientific 
law, the relationship must support counterfactual statements - an empirically testable statement 
about what would have happened if a certain causal factor had not been present. Example: if 
the number of accidents increases when traffic volume increases, we would expect the number 
of accidents not to increase when traffic volume does not increase. Like any other statement 
about the association between accidents and explanatory factors, this is of course only valid 
when everything else remains constant. But, on the other hand, the assumption that everything 
else remains constant is never correct in observational road safety studies.  

 

3.3.10 APPLICATION OF MODEL ESTIMATES IN THE EMPIRICAL BAYES APPROACH TO 

ROAD SAFETY ESTIMATION 

An APM gives an estimate of the expected number of accidents for a roadway element that has 
a certain combination of traits. In most models, these include traffic volume, characteristics of 
highway geometry and type of traffic control. Most APM will not include all factors that produce 
systematic variation in accident counts. Hence, estimates of the expected number of accidents 
derived from APM are mean values for units that have a given combination of traits. The 
expected number of accidents for a specific unit will normally differ from the mean value for 
units that have similar general traits. 

The question is, what is the best estimate of the long term expected number of accidents or 
accident victims for a given roadway element, given the fact that we know some, but not all of 
the factors affecting accident occurrence? According to the empirical Bayes method [5], the best 
estimate of safety is obtained by combining two sources of information: 

 the accident record for a given site, 

 an APM, showing how various factors affect accident occurrence. 

Denote by R the recorded number of accidents, and by  the normal, expected number of 
accidents as estimated by an APM. The best estimate of the expected number of accidents for 
a given site is then (equation 2.12): 
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The parameter  determines the "weight" given to the estimated normal number of accidents for 
similar sites when combining it with the recorded number of accidents in order to estimate the 
expected number of accidents for a particular site. The best estimate of  is (equation 2.13): 

k
1

1


  
(3.13)

where is  the normal expected number of accidents for this site, estimated by means of an 
APM and k is the inverse value of the over-dispersion parameter of this function, that is 1/. 

 

3.3.11 ASSESSING POTENTIAL SOURCES OF ERROR IN PREDICTIVE MODELS 

There are many sources of error in APM. The most frequently discussed sources of error 
include: 

 omitted variable bias, 
 bias due to co-linearity among explanatory variables, 
 wrong functional form for relationships between variables. 

How can we know if a model is afflicted by omitted variable bias? The answer is that we can 
never know this for certain. Even a model that has a very high explanatory power may be 
biased due to omitted variables, at least when the omitted variables are correlated both with the 
variables included in the model and the residual term of the model. Possibly the most common 
form of omitted variable bias in current APM is the incompleteness of exposure data.  

Explanatory variables in APM tend to be correlated; sometimes to such a high degree that 
inclusion of both or all the correlated variables may lead to unstable estimates of the 
coefficients. 

There is little guidance concerning the choice of functional form in APM. 

 

3.3.12 CRITERIA FOR ASSESSING THE QUALITY OF APM 

Despite the many problems identified already in this chapter, there is no doubt that the 
development of what we may term "modern" APM during the past years represents a major step 
forward in road safety research. 

Development in the field of accident modeling has been so rapid, that some models that were 
considered as state-of-the-art only ten years ago look somewhat "primitive" today. 

Accidents are a very complex phenomenon - hence models also need to be complex in order to 
faithfully reproduce the main features of reality. Yet, the "art" of model building is, and will 
always be, the art of making the right simplifications. A good model is not necessarily an 
immensely complex model that perfectly fits the data in every detail. A good model is rather the 
simplest possible model that adequately fits the data, and that contains relationships that may 
be presumed to hold in general, and not be an idiosyncratic feature of a particular data set or an 
esoteric model formulation. 

Based on material in this chapter - and some other reported results [32] - the following criteria 
are proposed for assessing the quality of APM: 

 As a basis for developing a model, the "probability distribution" of accidents in the original 
data set should be tested, this test should include several of the most commonly used 
probability distributions for accidents; 
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 The "residual terms" of the model should be specified according to the same probability 
distribution as the original data set, the structure of residuals should always be tested; 

 Separate models should be developed for accidents at different levels of severity. As a 
minimum, separate models are required for fatal accidents, injury accidents (sometimes 
including fatal accidents) and property-damage-only accidents; 

 Separate models should be developed for different types of roadway elements. Roadway 
elements include: road sections, intersections, bridges, tunnels, curves, railroad-highway 
grade crossings; 

 Data on exposure should be decomposed to the maximum extent possible. For road 
sections, these data should preferably indicate the proportions of all traffic made up by 
heavy vehicles, cars, motorized two-wheelers, pedestrians and cyclists. For intersections, 
exposure should be specified according to traffic movements passing the intersection; 

 The functional form used to describe the relationship between each independent variable 
and accidents should be explicitly chosen and reasons given for the choice. Alternative 
functional forms should be tested as a basis for the choice made; 

 Explanatory variables should be entered stepwise into the model. Variables describing 
exposure should always be entered first. When presenting the model, the full array of 
coefficients estimated at each stage should be presented, to allow an examination of the 
stability of the coefficients with respect to which variables were included in the model; 

 The correlations between explanatory variables should be examined to avoid including very 
highly correlated variables in the model; 

 The overall goodness-of-fit of the final model should be reported in a way that permits 
variation in accident counts to be decomposed into: 

o systematic variation explained by the model; 
o systematic variation not explained by the model; 
o random variation. 

 The structure of any systematic variation not explained by a model should be examined and 
a choice made as to whether over-dispersion is adequately described by a single parameter 
or should be modeled by a variable parameter; 

 Any model should explicitly identify those variables for which a causal interpretation is 
sought and those variables that are to be considered as confounding with respect to the 
causal relationships evaluated; 

 Explicit operational criteria for causality should be stated in models seeking causal 
interpretation of their findings. By operational criteria are meant criteria that can be 
evaluated empirically. Causal interpretations should only be proposed if all important 
operational criteria are met; 

 The possible presence of omitted variable bias should always be discussed. It is understood 
that no APM can be "complete" by including absolutely every conceivable variable that may 
influence accident occurrence. 

 The predictive performance of an APM should be tested. This is done by applying the model 
to a data set that was not used in developing the model. 

 APM should permit results to be synthesized. This means that any APM should report the 
standard errors of all coefficients in such a way as to permit a formal synthesis of the 
findings of multiple APM (meta-analysis). 

 

3.4 ACCIDENT PREDICTION MODELS FOR RURAL INTERSECTIONS 

Several characteristics, related to the road, the traffic and the road environment, have been 
associated with accident frequency by various authors over the years. As a result of the 
bibliographic research carried out, several "statistical models" were detected. 
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When dealing with the operational characteristics of roads, it is common to consider separately 
three types of elements: 

 junctions or level intersections (allowing for at grade intersecting movements); 
 interchanges (involving the grade separation of intersecting movements); 
 links (road sections with uniform traffic conditions terminated by a major junction or 

interchange). In some cases, links may have minor junctions or driveways within the road 
section. 

The operational characteristics of these three types of road element are considerably different, 
leading to unique types of problems and solutions, both from the safety and the mobility points 
of view. 

Considerable research has concentrated on identifying the safety effects of accident 
countermeasures [44]. Inconsistency of findings across studies, however, presents difficulties in 
understanding and estimating the safety effects of countermeasures. Furthermore, little 
research has been done to identify and understand factors that contribute to accidents on 
multilane stop-controlled and signalized highway intersections in rural areas. Several APM [1, 
46, 47] have provided limited knowledge on the safety effects of traffic flow and geometric 
design-related countermeasures for rural multilane stop-controlled and signalized intersections. 
On the other hand there are also some researches done about accident forecast models of the 
urban road network [42]. 

Generally, the average daily traffic (AADT) is the single most important explanatory variable for 
accident frequency. Other geometric and operational characteristics of roads are referred to in 
some of the models detected - however, usually their influence in accident frequency is 
considerably lower than what is routinely calculated for AADT. 

 

3.5 ALGORITHM FOR PREDICTING THE SAFETY PERFORMANCE OF RURAL 

TWO-LANE HIGHWAYS (IHSDM) 

The algorithm [1] for predicting the safety performance of rural two-lane highways forms the 
basis for the Crash Prediction Module of the Interactive Highway Safety Design Model. The 
algorithm estimates the effect on safety performance of roadway segment parameters including 
lane width, shoulder width, shoulder type, horizontal curves, grades, driveway density, two-way 
left-turn lanes, passing lanes, and roadside design, and of intersection parameters including 
skew angle, traffic control, exclusive left- and right-turn lanes, sight distance, and driveways.  

This algorithm present a new approach to accident prediction that combines the use of historical 
accident data, regression analysis, "before - after" studies, and expert judgment to make safety 
predictions that are better than those that could be made by any of these three approaches 
alone. The recommended approach to accident prediction has its basis in published safety 
literature, including both "before - after" evaluations and regression models, is sensitive to the 
geometric features that are of greatest interest to highway designers, and incorporates 
judgments made by a broadly based group of safety experts.  

 

3.6 PREDICTION OF NUMBER OF ACCIDENT FROM SWEDISH GUIDELINES 

Swedish guidelines [6] show example of determine number of traffic accident for different types 
of three / four leg level intersections. 

"Input parameters" are defined as: 

 Type of intersection (standard types from A to F), 
 Annual average daily traffic (AADT) on mayor and minor roads, 
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 Percentage of left / right turns on mayor / minor roads. 

As a result we get expected number of traffic accidents in one year. 

 

3.7 MODELS TO EVALUATE POTENTIAL ACCIDENT RATE AT ROUNDABOUTS 

Roundabouts are considered as more safe road intersections. Despite of that fact some recent 
studies report [48] that - in some cases - after replacing signalized intersections with 
roundabouts number of serious injury accidents increase. 

Main advantages of roundabouts - from traffic safety point of view - are: 

 they have less conflict points, 
 with roundabout we eliminate most dangerous accidents types (head on collision), 
 lower speeds on approaches, 

 lower speeds for circulatory traffic. 

Nevertheless, traffic accidents occur also in roundabouts. The most common accident types at 
roundabouts - they represent more than 70% of all accidents - are: 

 collision between entering vehicle and circulating vehicle, 
 single vehicle accident, 
 run off road of entering vehicle. 

There are some models, which were developed for accident prediction for roundabouts: 

 Maycock-Hall [50] developed accident predictive model based on generalized linear 
regression of the exponential form, which assumes a Poisson distribution [49, 51], 

 Arndt-Troutbeck model [52] was developed using multiple linear regression with independent 
variables related to driver behavior and geometric design [51], 

 Mauro-Cattani models to predict potential accident rate for single lane roundabouts [3] and 
for double lane roundabouts [4]. Their models are based on most "common" types of traffic 
accidents, which "normally" occur in roundabouts. 

A comparison between Maycock-Hall and Arndt-Troutbeck models for selected data of 
roundabouts in Oriental Sicily was also performed [53]. After comparison between the data 
obtained from the models and the survey data about accidents occurred on roundabouts it was 
found out, that the Arndt-Troutbeck model is similar to the real accident data. 
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4 DATA DESCRIPTION AND PREPARATION 

4.1 INTRODUCTION 

The major activity in my research work was to identify databases of geometrical design, traffic 
control, traffic volume and traffic accident data for at-grade (level) intersections outside urban 
areas (rural intersections), that were suitable for testing the methodology and the development 
(reestablishment) of statistical models for traffic accident prediction. 

From the main basics of doctoral thesis I decided to observe different types of the level non-
signalized intersections in rural area. According to these basics I choose to observe: 

 group A: 3 leg, STOP controlled, without additional lane for left turn vehicles, 
 group B: 3 leg, STOP controlled, with additional lane for left turn vehicles, 
 group C: 4 leg, STOP controlled, without additional lane for left turn vehicles, 

 group D: 4 leg, STOP controlled, with additional lane for left turn vehicles. 

 

4.2 NATIONAL AND LOCAL ROADS IN SLOVENIA 

In the following subchapter I represent just some basic facts about roads and traffic in Slovenia. 

 

4.2.1 ROAD SYSTEM IN SLOVENIA 

In Slovenia we have two types of "public roads": 

 state roads, which are under s "patronage" of Slovenian Roads Agency, 

 local / municipal roads, which are under competence of communes. 

In Slovenia we have more than 6.500 km of high-speed roads, main roads, regional roads and 
cycle paths, which are under competence of Slovenian road directorate and more than 32.000 
km of local roads under competence of local authorities. Some details about Slovenian public 
roads are shown in table 4.1. 

 

Table 4.1: Length of the public roads in Slovenia [28] 

 Road category Length [km] 

State roads 

Motorways 504 

Expressways (four lanes) 75 

Expressways (two lanes) 28 

Main roads 948 

Regional roads 5.002 

Local roads 
Local roads 13.811 

Public paths 18.326 
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4.2.1.1 State roads 

Motorways and expressways in Slovenia 

In order to provide an adequate and efficient road system, improve road safety, ensure 
integration with the broader European area and to boost economic growth (strategic goals), 
maximize economic effects and minimize the pollution of the environment, ensure greater 
economic, social and tourist benefits, and at the same time maintain the existing motorway 
infrastructure (structural goals), the National Assembly, on 15 November 1996, enacted the 
National Motorway Construction Program in the Republic of Slovenia (published in the Official 
Gazette of the Republic of Slovenia No. 13/96). On 23 April, the National Assembly enacted all 
the amendments to the National Motorway Construction Program (the Official Gazette of the 
Republic of Slovenia 11/98). National Motorway Construction Program envisages the 
completion and improvement of motorways and other roads in mainly two directions:  

 East - West from Šentilj/Spielfield (Austrian border) and Pince (Hungarian border) to Koper 
with exits, and to the Italian border  

 North - South from the Karavanke Tunnel on the Austrian border to Obrežje on the Croatian 
border.  

The Slovene motorway route heading from East to West is in line with the V. European 
Transportation Corridor (Trieste, Koper, Postojna, Ljubljana, Budapest), the motorway heading 
in the direction North - South is also in line with the X. European Transportation Corridor.  

On the abovementioned lines, the National Motorway Construction Program envisages the 
building of the following:  

 538,6 km of motorways and expressways;  

 34 km of other public roads serving as feeders to the motorway network;  
 the renovation of 101 km of public roads due to the motorway construction; and  
 implementation of 28 re-routing and similar such construction projects where motorway 

construction impinges on the national railway network.  

Reconstruction and other improvements and upgrades of part of the main and regional roads, 
which will temporarily facilitate the tasks of the not- yet-built motorway network, are a part of the 
National Motorway Construction Program. These improvements to the road system will make 
connection of the bigger inhabited areas to the motorway system much easier and provide 
much better flow of traffic on the V. European Transportation Corridor.  

 

Available data about state roads in Slovenia 

The Slovenian Roads Agency has been collecting data on national roads since 1954 and 
keeping computerized records of road-related data in the form of a road data bank since 1974. 
The register of public roads was designed as a computerized collection of attribute data serving 
as information for road management and for the elaboration of plans and studies required for 
different decision-making levels. With its road sectioning and stationing system it also consists 
of a universal list of codes enabling the collection of different road network-related data.  

The register of public roads is kept in accordance with the Public Roads Act. On the basis of 
this Act, the Minister of Transport issued the Rules on the method of marking public roads and 
on the records of public roads and their facilities (Official Gazette of the Republic of Slovenia 
No. 49/1997), which lays down in detail the content and method of data collection and 
application. The accuracy of collected data depends on the purpose of their use. Data are 
collected on the basis of reports on road work performed and measurement. 

In the register of public roads the following data are being collected:  

 Data on road alignment with regard to physical space and road management, 
 Data on transverse and longitudinal road elements, 
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 On-road facilities data, 
 Traffic information, 

 Traffic signalization and equipment data, 
 Investment-technical documentation data, 
 Road surface conditions data, 
 Data on the conditions of bridging structures, 
 Data on road accidents (collected and kept by the police). 

Some of the above-stated data have not been collected and assessed for the entire road 
network. The collected data from the Register of public roads cannot be used in general, 
because data measurement accuracy and the up-to-date status of the register are to be 
considered with regard to the actual conditions on the road. Therefore, the data are purely 
informative in character and applicable in particular for statistical purposes. Specific data should 
not be used for individual detailed calculations (such as expert opinions). For such purposes 
data should be provided by way of targeted measurements in the field.  

 

4.2.1.2 Local / Municipal roads 

Local roads in Slovenia are under a patronage of local authorities. For local roads there is 
essence less "information available", especially about traffic volumes on local roads, data about 
road alignment, road surface etc. Local roads are also very often in "bad conditions" - more or 
less on every local community they have less financial means for reconstruction of local roads 
then they require. 

 

4.2.2 TRAFFIC VOLUMES ON SLOVENIAN ROADS 

Information relating to traffic volume on state roads in Republic of Slovenia is provided on the 
basis of data obtained from various manual traffic counts and automatic traffic counters in the 
overall territory of the Republic of Slovenia. These quantifiable data are among the main 
sources of information on road traffic, because they enable the calculation of the AADT - 
average annual daily traffic (number of motor vehicles passing a counting point within 24 hours 
on an average day in the year). On figure 4.1 map of the traffic volumes (AADT) on state roads 
in Slovenia for the year 2005 is shown. 

For local roads there are mostly no traffic data available. 

 

Table 4.2: Average AADT for different category of state roads in Slovenia [28] 

 Road category Avg. AADT [veh./day] 

State roads 

Motorways 26.917 

Expressways (four and two 
lanes) 

24.468 

Main roads 8.659 

Regional roads 2.515 
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Figure 4.1: Map of traffic volumes (AADT) on state roads in Slovenia for the year 2007 

[source: Ministry of Transport, Slovenian Roads Agency] 

 

4.3 LIMITS OF THE RESEARCH 

As mention before (see chap. 4.1) the main research interest was to test methodology and APM 
for different types of rural three and four leg non-signalized intersections: 

 group A: 3 leg, STOP controlled, without additional lane for left turn vehicles, 
 group B: 3 leg, STOP controlled, with additional lane for left turn vehicles, 
 group C: 4 leg, STOP controlled, without additional lane for left turn vehicles, 
 group D: 4 leg, STOP controlled, with additional lane for left turn vehicles. 

Due to limited sources for field research it was necessary to reestablish additional terms / limits 
of research, which are considered on next paragraphs. 

 

4.3.1 INFLUENCE OF PEDESTRIANS / CYCLISTS 

Because of very non-homogeneous traffic situations - according to traffic of non-motorized 
participants in road traffic - in rural / urban intersections it was made a decision to limit the 
research just to those intersections, where the influence of pedestrians and/or cyclist is minimal. 
In that case - according the layout of intersections - mainly all of the proposed observed 
intersections locations laid outside urban areas or at the beginning of settlements. 
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4.3.2 INTERSECTIONS ON STATE ROADS 

Another decision was to limit - or select - just intersection on state roads. As could be seen from 
short description about state / local roads in Slovenia and collected data for those roads in 
previous chapters (see chap. 4.2) there is very few information's (data's) available for Slovenian 
local roads. On the other hand, for Slovenian state roads we could collect data about traffic 
volumes, traffic accidents, data about road alignment etc., which we need for further research 
work. 

According to those facts I decided to observe intersections on state roads - that means that I 
choose just those intersections, where: 

 on 3 leg intersection: two legs represent state roads, 
 on 3 leg intersection: three legs represent state roads, 
 on 4 leg intersection: three legs represent state roads, 
 on 4 leg intersection: four legs represent state roads. 

 

4.3.3 STUDY AREA 

As "study area" for research I decided to observe intersections on state roads in North-East part 
of Slovenia (figure 4.2). Terrain in this part of Slovenia is mostly level or hilly. 

 

 

Figure 4.2: Study area on map of the North - East part of Slovenia 
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At the end (when I made a final selection of intersections) I wish to have as many as possible of 
intersections in each group I obtained data for additional (app. 23) intersections. Some of those 
intersections lay outside defined study area, but geographical characteristic was the same (level 
or hilly terrain). 

 

4.3.4 SIZE OF SAMPLE 

As we have already said there were limited sources for research. Due to this fact it was very 
difficult to define appropriate size of the "sample intersections" for the research. After a 
consideration a decision was made to choose (minimal) 10 intersections in each group, which 
means that we have to work out on (at least) 40 intersections. 

When our research comes nearly to the end it has been found out that - in purpose to get more 
homogeneous and accurate results - it would be advisable to extend the size of sample 
intersections. 

 

4.4 SELECTION OF THE REPRESENTATIVE INTERSECTIONS 

Selection of the representative intersections was long and difficult process. I lead out this 
process in few steps. 

 

4.4.1 STEP 1: ROUGH SELECTION OF THE REPRESENTATIVE INTERSECTIONS 

In first step (step 1) I collect data about all intersections in given study area which fulfills 
selected criteria's (see chap. 4.3). After a detailed research I get more than 200 intersections on 
state roads which fulfill basic criteria's: 

 location on North-East part of Slovenia, 
 intersection between two (or three) state roads, 
 non-signalized intersection outside urban area, 
 3 or 4 leg intersection with / without a additional lane for left turn vehicles, 

More than 200 intersections were too much for further research - on next step I have to select 
just representative intersections. 

 

4.4.2 STEP 2: FINE SELECTION OF THE REPRESENTATIVE INTERSECTIONS 

Next step (step 2) in process of selecting representative intersections was very long lasting. For 
every of more than 200 locations I have to obtained an "aerial photo image" ("ortho photo 
image") of the intersection or visit locations "in-situ". 

From the photos or from visits on terrain I could decide, if the intersection could be 
representative one or not. I checked out if: 

 there are no influence of pedestrians or/and cyclist (or is this influence just minimal), 
 intersection is "right form" - that means that main direction of the traffic in intersection 

doesn't turn left / right but goes "through" intersection, 

 legs of the intersection should not cross in sharp angle. 

After all this work I get a selection of approximately 100 intersections, which were visited and 
reviewed. For some of them then turn out that they don`t fulfill criteria's. At the end of step 2 
selection process we have 37 intersections in 4 groups. 
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One example of selected intersections (after step 2 of the selection process) is shown on figure 
4.3: 

 no. 36 represent intersection in group C: 4-leg intersection without additional lanes for left 
turn vehicles, 

 no. 37 represent also intersection in group C: 4-leg intersection without additional lanes for 
left turn vehicles and 

 no. 39 represent intersection in group B: 3-leg intersection with additional lanes for left turn 
vehicles 

 

 

Figure 4.3: Map with selected intersections (after step 2 of the selection process) 

 

4.4.3 STEP 3: FINAL SELECTION OF THE REPRESENTATIVE INTERSECTIONS 

To get more homogeneous and accurate research results I choose to perform additional step 
(step 3) of the selection process. In this step I extend size of sample intersections by adding 
some intersections, which lay outside study area. 

36 

37 

39 
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After final selection (step 3) the data set consist from: 

 21 intersections in group A (3 leg, STOP controlled, without additional lane for left turn 
vehicles), 

 14 intersections in group B (3 leg, STOP controlled, with additional lane for left turn 
vehicles), 

 13 intersections in group C (4 leg, STOP controlled, without additional lane for left turn 
vehicles), 

 12 intersections in group D (4 leg, STOP controlled, with additional lane for left turn 
vehicles). 

 

Locations of the selected intersections are presented on figures 4.4 to 4.8. 

 

 
Figure 4.4: Selected intersections - group A 
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Figure 4.5: Selected intersections - group B 

 

 
Figure 4.6: Selected intersections - group C 
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Figure 4.7: Selected intersections - group D 

 

 
Figure 4.8: All selected intersections 
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4.5 DATA PREPARATION 

The major activity in my research work was restoration the databases of traffic accident data, 
traffic volumes, traffic control and geometrical elements for the selected intersections. 

 

4.5.1 TRAFFIC ACCIDENTS DATA 

Traffic accident data's were obtained from police database [40] for 5-years period (from 2002 to 
2006). Similar to some other research we considered traffic accidents within area of intersection 
- that means traffic accidents which occurred on each leg of intersections in distance 75 m from 
center point of intersection. 

Traffic accident data's were composed from following components: 

 number of accidents with (just) material damage, 

 number of accidents with lightly injured participants, 
 number of accidents with seriously injured participants, 
 number of accidents with death participants (fatal accidents). 

All collected traffic accidents data's are shown in tables in appendix A. For example, on figure 
4.9 traffic accidents data's from 2002 to 2006 for one selected intersection (named C-107) from 
group C are shown. 
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Figure 4.9: Number of traffic accidents which occurred in one intersection in group C (example) 

 

It has to be pointed out that data's about traffic accidents which we obtained from police 
database could not include all traffic accidents, which occurred in observed intersections. 
Namely, like in other countries also in Slovenia some minor traffic accidents (like accidents with 
only material damage) could be handling out without police presence. Therefore, there are not 
in police database. 
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4.5.2 TRAFFIC VOLUME DATA 

Traffic volume data was obtained from database of Ministry of Transport, Slovenian Roads 
Agency [28]. For purpose of research we collected data about AADT [veh./day] for major and for 
minor road in each intersection. 

All collected traffic volumes data's for selected intersections are shown in tables in appendix B. 

 

4.5.3 GEOMETRIC DESIGN DATA 

Data about geometrical elements of the selected intersections were obtained from field study. 
The variables have been divided on two groups: 

 quantitative values on a continuous scale, 
 categorical, with a finite number of discrete levels or categories. 

Definitions of variables are shown in table 4.3. 

 

Table 4.3: Definition of variables obtained in field study 
Variable Variable type Range of levels
Geometric Design Features   
Intersection configuration Categorical Three leg T intersection 
  Four leg intersection 
Number of lanes on major road Continuous  
Number of lanes on minor road Continuous  
Design speed on major road Continuous  
Functional class of major road Categorical Principal arterial 
  Minor arterial 
  Major collector 
Presence of median on major road Categorical Absent 
  Present 
Type of left turn treatment on major road Categorical No left-turn lane 
  Painted left-turn lane 
  Curbed left-turn lane 
Type of right turn treatment on major road Categorical No right-turn lane 
  Provision for free right-turn 
Type of right turn treatment on minor road Categorical No right-turn lane 
  Provision for free right-turn 
Access control on major road Categorical None 
  Partial 
Lighting Categorical No 
  Yes 
Terrain Categorical Flat 
  Rolling 
  Mountainous 
Average lane width on major road Continuous  
Average lane width on minor road Continuous  
Shoulder width on major road Continuous  
Traffic Volume Data   
AADT on major road [veh./day] Continuous  
AADT on minor road [veh./day] Continuous  

 

For each of the intersections was during field study filled a form with values of variables (table 
4.4). 
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Table 4.4: Form for the field study 

Index of intersection:  
Mark (name) of major road: 

 

  Mark (name) of minor road:  

Intersection configuration Three leg T intersection □ Four leg intersection □ 
Number of lanes on major 
road 

 
 

 

Number of lanes on minor 
road 

 
 

 

Design speed on major 
road  

 
 

Functional class of major 
road Principal arterial □ Minor arterial □ Major collector □ 

Presence of median on 
major road Absent □ Present □ 

Type of left turn treatment 
on major road No left-turn lane □ Painted left-turn lane □ Curbed left-turn lane □ 

Type of right turn 
treatment on major road No right-turn lane □ Provision for free right-turn □ 

Type of right turn 
treatment on minor road No right-turn lane □ Provision for free right-turn □ 

Access control on major 
road None □ Partial □ 

Lighting No □ Yes □ 
Terrain Flat □ Rolling □ Mountainous □ 
Average lane width on 
major road 

   

Average lane width on 
minor road 

   

Shoulder width on major 
road 

   

 

Values of variables which were obtained from field study are shown separately for each group 
of intersection - see appendix C. 
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5 STATISTICAL MODELING 

 

In this chapter the statistical modeling of at-grade (level) intersections accidents for four 
selected types of intersections are described. 

 

5.1 BASE MODEL 

The base models are provided below. Those models were calculated for all types of observed 
intersections - separate for "all accidents" and for "injury accidents". General form for this base 
model is shown in equation (5.1). 

 
c
2

b
1 QQaAF   (5.1)

where: 
AF expected number of traffic accidents 
Q1 AADT on major road 
Q2 AADT on minor road 
a, b, c coefficients to calculate 

 

The base model (values of variables for model) has been calculated with computer software 
Mathematica. For calculation we get a system which consist from "n" equations (n represent 
number of observed intersections in each group) and 3 variables, which we have to calculate. In 
all cases we have n > 3. 

 

5.1.1 GROUP A: 3-LEG INTERSECTIONS WITHOUT LEFT TURN LANES 

Considering dataset for 3-leg intersections without left turn lanes calculation of coefficients (eq. 
5.1) has been done. Calculations were made separately for "all accidents" and for "injury 
accidents". 

 

5.1.1.1 Base model - "all accidents" 

Final equation (5.2) is shown below. On figures 5.1 and 5.2 we could see the dataset for 
observed intersections (avg. number of accidents in 3-year period) and the comparison between 
calculated values and observed (avg.) number of accidents. 

 
12439195,0

2
70012564,0

1all,A QQ00713765,0AF   (5.2)

where: 
AFA,all expected number of 3-years "all accidents" for group A of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 
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Figure 5.1: Dataset (avg. 3-year all accidents) for observed intersections - group A 

 

 
Figure 5.2: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group A and calculations (eq. 5.2) 

 

 

5.1.1.2 Base model - "injury accidents" 

Final equation (5.3) is shown below. On figures 5.3 and 5.4 we could see the dataset for 
observed intersections (avg. number of accidents in 3-year period) and the comparison between 
calculated values and observed (avg.) number of accidents. 
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15593505,0
2

22121447,1
1inj,A QQ00001952,0AF   (5.3)

where: 
AFA,inj expected number of 3-years "injury accidents" for group A of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 

 
Figure 5.3: Dataset (avg. 3-year injury accidents) for observed intersections - group A 

 

 
Figure 5.4: Correlation between dataset (avg. 3-year injury accidents) for observed intersections 

- group A and calculations (eq. 5.3) 
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5.1.2 GROUP B: 3-LEG INTERSECTIONS WITH LEFT TURN LANES 

Considering dataset for 3-leg intersections with left turn lanes calculation of coefficients (eq. 5.1) 
has been done. Calculations were again made separately for "all accidents" and for "injury 
accidents". 

 

5.1.2.1 Base model - "all accidents" 

Final equation (5.4) is shown below. On figure 5.5 the comparison between calculated values 
and observed (avg.) number of accidents is present. 

 
8124209,0

2
41794204,1

1
8

all,B QQ1012703,2AF    (5.4)

where: 
AFB,all expected number of 3-years "all accidents" for group B of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 

 

 
Figure 5.5: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group B and calculations (eq. 5.4) 

 

5.1.2.2 Base model - "injury accidents" 

Final equation (5.5) is shown below. On figure 5.6 we could see the comparison between 
calculated values and observed (avg.) number of accidents. 

 
63892023,0

2
795651,0

1
6

inj,B QQ1088016,9AF    (5.5)

where: 
AFB,inj expected number of 3-years "injury accidents" for group B of intersections 
Q1 AADT on major road 
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Q2 AADT on minor road 

 

 
Figure 5.6: Correlation between dataset (avg. 3-year injury accidents) for observed intersections 

- group B and calculations (eq. 5.5) 

 

5.1.3 GROUP C: 4-LEG INTERSECTIONS WITHOUT LEFT TURN LANES 

Considering dataset for 4-leg intersections without left turn lanes calculation of coefficients (eq. 
5.1) has been done. Calculations were made separately for "all accidents" and for "injury 
accidents". 

 

5.1.3.1 Base model - "all accidents" 

Final equation (5.6) is shown below. On figure 5.7 the comparison between calculated values 
and observed (avg.) number of accidents is present. 

 
25454703,0

2
82779615,0

1all,C QQ00107543,0AF   (5.6)

where: 
AFC,all expected number of 3-years "all accidents" for group C of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 
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Figure 5.7: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group C and calculations (eq. 5.6) 

 

5.1.3.2 Base model - "injury accidents" 

Final equation (5.7) is shown below. On figure 5.8 we could see the comparison between 
calculated values and observed (avg.) number of accidents. 

 
27086525,0

2
64700248,0

1inj,C QQ00181898,0AF   (5.7)

where: 
AFC,inj expected number of 3-years "injury accidents" for group C of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 

 



Chapter 5: Statistical modeling

 

36 
 

 
Figure 5.8: Correlation between dataset (avg. 3-year injury accidents) for observed intersections 

- group C and calculations (eq. 5.7) 

 

5.1.4 GROUP D: 4-LEG INTERSECTIONS WITH LEFT TURN LANES 

Considering dataset for 4-leg intersections with left turn lanes calculation of coefficients (eq. 5.1) 
has been done. Calculations were again made separately for "all accidents" and for "injury 
accidents". 

 

5.1.4.1 Base model - "all accidents" 

Final equation (5.8) is shown below. On figure 5.9 the comparison between calculated values 
and observed (avg.) number of accidents is present. 

 
108548845,0

2
566417128,0

1all,D QQ022958372,0AF   (5.8)

where: 
AFD,all expected number of 3-years "all accidents" for group D of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 
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Figure 5.9: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group D and calculations (eq. 5.8) 

 

5.1.4.2 Base model - "injury accidents" 

Final equation (5.9) is shown below. On figure 5.10 we could see the comparison between 
calculated values and observed (avg.) number of accidents. 

 
28700765,0

2
758043,0

1inj,D QQ000342613,0AF   (5.9)

where: 
AFD,inj expected number of 3-years "injury accidents" for group D of intersections 
Q1 AADT on major road 
Q2 AADT on minor road 

 



Chapter 5: Statistical modeling

 

38 
 

 
Figure 5.10: Correlation between dataset (avg. 3-year injury accidents) for observed 

intersections - group D and calculations (eq. 5.9) 
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5.2 BAUER & HARWOOD MODEL 

5.2.1 INTRODUCTION 

Bauer and Harwood [2], [13] present in a FHWA report statistical models of the relationship 
between traffic accidents and highway geometric elements for at-grade intersections on rural 
single carriageway two-lane roads. The APM are applicable to rural four-leg and three-leg stop 
controlled intersections. 

The design elements considered as explanatory variables include functional class, traffic flow, 
channelization, traffic control type, median, access control, terrain type, number of lanes, lane 
width, shoulder width, and lighting. Data on 1.434 four-leg intersections and 2.692 three-leg 
intersections were collected. Accident and traffic data for the period 1.990 to 1.992 were used, 
totaling 5.631 accidents, of which 2.759 injury accidents, on four-leg intersections; 6.399 
accidents, including 2.905 injury accidents, were considered on the three-leg intersections. 

Models were fitted using lognormal, Poisson, and negative binomial regression analyses. 
Generally, negative binomial regression models were the most appropriate for rural 
intersections models. The general model form is stated by the following equation (eq. 5.10): 

 
  ii21 xbb

2
b
1

a eQQeAF  (5.10)

where: 
AF expected number of accidents (all / injury) 
Q1 AADT on major road 
Q2 AADT on minor road 
xi other explanatory variables 
a, bi coefficients to calculate 

 

5.2.2 REGRESSION RESULTS 

In the following tables (5.1 - 5.4) there are summarize regression results for the final negative 
binomial model for total accidents and injury accidents. 

 

Table 5.1: Negative binomial regression results for "all accidents" at rural, 3-leg intersections 
[13] 
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Table 5.2: Negative binomial regression results for "injury accidents" at rural, 3-leg intersections 
[13] 

 
 

Table 5.3: Negative binomial regression results for "all accidents" at rural, 4-leg intersections 
[13] 

 
 

Table 5.4: Negative binomial regression results for "injury accidents" at rural, 4-leg intersections 
[13] 
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5.2.3 GROUP A: 3-LEG INTERSECTIONS WITHOUT LEFT TURN LANES 

Considering our dataset for 3-leg intersections without left turn lanes calculation according the 
parameters from table 5.1 and 5.2 has been done. Calculations were made separately for "all 
accidents" and for "injury accidents". 

 

5.2.3.1 Base model - "all accidents" 

Final equation (5.11) is obtain with parameters from table 5.1 and is shown below. In table 5.5 
we could find appropriate values for intersections in group A with results for "all accidents" 
calculated according the eq. 5.11. Correlation between dataset (avg. 3-year all accidents) for 
observed intersections - group A and calculations (eq. 5.11) is shown on diagram (figure 5.11). 

 

10543 X095,0...X225,0X124,0X213,083,0
2

383,0
1

178,9
all,A expXXeAF    (5.11)

where: 
AFA,all expected number of all accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if no left turn lane is present on major road; 0 otherwise 
X4 1 if curbed left turn is present in major road; 0 otherwise 
X5 1 if the major road has no access control; 0 if access control is partial 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 outside shoulder with on major road 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 

 

Table 5.5: Appropriate values for intersections in group A with results for "all accidents" and for 
"injury accidents" 
 3-y 3-y      All Inj
 Avg. All Avg. Inj X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12    
A-18 0 0 100 1091 1 0 1 1 0 2,46 1 0 0 1  0,33 0,16
A-33 0 0 1000 3816 1 0 1 1 0 1,64 1 0 1 1  2,28 1,22
A-41 6,6 4,2 690 2767 1 0 1 1 0 2,46 1 0 0 0  1,49 0,84
A-60 8,4 3 2800 8575 1 0 1 0 1 2,46 0 1 0 0  8,01 3,59
A-71 4,2 0 500 1000 1 0 1 1 0 3,28 1 0 0 0  0,56 0,33
A-74 19,2 9 7560 11672 1 0 0 0 1 3,28 1 0 0 0  10,37 6,53
A-91 6,6 2,4 1082 3800 1 0 1 1 0 2,46 1 0 0 1  2,31 1,03
A-102 5,4 2,4 1000 4780 1 0 1 1 0 3,28 1 0 0 1  2,67 1,17
A-131 8,4 6 1050 5015 1 0 0 0 1 2,46 1 0 1 0  2,45 1,92
AP-1 8,4 3 1870 4405 1 0 0 1 0 1,64 1 0 1 1  2,60 1,73
AP-5 12 2,4 1445 4417,5 1 0 1 1 0 2,46 1 0 0 1  2,92 1,30
AP-6 5,4 1,2 8430 7550 1 0 1 0 1 1,64 1 0 1 0  9,69 6,02
AP-7 0,6 0,6 205 212,5 1 0 1 1 0 3,28 0 1 0 1  0,13 0,06
AP-8 0 0 250 215 1 0 1 1 0 2,46 0 1 0 1  0,14 0,06
AP-9 10,8 2,4 1180 4620 1 0 1 1 0 3,28 0 0 0 1  2,89 1,21
AP-13 4,2 0,6 40 6330 1 0 1 0 1 2,46 1 0 1 1  1,06 0,53
AP-14 4,2 0 1405 5682,5 1 0 1 0 1 2,46 1 0 1 1  3,80 1,90
AP-15 4,8 0,6 330 5665 1 0 1 0 1 2,46 1 0 1 0  2,18 1,35
AP-20 13,8 6,6 490 12280 1 0 1 0 1 3,28 1 0 1 1  4,75 2,26
AP-21 8,4 1,8 345 10397,5 1 0 1 0 1 2,46 1 0 1 1  3,67 1,78
AP-23 8,4 4,2 345 10817,5 1 0 1 0 1 3,28 1 0 1 1  3,74 1,79
Sum: 139,8 50,4              68,03 36,77
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Figure 5.11: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group A and calculations (eq. 5.11) 

 

5.2.3.2 Base model - "injury accidents" 

Final equation (5.12) is obtain with parameters from table 5.2 and is shown below. In table 5.5 
we could find appropriate values for intersections in group A with results for "injury accidents" 
calculated according the eq. 5.12. Correlation between dataset (avg. 3-year injury accidents) for 
observed intersections - group A and calculations (eq. 5.12) is shown on diagram (figure 5.12). 

 

12643 X219,0...X164,0X062,0X18,0781,0
2

384,0
1

141,9
inj,A expXXeAF    (5.12)

where: 
AFA,inj expected number of injury accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if no left turn lane is present on major road; 0 otherwise 
X4 1 if curbed left turn is present in major road; 0 otherwise 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 outside shoulder with on major road 
X11 1 if the intersection is lighted; 0 otherwise 
X12 1 if there is no free right turns; 0 otherwise 
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Figure 5.12: Correlation between dataset (avg. 3-year injury accidents) for observed 

intersections - group A and calculations (eq. 5.12) 

 

5.2.4 GROUP B: 3-LEG INTERSECTIONS WITH LEFT TURN LANES 

Considering our dataset for 3-leg intersections with left turn lanes calculation according the 
parameters from table 5.1 and 5.2 has been done. Calculations were made separately for "all 
accidents" and for "injury accidents". 

 

5.2.4.1 Base model - "all accidents" 

Final equation (5.13) is obtain with parameters from table 5.1 and is shown below. In table 5.6 
we could find appropriate values for intersections in group B with results for "all accidents" 
calculated according the eq. 5.13. Correlation between dataset (avg. 3-year all accidents) for 
observed intersections - group B and calculations (eq. 5.13) is shown on diagram (figure 5.13). 

 

10543 X095,0...X225,0X124,0X213,083,0
2

383,0
1

178,9
all,B expXXeAF    (5.13)

where: 
AFB,all expected number of all accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if no left turn lane is present on major road; 0 otherwise 
X4 1 if curbed left turn is present in major road; 0 otherwise 
X5 1 if the major road has no access control; 0 if access control is partial 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 outside shoulder with on major road 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 
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Table 5.6: Appropriate values for intersections in group B with results for "all accidents" and for 
"injury accidents" 

 3-y 3-y      All Inj
 Avg. All Avg. Inj X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12    

B-39 17,4 4,8 5231 12822 0 0 0 0 1 2,46 0 0 1 0  8,34 6,18
B-56 7,8 3 1000 15525 0 1 1 0 1 3,28 1 0 1 0  6,94 3,95
B-58 15,6 5,4 3045 6231 0 0 0 0 1 2,46 0 0 1 0  3,73 2,86
B-69 7,2 3,6 6200 8485 0 0 0 0 1 2,46 1 0 1 0  6,04 4,78
B-75 2,4 1,2 430 7340 0 1 0 0 1 2,46 1 0 0 1  2,18 1,11
B-84 9,6 2,4 3220 15290 0 0 1 0 1 3,28 0 0 0 0  9,90 4,85
B-93 5,4 3 4738 7531 0 1 1 0 1 3,28 1 0 0 0  6,90 3,44
B-105 4,2 0,6 5253 6450 0 0 1 0 1 2,46 0 0 0 0  5,92 3,06
B-115 0 0 900 1255 0 0 1 1 0 2,46 0 0 0 0  0,72 0,42
B-124 0,6 0 1550 10075 0 0 1 0 1 3,28 1 0 0 0  5,06 2,64
B-133 5,4 2,4 2801 5120 0 0 0 1 0 1,64 0 0 0 1  2,91 1,61
AP-3 0,6 0 1120 13230 0 1 0 0 1 2,46 1 0 1 0  5,14 3,73
AP-10 19,2 5,4 3395 18417,5 0 1 0 0 1 1,64 1 0 1 0  10,48 7,58
AP-17 1,8 1,2 3920 7430 0 0 1 1 0 2,46 1 0 1 0  5,32 3,51
Sum: 97,20 33,00              79,59 49,71
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Figure 5.13: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group B and calculations (eq. 5.13) 

 

5.2.4.2 Base model - "injury accidents" 

Final equation (5.14) is obtain with parameters from table 5.2 and is shown below. In table 5.6 
we could find appropriate values for intersections in group B with results for "injury accidents" 
calculated according the eq. 5.14. Correlation between dataset (avg. 3-year injury accidents) for 
observed intersections - group B and calculations (eq. 5.14) is shown on diagram (figure 5.14). 

 

12643 X219,0...X164,0X062,0X18,0781,0
2

384,0
1

141,9
inj,B expXXeAF    (5.14)

where: 
AFB,inj expected number of injury accidents in 3-years period 
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X1 AADT on minor road 
X2 AADT on major road 
X3 1 if no left turn lane is present on major road; 0 otherwise 
X4 1 if curbed left turn is present in major road; 0 otherwise 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 outside shoulder with on major road 
X11 1 if the intersection is lighted; 0 otherwise 
X12 1 if there is no free right turns; 0 otherwise 
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Figure 5.14: Correlation between dataset (avg. 3-year injury accidents) for observed 

intersections - group B and calculations (eq. 5.14) 

 

5.2.5 GROUP C: 4-LEG INTERSECTIONS WITHOUT LEFT TURN LANES 

Considering our dataset for 4-leg intersections without left turn lanes calculation according the 
parameters from table 5.3 and 5.4 has been done. Calculations were made separately for "all 
accidents" and for "injury accidents". 

 

5.2.5.1 Base model - "all accidents" 

Final equation (5.15) is obtain with parameters from table 5.3 and is shown below. In table 5.7 
we could find appropriate values for intersections in group C with results for "all accidents" 
calculated according the eq. 5.15. Correlation between dataset (avg. 3-year all accidents) for 
observed intersections - group C and calculations (eq. 5.15) is shown on diagram (figure 5.15). 

 

11543 X157,0...X2,0X009,0X321,0758,0
2

532,0
1

025,10
all,C expXXeAF    (5.15)

where: 
AFC,all expected number of all accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if the major road has 3 or fewer lanes in both direction of travel combined; 0 if 4 or more 
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X4 design speed on major road [mi/h] 
X5 1 if the major road has no access control; 0 if access control is partial 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 1 if the intersection is lighted; 0 otherwise 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 
X11 1 if no right turn lane is present on the major road; 0 otherwise 

 

Table 5.7: Appropriate values for intersections in group C with results for "all accidents" and for 
"injury accidents" 
 3-y 3-y      All Inj
 Avg. All Avg. Inj X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11    
C-4 0,6 0,6 150 1600 1 55,9 1 1 0 0 1 0 1  0,63 0,37
C-20 0 0 320 821 1 55,9 0 1 0 0 1 0 1  0,47 0,36
C-27 7,2 4,2 1300 2450 1 37,27 1 1 0 1 1 0 1  2,63 1,58
C-37 24 10,8 4873 11000 1 43,48 1 0 1 1 0 0 1  18,37 7,46
C-36 31,2 10,8 767 11050 1 55,9 1 0 1 0 0 0 1  6,82 2,57
C-46 7,2 4,2 1700 2464 1 37,27 1 1 0 1 1 0 1  3,05 1,84
C-70 19,8 5,4 5583 8250 1 43,48 1 0 1 1 1 0 1  15,06 7,93
C-107 4,8 1,2 2150 10935 1 55,9 1 0 1 0 0 0 1  11,71 4,49
C-117 2,4 0,6 207 1150 1 55,9 1 1 0 0 1 0 1  0,58 0,36
C-119 1,8 0,6 803 1176 1 43,48 1 1 0 1 1 0 1  1,24 0,80
AP-4 9,6 3,6 120 16960 1 31,06 1 0 1 0 1 0 1  2,67 1,09
AP-12 3 1,2 2595 6690 1 31,06 1 0 1 1 1 0 1  7,64 3,85
AP-22 4,8 0,6 335 10525 1 43,48 1 0 1 1 1 0 1  4,05 2,01
Sum: 116,4 43,8             74,92 34,72
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Figure 5.15: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group C and calculations (eq. 5.15) 

 

5.2.5.2 Base model - "injury accidents" 

Final equation (5.16) is obtain with parameters from table 5.4 and is shown below. In table 5.7 
we could find appropriate values for intersections in group C with results for "injury accidents" 
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calculated according the eq. 5.16. Correlation between dataset (avg. 3-year injury accidents) for 
observed intersections - group C and calculations (eq. 5.16) is shown on diagram (figure 5.16). 

 

10643 X234,0...X261,0X013,0X385,068,0
2

546,0
1

294,10
inj,C expXXeAF    (5.16)

where: 
AFC,inj expected number of injury accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if the major road has 3 or fewer lanes in both direction of travel combined; 0 if 4 or more 
X4 design speed on major road [mi/h] 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 1 if the intersection is lighted; 0 otherwise 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 

 

0

2

4

6

8

10

12

C
-4

C
-2

0

C
-2

7

C
-3

7

C
-3

6

C
-4

6

C
-7

0

C
-1

07

C
-1

17

C
-1

19

A
P

-4

A
P

-1
2

A
P

-2
2

Name of int.

Av
g.

 n
um

be
r o

f a
cc

.

Acc. data

Calc. values

 
Figure 5.16: Correlation between dataset (avg. 3-year injury accidents) for observed 

intersections - group C and calculations (eq. 5.16) 

 

5.2.6 GROUP D: 4-LEG INTERSECTIONS WITH LEFT TURN LANES 

Considering our dataset for 4-leg intersections with left turn lanes calculation according the 
parameters from table 5.3 and 5.4 has been done. Calculations were made separately for "all 
accidents" and for "injury accidents". 

 

5.2.6.1 Base model - "all accidents" 

Final equation (5.17) is obtain with parameters from table 5.3 and is shown below. In table 5.8 
we could find appropriate values for intersections in group D with results for "all accidents" 
calculated according the eq. 5.17. Correlation between dataset (avg. 3-year all accidents) for 
observed intersections - group D and calculations (eq. 5.17) is shown on diagram (figure 5.17). 
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11543 X157,0...X2,0X009,0X321,0758,0
2

532,0
1

025,10
all,D expXXeAF    (5.17)

where: 
AFD,all expected number of all accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if the major road has 3 or fewer lanes in both direction of travel combined; 0 if 4 or more 
X4 design speed on major road [mi/h] 
X5 1 if the major road has no access control; 0 if access control is partial 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 1 if the intersection is lighted; 0 otherwise 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 
X11 1 if no right turn lane is present on the major road; 0 otherwise 

 

Table 5.8: Appropriate values for intersections in group B with results for "all accidents" and for 
"injury accidents" 
 3-y 3-y      All Inj
 Avg. All Avg. Inj X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11    
D-5 5,4 2,4 2874 10875 1 43,48 0 0 1 1 1 0 1  10,67 6,66
D-35 1,8 0,6 210 4649 1 37,27 1 1 0 1 1 0 1  1,62 0,91
D-44 27,6 6,6 1550 13065 1 43,48 0 0 1 1 1 0 1  8,83 5,39
D-61 18 8,4 2300 12822 1 55,9 0 0 1 1 1 0 1  12,01 7,75
D-65 5,4 2,4 3889 5575 1 43,48 0 0 1 1 0 0 0  6,81 4,15
D-87 15,6 7,8 3923 12062 1 43,48 1 0 1 1 1 0 0  14,22 8,47
D-110 1,8 0,6 596 2950 1 55,9 1 1 0 0 1 0 1  2,10 1,20
AP-2 14,4 4,2 2040 13110 1 37,27 0 0 1 1 1 0 1  9,69 5,79
AP-11 3 1,2 1680 19590 1 55,9 0 0 1 1 1 0 1  14,02 8,71
AP-16 6,6 1,8 6970 6790 1 43,48 0 0 1 1 1 0 0  10,23 7,84
AP-18 6,6 0,6 4062,5 6142,5 1 43,48 0 0 1 1 1 0 1  8,32 5,46
AP-19 7,2 3,6 2230 15085 1 43,48 1 0 1 1 1 0 1  14,60 7,25
Sum: 113,4 40,2             113,13 69,58
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Figure 5.17: Correlation between dataset (avg. 3-year all accidents) for observed intersections - 

group D and calculations (eq. 5.17) 
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5.2.6.2 Base model - "injury accidents" 

Final equation (5.18) is obtain with parameters from table 5.4 and is shown below. In table 5.8 
we could find appropriate values for intersections in group D with results for "injury accidents" 
calculated according the eq. 5.18. Correlation between dataset (avg. 3-year injury accidents) for 
observed intersections - group D and calculations (eq. 5.18) is shown on diagram (figure 5.18). 

 

10643 X234,0...X261,0X013,0X385,068,0
2

546,0
1

294,10
inj,D expXXeAF    (5.18)

where: 
AFD,inj expected number of injury accidents in 3-years period 
X1 AADT on minor road 
X2 AADT on major road 
X3 1 if the major road has 3 or fewer lanes in both direction of travel combined; 0 if 4 or more 
X4 design speed on major road [mi/h] 
X6 1 if the major road is minor arterial; 0 otherwise 
X7 1 if the major road is major collector; 0 otherwise 
X8 1 if the intersection is lighted; 0 otherwise 
X9 1 if terrain is flat; 0 otherwise 
X10 1 if terrain is mountainous; 0 otherwise 
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Figure 5.18: Correlation between dataset (avg. 3-year injury accidents) for observed 

intersections - group D and calculations (eq. 5.18) 
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5.3 EB PROCEDURE 

5.3.1 INTRODUCTION 

Empirical Bayesian (EB) methods provide a way to combine a site`s accident history with the 
accident history of several sites having similar characteristics (reference population) in order to 
calculate the site`s adjusted accident frequency [33]. This adjusted frequency is seen as a 
better approximation of the long-term average accident frequency on which safety decisions 
should be based. 

According to [1] the applicability of the EB procedure depends on the availability of observed 
accident history data and the type of improvement project being evaluated. If no observed 
accident history data are available, application of the EB procedure is infeasible and should not 
be considered. If observed accident history data are available, the applicability of the EB 
procedure depends on the type of improvement project being evaluated. 

The EB procedure should be applied for the following improvement types whenever observed 
accident history data are available: 

 Sites at which the roadway geometrics and traffic control are not being changed (e.g., the 
"do-nothing" alternative). 

 Projects in which the roadway cross section is modified but the basic number of lanes 
remains the same. This would include, for example, projects for which lanes or shoulders 
were widened or the roadside was improved, but the roadway remained a rural two-lane 
highway. 

 Projects in which minor changes in alignment are made, such as flattening individual 
horizontal curves while leaving most of the alignment intact. 

 Projects in which a passing lane or a short four-lane section is added to a rural two-lane 
highway to increase passing opportunities. 

 Any combination of the above improvements. 

The EB procedure is not applicable to the following types of improvements: 

 Projects in which a new alignment is developed for at least 50 percent of the project length. 
In this case, the procedure used when no site-specific accident history data are available, 
should be applied because there is no reason why the accident history of the old alignment 
should be used as a predictor of future accident frequency on the new alignment. In others 
words, there is no reason to think that the new roadway will have substantially higher (or 
lower), accident experience, simply because the existing roadway has high (or low) accident 
experience. For cases in which the user is concerned that a particular geographic area or 
corridor has higher or lower accident experience than expected, a special study may be 
performed to revise the calibration factor accordingly. 

 Individual intersections at which the basic number of intersection legs or type of traffic 
control is changed as part of a project. The EB procedure can be applied to the rest of any 
project containing such an intersection, but the intersection itself should be omitted. 

The reason that the EB procedure is not used for these project types is that the observed 
accident data for a past time period is not necessarily indicative of the accident experience that 
is likely to occur in the future, after such a major geometric improvement. 
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5.3.2 APPLICATION OF EB PROCEDURE: EB - METHOD OF MOMENTS 

The method of moments is based on two statistics - the mean and variance of the reference 
population. Those two statistics are then used to adjust the accident frequency at observed 
intersection (eq. 5.19): 

 jrp2
rp

jj,EB AFAF
s

AF
AFAF   (5.19)

where: 
AFEB,j EB adjusted accident frequency at intersection j 
AFj accident frequency at intersection j 
AFrp average accident frequency (reference population) 
s2 variance of the accident frequency (reference population) 
 

n

AF
AF j

rp


  (5.20)

where: 
n number of intersections (reference population) 
 

 
1n

AFAF
s

2
rpj2







 (5.21)

 

 jrp2
rp

AFAF
s

AF
CF   (5.22)

where: 
CF is "correction factor", the importance of which varies according to the homogeneity of the 
reference population. As the homogeneity increases, s2 decreases, thus increasing the magnitude of the 
correction (and inversely) 

 

5.3.3 APPLICATION OF EB METHOD OF MOMENT TO BASE MODEL 

EB method of moments is used to calculate EB adjusted accident frequency, which is calculated 
from base model. 
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5.3.3.1 Group A: 3-leg intersections without left turn lanes 

Table 5.9: Results for EB method of moment applied to base model (all / injury accidents) 
 AF All AF Inj CF All CF Inj AF EB All AF EB Inj

A-18 1,70 0,21 0,604 0,915 2,30 1,12
A-33 5,42 1,36 -0,855 0,234 4,57 1,59
A-41 4,14 0,86 -0,351 0,525 3,78 1,39
A-60 10,87 4,28 -2,985 -1,495 7,88 2,78
A-71 1,95 0,24 0,505 0,896 2,45 1,13
A-74 15,26 7,28 -4,704 -3,271 10,55 4,01
A-91 5,46 1,37 -0,870 0,228 4,59 1,59
A-102 6,35 1,78 -1,218 -0,020 5,13 1,76
A-131 6,61 1,91 -1,318 -0,092 5,29 1,81
AP-1 6,48 1,78 -1,269 -0,018 5,21 1,76
AP-5 6,29 1,72 -1,194 0,020 5,10 1,74
AP-6 11,40 4,35 -3,194 -1,537 8,21 2,81
AP-7 0,59 0,03 1,037 1,018 1,63 1,05
AP-8 0,61 0,03 1,029 1,017 1,64 1,05
AP-9 6,33 1,76 -1,209 -0,004 5,12 1,75
AP-13 5,18 1,52 -0,759 0,135 4,42 1,66
AP-14 7,48 2,32 -1,659 -0,339 5,82 1,99
AP-15 6,23 1,85 -1,171 -0,057 5,06 1,79
AP-20 11,25 5,05 -3,135 -1,955 8,11 3,10
AP-21 9,59 3,91 -2,484 -1,275 7,10 2,63
AP-23 9,85 4,10 -2,589 -1,389 7,27 2,71
AF rp 6,620 2,271     

s2 14,349 3,559     

 

5.3.3.2 Group B: 3-leg intersections with left turn lanes 

Table 5.10: Results for EB method of moment applied to base model (all / injury accidents) 
 AF All AF Inj CF All CF Inj AF EB All AF EB Inj

B-39 14,92 4,36 -6,802 -0,781 8,11 3,58
B-56 5,10 1,76 0,430 1,733 5,53 3,50
B-58 3,45 1,74 1,643 1,759 5,10 3,49
B-69 9,54 3,50 -2,838 0,053 6,70 3,55
B-75 0,89 0,57 3,534 2,892 4,42 3,46
B-84 12,91 3,68 -5,322 -0,121 7,59 3,55
B-93 6,47 2,68 -0,580 0,846 5,89 3,52
B-105 5,65 2,53 0,026 0,991 5,68 3,52
B-115 0,13 0,22 4,091 3,226 4,22 3,45
B-124 3,94 1,65 1,282 1,839 5,23 3,49
B-133 2,44 1,41 2,388 2,077 4,83 3,48
AP-3 4,46 1,67 0,904 1,824 5,36 3,49
AP-10 17,54 4,41 -8,738 -0,831 8,81 3,58
AP-17 5,44 2,35 0,178 1,167 5,62 3,51
AF rp 6,635 2,322   

s2 27,318 1,672   
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5.3.3.3 Group C: 4-leg intersections without left turn lanes 

Table 5.11: Results for EB method of moment applied to base model (all / injury accidents) 
 AF All AF Inj CF All CF Inj AF EB All AF EB Inj

C-4 1,73 0,84 0,670 0,739 2,40 1,57
C-20 1,21 0,67 0,756 0,807 1,96 1,47
C-27 4,26 1,98 0,249 0,279 4,51 2,26
C-37 20,69 7,47 -2,478 -1,934 18,21 5,54
C-36 12,97 4,54 -1,197 -0,753 11,77 3,79
C-46 4,59 2,13 0,195 0,216 4,78 2,35
C-70 16,88 6,44 -1,846 -1,516 15,03 4,92
C-107 16,72 5,96 -1,819 -1,326 14,90 4,64
C-117 1,43 0,74 0,720 0,779 2,15 1,52
C-119 2,05 1,08 0,616 0,641 2,67 1,72
AP-4 11,53 3,63 -0,958 -0,385 10,57 3,24
AP-12 11,68 4,57 -0,982 -0,764 10,69 3,80
AP-22 10,09 3,52 -0,718 -0,341 9,37 3,18
AF rp 8,910 3,351   

s2 45,817 5,437   

 

5.3.3.4 Group D: 4-leg intersections with left turn lanes 

Table 5.12: Results for EB method of moment applied to base model (all / injury accidents) 
 AF All AF Inj CF All CF Inj AF EB All AF EB Inj

D-5 10,54 3,87 -0,566 1,654 9,97 5,52
D-35 4,90 0,96 2,314 4,141 7,21 5,10
D-44 10,93 3,72 -0,769 1,777 10,16 5,50
D-61 11,29 4,11 -0,952 1,446 10,34 5,55
D-65 7,46 2,54 1,007 2,787 8,46 5,33
D-87 11,56 4,57 -1,088 1,049 10,47 5,62

D-110 4,24 0,92 2,651 4,177 6,89 5,09
AP-2 11,28 4,04 -0,949 1,507 10,34 5,54

AP-11 13,87 5,18 -2,272 0,532 11,60 5,71
AP-16 8,88 3,49 0,278 1,977 9,16 5,46
AP-18 7,92 2,77 0,773 2,592 8,69 5,36
AP-19 12,34 4,61 -1,487 1,020 10,85 5,63
AF rp 9,600 3,396   

s2 8,785 1,863   
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5.3.4 APPLICATION OF EB METHOD OF MOMENT TO BAUER & HARWOOD MODEL 

EB method of moments is also used to calculate EB adjusted accident frequency, which is 
calculated from Bauer and Harwood model. 

 

5.3.4.1 Group A: 3-leg intersections without left turn lanes 

Table 5.13: Results for EB method of moment applied to Bauer and Harwood model (all / injury 
accidents) 

 AF All AF Inj CF All CF Inj AF EB All AF EB Inj
A-18 0,33 0,16 1,139 0,944 1,47 1,10
A-33 2,28 1,22 0,377 0,315 2,65 1,53
A-41 1,49 0,84 0,684 0,537 2,18 1,38
A-60 8,01 3,59 -1,869 -1,089 6,15 2,50
A-71 0,56 0,33 1,049 0,842 1,61 1,17
A-74 10,37 6,53 -2,789 -2,826 7,58 3,70
A-91 2,31 1,03 0,365 0,426 2,67 1,46
A-102 2,67 1,17 0,223 0,345 2,89 1,51
A-131 2,45 1,92 0,310 -0,099 2,76 1,82
AP-1 2,60 1,73 0,249 0,011 2,85 1,74
AP-5 2,92 1,30 0,125 0,269 3,04 1,57
AP-6 9,69 6,02 -2,527 -2,528 7,17 3,50
AP-7 0,13 0,06 1,218 1,003 1,34 1,06
AP-8 0,14 0,06 1,213 0,999 1,35 1,06
AP-9 2,89 1,21 0,136 0,319 3,03 1,53
AP-13 1,06 0,53 0,851 0,724 1,92 1,25
AP-14 3,80 1,90 -0,220 -0,089 3,58 1,81
AP-15 2,18 1,35 0,416 0,235 2,59 1,59
AP-20 4,75 2,26 -0,590 -0,301 4,16 1,96
AP-21 3,67 1,78 -0,167 -0,015 3,50 1,76
AP-23 3,74 1,79 -0,194 -0,022 3,54 1,77
AF rp 3,239 1,751     

s2 8,277 2,959     

 

5.3.4.2 Group B: 3-leg intersections with left turn lanes 

Table 5.14: Results for EB method of moment applied to Bauer and Harwood model (all / injury 
accidents) 

 AF All AF Inj CF All CF Inj AF EB All AF EB Inj
B-39 8,34 6,18 -1,959 -2,549 6,38 3,63
B-56 6,94 3,95 -0,921 -0,384 6,01 3,56
B-58 3,73 2,86 1,443 0,671 5,17 3,53
B-69 6,04 4,78 -0,264 -1,191 5,78 3,59
B-75 2,18 1,11 2,580 2,370 4,76 3,48
B-84 9,90 4,85 -3,108 -1,260 6,79 3,59
B-93 6,90 3,44 -0,898 0,105 6,01 3,55
B-105 5,92 3,06 -0,171 0,478 5,75 3,54
B-115 0,72 0,42 3,655 3,034 4,38 3,45
B-124 5,06 2,64 0,460 0,878 5,52 3,52
B-133 2,91 1,61 2,044 1,886 4,95 3,49
AP-3 5,14 3,73 0,405 -0,173 5,54 3,56
AP-10 10,48 7,58 -3,533 -3,901 6,95 3,68
AP-17 5,32 3,51 0,266 0,036 5,59 3,55
AF rp 5,685 3,551   

s2 7,716 3,664   
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5.3.4.3 Group C: 4-leg intersections without left turn lanes 

Table 5.15: Results for EB method of moment applied to Bauer and Harwood model (all / injury 
accidents) 

 AF All AF Inj CF All CF Inj AF EB All AF EB Inj
C-4 0,63 0,37 0,852 0,925 1,48 1,30

C-20 0,47 0,36 0,879 0,931 1,35 1,29
C-27 2,63 1,58 0,520 0,438 3,15 2,02
C-37 18,37 7,46 -2,092 -1,928 16,27 5,53
C-36 6,82 2,57 -0,176 0,039 6,65 2,61
C-46 3,05 1,84 0,450 0,334 3,50 2,18
C-70 15,06 7,93 -1,543 -2,119 13,51 5,81
C-107 11,71 4,49 -0,987 -0,731 10,72 3,76
C-117 0,58 0,36 0,860 0,932 1,44 1,29
C-119 1,24 0,80 0,752 0,753 1,99 1,55
AP-4 2,67 1,09 0,514 0,637 3,18 1,73
AP-12 7,64 3,85 -0,312 -0,476 7,33 3,38
AP-22 4,05 2,01 0,284 0,264 4,34 2,28
AF rp 5,763 2,671   

s2 34,709 6,634   

 

5.3.4.4 Group D: 4-leg intersections with left turn lanes 

Table 5.16: Results for EB method of moment applied to Bauer and Harwood model (all / injury 
accidents) 

 AF All AF Inj CF All CF Inj AF EB All AF EB Inj
D-5 10,67 6,66 -0,638 -0,738 10,04 5,92

D-35 1,62 0,91 3,990 4,186 5,61 5,09
D-44 8,83 5,39 0,304 0,352 9,14 5,74
D-61 12,01 7,75 -1,322 -1,673 10,69 6,08
D-65 6,81 4,15 1,338 1,407 8,15 5,56
D-87 14,22 8,47 -2,452 -2,287 11,77 6,18
D-110 2,10 1,20 3,748 3,933 5,84 5,13
AP-2 9,69 5,79 -0,135 0,010 9,56 5,80
AP-11 14,02 8,71 -2,345 -2,494 11,67 6,22
AP-16 10,23 7,84 -0,409 -1,750 9,82 6,09
AP-18 8,32 5,46 0,565 0,292 8,89 5,75
AP-19 14,60 7,25 -2,644 -1,238 11,96 6,01
AF rp 9,428 5,798   

s2 18,442 6,778   
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5.3.5 COMPARISON OF THE RESULTS 

5.3.5.1 Group A: 3-leg intersections without left turn lanes 
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Figure 5.19: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - all accidents 
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Figure 5.20: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - injury accidents 
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5.3.5.2 Group B: 3-leg intersections with left turn lanes 
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Figure 5.21: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - all accidents 
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Figure 5.22: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - injury accidents 
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5.3.5.3 Group C: 4-leg intersections without left turn lanes 
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Figure 5.23: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - all accidents 
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Figure 5.24: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - injury accidents 
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5.3.5.4 Group D: 4-leg intersections with left turn lanes 
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Figure 5.25: Comparison of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - all accidents 
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Figure 5.26: Comparisons of the results: EB method of moments applied to base model and to 

Bauer and Harwood model - injury accidents 
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6 SYNTHESIS AND CONCLUSIONS 

 

Traffic accidents cause high material and human losses, what is reflected in society. The logical 
result is the need for efficient road safety in designing a new and the existing road system. 
Slovenia is, like other new EU Member States, aware of its tasks for improving traffic safety. In 
accordance with very clear demands of European transport policy about road safety – that is an 
EU recommendation of halving the number of road accident victims in the European Union by 
2010 – Slovenia has also put into its national program a decision to halve the number of dead 
casualties on Slovenian roads. Unfortunately, the current situation in the field of road safety in 
Slovenia is - despite the highly ambitious plans - still not satisfactory. 

One of the "steps" to achieved desired level is also to improve existent road infrastructure. Road 
infrastructure improvement supposed to be applied to "black spots" first. For safety 
management it is well known, that we have three main motives for safety management: 
economic effectiveness, professional and institutional responsibility, and fairness. Survey 
among 25 EU states about estimating the most effective short, medium, and long term 
measures - both at national level and at EU level - shown, that measures related to 
infrastructure safety management (such as high-risk site management - black spot 
management), road safety audit and road safety inspection, are generally recognized as a high 
priority. While high-risk site management is a short-term measure, other infrastructure safety 
management measures make their impact in the medium to long term. 

One of the biggest "holes" in the process of traffic management is represented with "missing" of 
the reliable methods and evaluation procedure for predicting the traffic safety on the existent 
road sections and intersections and on the road sections and intersections which we plan to 
construct. 

Today's efficient traffic safety management process must contain also a "view forward" which 
means that we have to know - of course by performing particular activity and by knowing the 
past traffic/safety situation - what could we expect in the future in the field of traffic safety on 
separate locations in the road network. 

In the process of planning reconstruction of level intersection (or making new one) on one point 
we have to decide, which type of the intersection will present the optimal solution for observed 
location. 

When we analyze variant solutions of the reconstruction of the level intersection we normally 
use different methods with which we could select optimal variant from geometric, required land, 
traffic capacity, cost (economic) and some others aspects. Many of those aspects we could 
quite precise define and evaluate their cost/benefit efficiency.  

The biggest problems present evaluation of the specific solution from traffic safety point of view. 
There is no "all-purpose" or "universal" approach to that problem; there is also no adequate 
procedure for predicting traffic safety at some types of the intersections.  

According to described problem in this work we present scientific research about: 

 the factors which influence to the predicted level of the traffic safety in different types of level 
intersections; 

 methodology aspects of predicting the expected level of traffic safety in different types of 
intersections; 

 methods and models for accident prediction; 
 test and validations of current models for collected data. 
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APM present one of the possible approaches to identification of "safety problems" (safety 
deficiencies: accident frequency, accident rate, accident severity). With those models and use 
of various criteria we can detect not only "black spots" but also "larger targets". 

A large number of "statistical predictive safety models" are described in the literature. Many 
attempts were done to use those models to establish a relationship between various traffic 
parameters and the number of accidents at road sections or road intersections. For statistical 
safety prediction models it is often suggested that accident occurrences are discrete, sporadic 
and random in nature. Thereby it is suggested to use Poisson regression models. The variation 
in accident occurrence is also considered to be due in part to the systematic variation in 
identified traffic measures such is traffic flow rates, measures of speed and intersection design 
parameters. Discrete, Poisson or negative binomial distributions are usefully applied to estimate 
the number of accidents that occur at road sections / intersections over a particular period of 
time. For accident prediction modeling the "generalized linear modeling" approach has been 
found to be particularly useful. This approach accounts for the fact that the dependent variable 
(e.g. number of accidents) does not need to be normally distributed (as is often the approach to 
describe the relationship between accident frequency and traffic flows on major and minor roads 
at intersections). 

In this work we found answers to two main questions: 

 Is it possible to reestablish a (common) methodology for evaluating traffic safety 
effectiveness of different types of level intersections? 

 Which methods and models should we use for traffic accident prediction? 

Main aim of the research was to find a solution for traffic safety evaluation (accident prediction) 
of different types of level intersections which was based on data obtained for existent 
intersections. 

Several characteristics, related to the road, the traffic and the road environment, have been 
associated with accident frequency by various authors over the years. As a result of the 
bibliographic research carried out, several "statistical models" were detected. 

When dealing with the operational characteristics of roads, it is common to consider separately 
three types of elements: 

 junctions or level intersections (allowing for at grade intersecting movements); 

 interchanges (involving the grade separation of intersecting movements); 
 links (road sections with uniform traffic conditions terminated by a major junction or 

interchange). In some cases, links may have minor junctions or driveways within the road 
section. 

The operational characteristics of these three types of road element are considerably different, 
leading to unique types of problems and solutions, both from the safety and the mobility points 
of view. 

Considerable research has concentrated on identifying the safety effects of accident 
countermeasures. Inconsistency of findings across studies, however, presents difficulties in 
understanding and estimating the safety effects of countermeasures. Furthermore, little 
research has been done to identify and understand factors that contribute to accidents on 
multilane stop-controlled and signalized highway intersections in rural areas. Several APM have 
provided limited knowledge on the safety effects of traffic flow and geometric design-related 
countermeasures for rural multilane stop-controlled and signalized intersections. 

Generally, the average daily traffic (AADT) is the single most important explanatory variable for 
accident frequency. Other geometric and operational characteristics of roads are referred to in 
some of the models detected - however, usually their influence in accident frequency is 
considerably lower than what is routinely calculated for AADT. 

The major activity in research work was to identify databases of geometrical design, traffic 
control, traffic volume and traffic accident data for at-grade (level) intersections outside urban 
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areas (rural intersections), that were suitable for testing the methodology and the development 
(reestablishment) of statistical models for traffic accident prediction. 

From the main basics of doctoral thesis I decided to observe different types of the level non-
signalized intersections in rural area. According to these basics I observe: 

 group A: 3 leg, STOP controlled, without additional lane for left turn vehicles, 
 group B: 3 leg, STOP controlled, with additional lane for left turn vehicles, 

 group C: 4 leg, STOP controlled, without additional lane for left turn vehicles, 
 group D: 4 leg, STOP controlled, with additional lane for left turn vehicles. 

Due to limited sources for field research it was necessary to reestablish additional terms / limits 
of research: in observed intersections there were no influence of pedestrians / cyclists, 
intersections were placed on state roads on (mostly) north-east part of Slovenia. After final 
selection procedure we have (for field study): 

 21 intersections in group A (3 leg, STOP controlled, without additional lane for left turn 
vehicles), 

 14 intersections in group B (3 leg, STOP controlled, with additional lane for left turn 
vehicles), 

 13 intersections in group C (4 leg, STOP controlled, without additional lane for left turn 
vehicles), 

 12 intersections in group D (4 leg, STOP controlled, with additional lane for left turn 
vehicles). 

The major activity in research work was restoration the databases of traffic accident data, traffic 
volumes, traffic control and geometrical elements for the selected intersections. 

In last part of research work I present a statistical modeling process. Statistical modeling 
consists from 3 parts: 

 first part of work (first part of modeling process) represent establishment of base model 
which were calculated for all types of observed intersections - for all 4 groups of 
intersections. Separately we establish model for "all accidents" and for "injury accidents", 

 second part of modeling represent calculations using Bauer and Harwood model, which was 
developed and present statistical model of the relationship between traffic accidents and 
highway geometric elements for at-grade intersections on rural single carriageway two-lane 
roads. Also in this case we made calculations separately for "all accidents" and for "injury 
accidents", 

 in third part we used Empirical Bayesian (EB) method. This method provide a way to 
combine a site`s accident history with the accident history of several sites having similar 
characteristics (reference population) in order to calculate the site`s adjusted accident 
frequency. We used this method for calculations adjusted frequency for base model and also 
for B-H model. 
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APPENDIX A: TRAFFIC ACCIDENT DATA 

Table A.1: Traffic accidents data's for intersections in group A 
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A-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A-33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A-41 3 0 0 1 2 3 0 0 2 1 4 0 0 3 1 1 0 0 1 0 0 0 0 0 0 

A-60 1 0 0 0 1 2 0 0 0 2 3 0 0 1 2 5 0 0 2 3 3 0 0 2 1 

A-71 2 0 0 0 2 0 0 0 0 0 2 0 0 0 2 2 0 0 0 2 1 0 0 0 1 

A-74 3 0 0 0 3 10 0 0 4 6 9 0 0 7 2 5 0 0 1 4 5 0 0 3 2 

A-91 3 0 0 1 2 0 0 0 0 0 2 0 0 1 1 5 1 0 1 3 1 0 0 0 1 

A-102 1 0 0 0 1 2 0 0 1 1 5 0 0 2 3 0 0 0 0 0 1 0 0 1 0 

A-131 2 0 0 0 2 5 0 0 5 0 3 0 0 2 1 0 0 0 0 0 4 0 0 3 1 

AP-1 4 0 1 2 1 2 0 0 0 2 4 0 0 2 2 3 0 0 0 3 1 0 0 0 1 

AP-5 1 0 0 0 1 8 0 0 2 6 3 0 0 0 3 7 1 0 0 6 1 0 0 1 0 

AP-6 2 0 0 0 2 1 0 1 0 0 5 0 0 1 4 1 0 0 0 1 0 0 0 0 0 

AP-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 

AP-8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AP-9 7 0 0 2 5 3 0 1 1 1 7 0 0 0 7 1 0 0 0 1 0 0 0 0 0 

AP-13 3 0 0 1 2 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 2 0 0 0 2 

AP-14 3 0 0 0 3 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 2 0 0 0 2 

AP-15 1 0 0 0 1 1 0 0 0 1 3 0 0 0 3 0 0 0 0 0 3 0 0 1 2 

AP-20 3 0 0 1 2 7 0 2 1 4 8 0 0 3 5 3 0 0 2 1 2 0 0 2 0 

AP-21 4 0 0 0 4 1 0 0 0 1 6 0 0 1 5 1 0 0 1 0 2 0 0 1 1 

AP-23 2 0 0 1 1 3 0 0 2 1 1 0 0 0 1 3 0 0 2 1 5 0 1 1 3 

 

Table A.2: Summarized traffic accidents data's for intersections in group A 

 Sum total (2002 - 2006) Average (1-year) Average (3-years) 
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A-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A-33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A-41 11 0 0 7 4 2,2 0 0 1,4 0,8 6,6 0 0 4,2 2,4 

A-60 14 0 0 5 9 2,8 0 0 1 1,8 8,4 0 0 3 5,4 

A-71 7 0 0 0 7 1,4 0 0 0 1,4 4,2 0 0 0 4,2 

A-74 32 0 0 15 17 6,4 0 0 3 3,4 19,2 0 0 9 10,2 

A-91 11 1 0 3 7 2,2 0,2 0 0,6 1,4 6,6 0,6 0 1,8 4,2 

A-102 9 0 0 4 5 1,8 0 0 0,8 1 5,4 0 0 2,4 3 

A-131 14 0 0 10 4 2,8 0 0 2 0,8 8,4 0 0 6 2,4 

AP-1 14 0 1 4 9 2,8 0 0,2 0,8 1,8 8,4 0 0,6 2,4 5,4 

AP-5 20 1 0 3 16 4 0,2 0 0,6 3,2 12 0,6 0 1,8 9,6 

AP-6 9 0 1 1 7 1,8 0 0,2 0,2 1,4 5,4 0 0,6 0,6 4,2 

AP-7 1 0 0 1 0 0,2 0 0 0,2 0 0,6 0 0 0,6 0 

AP-8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AP-9 18 0 1 3 14 3,6 0 0,2 0,6 2,8 10,8 0 0,6 1,8 8,4 

AP-13 7 0 0 1 6 1,4 0 0 0,2 1,2 4,2 0 0 0,6 3,6 

AP-14 7 0 0 0 7 1,4 0 0 0 1,4 4,2 0 0 0 4,2 

AP-15 8 0 0 1 7 1,6 0 0 0,2 1,4 4,8 0 0 0,6 4,2 

AP-20 23 0 2 9 12 4,6 0 0,4 1,8 2,4 13,8 0 1,2 5,4 7,2 

AP-21 14 0 0 3 11 2,8 0 0 0,6 2,2 8,4 0 0 1,8 6,6 

AP-23 14 0 1 6 7 2,8 0 0,2 1,2 1,4 8,4 0 0,6 3,6 4,2 
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Table A.3: Traffic accidents data's for intersections in group B 
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B-39 7 0 0 2 5 10 0 0 1 9 4 0 0 2 2 4 0 0 1 3 4 0 0 2 2 

B-56 2 0 0 0 2 4 0 0 2 2 1 0 0 1 0 1 0 0 1 0 5 0 0 1 4 

B-58 7 0 1 3 3 4 0 0 0 4 3 0 0 0 3 5 0 0 4 1 7 0 0 1 6 

B-69 3 1 0 1 1 5 0 0 1 4 3 0 0 2 1 0 0 0 0 0 1 0 0 1 0 

B-75 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 2 0 0 0 2 

B-84 2 0 0 0 2 3 0 1 0 2 6 0 0 3 3 2 0 0 0 2 3 0 0 0 3 

B-93 1 0 0 0 1 3 0 0 2 1 3 0 0 2 1 1 0 0 0 1 1 0 0 1 0 

B-105 2 0 0 0 2 2 0 0 0 2 2 0 0 0 2 0 0 0 0 0 1 0 0 1 0 

B-115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

B-124 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 

B-133 2 0 0 0 2 3 0 0 3 0 1 0 0 0 1 0 0 0 0 0 3 0 0 1 2 

AP-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

AP-10 8 0 0 3 5 4 0 0 1 3 11 0 0 3 8 7 0 0 2 5 2 0 0 0 2 

AP-17 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 1 

 

Table A.4: Summarized traffic accidents data's for intersections in group B 

 Sum total (2002 - 2006) Average (1-year) Average (3-years) 
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B-39 29 0 0 8 21 5,8 0 0 1,6 4,2 17,4 0 0 4,8 12,6 

B-56 13 0 0 5 8 2,6 0 0 1 1,6 7,8 0 0 3 4,8 

B-58 26 0 1 8 17 5,2 0 0,2 1,6 3,4 15,6 0 0,6 4,8 10,2 

B-69 12 1 0 5 6 2,4 0,2 0 1 1,2 7,2 0,6 0 3 3,6 

B-75 4 0 1 1 2 0,8 0 0,2 0,2 0,4 2,4 0 0,6 0,6 1,2 

B-84 16 0 1 3 12 3,2 0 0,2 0,6 2,4 9,6 0 0,6 1,8 7,2 

B-93 9 0 0 5 4 1,8 0 0 1 0,8 5,4 0 0 3 2,4 

B-105 7 0 0 1 6 1,4 0 0 0,2 1,2 4,2 0 0 0,6 3,6 

B-115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

B-124 1 0 0 0 1 0,2 0 0 0 0,2 0,6 0 0 0 0,6 

B-133 9 0 0 4 5 1,8 0 0 0,8 1 5,4 0 0 2,4 3 

AP-3 1 0 0 0 1 0,2 0 0 0 0,2 0,6 0 0 0 0,6 

AP-10 32 0 0 9 23 6,4 0 0 1,8 4,6 19,2 0 0 5,4 13,8 

AP-17 3 0 0 2 1 0,6 0 0 0,4 0,2 1,8 0 0 1,2 0,6 
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Table A.5: Traffic accidents data's for intersections in group C 
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C-4 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C-27 4 0 0 2 2 1 0 0 0 1 0 0 0 0 0 6 0 1 3 2 1 0 0 1 0 

C-37 7 0 0 4 3 6 0 0 1 5 9 0 1 2 6 11 0 1 4 6 7 0 0 5 2 

C-36 10 0 0 4 6 13 0 0 8 5 12 0 0 3 9 5 0 0 1 4 12 0 0 2 10 

C-46 4 0 0 2 2 1 0 0 0 1 0 0 0 0 0 6 0 1 3 2 1 0 0 1 0 

C-70 7 0 1 1 5 7 0 0 2 5 11 0 0 2 9 5 0 0 3 2 3 0 0 0 3 

C-107 1 0 0 0 1 1 0 0 0 1 4 0 0 2 2 1 0 0 0 1 1 0 0 0 1 

C-117 0 0 0 0 0 3 0 1 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

C-119 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 

AP-4 4 0 0 0 4 0 0 0 0 0 4 0 0 2 2 3 0 0 1 2 5 0 0 3 2 

AP-12 2 0 0 1 1 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 1 0 0 1 0 

AP-22 0 0 0 0 0 2 0 0 0 2 2 0 0 0 2 3 0 0 1 2 1 0 0 0 1 

 

Table A.6: Summarized traffic accidents data's for intersections in group C 

 Sum total (2002 - 2006) Average (1-year) Average (3-years) 
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C-4 1 0 0 1 0 0,2 0 0 0,2 0 0,6 0 0 0,6 0 

C-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C-27 12 0 1 6 5 2,4 0 0,2 1,2 1 7,2 0 0,6 3,6 3 

C-37 40 0 2 16 22 8 0 0,4 3,2 4,4 24 0 1,2 9,6 13,2 

C-36 52 0 0 18 34 10,4 0 0 3,6 6,8 31,2 0 0 10,8 20,4 

C-46 12 0 1 6 5 2,4 0 0,2 1,2 1 7,2 0 0,6 3,6 3 

C-70 33 0 1 8 24 6,6 0 0,2 1,6 4,8 19,8 0 0,6 4,8 14,4 

C-107 8 0 0 2 6 1,6 0 0 0,4 1,2 4,8 0 0 1,2 3,6 

C-117 4 0 1 0 3 0,8 0 0,2 0 0,6 2,4 0 0,6 0 1,8 

C-119 3 0 0 1 2 0,6 0 0 0,2 0,4 1,8 0 0 0,6 1,2 

AP-4 16 0 0 6 10 3,2 0 0 1,2 2 9,6 0 0 3,6 6 

AP-12 5 0 0 2 3 1 0 0 0,4 0,6 3 0 0 1,2 1,8 

AP-22 8 0 0 1 7 1,6 0 0 0,2 1,4 4,8 0 0 0,6 4,2 
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Table A.7: Traffic accidents data's for intersections in group D 
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D-5 0 0 0 0 0 1 0 0 1 0 3 0 0 2 1 0 0 0 0 0 5 0 0 1 4 

D-35 1 0 0 0 1 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

D-44 21 0 0 4 17 9 0 1 2 6 5 0 0 1 4 7 0 0 2 5 4 0 0 1 3 

D-61 7 0 0 2 5 5 0 0 3 2 4 0 0 2 2 5 0 0 2 3 9 0 0 5 4 

D-65 4 0 1 1 2 1 0 0 0 1 2 0 0 1 1 1 0 0 0 1 1 0 0 1 0 

D-87 6 0 0 4 2 4 0 0 3 1 3 0 0 0 3 7 0 0 2 5 6 0 1 3 2 

D-110 1 0 0 1 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AP-2 2 0 0 1 1 3 0 0 2 1 8 0 0 1 7 4 0 0 1 3 7 1 0 1 5 

AP-11 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 3 0 0 1 2 

AP-16 0 0 0 0 0 3 0 0 1 2 3 0 0 0 3 2 0 0 0 2 3 0 0 2 1 

AP-18 1 0 0 0 1 4 0 0 1 3 1 0 0 0 1 4 0 0 0 4 1 0 0 0 1 

AP-19 1 0 0 0 1 3 0 0 2 1 2 0 0 1 1 3 0 1 1 1 3 0 1 0 2 

 

Table A.8: Summarized traffic accidents data's for intersections in group D 

 Sum total (2002 - 2006) Average (1-year) Average (3-years) 
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D-5 9 0 0 4 5 1,8 0 0 0,8 1 5,4 0 0 2,4 3 

D-35 3 0 0 1 2 0,6 0 0 0,2 0,4 1,8 0 0 0,6 1,2 

D-44 46 0 1 10 35 9,2 0 0,2 2 7 27,6 0 0,6 6 21 

D-61 30 0 0 14 16 6 0 0 2,8 3,2 18 0 0 8,4 9,6 

D-65 9 0 1 3 5 1,8 0 0,2 0,6 1 5,4 0 0,6 1,8 3 

D-87 26 0 1 12 13 5,2 0 0,2 2,4 2,6 15,6 0 0,6 7,2 7,8 

D-110 3 0 0 1 2 0,6 0 0 0,2 0,4 1,8 0 0 0,6 1,2 

AP-2 24 1 0 6 17 4,8 0,2 0 1,2 3,4 14,4 0,6 0 3,6 10,2 

AP-11 5 0 1 1 3 1 0 0,2 0,2 0,6 3 0 0,6 0,6 1,8 

AP-16 11 0 0 3 8 2,2 0 0 0,6 1,6 6,6 0 0 1,8 4,8 

AP-18 11 0 0 1 10 2,2 0 0 0,2 2 6,6 0 0 0,6 6 

AP-19 12 0 2 4 6 2,4 0 0,4 0,8 1,2 7,2 0 1,2 2,4 3,6 
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APPENDIX B: TRAFFIC VOLUME DATA 

Table B.1: Traffic volumes data's for intersections in group A 

Intersection 
AADT on major road 

[veh./day] 
AADT on minor road 

[veh./day] 

A-18 1091 100 

A-33 3816 1000 

A-41 2767 690 

A-60 8575 2800 

A-71 1000 500 

A-74 11672 7560 

A-91 3800 1082 

A-102 4780 1000 

A-131 5015 1050 

AP-1 4405 1870 

AP-5 4417,5 1445 

AP-6 7550 8430 

AP-7 212,5 205 

AP-8 215 250 

AP-9 4620 1180 

AP-13 6330 40 

AP-14 5682,5 1405 

AP-15 5665 330 

AP-20 12280 490 

AP-21 10397,5 345 

AP-23 10817,5 345 

 

Table B.2: Traffic volumes data's for intersections in group B 

Intersection 
AADT on major road 

[veh./day] 
AADT on minor road 

[veh./day] 

B-39 12822 5231 

B-56 15525 1000 

B-58 6231 3045 

B-69 8485 6200 

B-75 7340 430 

B-84 15290 3220 

B-93 7531 4738 

B-105 6450 5253 

B-115 1255 900 

B-124 10075 1550 

B-133 5120 2801 

AP-3 13230 1120 

AP-10 18417,5 3395 

AP-17 7430 3920 
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Table B.3: Traffic volumes data's for intersections in group C 

Intersection 
AADT on major road 

[veh./day] 
AADT on minor road 

[veh./day] 

C-4 1600 150 

C-20 821 320 

C-27 2450 1300 

C-37 11000 4873 

C-36 11050 767 

C-46 2464 1700 

C-70 8250 5583 

C-107 10935 2150 

C-117 1150 207 

C-119 1176 803 

AP-4 16960 120 

AP-12 6690 2595 

AP-22 10525 335 

 

Table B.4: Traffic volumes data's for intersections in group D 

Intersection 
AADT on major road 

[veh./day] 
AADT on minor road 

[veh./day] 

D-5 10875 2874 

D-35 4649 210 

D-44 13065 1550 

D-61 12822 2300 

D-65 5575 3889 

D-87 12062 3923 

D-110 2950 596 

AP-2 13110 2040 

AP-11 19590 1680 

AP-16 6790 6970 

AP-18 6142,5 4062,5 

AP-19 15085 2230 
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APPENDIX C: GEOMETRIC DESIGN DATA 

Table C.1: Geometric design data's for intersections in group A 

Int. a b c d e f g h i j 

A-18 1 0 1 1 0 0,75 1 0 0 1 

A-33 1 0 1 1 0 0,5 1 0 1 1 

A-41 1 0 1 1 0 0,75 1 0 0 0 

A-60 1 0 1 0 1 0,75 0 1 0 0 

A-71 1 0 1 1 0 1,0 1 0 0 0 

A-74 1 0 0 0 1 1,0 1 0 0 0 

A-91 1 0 1 1 0 0,75 1 0 0 1 

A-102 1 0 1 1 0 1,0 1 0 0 1 

A-131 1 0 0 0 1 0,75 1 0 1 0 

AP-1 1 0 0 1 0 0,5 1 0 1 1 

AP-5 1 0 1 1 0 0,75 1 0 0 1 

AP-6 1 0 1 0 1 0,5 1 0 1 0 

AP-7 1 0 1 1 0 1,0 0 1 0 1 

AP-8 1 0 1 1 0 0,75 0 1 0 1 

AP-9 1 0 1 1 0 1,0 0 0 0 1 

AP-13 1 0 1 0 1 0,75 1 0 1 1 

AP-14 1 0 1 0 1 0,75 1 0 1 1 

AP-15 1 0 1 0 1 0,75 1 0 1 0 

AP-20 1 0 1 0 1 1,0 1 0 1 1 

AP-21 1 0 1 0 1 0,75 1 0 1 1 

AP-23 1 0 1 0 1 1,0 1 0 1 1 

 

Legend: 
a Left turn lane 1 No 

  0  Differently 
b Curbed left turn lane  1 Yes 

  0 Differently 
c Access control on major road 1 None 

  0 Partial 
d Functional class of major road 1 Minor arterial 

  0 Differently  
e Functional class of major road 1 Major collector 

  0 Differently 
f Shoulder width on major road [m]   
g Terrain 1 Flat 

  0 Differently 
h Terrain 1 Mountainous 

  0 Differently 
i Lighting 1 Yes 

  0 No 
j Right turn lane on minor road 1 No 

  0 Differently 
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Table C.2: Geometric design data's for intersections in group B 

Int. a b c d e f g h i j 

B-39 0 0 0 0 1 0,75 0 0 1 0 

B-56 0 1 1 0 1 1,0 1 0 1 0 

B-58 0 0 0 0 1 0,75 0 0 1 0 

B-69 0 0 0 0 1 0,75 1 0 1 0 

B-75 0 1 0 0 1 0,75 1 0 0 1 

B-84 0 0 1 0 1 1,0 0 0 0 0 

B-93 0 1 1 0 1 1,0 1 0 0 0 

B-105 0 0 1 0 1 0,75 0 0 0 0 

B-115 0 0 1 1 0 0,75 0 0 0 0 

B-124 0 0 1 0 1 1,0 1 0 0 0 

B-133 0 0 0 1 0 0,5 0 0 0 1 

AP-3 0 1 0 0 1 0,75 1 0 1 0 

AP-10 0 1 0 0 1 0,5 1 0 1 0 

AP-17 0 0 1 1 0 0,75 1 0 1 0 

 

Legend: 
a Left turn lane 1 No 

  0  Differently 
b Curbed left turn lane  1 Yes 

  0 Differently 
c Access control on major road 1 None 

  0 Partial 
d Functional class of major road 1 Minor arterial 

  0 Differently  
e Functional class of major road 1 Major collector 

  0 Differently 
f Shoulder width on major road [m]   
g Terrain 1 Flat 

  0 Differently 
h Terrain 1 Mountainous 

  0 Differently 
i Lighting 1 Yes 

  0 No 
j Right turn lane on minor road 1 No 

  0 Differently 
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Table C.3: Geometric design data's for intersections in group C 

Int. a b c d e f g h i j 

C-4 1 90 1 1 0 0 1 0 1 1 

C-20 1 90 0 1 0 0 1 0 1 1 

C-27 1 60 1 1 0 1 1 0 1 1 

C-37 1 70 1 0 1 1 0 0 1 1 

C-36 1 90 1 0 1 0 0 0 1 1 

C-46 1 60 1 1 0 1 1 0 1 1 

C-70 1 70 1 0 1 1 1 0 1 1 

C-107 1 90 1 0 1 0 0 0 1 1 

C-117 1 90 1 1 0 0 1 0 1 1 

C-119 1 70 1 1 0 1 1 0 1 1 

AP-4 1 50 1 0 1 0 1 0 1 1 

AP-12 1 50 1 0 1 1 1 0 1 1 

AP-22 1 70 1 0 1 1 1 0 1 1 

 

Legend: 
a Number of lanes on major road 1 3 or less 

  0 4 or more 
b Speed on major road [km/h]   
c Access control on major road 1 None 

  0 Partial 
d Functional class of major road 1 Minor arterial 

  0 Differently  
e Functional class of major road 1 Major collector 

  0 Differently 
f Lighting 1 Yes 

  0 No 
g Terrain 1 Flat 

  0 Differently 
h Terrain 1 Mountainous 

  0 Differently 
i Right turn lane on minor road 1 No 

  0 Differently 
j Left turn lane 1 No 

  0  Differently 
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Table C.4: Geometric design data's for intersections in group D 

Int. a b c d e f g h i j 

D-5 1 70 0 0 1 1 1 0 1 0 

D-35 1 60 1 1 0 1 1 0 1 0 

D-44 1 70 0 0 1 1 1 0 1 0 

D-61 1 90 0 0 1 1 1 0 1 0 

D-65 1 70 0 0 1 1 0 0 0 0 

D-87 1 70 1 0 1 1 1 0 0 0 

D-110 1 90 1 1 0 0 1 0 1 0 

AP-2 1 60 0 0 1 1 1 0 1 0 

AP-11 1 90 0 0 1 1 1 0 1 0 

AP-16 1 70 0 0 1 1 1 0 0 0 

AP-18 1 70 0 0 1 1 1 0 1 0 

AP-19 1 70 1 0 1 1 1 0 1 0 

 

Legend: 
a Number of lanes on major road 1 3 or less 

  0 4 or more 
b Speed on major road [km/h]   
c Access control on major road 1 None 

  0 Partial 
d Functional class of major road 1 Minor arterial 

  0 Differently  
e Functional class of major road 1 Major collector 

  0 Differently 
f Lighting 1 Yes 

  0 No 
g Terrain 1 Flat 

  0 Differently 
h Terrain 1 Mountainous 

  0 Differently 
i Right turn lane on minor road 1 No 

  0 Differently 
j Left turn lane 1 No 

  0  Differently 
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