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Abstract 
 
In this report I have based my study on data from road accidents in Region South-East 

Sweden for the years 2000 to 2002. The purpose was to investigate whether the new 

pavement has positive or negative effect on traffic safety. Tables were constructed and 

different graphs are drawn to shown the variation in the number of accidents for the different 

periods. The chi-squared distribution is used to test the findings. 

 
I have also aimed at finding an appropriate Poisson regression model using SAS procedure 

which could well explain the expected number of accidents depending on different 

explanatory variables.  

 
Key words: Traffic Accidents, Statistical analysis, Before and after study, Poisson regression       

model. 
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Summary 
 
This Dissertation includes a statistical analysis of traffic accidents followed by a test to know 

the effect of new pavement on traffic safety. The accident data is considered for the roads 

those are in Region South-East Sweden that got new pavement during the year 2001. In 

Sweden, this is the fourth study concerning the before and after effect of the new pavement. 

Johansson (1997) studied the change in the number of accidents between the before-years and 

after-years. Tholén (1999) and Velin et al (2002) have additionally compared the change with 

the change in the number of accidents in a reference road network (also called control sites) 

consisting of all public roads in Region West Sweden which were not resurfaced during the 

study period. 

 
My study analyzed the police reported personal injury accidents occurred during the years 

2000 to 2002. The pavement data is given in different SAS files whereas the accident data is 

given in Excel file. So the accident data is processed in SAS and later combined with the 

pavement data. Tables were constructed and diagrams are drawn from the combined data. 

The diagrams were then used for analysis. The accident data was also processed with the 

comparison group method, which makes it possible not only to compute the safety effect of 

resurfacing but also to estimate how correct the computed safety effect is. 

 
The Poisson regression model is then developed in SAS for expected number of accidents 

depending on various explanatory variables. The outcomes of my study are 

1. Traffic accidents increased by 12% after one year of resurfacing on all type of roads 

which are paved during 2001. The rural roads showed much worse effect with an 

increase of 17% after resurfacing. The urban roads showed a positive effect with a 

decrease of traffic accidents by 50% after one year of resurfacing. 

2. The chi-squared distribution is used to test the result and it showed that there is no 

firm evidence on the real change of accidents due to the new pavement. 

3. The Poisson regression model fits reasonably well for the expected number of 

accidents and it does not depend on the different periods considered for analysis and 

also on the urban road accidents. 
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1. Introduction 
 
1.1 Purpose 
 
The main purpose of this analysis is to study the effect of new pavement on the traffic safety. 

To test its effect on traffic safety, the accidents before the resurfacing and the accidents after 

the resurfacing for the paving year 2001 on one side  is compared with the controlled group 

on other side. The Poisson regression model is developed taking Traffic accidents as 

dependent variable and the factors which cause the accidents as the independent variables.  

 
The study tries to answer the question whether the higher pavement road standards leads to 

higher or lower accident rates. Generally, it is believed that the new paving will make the 

drivers drive faster. At the same time it is established through different studies that the higher 

speeds gives the more chance of accident (Tholén, 1999). The discussion will mean that the 

roads with new paving standard are connected with higher accident risk than the roads with 

bad standard. On the other hand, the new paving standard gives better friction to improve 

traffic safety, specially on wet roads. 

 
The idea is to quantify and test the difference if there are any in the number of accidents 

where the paving surface has reached different grades of  wear out and compare the number 

of accidents before and after paving. The three earlier Swedish studies has shown the 

different results regarding the effect of new paving on the traffic safety. Johansson (1997) 

showed that the total number of accidents( i.e. all police-reported accidents) was largely 

unchanged after resurfacing, Tholén (1999) showed a decrease in the number of accidents, 

while Velin et al (2002) showed an increase in the number of accidents. All the three studies 

showed a decrease in the personal injury after resurfacing. Earlier Nordic research has shown 

that the newly laid pavement often decreased the traffic safety but the region with lots of rain 

could have an opposite effect. 
 
1.2 Motivation 
 
Traffic safety plays as key and integral role in a sustainable transportation development 

strategy. The main negative impact of modern road transportation systems today is injury and 

loss of life as a result of road accidents. The success of traffic safety and highway 

improvement programs hinges on the analysis of accurate and reliable traffic accident data. 
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Most of these accidents result from human error and carelessness on the part of the drivers or 

pedestrians . However , the probability of occurrence, and its severity , can often be reduced 

by the application of proper traffic control devices, and good roadway design features . the 

success or failure of such control devices and design specifications however , depends 

extensively upon the analysis of traffic accident records at specific locations. It has long been 

recognized that the most effective means towards accident reduction lies in a systematic and 

scientific approach based on the use of accurate and reliable traffic accident data  

 
 
1.3 Need for comparability 
 
In the area of traffic safety, we encounter several theoretical and practical problems when 

making the analysis. Most of those problems are related to the variation and covariation of 

several important factors between locations and over time. Furthermore, from an analytic 

point of view accidents are too rare events in order to “produce” enough data so that proper 

analyses can be conducted. Data are also seldom perfectly adapted to a specific aim. 

The safety evaluation of a countermeasure can be designed according to different 

experimental design strategies, the options are: 

• Statistical experiments 

• Before and after studies with control group 

• Before and after studies without control group 

• With-and-without comparisons 

• Statistical covariation studies 

All of these design strategies have advantages as well as disadvantages and are suited to 

answer slightly different questions. Statistical experiments are, however, considered the best 

method by most researchers in most cases. Properly controlled statistical experiments are, 

however, quite rare in the area of traffic safety for several reasons. The most important one is 

that it seems very difficult to be able to conduct a proper random sampling procedure in our 

area of science. For political, ethical and economical reasons it is often impossible to conduct 

random selection of objects to treat or not to treat. 

 

No matter which study design is used there will always be a crucial moment of comparison. 

In many cases the comparison is not as easy as one assumed. In most comparison situations 

the amount of traffic plays a vital role, since the amount of traffic rarely is the same in the 
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entities to be compared. Traffic flow, or more generally speaking the exposure, plays an 

important role in most traffic safety comparisons. 

 
1.4 Literature Review 
 
There is a number of published papers detailing the modelling of road traffic accident and 

causality data that has been carried out for a variety of reasons and using various 

methodologies. As part of a number of road safety projects carried out at Swedish National 

Road and Transport Research Institute (VTI) under the heading “Accident explanation 

models” during the later part of the 80’s and early 90’s, Nilsson (1993) used regression 

models to identify various factors and their influence on road safety. Fridstrom et al (1993) 

used Generalized Poisson models for a four-country study in explaining the variation in road 

accident counts. In the study of accidents on sections of principal arterials in Washington 

State, Milton and Mannering (1998) used the negative binomial regression to model the 

effects of various highway geometric and traffic characteristics on annual accident frequency. 

Another study that also used the negative binomial function to relate accident occurrence on a 

principal arterial in Florida with traffic and road geometric characteristics was reported in 

Abdel-Aty and Radwan (2000). In a recent study, Poisson regression models were estimated 

for predicting highway crash rates in Connecticut as a function of traffic density and land-use 

as well as ambient light condition and time of day ( Ivan et al., 2000). 

 
There are three published papers in Sweden regarding the effect of the new pavement on 

traffic safety. Johansson (1997) studied the effect of new pavement for the years 1993 and 

1994 without considering the control group. The second study is done by Tholén (1999) who 

studied the effect of new pavement for the years 1995 and 1996 considering the control 

groups and the third study done by Velin et al (2002) studied the effect of the new pavement 

for the years 1997 and 1998 considering the control groups. 

 
1.5 Dissertation content 
 
The dissertation is divided into two parts. Part 1 deals with the theoretical framework 

explaining the background, and the theory behind the application of different models to the 

traffic accidents. In chapter two “Background”, I am giving the background of the use of 

various models used by different authors with their applications and limitations. It also gives 

the background of different before and after studies regarding the traffic safety for the newly 

laid pavement. In chapter three “Accident Rates”, I am explaining the importance of the 
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accident rates and traffic flows and it explains the different approaches followed by various 

authors to calculate the accident rates. In chapter four “Statistical Modelling”, I am giving 

the brief description of the different regression models used for traffic accidents with the 

theory behind them including their application and limitations. In chapter five “Regression 

Diagnostics”, I am explaining the various considerations while adopting the regression 

models with the solutions to overcome them. In chapter six “Problem Formulation”, I am 

giving the different problems faced during the analysis of the data.  Part 2 deals with the 

explanation of data variables and method which are used to analyze the data. The modelling 

results using SAS is described in detail. In chapter seven “Data explanation”, I am 

explaining the different parts of the data with their aim and collection criteria. In chapter 

eight “Method”, I am giving the idea about the analysis and the method to test the effect of 

new pavement. In chapter nine “Results and Discussions”, I am explaining the Poisson 

regression model by using SAS. The chapter ten “Conclusion” gives the conclusion drawn 

from the analysis. 
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2. Background 
 
Modelling 
  
Several studies have developed accident explanatory models. Traditionally, linear, non-linear 

and generalised linear modelling are used in the development of such models (Kulmala and 

Roine, 1988; Amis, 1996). In the study of accidents on sections of principal arterials, Milton 

and Mannering (1998) used the negative binomial regression to model the effects of various 

highway geometric and traffic characteristics on annual accident frequency. Another study 

that also used the negative binomial function to relate accident occurrence on a principal 

arterial with traffic and road geometric characteristics was reported in Abdel-Aty and 

Radwan (2000). In a study ( Ivan et al., 2000), Poisson regression models were estimated for 

predicting highway crash rates as a function of traffic density and land-use as well as ambient 

light condition and time of day. Directed graphs as an alternative to regression-based accident 

prediction procedures was recently advocated by Roh et al. (1999). It can be concluded that 

several types of models were used to relate accidents to road and/or traffic variables. These 

include linear, non-linear, Poisson and negative binomial regression models. 

 
In the previous research studies, multiple linear regression, Poisson regression, and negative 

binomial regression models were used for developing accident event models that mimic the 

relationship of accident and contributing factors. The estimations from the accident model 

can be used in considering the potential hazards generated by the causal factors. Some 

researchers (Abdel-Aty & Radwan, 2000; Karlaftis & Tarko, 1998) showed that the multiple 

linear regression model is unsuitable for determining the number of accident events. The 

statistical assumptions (such as the continuous assumption on data and the homoscedastic* 

assumption on error terms) of the multiple linear regression model are invalid when dealing 

with the number of accident events. Violation of the assumptions can influence the 

confidence intervals of the estimators. 

 

This can invalidate the hypothesis tests concerning the significance of the parameters 

(Jovanis & Chang, 1986). Therefore, other types of models such as the Poisson and negative 

binomial regression models were proposed for estimating traffic accident events. The  
 
 
* Variables with an identical variance are said to be homoscedastic (Judge et al, 1982). 
 



                                                                                                              

 6

occurrence of accident events is rare and random in nature, which fits the Poisson distribution 

well theoretically (Land, McCall, & Nagin, 1996). However, the application of the Poisson  

regression model can be erroneous in certain situations where the mean deviates from the 

variance. When the variance is larger than the mean, it is termed overdispersion. This 

discrepancy can be overcome by an additional assumption on the expected mean, which is a 

gamma distribution assumption. In brief, it is assumed that the number of accident events has 

a Poisson distribution with the expected mean of a gamma distribution. As such, the number 

of accident events can be regarded as having a negative binomial distribution (Cox, 1983; 

Land et al., 1996; McCullagh & Nelder, 1989). The negative binomial regression model is 

particularly useful in accounting for the overdispersion (Land et al., 1996). 

 
To summarise, Poisson and negative binomial regression models are found to be more 

suitable than a multiple linear regression for dealing with the occurrence of accident events. 

The use of Poisson or negative binomial regression models could overcome the drawbacks 

associated with the application of the conventional multiple linear regression model in 

accident analysis. In addition, the negative binomial regression model was found to perform 

better than the more restricted Poisson regression model, particularly when overdispersion 

existed (Abdel-Aty & Radwan, 2000). 
 
The Empirical Bayes (EB) refinement approach was adopted to represent the accident risk 

(Sayed & Rodriguez, 1999). The EB approach makes use of observed and estimated number 

of accident events to yield a refined estimation. Cluster analysis, a statistical technique, was 

adopted to improve the accuracy of the estimates from the mathematical models in some 

previous studies. The analysis is aimed to group homogenous data together and account for 

potential heterogeneity that exists between groups. The developed models can have improved 

parameter estimates and reduced error variance by adopting the disaggregated data. Karlaftis 

and Tarko (1998) disaggregated the data of the 92 Indianan counties into (a) urban, (b) 

suburban, and (c) rural groups. Fridstrom and Ingebrigtsen (1991) disaggregated the accident 

events of the 18 Norwegian counties into the numbers of (a) personal injury accidents, (b) 

fatal accidents, (c) road users killed or injured, (d) road users killed, (e) car occupants killed 

or injured, and (f) pedestrians and bicyclists killed or injured. They built models for each 

category independently and found that the disaggregated models could acquire a more 

accurate estimation than the aggregate models. 
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In my study, the Poisson regression model is developed using the log link function where 

expected accidents is taken as the dependent variable and the factors influencing the 

occurrence of the accident are taken as independent variables. The factor overdispersion is 

given the consideration while doing the analysis. 

 
 
Before-and-after studies 
 
Traffic safety effect of paving measure is discussed a lot earlier. Many of the traffic safety 

measures are seldom evaluated. Mostly there is an estimate before the effect is done and there 

is no possibility to judge the effect of the measure without following it. Changes of the traffic 

safety because of new paving have been followed up earlier. When we talk about the Zero 

Vision*, it is important to continue the follow up whether the bad roads leads to the safer 

traffic or increase in the accidents. 

 
Earlier studies have hard to prove that there is only positive effect of traffic safety due to 

measures. Sometimes the conclusion of the opposite effect is seen and this is because bad 

road standards make the drivers to drive carefully than on the good standard roads which lead 

to better traffic safety on bad roads. But for the people it is hard to accept. Several studies 

have shown that the paving standard is mostly influenced by the different weather conditions. 

The first study concerning the effect of new paving is done in 1997 in Sweden. In this context 

the accidents on the roads before-and–after the new paving during the years 1993 and 1995 is 

studied. It is followed by the two other studies for the before-and-after effect.  

 
Earlier three studies in Sweden for the effect of new paving gave different results. Johansson 

(1997) studied the change in the number of accidents between the before-years and after-

years and showed that the total number of accidents (i.e. all police-reported accidents) was 

largely unchanged after resurfacing. But he concluded that the accidents with personal 

injuries increased with 10% and the accidents with fatalities and/or severe accidents are 

decreased by 26%. Tholén (1999) have additionally compared the change with change in the  

number of accidents in a reference road network consisting of all public roads which were not 

resurfaced during these periods. This study showed a decrease in the number of accidents 

after repaving. The greatest decrease was recorded for the fatal and/or severe injury accidents  
 
*The Swedish National Road Administration has launched a long-term vision of a road traffic system in which 
nobody is killed or sustains an injury resulting in lasting impairment. This long-term target is known as Vision 
Zero (Tingvall, 1997). 
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by 25%. The number of severely injured decreased with 44%. The third study by Velin et al  

(2002) showed an increase of 3% of all police reported accidents, a decrease  of 7% for 

personal injury accidents and a decrease of 13% for accidents with seriously injured and/or 

killed. None of the results were statistically verified. 

 
A Nordic project called “Traffic Safety and Road surface properties (TOVE)” by Hemdorff et 

al (1989) showed that repaving (i.e. improving of surface condition), cannot always give a 

positive traffic safety effect and the effect depends on the rain conditions. The Nordic 

countries have different method to measure the surface standard and therefore it is not 

possible to directly use the results. They divide the road network into two equal parts, one 

with good standard and the other with less good standard. This study showed that the half of 

the road network with best surface standard has more accidents than the other half of the road 

network with less good standard but it was the opposite if it is the days with more rainfall 

(more than 10mm in fluid form). 

 
My study, fourth in order in Sweden, roads resurfaced during the year 2001 were examined 

and the effect of the resurfacing is seen by considering the accidents one year before and one 

year after the new pavement. The accidents in the region South-East Sweden is considered 

for analysis. 
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3. Accident Rates 
 
The treatment of flow in the area of traffic safety has a long tradition. The influence flow has 

on the number of accidents is, however, often considered so obvious that it tends to be trivial. 

The relation between flow and accidents holds interesting information. Knowledge about  

such relations may be very useful for several purposes. Traffic flow counts or other 

expressions of the traffic exposure are often only used to construct accident rates.  

 
Based on the way accident rates are used three main streams in the use of  accident rates and 

exposure have been found. These three groups were derived from how different researchers 

used or interpreted their results. The three approaches are: ( Ekman, 1996) 

• The probability approach 

• The effectiveness approach 

• The standardization approach 

 
The first approach is what is referred to when discussing accident rate in general. The other 

two approaches constitute a classification system based on the way in which the computed 

rates seemed to be interpreted. 

 
3.1 The probability approach  
 
The professional use of accident rates or risk often originates from concept  models that can 

be interpreted from statistical theory in the following way:  

  

Let us define a population, finite or infinite, of possible experiments. Each experiment 

connects to one of  two possible outcomes, accident or non-accident. The definition of the 

rate is consequently, the share of the population connected to the outcome “accident” out of 

the total population of events, accidents or non-accidents. 

  
If we deal with an infinite population we can, of course, not compute the probability 

explicitly. Even if the population is limited, the computation of the probability of a certain 

outcome is in most cases very resource-consuming and often practically impossible. 

  
This is where the statistical concepts of sample and estimates come in. We then have to bear 

in mind that the probability and then the risk or accident rates interpreted as probability, 

assumes an explicit or implicit definition of a population over which the probability is 
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computed. The probability that a person will get involved in an accident tomorrow is not 

defined in terms of population and outcome. Therefore the probability could neither be 

computed nor estimated. 

 
A proper computation according to this approach requires an interpretable population over 

which the probability of a certain outcome is computed. This population could be defined in 

many different ways. The important restriction is that exposure needs to be a measure of the 

size of the population. 

 
This highlights the important theoretical concept of "true underlying accident rate". This 

concept assumes that there is some kind of statistical probability of an accident to occur. This 

concept can then handle the problem expressed in the following question: How is it possible 

that it seems 100 per cent safe to be in the traffic system at all times except when some odd 

circumstances lead to a terrible accident? Has the system been absolutely safe for 5 years and 

then all of a sudden the risk was at an extreme peak during 20 seconds of this year? (Brundell 

Freij, 1994). According to the probability approach the answer to the latter question is NO. 

The accident is rather a digitalization of the underlying probability, true underlying accident 

rate (Hauer,1992(b)). As in most problems where statistical theory is applicable, the 

understanding does not come from detailed studies of single events but rather from looking at 

the problem from some distance. Nevertheless accident rates computed and interpreted 

according to the probability approach seems to offer a both handy and useful tool for many  

safety analyses. 

 
3.2 The effectiveness approach 
 
Another way of looking at the problems of accidents in traffic is derived from economy: 

according to this theory, one has to compare the costs in traffic (for example accidents or 

hospital costs) with the effect or benefits of traffic. This turns out to be a matter of 

effectiveness. If two systems generate the same number of accidents but "produce" different 

amounts of traffic, the system that "produces" most transportation is supposed to be the most 

effective. 

 
According to economic theory one usually distinguishes between two different methods of 

evaluation. The first is the cost benefit analysis where the costs are subtracted from the 

benefits. The other is the cost-effect analysis where the cost is compared (divided) with the 
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benefit. In cost-effect analyses the cost and the effect do not necessarily have to be measured 

on the same scale. In Sweden different types of accident reducing measures have been 

prioritized according to their effectiveness: cost per saved life (Mattson et al, 1991). 

 
The effectiveness approach seems not to be justified unless the definition of both the costs 

and the benefits can be done satisfactorily. It is, however, important to state that this 

approach does not have much in common with the popular interpretation of risk. One 

advantage is that it allows a very broad definition of the traffic safety problem. Not only 

monetary effectiveness approaches could fit into this category, but also such concepts as the 

use of time or not renewable resources. The accident problem has by some researchers 

(Gunnarsson, 1974, Hauer, 1992(a)) been regarded as a loss of time where the accidents 

represent the lost time living as a healthy person. This could then be compared with the time 

`gained' with an effective transport system, for example higher speed. 

 
3.3 The standardization approach 
 
From an analytic point of view the accident rates are introduced in order to increase the 

comparability. This striving towards increased comparability has often led to a desire to 

standardize the levels of safety with respect to traffic flow. It has been considered almost self 

evident that it is unfair to compare the level of safety at two locations without adjusting for 

the traffic flow. 

 
The question might be, e.g., whether there is a safety effect of a certain detail in the 

intersection design. Our data are the number of accidents in several intersections with and 

without the studied intersection design. The problem is then that the intersections naturally 

have different amount of traffic. Since we know that the amount of traffic influences the 

safety outcome, it is natural to try to compensate or standardize for the influence of traffic 

flow. This is in principle not different from the fact that the intersections might vary in other 

aspects as well, such as surrounding environment, the level of speed and the mix of road 

users entering the intersection. To prove the safety effect of a single factor we must either 

have a well-established knowledge on the expected safety effect from all the other varying 

factors and how these effects interact (this type of knowledge is rare) or be careful in 

choosing our studied items to ensure equality or at least randomness in factors other than the 

studied (which is normally impossible). 
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As stated above we know or believe that the expected number of accidents, E(A) is related to 

a number of system characteristics such as speed levels, traffic flows, road user types, details 

in design, etc. 

 

This could be formally expressed as: 
 
E(A) = F(flows, speed, distribution of road users, design etc...)  
 
If the function F could be expressed as 
 
F = G(flows) * H(speed, distribution of road users, design etc..),  
 
and H thus is independent of flow, then the quotient 
 
H=E(A)/G(flows) 
 
would express the value of H for each system. 
 
If the form of G is equal for the systems studied, under these restrictions, 
 
R= E(A)/G(flows) 
 
the system with the lowest value of R also gives the smallest expected number of  accidents, 

if traffic flows were equal in all systems (no matter of flows), and other characteristics in 

each system were kept constant. 

 
R would, under the given restrictions, and with exposure measured by G(flows), be a tool to 

choose the safest solution (system) for any combination of traffic flows. This is the 

theoretical basis for the common interpretation of accident rate or risk that we call the 

standardization approach. There are, however, some major arguments why the restrictions 

above could not be neglected. 

 
The restrictions could be put under three headings;  

- Multiplicativity 

- Conformity  

- Constancy 

 
3.3.1 Multiplicativity 
 

The assumption is that the function F could be expressed as the product of two separate 

functions, with one being only dependent of flow. The basis for this description has to be that 
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the flow takes care of the probability of an accident to occur and that all the other factors 

(collected in the function H) only influence the outcome of a possible accident. This means 

that all the other factors must be independent of flow. This strongly contradicts more modern 

theories on accident causation. In the modern theories about accident causation, accidents are 

more often described as a complex breakdown in the interaction between road users, vehicle 

and environment rather than the result of a single fault by one factor or one road user. 

Furthermore it is easy to imagine that there are several types of  possible accidents even in a 

restricted system. Each type then has a specific probability of occurring and thereby a 

specific H-value. F above should then be expressed as: 

 
F = G(flows)*Hl (speed,..) + G(flows)*H2(speed,..) + .. 
 
and then there will be no denominator to compute H from E(A). Thus, the multiplicativity 

will not hold. We could then conclude that theoretical derivation of the "number of possible 

accidents" could not result in a measure of exposure to use for standardization purposes. 

 
Of course the assumption of multiplicativity could hold even if the theory of  possible 

accidents and probability does not. In that case the form of G would have to be estimated 

empirically. 

 
3.3.2 Conformity 
 
If we now have been able to determine the form of G empirically for one system, do we have 

reason to believe that this form is the same for all systems? 

 
 It is, in principle, clear that one cannot assume that all systems are the same. In some designs 

of an intersection, for example, the number of left-turners does have a large effect on the 

number of accidents, while in other systems (where left turning is separated in time or space) 

there is no such influence at all. There might obviously be great difficulties in comparing the 

influence of traffic flow between signalized systems and non-signalized systems. 

 
It is quite clear, that even if the assumption of multiplicativity may hold or maybe assumed to 

hold at least approximately in some cases, this will seldom be the case with the assumption of 

equality between G s. 
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3.3.3 Constancy 
 
If we have tested the assumptions above and computed the H s for the systems to compare, 

could we then be sure that the system with the smallest H would also give the best safety, the 

lowest expected number of accidents, under any circumstances? This assumes that for any 

specific value of flow the value of G will be equal for all systems studied under the external 

circumstances, while all other characteristics will remain constant, as they were, when 

studied. If the form of G is derived from an empirical study it should rather be to say that all 

other factors show the same relation to flow as they did when studied. 

 
Since flow is determined from a series of human decisions (whether to make a trip or not, 

choice of mode, route choice and time of departure etc.) it will be strongly influenced by the 

qualities of the traffic system. The incoming flow will most certainly be affected by the 

qualities of the system, just as the incoming flow will affect the qualities of the system, at 

least in the long run. We also know that many of the properties determining the value of H 

(e.g., speed) is closely related to flow, and thus the value of H will not be independent of 

flow. 

 
The conclusion is that it is theoretically impossible to standardize with respect to traffic flow. 

Furthermore it often hides one of the most powerful tools to affect traffic safety, namely the 

speed. This could be further illustrated by applying the same approach on speed. Since we 

know that there is a strong relationship between speed and safety, one could in a similar way 

argue that one should standardize for the speed before comparing the safety effect of the 

countermeasures. Is it interesting to know the safety effect of a hump if it had not reduced 

the vehicle speed? Standardizing for the effect of speed would discredit all measures that 

reduce the number of accidents by reducing the speed of (this is true for quite a few of the 

available countermeasures) since this effect would be neutralized.  
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4. Statistical Modelling 
 
Models play an important in statistical inference. A model is a mathematical way of 

describing the relationships between a response variable (for ex. Traffic accidents) and a set 

of independent variables (speed, volume). Some models can be seen as a theory about how 

the data were generated. Other models are only intended to provide a convenient summary of 

the data (Ulf Olsson,2002). Statistical models, as opposed to deterministic models, account 

for the possibility that the relationship is not perfect. This is done by allowing for 

unexplained variation, in the form of residuals. 

A way of describing a frequently used class of statistical models is  

Response= Systematic component + Residual component (errors) 

Models of this type are, at best, approximations of the actual conditions. A model is seldom 

“true” in any real sense. The best we can look for may be a model that can provide a 

reasonable approximation to reality. However, some models are certainly better than others. 

Our role is to find a model that is reasonable, while at the same time it is simple enough to be 

interpretable. 

 
Principles of statistical modelling 

Exploratory data analysis 

Any analysis of data should begin with a consideration of each variable separately, both to 

check on data quality (for example, are the values plausible?) and to help with the model 

formation. (Dobson, 2002) 

1. What is the scale of measurement? Is it continuous or categorical? If it is categorical 

how many categories does it have and are they nominal or ordinal? 

2. What is the shape of the distribution? This can be examined using frequency tables, 

dot plots, histograms and other graphical methods. 

3. How is it associated with other variables? Cross tabulations for categorical variables, 

scatter plots for continuous variables, side- by- side box plots for continuous scale 

measurements grouped according to the factor levels of a categorical variable, and 

other such summaries can help to identify patterns of association. For example, do the 

points on a scatter plot suggest linear or non-linear relationships? Do the group means 

increase or decrease consistently with an ordinal variable defining the groups? 
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4.1 Linear Regression models: 
 
4.1.1 General Linear model: 
The classical application of the general linear models rests on the following set of 

assumptions: (Ulf Olsson, 2002) 

• The model used for the analysis is assumed to be correct. 

• The residuals are assumed to be independent. 

• The residuals are assumed to follow a Normal distribution. 

• The residuals are assumed to have the same variance σ2 independent of X, i.e. the 

residuals are homoscedastic. 

Let Y be the variable we wish to predict, the dependent variable, and x be some explanatory 

variable. A plot of the available data assumes a linear relationship between x and Y as a 

sensible approximation. 

             Yi = β0+β1.xi + εi               ……….[1] 

                     for i=1,2,3…..,n. 

Where   i indicates individual cases or observations. 

             β0 and β1 are the constants representing slope and Y-intercept respectively.                                     

             εi is the error term (residuals) and by assumption, its average value is zero, 

                 formally E[εi]=0. 

More realistically, we might claim only that the expected value of Y, rather than exact 

individual vales, changes linearly with x: 

               E[Yi| xi] = β0+β1.xi + εi 

 When xi  equals zero, the expected value is equal to β0 where the residual is assumed to be 

zero. For the model to be perfect the residual term should be as small as possible. 

   
4.1.2 Multiple Regression Model: 
 
The dependent variable Y depends on many independent variables. If we consider k-1 

independent variables, we can write the general linear model as 

     E[Y| xi1,…,xik] = β0+ βxi1+ β2xi2+ β3xi3+…………..+ βk-1 xi,k-1                ….[2] 

Where xi1 denotes the ith vaue of variable x1 

Here K stands for the number of parameters (β’s) in the model, usually one more than the 

number of x variables 

Matrix algebra permits a compact statement of the general regression model for any number 

of x variables 
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Or, more concisely, “the general linear model”                          

                      Y = X β + ε               ..........[3] 

Where Y, X, β and ε are n x 1, n x (k+1), (k+1) x 1 and n x 1 matrices respectively. 

These models have quite limited application within Road Accident Analyses, while the 

expected value of  β0+ βxi1+ β2xi2+ β3xi3+…………..+ βk-1 xi,k-1 may in principle become 

negative, which is not a good suggestion. (Danielsson, 1999) 

 

 

4.1.3 Polynomial Regression 
 
A special case of the multiple regression models is the polynomial model. A curvelinear 

relationship between the response variable Y and a single explanatory variable x may be 

modeled by a polynomial. For example a general quadratic surface is given by: 

 
          Yi = β0+ βxi+ β2xi

2+ β3xi
3+…………..+ βp-1 xi p-1 + εi          …….[4] 

 
In practice it is inadvisable to use more than three or four terms in model [4] for several 

reasons: (Dobson, 1990) 

1. The columns of X are closely related and if p is too large XT X may be nearly singular 

2. There is a danger of producing a model which fits the data very well within the range of   

observations, but is poor for prediction outside this range 

3. Often it is implausible that the mechanism linking x and Y is really described by a high-

order polynomial and an alternative formulation should be sought. 

 

4.1.4 Trigonometric Regression 
 
If the relationship between the response Y and an explanatory variable x is cyclic or periodic 

a suitable model might be 

  

      Yi = β0+ β cos α1xi+ β2 sin α1xi + β3 cos α2xi +β2 sin α2xi ….+ εi            ….…[5] 

 

Where the αj’s are known constants. In this case E[Y] = X β with 
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Trigonometric regression can be used to model seasonality in economic data, and other 

periodic phenomena (Dobson, 1990). For the same reasons as mentioned for polynomial 

regression, usually it is inadvisable to have too many terms on the right-hand side of the [5] 

 
 
4.1.5 General Problems with Linear Regression models 
 
Some common statistical problems detract from a regression’s validity. These include: 

1. Omitted variables: If other variables affect both x and Y, our sample regression 

coefficients β1 may substantially overstate or understate the true relation between x 

and Y. Omitted variables particularly damage causal interpretations. 

2. Non-linear relationships: The coefficients estimation method “Ordinary least squares” 

(OLS) finds the best- fitting line, but this is misleading if E[Yi] is actually a nonlinear 

function of x. 

3. Non- constant error variance: If the variance of errors changes with the level of X 

(heteroscedasticity), then the usual standard errors, test, and confidence intervals are 

untrustworthy. 

4. Correlation among errors: The usual standard errors, tests, and confidence intervals 

assume no correlation among errors ( no autocorrelation). Error correlations often do 

not occur (for example, when cases are adjacent in time or space). 

5. Non-normal errors: The usual t and F procedures assume normally distributed errors. 

Non- normal errors may invalidate these procedures (especially with small samples) 

and increase sample-to-sample variation of estimates. 

6. Influential cases: OLS regression is not resistant: a single outlier can pull the line up 

or down and substantially influence all results. 

 
 

4.2 Non-Linear Models 
 
Non-Linear Models are those that are non-linear in their parameters. Typical examples are: 

log Y (exponential/power model), log x (diminishing returns model), log-log model (constant 

elasticity model). 
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4.2.1 Problems with Non-Linear Regression Models 
 
Linear models can be fitted by least squares using matrix manipulation, but non-linear 

models are much harder to fit even when it is reasonable to assume that errors are 

independently and identical distributed N(0,σ2) so that least squares can be used. It will 

usually be necessary to solve a set of simultaneous non-linear equations for which some sort 

of numerical optimization will be needed. (Chatfield,1989) 

 
4.2.2 Generalized Linear Model (GLM) 
 
The best known special case of a generalized linear model is the model 

                                E(Yi) = µi = xi
Tβ.....................[6] 

Where xi denotes the ith observed random variable and Y1,…..YN are independent variables. 

Here xi is the (px1) vector of explanatory variables for the ith observation, and β is a (px1) 

vector of parameters. The errors are assumed to be independent N (0, σ2) variables. This 

model is usually written in the form 

                                 Y= X β+ ε 

In the generalized linear model, the error distribution is allowed to be more general and some 

function of µi  is assumed to be linear combination of the β’s. The generalized linear model 

assumes that: 

1. The random variables Y1,…..YN are independent and have the same distribution 

which must be form an exponential family. The exponential family of distributions 

include the normal, gamma, exponential, binomial, and Poisson distributions as 

special cases. 

2. There is a link function, g (which must be a monotone differentiable function) such 

that 

                           g(µi)= xi
Tβ 

      is a linear function of the x-values. The quantity xi
Tβ is called the systematic linear 

      predictor, and then g(µi)=ηi. 

 
If the Y’s and the ε’s are normally distributed and g is the identity link function, then it is 

easy to see that the generalized linear model reduces to the general linear model. If Y’s 

follow a Poisson distribution, and g is the logarithmic function, then we have what is called a 

log-linear model.  
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Logit Analysis 

Another important application of the model is to binary data. Suppose each Yi  follows a 

binomial distribution with parameters ni and pi and that  pi  depends on the value of 

explanatory variables. Then  µi = ni pi and there are functions in common use. The logit 

transformation of  pi is defined by log[pi /(1-pi)] and this equals the corresponding link 

function which is  

       g(µi)= log[µi /(1-µi)]= log[nipi /(ni-nipi)] = log[pi /(1-pi)]          ..........[7] 

If g(µi)= xi
Tβ is a linear function of the predictor variables, then the resulting analysis is 

called a logistic regression or logit analysis. 

 
Probit Analysis  

An alternative link function, which often gives results, which are numerically very similar, is 

the probit transformation given by 

                               g(µi)= φ-1(µi/ni) = φ-1(pi) 

where φ denotes the cumulative distribution function (cdf) of the standard normal 

distribution.  φ-1 is often called the probit of pi and the resulting analysis is called a probit 

analysis.       

Clearly, pi will vary non-linearly with xi as pi is bounded between 0 and 1. By taking a logit or 

probit transform of pi , we can fit a generalized linear model. For logistic regression we have 

logit (pi ) = log[pi /(1-pi)] = α+βxi. (Chatfield, 1989) 

 
Application to accident analysis 
 
This model has limited application within accident analysis of quite obvious reasons. If Y 

denotes accident counts, the expected value may in principle become negative, which is not a 

good property. The distribution of Y is not normal, rather negative binomial. If the model fits 

well (i.e. the explanatory variables models most of the dispersion), the possible distribution 

of Y may be Poisson. The Poisson distribution and also the Negative binomial distribution 

may for a large expectation value be approximated by a normal distribution, but regrettably 

the variance is not constant. This problem may, in case of having Poisson distributed data, be 

approximated by letting Y be the root of the accident count. At the same time we will have a 

problem with reasonable modelling of the expectation. If Y  has the expectation value 

β0+ βxi1+ β2xi2+ β3xi3+…………..+ βk-1 xi,k-1,  then Y approximately has the expectation 

value (β0+ βxi1+ β2xi2+ β3xi3+…………..+ βk-1 xi,k-1 )2 , and we no more have a linear model. 
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Obviously it is often not reasonable to apply basic linear regression for modelling the 

accident count. Much may be gained if we can avoid the adoption of normal distributed Y 

and let Y be Poisson distributed. The theory behind GLM allows just these types of 

modelling. (Danielsson, 1999) 

 
 
4.2.3 Poisson Regression 
 
Let Y1,…..YN be independent random variables with Yi denoting the number of events 

observed from exposure ni for the ith covariate pattern. The expected value of Yi can be 

written as 

                
                                E(Yi) = µi = ni θi 

 
The dependence of θi on the explanatory variables is usually modelled by 
 
                                       θi = exp(xi

Tβ) 
Therefore the generalized linear model is 

                               E(Yi) = µi = ni exp(xi
Tβ) 

                                Where Yi ~ Poisson (µi) 

The natural link function is the logarithmic function 

                              Log µi = log ni + xi
Tβ. 

This equation differs from the usual specification of the linear component due to the 

inclusion of the term log ni. This term is called the offset. It is a known constant which is 

readily incorporated into the estimation procedure. As usual, the terms xi and β describe the 

covariate pattern and parameters, respectively. (Dobson, 2002) 

 

Application to Traffic Accidents: 

Generally Traffic accidents are taken as count data where the expecting occurrence of 

accidents depends on the exposure. If we consider exposure as Traffic flow then this traffic 

flow is taken as the offset. Using this condition, one may apply the following equation 

(Bärtschi and Gustafsson, 1993) 

 
E[Traffic Accidents] = (Total traffic flow). exp(xi

Tβ) 

                          = exp[ln(Total Traffic flow)+ xi
Tβ]   
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Limitations  of Poisson regression 

The Poisson regression model has some potential problems. One important constraint is that 

the mean must be equal to the variance. If this assumption is not valid, the standard errors, 

usually estimated by the maximum likelihood (ML) method, will be biased and the test 

statistics derived from the model will be incorrect. Many researchers have modified the 

simple Poisson assumption by assuming that the parameter is distributed, usually in a Pearson 

type III distribution. A historical and bibliographical account of the problem associated with 

the use of the Poisson model has been well documented (Haight, 1964). In a number of recent 

studies (Miaou, 1994; Shankar et al., 1995; Vogt and Bared, 1998), the accident data were 

found to be significantly overdispersed, i.e. the variance is much greater than the mean. This 

will result in incorrect estimation of the likelihood of accident occurrence.  

 
 
4.3 Multivariate analysis: 
 
The aim of multivariate analysis is to reduce the number of variables by employing suitable 

linear transformations and to choose a very limited number of the resulting linear 

combinations in some optimal manner, disregarding the remaining linear combinations in the 

hope that they do not contain much significant information. Thus we can reduce the 

dimensionality of the problem. (Kshirsagar, 1978, p.2) 

  
4.3.1 Principal components analysis 
 
In order to examine the relationships among a set of p correlated variables, it may be useful 

to transform the original set of variables to a new set of uncorrelated variables called 

principal components. These new variables are linear combinations of the original variables 

and are derived in decreasing order of importance so that, for example, the first principal 

component accounts for as much as possible of the variation in the original data. The 

transformation is in fact an orthogonal rotation in p-space. (Chatfield et al, 1980) 

Principal components analysis is one of the simplest of the multivariate methods. The object 

of the analysis is to take p variables X1, X2,… Xp and find combinations of these to produce 

indices Z1, Z2,…,Zp that are uncorrelated. The lack of correlation is a useful property because 

it means that the indices are measuring different ‘dimensions’ in the data. However, the 

indices are also ordered so that Z1 displays the largest amount of variation, Z2 displays the 

second largest amount of variation, and so on. That is var(Z1) ≥  var(Z2) ≥ …… ≥  var(Zp), 
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where var(Zi) denotes the variance of Zi in the data set being considered. The Zi are called the 

principal components. When doing a principal components analysis there is always the hope 

that the variances of most of the indices will be so low as to be negligible. In that case the 

variation in the data set can be adequately described by the few Z variables with variances 

that are not negligible. Some degree of economy is then achieved, and the variation in the p 

original X variables is accounted for by a smaller number of Z variables.  

       It must be stressed that a principal components analysis does not always work in the 

sense that a large number of original variables are reduced to a small number of transformed 

variables. Indeed, if the original variables are uncorrelated then the analysis does absolutely 

nothing. The best results are obtained when the original variables are very highly correlated, 

positively or negatively. 

The first principal component is the linear combination of the variables X1, X2,… Xp, 

                  Z1= a11X1+ a12X2+ ….+ a1pXp 

that varies as much as possible for the individuals, subject to the condition that 

                   a2
11+ a2

12+……………+ a2
1p= 1 

Thus the variance of  Z1, var(Z1), ia as large as possible given this constraint on the constants 

a1j. the constraints is introduced because if this is not done then var(Z1) can be increased by 

simply increasing any one of the a1j values. The second principal component, 

                   Z2= a21X1+ a22X2+ ….+ a2pXp 

 is such that var(Z2) is as large as possible subject to the constraint that 

                   a2
21+ a2

22+……………+ a2
2p= 1 

and also to the condition that Z1 and Z2 are uncorrelated. Further principal components are 

defined by continuing in the same way. If there are p variables then there can be up to p 

principal components. 

In order to use the results of a principal components analysis it is not necessary to know how 

the equations for the principal components are derived. However, it is useful to understand 

the nature of the equations themselves. In fact a principal components analysis just involves 

finding the eigen values of the sample covariance matrix. (Manly, 1994) 
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5. Regression Diagnostics  
 
5.1 Overdispersion 
 
Schemes for reducing traffic accidents are often first implemented in selected areas on a trial 

basis (Metcalfe, 1997). Analysts commonly assume that occurrences of accidents can be 

modelled by a Poisson process. Yearly totals of accidents have a Poisson distribution, even if 

the underlying rate varies seasonally, if accidents occur randomly and independently. The 

variance of the Poisson distribution equals the mean. Sometimes the variance of yearly 

accident totals, after allowing for any systematic changes, is significantly higher than the 

mean. This is known as overdispersion. A plausible explanation is that the underlying rate 

varies from year to year because of different weather and other factors, which are not 

included in the analysis.  

The number of vehicles involved in accidents each year will not have a Poisson distribution 

because most accidents involve more than one vehicle. If highway authorities record the 

number of vehicles involved in accidents they could fit a compound Poisson process (the 

process in which the occurrences are no longer restricted to being single), but a simpler 

expedient is to assume a distribution which can accommodate the additional variability. The 

negative binomial distribution has two parameters which allow the ratio of the variance to the 

mean to take values greater than one. 

There are alternative forms of the negative binomial distribution. Evans et al. (1993) gave the 

definition for this distribution. The Pascal variable X is the number of failures before the rth 

success in a sequence of independent trials in which the probabilities of a success and failure 

are p and 1-p respectively. The probability mass function of the Pascal distribution is 

therefore 

     P(x) = ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
1-r    

 1-xr
  p

r (1-p)x     for x = 0, …… 

This generalises to the negative binomial distribution for non- integer values of r 

     P(x) = 
!)(
)(

xr
xr

Γ
+Γ pr (1-p)x     for x = 0, …… 

Where ( )Γ  is a gamma function which is a generalisation of the factorial function, and ( )rΓ  

is ( )1−∠ r . The mean and variance of X are: 

     µ = r(1-p)/ p 

     σ2 = µ/p. 
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5.2 Multicollinearity   
 
There is no requirement that the variable xj be uncorrelated, but physical interpretation of the 

regression relationship is much easier if they are (Metcalfe, 1997). This is most unlikely to 

happen by chance. If we are analyzing environmental data, or making a retrospective analysis 

of some process, we have no control over the values of the predictor variables, and they will 

usually be correlated. In contrast, if we select the values of the predictor variables in advance, 

when we design an experiment, we can choose them to be uncorrelated. Another source of 

correlation which can be removed is that between xi and xi
2. It is certainly advisable to scale 

the variable if it has a small coefficient of variation. Any constant can be subtracted, but 

mean is often convenient and if the xi are symmetric about their mean the correlation will be 

zero. When they are not, there will be some other constant (say c) such that 

                                     (xi-c) and (xi-c)2 

are uncorrelated, such constants can be found by a quick numerical search, and the advantage 

of doing this is that (xi-c) and (xi-c)2 are uniquely attributable to the linear and quadratic 

effects respectively. However, it is preferred not to scale the predictor variables when fitting 

a quadratic surface if there is some physical significance to the product. Although the 

predictor variables do not have to be uncorrelated, it is not possible to include two linearly 

dependent predictor variables in a regression. For example, if x2 = a x1 + b 

                                    y = β0+ βx1+ β2x2 

                                       = (β0+ β2b) +  (β1+β2a) x1   

 So we can only estimate (β0+ β2b) and  (β1+β2a). The matrix (XT X) is singular if predictor 

variables are linearly independent, the normal equations B= (XT X)-1 XT Y is ill-conditioned 

if there are any high correlations. The simplest way of dealing with these is to drop variables 

from the model. However this may not be such a satisfactory solution. Two techniques that 

can be tried if the predictor variables are quite highly correlated are: 

Ridge regression: The device is to add a small multiple of the identity matrix to the matrix 

XTX before inverting it. 

Principal component regression: The principle is to replace the original set of predictor 

variables with a set of their linear combination, which are uncorrelated. These new variables, 

called principal components (PC), are derived in order of magnitude of variance. 
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5.3 Goodness of fit 
 
The two main tools of statistical inference are confidence intervals and hypothesis tests.  
 
Confidence intervals, also known as interval estimates, are increasingly regarded as more 

useful than hypothesis tests because the width of a confidence interval provides a measure of 

the precision with which inferences can be made. It does so in a way which is conceptually 

simpler than the power of a statistical test (Altman et al., 2000). 

 
Hypothesis tests in a statistical modelling framework are performed by comparing how well 

two related models fit the data. For generalized linear models, the two models should have 

the same probability distribution and the same link function but the linear component of one 

model has more parameters than the other. The simpler model, corresponding to the null 

hypothesis H0, must be a special case of the other more general model. If the simpler model 

fits the data as well as the more general model does, then it is preferred on the grounds of 

parsimony and H0 is retained. If the more general model fits significantly better, then H0 is 

rejected in favor of an alternative hypothesis Hl which corresponds to the more general 

model. To make these comparisons, we use summary statistics to describe how well the 

models fit the data. These goodness of fit statistics may be based on the maximum value of 

the likelihood function, the maximum value of the log-likelihood function, the minimum 

value of the sum of squares criterion or a composite statistic based on the residuals (Dobson, 

2002). The process and logic can be summarized as follows: 

 
1. Specify a model M0 corresponding to H0. Specify a more general model Ml (with M0 as a 

special case of M1). 

2. Fit M0 and calculate the goodness of fit statistic G0. Fit Ml and calculate the goodness of fit 

statistic G1. 

3. Calculate the improvement in fit, usually Gl – G0 but G1/G0 is another possibility. 
4. Use the sampling distribution of Gl – G0 (or some related statistic) to test the null 

hypothesis that Gl = G0 against the alternative hypothesis Gl ≠  G0 

5. If the hypothesis that Gl = G0 is not rejected, then H0 is not rejected and M0 is the preferred 

model. If the hypothesis Gl = G0 is rejected, then H0 is rejected and M1is regarded as the 

better model. 
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For both forms of inference, sampling distributions are required. To calculate a confidence 

interval, the sampling distribution of the estimator is required. To test a hypothesis, the 

sampling distribution of the goodness of fit statistic is required.  

 
 
6. Problem Formulation  
 
6.1 Bias by selection 
 
Observations of accident occurrence at a site can be used to provide an estimate of the mean 

frequency, and this can be compared with appropriate standard values to indicate the scope 

for safety improvements. However, road accidents occur as rare random events, so the 

number observed are small and the presence of stochastic effects should be respected. 

Because of the random nature of accident occurrence, the mean frequency can never be 

known but rather can only be estimated. Whenever an observation of accident occurrence is 

used directly to estimate the mean frequency, further observations will tend to occur at a 

frequency that is closer to the true, but unknown, mean for that site (Heydecker and Wu, 

2001). This effect, which occurs generally, is known as regression to mean. An immediate 

consequence of this is that sites that are selected for investigation because of an observed 

accident frequency that is excessively high will tend to have lower accident frequencies after 

selection even if no remedial work is undertaken. This directional effect that arises when high 

observations are used as the basis for identification is known as bias by selection 

 

6.2 Regression effect 
 
One problem occurring in many before-and-after studies is the regression effect (Danielsson, 

1986). This is caused by the selection procedure, which implies that experimental units are 

drawn to the outcomes of the variable studied during the before-period. 

The problem with regression effects in different types of before-and-after studies has been 

known for a long time. However it has been appreciated by researchers in the traffic safety 

field how large this problem may be. In empirical studies Brude and Larsson [1982] observed 

regression effects of 25-65% for the number of traffic accidents at rural road junctions. Hauer 

et al. [1983] have studied the accuracy of the proposed estimator. Hauer’s method is found on 

a mathematical model specifying the number of accidents to be truncated Poisson distributed 

in the before-period. 
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In practice the regression effect is not of primary interest. Instead, we concentrate our efforts 

in estimating the pure effect of countermeasure. 

Unfortunately, there are in practice further complications with the regression effect 

(Danielsson, 1988). Assume, for example, that we wish to study the number of accidents at 

road stretches to determine whether a particular countermeasure has any (positive) effect. 

Naturally, the effectiveness of the countermeasure most often varies between different types 

of accident. The total effect (on all types of accidents) can then be interpreted as the average 

effect. One possible way to estimate this effect is obtained if stretches are selected at random 

and an estimate then made of the total (constant) effect. In many cases, however, only those 

stretches that are especially prone to accidents are selected, so that it is hardly possible to 

expect that the accident composition at the selected stretch is “normal”. An estimate of the 

total effect from such a sample may therefore be extremely misleading. 

One way of avoiding this complication is to estimate the effect for each type of accident. If 

this can be done, it is then possible to estimate the total effect for any accident composition at 

the road stretches. 

 
6.3 Calendar effects 
 
Some of the calendar data are described using Dummy variables. The term ‘dummy’ reflects 

the fact that the values taken on by such variables (usually like 0, 1and -1) do not indicate 

meaningful measurements but rather the categories of interest. (Kleinbaum, et al. 1998). 

 
Vacation days 
The amount of vacation days in Sweden has increased by thirty percent during the period 

1970-95, and Tegnér and Loncar-Lucassi(1996) found that when there is an increase of ten 

percent in the number of vacation days, then the personal car transportation work would 

increase by 5.5 percent which in turn might increase the number of accidents. 

 
Summer vacations 
Summer vacations cause many to travel using their personal cars. This increases the traffic in 

a wider rate. Consequently, the accident rate increases in the same proportion. Appendix 1 

(Rolf Johansson, 2001) shows that the accidents rates in the month June, July and august are 

much higher than compared to others months .The main reason is the increase of traffic 

volume because of the summer vacation. 
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6.4 Inconsistency in Accident Reporting data  
 
Much of the accident information available in police files is all too often incomplete and 

therefore has not been utilised to the fullest extent (Noriel 1998). In addition, records are also 

needed to provide facts to guide programs including enforcement, education, vehicle 

inspection, emergency medical services, and engineering to improve streets and highways.  

 

There is a need for better information of the circumstance of collisions, especially with 

regards to location in order to come up with a general picture of the data. More precise 

location data could help provide facts to guide programs including enforcement, education, 

maintenance, vehicle inspection, emergency medical services, and engineering to improve  

streets and highways.  
 
Currently, there is an information gap with regards traffic accident data due to the following 

reasons. First, the currant traffic accidents database system is ineffective due to non-

submission of forms. A second reason is the inaccuracy and inefficiency in the actual traffic 

accident investigation and reporting. A last reason would be the absence of a comprehensive 

traffic safety and highway improvement program. 
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Part 2 
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7. Data Explanation 
 
7.1 Coverage 
 
The Statistics includes only accidents with personal injury, which have taken place on the 

public roads open to traffic. In an accident, as a rule, at least one vehicle must be involved. 

All road traffic accidents resulting in persons being killed or injured are to be reported to the 

police according to the law.  The police send the statistics to the Swedish Road 

Administration (SRA). The number of killed persons according to the statistics on road traffic 

accidents is not quite comparable with the number of persons killed in traffic accidents.  The 

statistics on road traffic accidents includes, as mentioned, deaths occurring within 30 days 

after the accident, whereas the statistics on causes of death, in cases where death is the result 

of road traffic accidents, also includes later deaths. 

 
7.2 Collection of data 
 
7.2.1 Pavement data  
 

The pavement data is collected from the Pavement Management System (PMS). The PMS is 

interested in knowing the following information about the pavement: 

1. Information regarding the last pavement and the kind of pavement done. 

2. Information regarding the road standards which includes the rut depth and the 

roughness measured in terms of International Roughness Index (IRI). 

3. Information regarding the traffic volume which includes the proportion of the heavy 

vehicles. 

Based on this information, the models are developed to know the future needs for having the 

good road standards. The details about the pavement for every 20 meters stretch is given in 

the data. 

 
Rut Depth 
 
The rut depth is measured in millimeters (mm). Based on the rut depth the pavement standard 

is divided into different categories. The following are the different standards: (Tholén, 1999) 

Class 1: rut depth<5mm 

Class 2: 5mm<= rut depth< 10mm 

Class 3: 10mm<= rut depth<15mm 

Class 4:  15<= rut depth< 20mm 
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Class 5: 20mm<= rut depth< 25mm 

Class 6: rut depth >= 25mm. 

 
IRI (International Roughness Index) 

IRI defines the roughness of the pavement. It is measured in mm/m. Based on IRI, the road 

standards are classified as: (Tholén, 1999) 

Class 1: IRI < 0.6mm/m 

Class 2: 0.6mm/m <=IRI < 1.2mm/m 

Class 3: 1.2mm/m <=IRI < 1.8mm/m 

Class 4: 1.8mm/m <=IRI < 2.4mm/m 

Class 5: 2.4mm/m <=IRI < 3.0mm/m 

Class 6: IRI > 3.0mm/m. 

 
7.2.2 Accident Data 
 
 The accident data is collected from Swedish Road Administration information system for 

Traffic Safety. The accident statistics were given in Excel format which included the position 

of the accident, type of occurrence of accident, accident date, mile stone identification and 

other details. The data is given for the accidents on the public roads and mainly for the 

expressways. The accident data is subdivided into two categories namely urban roads and 

rural roads. The most part of the expressway is the rural traffic so the accidents recorded are 

more on the rural roads than on the urban roads. 

 
7.2.3 Categorization 
 
The following categories are considered for the analysis of the traffic accidents: 
 
Group 

1. Test group, roads paved during the year 2001 and not paved during the year 2000 and 

2002. 

2. Control group, roads not paved during the years from 2000 to 2002. 

 

Period 

1. January 1, 2000- December 31,2000 considered as Before-period 

2. January 1, 2001- December 31,2001 considered as Under-period 

3. January 1, 2002- December 31,2002 considered as After-period 
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Season 

1. Summer (April 1-September 30) 

2. Winter (October 1-March 31) 

New Pavement 

1. Yes 

2. No 

 

7.2.4 Source of errors: 
 
In Sweden the new pavement is laid only during the summer and sometimes in the month of 

March and October. In my analysis, I have taken the whole year to be newly paved which in 

general is not true. It should also be noted that the statistics does not include all accidents, 

which in principle should have been counted. A certain share of accidents resulting in only 

slight injuries to persons involved are withheld from the police reports, especially accidents 

where only one single person has been involved. 

 
7.2.5 Terms and variables 
 
The Revised version of the questionnaire on road traffic accidents introduced the following 

categories of injury: 

Killed:  Persons being killed immediately or dying within 30 days after the occurrence. 

Dangerously injured: Persons being injured, for sometime in real danger of life and supposed 

to suffer enduringly from the consequences of the injury. 

Seriously injured: Persons being seriously injured, but not in danger of life. 

Slightly injured: Persons who only get negligible scratches etc., including small fractures. 

 
 
8. Method 
 
The analysis is carried out by using the Pavement data and Traffic accidents data. The 

investigation is divided into three stages. 

Stage 1: The pavement data is given in different SAS files which include the date of new 

pavement, road length, milestone identification, pavement object and others. They are 

combined using the SAS procedure. 

Stage 2: The accident statistics were given in Excel format and they are changed into SAS 

file to make the analysis easier. 
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Stage 3: The pavement data and accident data are merged together to make the further 

analysis. 

 
The accident data contained only the accidents with personal injuries, so my study is limited 

to analysis of only personal injury accidents. The new paving period considered is the year 

2001. The analysis is done for the year 2000 named as Before-period, year 2001 as Under-

period and year 2002 as the After-period. The year 2000 and year 2002 did not have any new 

pavement. 

      
                 
   
   Quarter Year  
 
      Paved 2001 
 
Figure 1: Different accident periods namely before, under and after. 
 
The roads which are resurfaced only during the year 2001 and there is no new pavement 

during the years 2000 and 2002 are named as “Test sites (group)”. The interpretation of the 

accident data should take into account the effect of changes in traffic flow and weather, so 

one would expect accidents to increase (even if the measure had no effect). For this reason 

the roads named “Control sites (group)” is introduced where there is no new pavement on 

them during the years 2000 to 2002.  

 
The number of accidents occurred during the before-period and after-period are formulated as 
  

         Period            Test group Control group     
    Before 
    After 

      A 
      B 

         C 
         D 

 
 
Use of Chi-Squared Distribution 
 
In studying the effect of a road safety measure, accidents are counted in periods before and 

after the measure and one has to decide whether the change in the number of accidents (from 

A to B say) is greater than one would expect if the measure had no real effect, taking into 

account the variations which would occur in the number of accidents on a particular road or 

area even if conditions remained constant (i.e. according to the Poisson distribution). 

 

1999 2000 2001 2002 2003 
1  2  3   4 1  2  3   4 1  2  3   4 1  2  3   4 1  2  3   4 
     
 Before Under  After  
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The interpretation of the accident data should take into account the effect of changes in traffic 

flow and weather; if from independent data one would expect accidents to increase (even if 

the measure had no effect) by a factor R(“the control ratio”) then the appropriate criterion is 

                                 
RAB

ARB
)(
)( 2

2

+
−

=χ  

If 2χ   exceeds the 5% level of significance (3.841) we can say the null hypothesis is unlikely 

to be true and that there is a real change. If 2χ < 3.841 we say there is no firm evidence, 

although this is not inconsistent with more data from the same trial, under the same 

conditions, revealing a real change. 

 
Problems in combining accident frequencies 
 
Frequently, number of accidents have to be combined from a representative sample of 

changes of a given type, for instance from a number of roads which have been widened. This 

raises three problems and these have been examined by Tanner, 1958: 

1. Unless the “control ratios” (after to before) are the same at all sites, it is not obvious 

how the average effect of the change should be estimated. 

2. It is desirable to test whether the effect of a given type of change is the same at all 

sites. 

3. If it is not, the significance of the average change needs examination. 
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9. Results and Discussion 
 
9.1 Analysis 
 
Firstly the change in the number of personal injury accidents reported by the police is 

examined by the figures shown below. The figures show the number of accidents occurred in 

the before-period, under-period and after-period for all the roads resurfaced during the year 

2001 and also for the urban roads and rural roads resurfaced during 2001.  

 

Fig 2: Total number of police reported personal injury accidents in the before-period (2000), under-period 
(2001) and after-period (2002) for the roads resurfaced during the year 2001. 
 
Figure 2 shows that there is an increase in the number of accidents after the new pavement. 

The number of accidents increased from 25 to 28 for the years 2000 to 2002 which show that 

there is an increase of 12%. The paving period is registered with lower accidents. 
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Fig 3: Total number of police reported personal injury accidents in the before-period (2000), under-period 
(2001) and after-period (2002) for the rural roads resurfaced during the year 2001. 
 
Fig 3 shows that there is also an increase in the number of personal injury accidents for the 

rural roads which are resurfaced during the year 2001. The accidents increased from 23 to 27 

for the years 2000 to 2002. The increase is approximately 17%. The paving period is 

registered with lower accidents. 
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Fig 4: Total number of police reported personal injury accidents in the before-period (2000), under-period 
(2001) and after-period (2002) for the urban roads resurfaced during the year 2001. 
 
Fig 4 shows that there is a decrease in the number of personal injury accidents on the urban 

roads which are resurfaced during the year 2001. The accidents decreased from 2 to 1 for the 

years 2000 to 2002 which show that there is a decrease of 50 %. The paving period is 

registered with higher accidents. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Accidents for the urban roads resurfaced in 2001

2 2

1

0

0,5

1

1,5

2

2,5

Before Under After

Period

N
um

be
r o

f A
cc

id
en

ts



                                                                                                              

 39

Use of Chi-Squared distribution 
 
As discussed before, the interpretation of the accident data should take into account the effect 

of changes in traffic flow and weather; if from independent data one would expect accidents 

to increase (even if the measure had no effect) by a factor R(“the control ratio”) then the 

appropriate criterion is 

                                 
RAB

ARB
)(
)( 2

2

+
−

=χ  

 

We formulate the number of accidents in the test site and control site for the before-period 

and after-period as a table shown below 

 
         Period            Test group Control group     
    Before 
    After 

      25 
      28 

         327 
         498 

 
It is found that the control ratio to be 498/327= 1.523 

After inputting all the values in the equation, 2χ  is calculated as 1.26 which is less than 

3.841 (5% level of significance). So we can say that there is no firm evidence, under the same 

conditions, revealing a real change due to the new pavement. 
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9.2 Poisson regression model 
 
For giving view of best selected model, I have described the Poisson regression model. Data 

used for modelling is the number of accidents on all roads resurfaced during 2001 and also 

the rural and urban roads for the before-period, under-period and after-period in the test 

group and control group. The statistical software SAS is used for Poisson regression 

modelling.  

 
The canonical link for the Poisson distribution is log, so a first attempt to modelling the data 

is to assume that  

                 log(µ) = β0 + β1 x1 + β2 x2 +……+ βn xn 

This is a generalized linear model with a Poisson distribution, a log link and a simple linear 

predictor. A SAS program for the model for the accidents can be written as 

 
Data accidents; 
Input accidents group period bebyggelse $; 
datalines; 
51 1 1 u 
56 1 2 u 
92 1 3 u 
2 2 1 u 
2 2 2 u 
1 2 3 u 
276 1 1 r 
322 1 2 r 
406 1 3 r 
23 2 1 r 
17 2 2 r 
27 2 3 r 
; 
 
Proc genmod data=accidents; 
Class group period bebyggelse; 
Model accidents = period group period*group bebyggelse/ 
           Dist = Poisson  
           Link = log  
           Type3 lrci scale=d;  
Run; 
 
In the program, the period is described for 3 levels which means that period 1 is the accidents 

in before-year, period 2 is the accidents in under-year and period 3 is the accidents in the 

after-year. The group is indicated in 2 levels which means that group 1 is the accidents on the 

control roads and group 2 is the accidents on the test roads. The word bebyggelse is used to 

differentiate the urban and rural roads. To account for the effect of overdispersion the scale is 

set to the deviance. 
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The output is 
 
 
                                    The GENMOD Procedure 
 
                                      Model Information 
 
                             Data Set              WORK.ACCIDENTS 
                             Distribution                 Poisson 
                             Link Function                    Log 
                             Dependent Variable         accidents 
                             Observations Used                 12 
 
 
                                   Class Level Information 
 
                               Class           Levels    Values 
 
                               group                2    1 2 
                               period               3    1 2 3 
                               bebyggelse           2    r u 
 
 
 
                            Criteria for Assessing Goodness Of Fit 
 
                 Criterion                 DF           Value        Value/DF 
 
                 Deviance                   5          8.9589          1.7918 
                 Scaled Deviance            5          5.0000          1.0000 
                 Pearson Chi-Square         5          7.5346          1.5069 
                 Scaled Pearson X2          5          4.2051          0.8410 
                 Log Likelihood             .        3138.6162            . 
 
 
          Algorithm converged. 
 

 
The fit of the model is reasonable but not perfect. Ideally, value/DF should be closer to 1. 

Since for deviance it is more than 1, it states that there exists overdispersion in the data. 

Though the scale is fixed to deviance to remove overdispersion , it may exist due to the 

presence of mistakes related to the formulation of the generalized linear model: the 

distribution, the link function and/ or the linear predictor. 
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Analysis Of Parameter Estimates 
 
                                                     Likelihood Ratio 
                                        Standard      95% Confidence        Chi- 
 Parameter              DF   Estimate      Error          Limits          Square   Pr > ChiSq 
 Intercept               1     1.4996     0.2672     0.9350     1.9889     31.51       <.0001 
 period         1        1    -0.1133     0.3683    -0.8481     0.6115      0.09       0.7583 
 period         2        1    -0.3878     0.3979    -1.1973     0.3824      0.95       0.3297 
 period         3        0     0.0000     0.0000     0.0000     0.0000       .          . 
 group          1        1     2.8784     0.2600     2.4042     3.4303    122.58       <.0001 
 group          2        0     0.0000     0.0000     0.0000     0.0000       .          . 
 group*period   1   1    1    -0.3073     0.3804    -1.0555     0.4501      0.65       0.4192 
 group*period   1   2    1     0.1121     0.4082    -0.6787     0.9402      0.08       0.7837 
 group*period   1   3    0     0.0000     0.0000     0.0000     0.0000       .          . 
 group*period   2   1    0     0.0000     0.0000     0.0000     0.0000       .          . 
 group*period   2   2    0     0.0000     0.0000     0.0000     0.0000       .          . 
 group*period   2   3    0     0.0000     0.0000     0.0000     0.0000       .          . 
 bebyggelse     r        1     1.6582     0.1023     1.4622     1.8634    262.97       <.0001 
 bebyggelse     u        0     0.0000     0.0000     0.0000     0.0000       .          . 
 Scale                   0     1.3386     0.0000     1.3386     1.3386 
 
NOTE: The scale parameter was estimated by the square root of DEVIANCE/DOF. 
 
 
                              LR Statistics For Type 3 Analysis 
 
                                                                    Chi- 
        Source          Num DF    Den DF    F Value    Pr > F     Square    Pr > ChiSq 
        period               2         5       1.55    0.2988       3.11        0.2115 
        group                1         5     660.39    <.0001     660.39        <.0001 
        group*period         2         5       0.55    0.6063       1.11        0.5746 
        bebyggelse           1         5     360.74    <.0001     360.74        <.0001 
 

Since the pr > chi-square for period is 0.2115 which is much higher than 0, it means that the 

period has no effect on the expected number of accidents. Even the interaction between the 

group and period is much higher than 0 which states that this interaction has also no effect on 

the expected accidents. 

 
The Regression equation for the expected number of accidents is given by 
 
Log (expected accidents) = 1.4996 – 0.1133 Period 1 – 0.3878 Period 2 + 2.8784 Group 1 - 
0.3073 Group 1* Period 1 + 0.1121 Group 1* Period 2 + 1.6582 Rural road accidents 
 
Where 
                            
Period 1 =     1 when the accidents are taken for the year 2000 
            0 else for the years 2001 or 2002               
 
Period 2 =     1 when the accidents are taken for the year 2001 
            0 else for the years 2000 or 2002 
 
Period 3 =     1 when the accidents are taken for the year 2002 
            0 else for the years 2001 or 2002 
 
Group 1 =      1  when the accidents are occurred on Control roads 
                       0  else on the test roads 
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Group 2 =      1  when the accidents are occurred on test roads 
                       0  else on the control roads 
 
Rural accidents = 1 when the accidents are occurred on rural roads 
                             0  else on the urban roads 
 
Urban accidents = 1 when the accidents are occurred on urban roads 
                             0  else on the rural roads 
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10. Conclusions and Recommendations 
 
The results of my study shows that the police reported personal injury accidents increased by 

12% after one year when compared to the accidents before one year for the roads resurfaced 

during 2001. The rural roads showed much worse effect on traffic safety where the accidents 

increased by 17%.  Whereas the urban roads showed a positive effect on road safety, the 

accidents decreased by 50% after one year of new pavement.  

 
The chi-squared distribution test is used to test whether the increase in accidents is because of 

new pavement or of others factors. The test results showed that there is no firm evidence that 

there is a real change due to the new pavement. 

 
The Poisson regression model gives a good description of the expected number of accidents 

depending on various explanatory variables. However, there is too much variation in the data 

to give a statistical adequate description. More work should be laid on getting better model 

fit, and perhaps also inclusion of other variables that have been successful in explaining road 

accident counts. 

 
Due to the lack of accident count data for all type of accidents, my study is restricted to only 

personal injury accidents. The analysis should have done on all type of accidents to give 

better results and also for evenly consideration of regression effect. 

 

Though multivariate analysis is not done, but its theoretical explanation is given for its future 

use in the research for the accident analysis. 
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Appendix 1 
 
Road traffic accidents reported by the police including persons severely injured by severity of 

injury and month, 2000 in Sweden. 

 
Traffic 
environment 

Accidents   Injured Persons   

Month Total fatalities Severely 
 injured 

Total killed Severely 
injured 

All over 
country 

3910 490 3420 5152 560 4592 

January 223 30 193 314 40 274 
February 260 43 217 360 46 314 

March 254 33 221 347 42 305 
April 253 33 220 333 38 295 
May 381 47 334 487 51 436 

June 432 55 377 571 69 502 
July 375 57 318 516 64 452 
August 451 56 395 551 62 489 

September 379 31 348 479 34 445 
October 341 39 302 437 40 397 
November 283 34 249 381 41 340 

December 278 32 246 376 33 343 

 
Source: Rolf Johansson, 2001. 
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Appendix 2 
 
The following SAS program is used to sort and merge the pavement data file and accident 

data file and to exact the accidents at the locations required. The merging is done by the mile 

stone identification. There are different data files which consists of pavement data. So these 

files are merged together by using the pavement object. Then two columns namely knpmin 

and knpmax are introduced which takes the lower milestone number and higher milestone 

number respectively. Then the accident file is merged with pavement file using knpmin and 

knpmax. 

 
proc sort data=merge.reg87bd; 
by belobjid; run; 
 
proc sort data=merge.reg87ti; 
by belobjid; run; 
 
data a; 
merge merge.reg87bd merge.reg87ti; 
by belobjid; run; 
 
proc sort data=a; 
by lstrkaid; run; 
 
proc summary data=a max; 
by lstrkaid;  
var beldat; 
output out=b max=; run; 
 
proc means data=b; 
var beldat; run; 
 
proc sort data=merge.reg87la; 
by lstrkaid; run; 
 
data c; 
merge b merge.reg87la; 
by lstrkaid; run; 
 
data d; 
set c; 
knpmin=min(knpa,knpb); 
knpmax=max(knpa,knpb); 
pavsw=knpa>knpb; 
run; 
 
data d; 
set d; 
keep beldat sekta sektb knpmin knpmax pavsw; 
run; 
 
proc sort data=d; 
by knpmin knpmax sekta; run; 
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proc sort data=merge.dist; 
by knpmin knpmax; run; 
 
data merge.newtry; 
merge d merge.dist; 
by knpmin knpmax; run; 
 
proc sort data=acc.srinivas2; 
by knpmin knpmax; run; 
 
data acc.newtry; 
merge acc.srinivas2 merge.newtry; 
by knpmin knpmax; run; 
 
data acc.newtry; 
set acc.newtry; 
if pavsw=accsw then  
do; 
 if (sektol > sekta) and (sektol <= sektb) then w=1; 
 else w=0; 
end; 
else  
do; 
 if (totlgd - sektol > sekta) and (totlgd - sektol <= sektb) then w=1; 
 else w=0; 
end; 
 
run; 
 
 
data acc.fin2; 
set acc.newtry; 
if YEAR(beldat)<2000 or YEAR(beldat)>2002 then 
test=0; 
else if YEAR(beldat)=2001 then 
test=1; 
else 
test=2; 
run; 
 
data acc.fin3; 
set acc.fin2; 
if acc_date>19991231 and acc_date<20010101 then 
time=0; 
else if acc_date<20030101 and acc_date>20011231 then 
time=1; 
else if acc_date<20020101 and acc_date>20001231 then 
time=2; 
else 
time=3; 
run; 
 
proc freq data=acc.fin3; 
weight w; 
tables bebyggelse*time*test; 
run; 
 
 


