Urban Transport XI1X 711

An accident prediction model for divided
highways: a case study of Trabzon coastal
divided highway

F. Ture Kibar, F. Celik & B. P. Aytac
Department of Civil Engineering,
Karadeniz Technical University, Turkey

Abstract

Traffic accidents in Turkey have been increasing every year. Although serious
property damage and fatalities have occurred in accidents, Turkey hasn’t
sufficiently overcome this problem.

The main objective for this study is to investigate the factors which cause
accidents and to create an accident prediction model which includes relationships
between these factors. With this model, the expected number of accidents at
divided highways can be predicted and suitable measures for providing road
safety can be defined.

For this study, 5 years’ (2002, 2003, 2004, 2006 and 2007) accident data of
113.5 km road sections of Trabzon coastal divided highway, traffic and highway
characteristics of these sections were collected, then an accident prediction
model was formed. The technique of generalized linear models (GLMs) was
applied to the data. Because of over dispersion of Poisson regression model, a
Negative Binomial regression model was found to be the most appropriate
approach for analysis of this data. This model indicates that the wvehicle
kilometres of travel, the number of pedestrian crossing and average posted speed
are significant variables on traffic accident occurrences.

Keywords: traffic accidents, road safety, accident prediction model, Poisson
regression, Negative Binomial regression.

1 Introduction

Traffic accidents are a significant problem for society; because of them, almost
1.2 million people die and between 20 and 50 million people are injured
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worldwide each year [1]. In addition, traffic accidents result in enormous
economic costs; they create psychological problems for people who are injured
in accidents or those who have lost their relatives. Turkey, like other countries,
has suffered from traffic accidents. Each year, approximately 4500 people lost
their lives and thousands more were injured by traffic accidents on Turkish
roads. In Turkey, 90% freight and passenger transportation is made by highway
transportation [2]. The main reason for the increasing number of traffic accidents
is the concentration of freight and passenger transportations on highways in
Turkey and also unsatisfactory condition of road infrastructures. Some
preventive measures have been taken for decreasing accidents, but the annual
number of traffic accidents has not yet significantly reduced.

This study focuses on traffic and highway characteristics which cause
accidents. It is generally known that there is a complex relationship between
traffic and highway characteristics and the occurrence of traffic accidents. A
factor or combination of many factors can cause traffic accidents. To overcome
this complexity, accident prediction models are preferred as suitable tools.
Accident prediction models are used to predict the number of accidents on
highways. With these models, it is aimed to establish a relationship between a
dependent variable (accident frequency) and a humber of independent variables
(annual average of daily traffic, vehicle kilometres of travel, numbers of
pedestrian crossings, lane width, average posted speed, etc.).

This paper begins with a review of previous research which includes hitherto
developing accident prediction models. This is followed by general information
about the methodology and data collection. Model development and estimation
results are then presented and finally, conclusions are evaluated as a summary.

2 Review of previous research

Many studies have been done to establish the relationship between traffic
accidents and traffic and highway characteristics. At first, Satterthwaite [3] found
a relationship between traffic accidents and traffic volume. This fundamental
relationship has been acknowledged the beginning of accident prediction models.
After then, highway characteristics have been added to analysis as well as traffic
volume.

The most common methodological approaches used in accident prediction
studies are Multiple Linear regression, Poisson regression and Negative
Binomial regression. Generally, Multiple Linear regression modelling with its
assumption of normally distributed errors and homoscedasticity was used in
early studies. In recent studies, Poisson regression and Negative Binomial
regression modelling techniques have been used widely. Because, Jovanis and
Chang [4] found that Multiple Linear regression model gave erroneous statistical
results when applied to accident analysis. They discovered that as vehicle miles
of travel increases, so does the variance of accident frequency. This result clearly
violates the homoscedasticity assumption of linear regression. They offered that
Poisson regression is superior alternative to conventional linear regression for
establishing the relationship between accident frequency and explanatory
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variables. In other work, Miaou et al. [5] used Poisson regression modelling for
establishing the relationship between truck accidents and highway geometrics.
Joshua and Garber [6], Ivan and O’Mara [7], Greibe [8], Al-Ghirbal and Al-
Ghamdi [9], Zhang and Zhirui [10] also applied Poisson regression for prediction
of accident frequencies. Poisson regression model has desirable statistical
properties for describing vehicle accidents, but it has an important constraint.
The mean and variance of the accident data are constrained to be equal. If the
variance is greater than the mean, overdispersion occurs in data. Overdispersion
does not affect the coefficient estimates but does cause their standard errors to be
underestimated [5]. To overcome this problem, the Negative Binomial regression
model has been employed to analyse traffic accidents [11-20].

In summary, previous research has shown that Multiple Linear regression is
not a suitable method for applying the analysis of accident frequency. Poisson
and Negative Binomial regression are suitable tools for establishing accident
prediction models.

3 Methodology

Since traffic accidents are sporadic, non-negative and discrete random events, it
cannot be modelled with a normal distribution. In fact, the Poisson and Negative
Binomial distributions are often more appropriate for discrete counts of events.

In this paper, the distributions of accident counts were assumed to follow the
Poisson and Negative Binomial distributions. Poisson regression and Negative
Binomial regression models which are developed the techniques of generalized
linear model were considered to establish the relationship between traffic
accidents and traffic and highway characteristics.

3.1 Poisson regression model

In Poisson regression model which is assumed that the dependent variable y;, the
number of accidents in i highway segments during a period of time, follows the
Poisson distribution with a parameter p; which is the expected accident
frequency (or number of accidents) for i"" highway section during a period of
time.

P(yi) = —l' =012, (1)
y;!
where, P(y;) is the probability of y accidents occurring at i™ highway section
during a period of time. In Poisson regression model, the expected accident

frequency is assumed to be a function of explanatory variables such that

Hi = exp(bo+tby* Xig+ho* Xig+...+bg* Xig) (2

where, Xi, Xp,..., Xiq are the explanatory variables which includes the traffic
and highway characteristics of i™ highway section, Do,b1,b2,...,by are the model
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coefficients which are estimated by maximum likelihood methods [16, 21, 22].
The likelihood function is,

n #yie 4
L= 1 ——— 3)
i=1 Y%

A limitation of using Poisson regression model is that the variance of the data
is constrained to be equal to the mean, E(y;) = V(yi)= Wi In general, accident data
is found to show overdispersion relative to Poisson model. To overcome
overdispersion problem, accident data are assumed to be distributed by Negative
Binomial distribution.

3.2 Negative Binomial regression model

The Negative Binomial regression model developed in this study has the
following form [16],

1
I(y, +=
P(yi)= (yl+05) 1 e, Oy,
Dy +r() trom’ Lron
[24
yi = 112131 (4)
where, the variance of y; is [23],

Var(y)= E(y)[1+a E(y;)] = pi+ap (5)

where o is a measure of dispersion or overdispersion parameter and if o is not
significantly from zero, the Negative Binomial regression model is reduced to
the Poisson regression model with Var(y;)= E(y;).

As for Negative Binomial regression model, the coefficients, bg,bs,by,...,bg
and a measure of dispersion, a are estimated by maximum likelihood methods
[21, 22].

3.3 Goodness of fit test statistics

Goodness of fit test statistics are used to evaluate the accuracy of the selected
model. To examine the goodness of fit, some statistical measures have been
used. In this study, Pearson chi-square statistic (Pearson y?) is considered for
goodness of fit test statistics.

Pearson chi-square statistic (Pearson y2) is calculated as [23]:

Pearsony’ = i% (6)
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4 Data

The data used to establish the accident prediction model consisted of two
categories: Accident data and traffic and highway geometric data.

4.1 Accident data

Trabzon, which is a coastal city of Turkey, has a strategic importance by use of
highway, airway and waterway transportation. But, in Trabzon, highway
transportation is the most preferred transportation mode like in Turkey. Increased
numbers of traffic accidents occur in each year (as can be seen in Table 1).

Table 1: Accident statistics of Trabzon per year.
Years Number of Number of Number of injured
accidents fatalities persons
2002 2499 12 1042
2003 2247 21 954
2004 3019 20 1052
2005 3813 35 1141
2006 5007 31 1427
2007 5463 27 1568

Source: Trabzon Police Headquarters (2007) [24].

In this study, 5 years’” (2002, 2003, 2004, 2006 and 2007) accident data of
113, 5 km road sections of Trabzon coastal divided highway were obtained from
General Directorate of Turkish Highways (GDTH). Because of the accident
statistics of year 2005 related to Trabzon coastal divided highway was not
available, it was not added the analysis process. Each accident reports was
analysed and all types of accidents (fatality, injured and property damage only
accidents) were included in the accident prediction model. The total reported
number of accidents that occurred on Trabzon coastal divided highway during 5
years was 3181 accidents.

4.2 Traffic and highway geometric data

The traffic and highway geometric data were also obtained from General
Directorate of Turkish Highways (GDTH). Annual average daily traffic was
considered as traffic volume and vehicle kilometres of travel, the number of
pedestrian crossing, average posted speed, the number of lanes and the number
of intersections were considered as highway geometric data for each highway
section.
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5 Model development and results

A total number of 3181 accident records related to Trabzon coastal divided
highway were used to develop the accident prediction model. At first, the
highway, whose length is 113.5 km, was divided into homogeneous highway
sections. There is a total of 70 homogeneous road sections during the five years
period. The section lengths vary from 0.5 to 37.5 km.

The mathematical model form that was used as follows:

E(A):eXp(b0+b1X1+b2X2+.--+quq) (7)

where,

E (A) = The number of predicted annual accidents
Xi = Explanatory variables
b; = Model parameters

In modelling process, the number of annual accidents on each highway
segments was considered as the dependent variable and annual average daily
traffic, vehicle kilometres of travel, the number of pedestrian crossing, average
posted speed, the number of lanes and the number of intersections as the
explanatory variables (or the independent variables). Poisson regression
modelling was used at first step of the modelling process. Overdispersion
parameter, o is found 1,217. Owing to overdispersion of the model, it was
formed by Negative Binomial regression. All available modelling variables were
tested to find the significant variables at 95% confidence level. As a result,
Negative Binomial regression model was found the best model.

Table 2: Negative Binomial estimation results for annual accident
frequency.
n=70 df=n-p=66 Pearsony’=68.921 %0566 = 95.631
Variable Coefficient Standard error z ratio P>1z]|
cons 5.2019 0.8959 5.81 0.000
InL 0.5750 0.1630 3.53 0.000
aps -0.0536 0.0159 -3.37 0.001
pc 0.0427 0.0200 2.13 0.033

From Table 2, the model was formed as:

E(A) = exp( 5.2019 + 0.5750*InL — 0.0536* aps + 0.0427 pc) 8)
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where,

n = the number of observation

p = the number of parameter

df = degrees of freedom

cons = constant

InL = natural log of vehicle kilometres of travel
aps = average posted speed

pc = the number of pedestrian crossing

Table 2 indicates that, constant, natural log of vehicle kilometres of travel,
average posted speed and the number of pedestrian crossing are the significant
variables at the 95% confidence level since p value is much smaller than 0.05.
When the Pearson y? is considered for goodness of fit, it seems that the model is
suitable for the Negative Binomial regression model. Because, x20_05,66 (the value
of critic y?) is greater than the Pearson %

The positive coefficient of the vehicle kilometres of travel (InL) indicates that
as the vehicle kilometres of travel increases, so does the number of accidents.
Similarly, the increase of the number of pedestrian crossing on highways causes
the increase of traffic accidents. Because, the conflict points between vehicles
and pedestrians occur at these places.

The other variable of the model is average posted speed (aps). In the model
aps’ coefficient was found negative. This indicates that, the numbers of traffic
accidents that occur on rural highways are less than urban highways. The reason
for the negative coefficient of aps is that rural highways have fewer conflict
points and also high aps than urban highways.

6 Conclusion

The objective of this study was to develop the statistical model of the annual
accident frequency for divided highways. The Poisson regression model and
Negative Binomial regression model was proposed for establishing the
relationships between traffic accidents and traffic and highway characteristics.
The technique of generalized linear models (GLMs) was applied to the data.
Because of overdispersion of Poisson regression model, Negative Binomial
regression model was found the most appropriate approach for the analysis of
these data.

In developed model, it was found that the highway segments with higher
vehicle kilometres of travel and higher the number of pedestrian crossings would
have more traffic accidents than fewer ones. The highway segments with high
speed limits would have fewer accidents than the highway segments with low
speed limits. For road safety, the number of pedestrian crossings must be
reduced on highways and they can be transformed to footbridges or underpasses.
Besides, in urban highways which have more accidents than rural highways, the
number of accidents can be reduced by strict traffic controls.

For future studies, it is recommended that the model can be developed by
more explanatory variables such as other highway geometric features (curves,
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slope and ext.), environmental features, driver characteristics, socio-economic
and demographic data. In modelling process, different methods such as neural
networks can be used to see if the prediction performance could be improved.
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