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TOTAL CRASHES RATES MODELING USING THE RANDOM
PARAMETERS TOBIT MODEL (RPTM)

SALAH SABBAR THAMEELY, ZAYD A. AL-OBAIDI**, AHMED ABDUL KADHIM MOHSIN?

Abstract: This study examined the total accidents along the road directly as a
continuous variable and explored the use of an additional technique according to
Tobit regression. Unlike Previous studies, that have dealt with accident frequency; the
current study shows the total accident rates directly as a continuous variable. The
random and fixed parameters of Tobit model were evaluated to carry out an
exhaustive study of the traffic features like percentage of heavy vehicles(%HV), Free
Flow Speed (FFS) and logarithm of Annual Average Daily Flow (AADF) that influence
the total accident rates. Data on total accident rates and traffic characteristics were
gathered from 2016—2020 along Al- Fallujah — Al-Qaim rural road in Al-Anbar
province, Iraq. This road has been segmented into 345 homogenous roadway
segments. The obtained results show that the (RPTM) was able to find a better
statistical compatibility also and offer comprehensive insights into the traffic
characteristics that contribute to total accident rates than the fixed parameters Tobit
model. Based on the random parameters model, also the results exhibit an increase in
the traffic characteristics under study, namely the logarithm of average flow, the
(%HV), and (FFS). consequently, contributed to the rise in the total accident rates.

INTRODUCTION

In the last few decades, many numbers of studies have been conducted to
determine the determinants that influence the accident frequency over specific
time periods on roadway segments. These studies have been carried out in an
effort to learn more about how accidents occur. These investigations have made
use of count data models such as those based on the Poisson distribution and the
negative binomial distribution, random effects, and random parameters models
[11, 12]. The substantial body of previously published studies provided a
significant quantity of knowledge about understanding of the factors that effecting
on accident frequency. However, another approach was developed to study the
influence of factors on accidents occurred. This approach that is being taken in
this scenario is to consider the number of accidents that occur for every 100
million kilometers traveled by vehicles (VKT). Rather than using the number of
accidents in roadway segments. Accident rates can offer a unit metric of the safety
along the roadway sections. This relative safety can be accomplished by limiting
the consequence of accident exposure, and accident rates are easier to grasp than
accident rates per period of time. It would appear that the accident rates may be
modeled as a continuous variable using the statistics. When it comes to modeling,
it is best to make use of a variable as opposed to a non-negative integer number.
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count-data models to ascertain the frequency of accidents. In the meanwhile,
accident rates can be equal to 0 because there were no reports of accidents being
received or because there were no incidents to begin with. During the time period
that was the focus of this investigation, it was seen in a few of the portions. In
order to represent this non-negative continuous variable, the typical standard
ordinary differential equation is utilized as the modeling tool. A skewed outcome is
almost certainly going to be created by utilizing the regression method of least
squares. estimates of the parameters and judgments based on statistical analysis
The crash rates should be approached as though they were filtered on the left
direction (censored at 0), and the Tobit model technique should be applied in
order to find a solution to this problem. This is a sensible way to find a solution to
this issue. The vast bulk of the research that is now accessible attempted to predict
crash rates, and the majority of those estimates were based on Tobit models. the
early studies to investigate crash rates employing Tobit regression was carried out
by Anastasopoulos and colleagues [1]. This study is widely regarded as an
innovative, ground-breaking study (2008). As part of their investigation into the
collision rates that were observed on Indiana's interstate routes, they presented a
Tobit model and demonstrated the usefulness of Tobit regression as a potential
tool for safety analysis. They also illustrated the potential of Tobit regression as a
useful tool. Tobit model became a popular method for analyzing accident rates for
two-lane country roads after conducting Anastasopoulos, et al. [1] study [6], work
zones [3], and signalized junctions [9].

LITERATURE REVIEW

According to modeling statistics, numbers of accidents per each vehicle miles
traveled is considered as continue variable compared with the integer number
which it is non- negative. The using of crashes and injuries per vehicle miles
traveled give us good indexes for road safety, therefore many studies by using
Tobit modeling, such as in 1995 Talley use the Tobit modeling for calculate the
accidents cause passengers vessel damaged cost [18]. +n fact, every year the
quantity of deaths and injuries due to road accidents increase which effect on
health and economy, as example In Malaysia, the number of deaths and injuries
are increasing each year, also in 2008 the percentage of accidents which includes
injuries increased by 2.7% and the percentage of road deaths increased by 3.9%
during one year [16]. There are different factors effects on road accidents such as
speed which consider the most important factor in road accident which includes
injuries and fatalities, therefore there are large numbers of studies and researches
reported a big relationship between traffic factors with fatalities [10, 19].

These factors including the speed, traffic flow, heavy vehicle etc. The studies and
research are affected by the speed of vehicles and AADT. The second factor which
effect on road accident are heavy vehicles because it has a big complex systems due to
a failures caused by vehicle characteristics such as large trailer outward movement,
wheel braking, braking distance, and lack of acceleration while driving. Actually the
percentage of heavy vehicles does not only affect accident rates, but it also affects air
pollution due to the shortness of the chimney as comparing with private cars [21].
In1995, Fancher and Campbell presented a study on the size and weight of heavy
vehicles, such as multiple axles and the length of the vehicle, and confirmed that
there is a significant impact on the number of accidents, such as deaths and
injuries [5], but in Iraq , according to the Central Statistical Organization
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considered the Traffic accidents is one of the reasons of death [2], therefore the
speeds can be defined as vehicles are traveling in high speed as compared with the
other vehicles which traveling with limit speed.

For most drivers in world ,as example in Poland country and US lager than 50% of
drivers are driving more than the limit speed [14], because of high percentage
mentioned above , the number of fatalities reached 31% in Poland and 27% in US
[13, 15], so the driving with high speed lead to increasing in distance of braking,
reduce the sight distance and reduce the reaction time to make decisions and
finally increase the probability of accident [4]. According to the International
Transport Forum (ITF), the increase of speed lead to increase the percentage of
accident [8]. in iraq exactly in Anbar provance they imported 174,000 cars in 2003
which lead to increase the number of accident rates according to the ministry of
planning [20]. in fact there are other factors which affects on accident rates such
as geometric design of road as example the under layres (subbase layre) which
should be the compaction test not less than 96%. [22].

METHOD

The regression model Tobit was developed by Tobin in 1958, the model
characterized by its ability to handle the dependent variable which can be either
right- or left-censored. However, the left-censored data has a low threshold
compared to the right-censored data. The accident data considered for the analysis
can be deemed left-censored with clustering at zero bases. This consideration is
made because of the difficult observing all or few intersections during the
observation ttime. In this case, Tobit model construction is done the following;:
Y'=pBX+ ¢,1=1,2,3,..,N

Y=Y if ¥, >0 )

Y,=0if ¥y <0
N represents the observations number, Yi represents the (severe injury crashes rate)
which considered the dependent variable, 8 represents the vector parameters of
estimation, Xi represents the independent variable (traffic, geometric and pavement
characteristics), and i denotes a normally and independently distributed the term
of error which the mean () equal to zero and variance o2 equal to one. exactly there
are two an index include stochastic and implicit (dormant variable) which it is ¥;"
and can be observed in examples if the value Yi value exceeds zero. Therefore, the
likelihood of the Tobit model is positive and the aforementioned zero observations is
as follows [7]:

log LL = 1_[[1—<D('6?TX)H_[0_1¢ (2)

In Equation (3), @ refers to the standard normal distribution function, and ¢
represents the standard normal density function that corresponds to a description
of the Tobit in the traditional sense (fixed parameter). The main challenge of the
fixed parameters is that it does not account for the unobserved factors, which can
be incorporated with random parameters, a simulated maximum likelihood
estimation procedure as proposed by Greene [7]. Random parameters that can be
estimated as the following;:
Bi = ﬁ + @i, i= 1,2,3, ;N (3)

Where ¢i represents a term that is randomly distributed (Poisson regression
model: 1i | i = exp (BXi) and Negative Binomial regression model: i | pi = exp

(Y; - BX)

(o}
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(BXi + €i)). Thus, the log-likelihood is re-expressed as follows:

LL = Z In f 9(@) P(ni/9)do; (4)
Vi o g

g(@;) represents the probability function of density of @i. The calculations of the
random parameters were performed and using a maximum probability based on a
simulation that uses Halton draws.
The elasticity impact refers to the percentage change in the overall emissions that
is brought on by a shift of 1, 10, or 100 percent in the variable that is being
controlled by itself [17]. Equation 5 should be used to express the elasticity:

e I LN )

e
Above the carbon monoxide elasticity emissions, concerning the k-th observations
for the j independent variable on the roadway segment i “

DATA DESCRIPTION

The current study aimed to explore the impacts of traffic parameters, namely
(HV%), (FFS) and (Ln ADF) and estimate their contribution to total accident rates.
All data was collected from Al- Fallujah — Al-Qaim rural road in Al-Anbar province,
Iraq. The data was partitioned into uniform sections of the route defined by roadway
segments). The data that was used to define the roadway segments included the
(HV%), (FFS) and( Ln ADF) and the accidents that occurred on each roadway
segment throughout the 5 years. The roadway was divided into 345 sections and the
total numbers of accident during the sections was calculated and defined.

The data included the number of crashes that occurred on every roadway segment
during five years of investigation. The accident rate (A.R.), which was computed as
the number of accidents that occurred for every 100 million vehicle miles traveled,
was determined as follows:

n _,Accidents,, ;
AR;= Zyr=1 Al (6)
[¥r._, AADF,, ; = L; * 365]/100000000]

yr=1

Table 1: Summary Statistics of Total Accident Rates, and Traffic Features.

Variable Min Max Mean S.D.
Total 0 14557 75.165 273.684
Ln ADF 7.001 10.898 8.587 0.663
%HV 1 27 5.702 3.972
FFS 60 140 81.975 19.804
N 345

MODELS RESULTS

Table 2: Parameter Calculation of Total Accident Rates Model.

Variable Coefficient t- value
Constant -736.895 -8.86
Ln ADF 60.502 7.21
Std. - -
%Hv 19.767 13.27
Std. 64.707 6.42
FFS 0.865 0.32

Std. 1.205 4.55
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The findings of the random parameter model for total accident rates that
influencing by traffic characteristics are presented in Table (2). These results
include the logarithm of (Ln ADF), (%Hv), (FFS).

At a level of confidence equal to or greater than 99%, the calculations (RPTM)
indicated that the logarithm of Average Daily Flow was a significant fixed
parameter for total accident rates. There is a connection between Ln ADF and the
rates of total accidents. In this particular instance, a rise in Ln AADF was linked to
an increase in the total rates of accidents.

The random parameters Tobit for the total accident rates reveal that the coefficients
for heavy trucks are substantial for all of the models. There was a significant direct
relationship between the percentage of heavy vehicles and the total accident rates.
The coefficients estimate of the percentage of heavy vehicles that resulted as a
random parameter for the total accident rates model has a mean of 19.767, and a
standard deviation of 64.707. Based on these criteria, it appears that 38 % the
distribution was below 0. While for this distribution 62% was greater than o. This
means that increasing of percentage of heavy vehicles leads to increase the total
accident rates in 38% of roadway segments. on the other side for 62% of the roadway
segments leads to decrease the total accident rates (see Figure 1).

62%a

-174.354 109847 44 04 19.787 84.474 149181 213888

Figure 1: Distribution of (% Hv) Parameter for Total Accident Rates Model.

Increasing the free flow speed at a roadway segment was related with an increase
in the total accident rates. The (FFS) parameter followed a normal distribution,
with a mean of 0.865, and a standard deviation up to 1.205. In light of these
features, 25% of the distribution was lower than 0. On the other hand, 75% of the
distribution was greater than o. According to these findings, an increase in free
flow speed leads to an increase the total accident rate for 25%, of the roadway
segments. As comparing with 75% for segments of road, a reduction in the total
accident rates was expected due to an increase in the free flow speed.

T5%a

-2.75 -1.345 -0.34 0863 207 3275 4.48

Figure 2: Distribution of (FFS) Parameter for Total Accident Rates Model.

It was necessary to evaluate the elasticity effect in order to determine how much of
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an impact of the (HV%), (FFS) and (Ln ADF) on the total accident rates. A 10%
rise the average daily flow (Ln ADF), percentage of heavy vehicles (HV%), and free
flow speed (FFS)were used to measure the change in the total accident rates that
occurred. The elasticity effect of the (HV%), (FFS) and (Ln ADF) on the total
accident rates, are shown in Figure 3.

50% 46%
A40%
30%
22%
20% 15%

rates %

10%

Change intotal accident

0%

Ln ADF PoHW FFS

Figure 3: Estimated Elasticity Effects of a 10% Increase in (%Hv), (FFS) and
(Ln ADF) on Total Accident Rates.

CONCLUSION

The current study investigated the application of random parameters in Tobit
regression to evaluate the traffic characteristics that have a major impact on
accident rates. The considered data were obtained by using five years of data on
accidents and traffic characteristics from Al- Fallujah — Al-Qaim rural road in Al-
Anbar province, Iraq. Regarding the methodology approach, the random
parameters Tobit model can give a more comprehensive knowledge of the factors
that determine accident rates due to their ability to account for the heterogeneity
raised from the traffic characteristics. The random-parameters model
demonstrates that several factors relating to traffic characteristics are found to
significantly influence total accident rates. These factors include the (HV%),
(FFS)and (Ln ADF). It has been determined that the (HV%), (FFS)and (Ln ADF)
are statistically significant in terms of the influence they have on the total accident
rates. All traffic characteristics have a significant positive effect on the total
crashes rates. The findings of the random parameters Tobit model showed that the
average daily flow (Ln ADF) resulted in a fixed parameter, this means that the
increasing of this factor resulted in to increase in the total accident rates in all
roadway segments. For the (FFS) and (HV%) these two factors resulted as random
parameters it does means the effect of these two parameters will fluctuate across
different sections of the roadway.
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