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Traffic crash commonly referred to as a car crashes with another vehicle or other objects, such as
pedestrians, animals, road barriers, or other immovable structures likea utility pole orwall. This can result
in injuries, fatalities, vehicle and road damage. In latest years, the number of traffic crashes has increased
in Irag, particularly on rural roads. Because of the severity of the rural road crash problem in Irag, it has
become critical to investigate and understand the causes of rural road traffic crashes. Rural road traffic
crashes in Al-Diwaniyah Province haven't been highlighted since 2003. According to the Planning
Ministry's yearly statistical report, Iraq (2020) the number of crashes recorded in Iraq is 8186, 587 of them
are in Al-Diwaniyah Governorate. The percentage of traffic crashes in 2020 inside the city was 47.01% and
outside it was 52.99%. The goal of this research is to analyze traffic crash data to identify the crucial factors
that impact the occurrence of vehicle crashes in Al-Diwaniyah Province.
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1. Introduction

Due to the serious economic and social effects that traffic crashes have,
traffic safety has recently attracted a lot of attention on a global scale. In
addition, traffic crashes cause a large percentage of disability and human
losses for young groups, and thus reduce the proportion of labor force.
Adding to the monetary and emotional costs associated with traffic crashes,
it is a fact that many people are killed or spend long periods of time in
hospitalsasa result of traffic crashes every year. After 2003, the amount of
vehicles in Iraqi cities increased, as did the number of traffic crashes. There
was a sharp increase in the total number of automobiles in Irag after 2003,
which has been linked to the economy's recovery after the economic
blockade wes lifted. Traffic crashes in Iraqarevery dangerous, comparable
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to terrorist operations, and pose a great threat to the lives of the Iraqi people.
Ithas been one ofthe issues that depletes material resources, causes social
problems, andresults in the loss of human resources, which are considered
to be the most important component of society. Also, the individuals
involved, their families, and their relatives all suffer negative psychological
effects as a result of traffic crashes. Those who have been directly involved
in traffic crashes face serious health consequences. Crashes in traffic
systems cause long-term or permanent harm. Changes in an individuals
quality of life, as well as changes in social, family, and professional lives
following a traffic crash, including changes in views toward life, are all
social consequences of crashes [1].
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Road geometry (such as infrastructure quality and curvature), traffic
conditions (such as speed and the traffic flow), and lighting conditions
(such asnightand day driving) can all affect traffic safety, as well as driver
behavior [2}-[6].

The human errors isthemain cause of traffic crashes in the city of Baghdad,
according to the study of Al-Tamimi [7]. By investigating roadway
elements, particularly roadway geometric design, human aspects can be
controlled and predicted indirectly [8]. Also mechanical breakdown of a
vehicle, suchas tires, brakes and steering failure, lead toa slight percentage
of crashes [9]. The condition and performance of the roadway, including
the road surface, shoulders, crossing points and traffic control system, can
influence a collision [10]. According to Garber having more lanes, heavier
traffic volume, exceeding the posted speed limit, having a low lane width,
and havinga low shoulderwidthall increasethe probability ofa crash [11].
The installation of median barriers in the roads has a number of drawbacks,
including a high cost and an increase in the number of traffic crashes
reported as a result of a lack of recovery area. More collisions raise
maintenance expenses and raisethe possibility that maintenance staff will
be exposed to traffic. Additionally constrained is the ability of maintenance
and emergency vehicles to cross the median [12].

Itis widely expected that deterioration of the road surface will lead to higher
in crash rates. Because the state of the pavement is one of the road’s
environmental elements that influence both human and vehicle factors at
the same time, it is regarded as a critical factor in highway safety. As a
result, one of the main goals of pavement management systems is
improve highway safety by ensuring that pavements are well maintained.
According to the findings of Lee et al., a deteriorating pavement reduces
the severity of one-vehicle crashes on low-speed roadways but rises the
severity of single-vehicle collisions on high-speed roadways in poor
pavementcondition. Otherwise, it worsens theseverity of multiple-vehicle
collisions onall roadways [13].

Al-Obaedi conducted a study to evaluation traffic crash rates in Al-
Diwaniyah Governorate. According to the study findings, traffic crashes
cause 33 deaths per 100,000 people in the city. And this is a significanty
higher than the average global death rate, which is 18 deaths for every
100,000 people. Additionally, research has shown that 50% of traffic
collisions are caused by driver errors, while vehicle malfunctions account
for about 24 percent. In addition, the findings revealed that approximately
21% of crashes are not reported to the localtraffic ™.

2. Study area

Al-Diwaniyah province is one of theprovinces ofthe Middle Euphrates, It
is about 180 km from Baghdad. Through which one of thebranches of the
Euphrates River passes, known as Shatt al-Diwaniyah. The latitude of
Diwaniyah City is 31057'50.91" N and the longitude 440 54'23.94" E.
Elevation of Diwaniyah City is 50 meters above sealevel. As forthe city's
administrative boundaries, it is bordered to the north by the provinces of
Babil and Wasit, to the east by the provinces of Dhi Qar and Wasit, to the
south by the Muthanna province, and to the west by the Najaf province.

Accordingto the report ofthe Diwaniyah Investment Commission, the area
of the governorate isabout 8153 km2, and thus it constitutes about (1.9%)
of the total area of the country, and about (8.1%) of the total area of the
provinces of the Middle Euphrates region. Out of the total population of
Iraq, which exceeds 41 million for the year 2021, according to the estimates
of Ministry of Planning - CSO reports, the population of Diwaniyah
province is estimated at 1,325,031 distributed over 57% live in urban and
43% in rural area. Figure 1 shows theadministrative boundaries ofthe city.
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Figurel. Diwaniyahprovince boundaries
3. Time limits

The study's time frame was determined by the number of road traffic
crashes recorded between 2016 and 2021 by the Diwaniyah Traffic
Directorate.

4. Data collection

Data on traffic crashes is collected by responsible agencies and
authorities inmost developed countries according to well-defined standards
and procedures. In these countries crash data comes from a variety of
sources including insurance, police reports and hospital records. In Irag,
there are only two sources of traffic crash data. First, crash report forms,
which are filled out by the traffic police officer. Second, by preparing a
questionnaireand distributing it to a certain number of people who are often
participants in a specific traffic crash, asking them a series of questions,
then collectingand analyzing the data.

Questionnaires are usually prepared by researchers, and the questions of the
questionnairedepend onthe datathat the researcher needs in his study.
Government sources, are more comprehensive. Also, the process of
collecting traffic crash data is a difficult process in Irag, because of the
routine procedures in the country, as well as because of the Ministry of
Interior’s reservation on this data, as it is data that contains some drivers’
details and is used for the purposes of legal cases.

4.1. Collecting crash reports from Diwaniyah traffic directorate

It was difficult for this study to obtain data from the traffic crash records
from the Diwaniyah Traffic Directorate because of the security and routine
procedures in Iraqg, as obtaining the data required approval from the
Ministry of Interior in Baghdad. The fact that this data, according to their
claim, contains personal information of the participants in the crashand is
only released for the purposes of legal cases. After submitting official
requests to the General Traffic Directorate in the Ministry of Interior in
Baghdad, and after a period of more than three months and many reviews
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to the Ministry of Interior in Baghdad, approval was obtained to provide
this study with the necessary data. Crash reports are the data obtained from
the Traffic Directorate. These reports contain the details of the crash, which
include thetype of crash, the type of road, the cause of the crash, the number
of vehicles involved in the crash, the number of deaths and injuries, and
some other details. This traffic data is more detailed for crashes than the
data of the CSO.

5. Artificial neural networks (ANN)

An artificial neural network is a model of information processing that
mimics how biological nervesystems, like the brain, process information.
The impressive quality of artificial neural network models is that they can
predict and display desired results even with small amounts of data [15].
A.O. Kurban looked intoartificial neural networks, which have non-linear
mappingalgorithms anda structure that is based in part on concepts found
in biological nervous systems.

Typical real neurons have branching dendritic trees that gather signals from
numerous other neurons in a small space; and a lengthy branching axon that
contacts thedendritic trees from several additional neurons to distribute the
response. The response of each neuron is fundamentally a non - linear
function of theits input and is strongly impacted by the connections among
those inputs. Figure 2 shows the multilayer feedforward network.
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Figure2. Multilayer Feedforward Network [16]

Typically, an ANN is made up of a lot of simple processors linked by
connection weights. The data that isavailable locally at each node, whether
itis stored internally or comesin through weighted connections, is the only
factor affecting each node's output. Each nodes send its output to a number
of other nodes while also receiving input from a large number of other
nodes. By changing the connection topology and connecting weight values,
a network is specialized to perform various functions. Connecting units
with the right weights allows for theimplementation of complex functions
[16].

6. Statistical analysis using ANN

After the process of filtering the data obtained from the Diwaniyah Traffic
Directorate and after excluding the unclear and incomplete copies, the
number of copies available was 200 copies of the crash report. SPSS
Version 28 and a multilayer feedforward network with one hidden layer
was usedto unveiled some important factors that might contribute to a more

severe crash. As an introduction to dealing with neural networks, the data
must be filtered and not be excessive in including a large number of
independent variables because this negatively affects the neural network
[17].

6.1. ANN inputs and outputs

Selecting the input variables that have the biggest effects on model
performance is a crucial stage in creating ANN models. A good subset of
input variables can greatly enhance model performance [18]. The following
kinds of data changes have been made: removal of invariant columns,
removal of columns with a lot of variety, removal of redundant columns,
elimination of useless data, and classification of some columns. After
preprocessing the traffic crashes data, the 16 different attributes were
reduced to 8 attributes.

The inputs were season, day of week, number of lanes, direction, crash type,
number of vehicles involved, vehicle type, collision with, contributing
factor, causes, road condition, road type, weather and vehicle manufacture.
While the output was crash severity.

Table 1. Class labels selected 8 attributes with their datatype

NO. Attribute name Data type
1 Season Nominal
2 Day of week Nominal
i Time Nominal
5 Crash type Nominal
6 Collision with Nominal
7 Contributing factor Nominal

Causes
8 Vehicle Nominal
9 Manufacture Nominal

Eight nodes are chosen in this study as the number ofnodes in each layer,
which is equal to the number of the input layer's nodes. Available data is
divided into two sets: training and testing. The training set is used to modify
the neural network's connection weights, and the testing set is used to
evaluate the network's performance. In the current study, the optimal
division was chosen using a trial-and-error procedure. The software's
default and non-default parameters were used to create a number of
networks with various divisions, and the results showed that 66.5% of the
data were used for trainingand 33.5% for testing. Figure 3 illustrated the
distribution of thedata.

Classification

Predicted
Percent

Sample  Observed 00 1.00 2.00 Correct

Training .00 9 1 0 90.0%
1.00 0 86 1 98.9%
2.00 0 0 36 100.0%
Overall Percent 6.8% 65.4% 27.8% 98.5%
Testing 00 6 1 0 85.7%
1.00 0 32 0 100.0%
2.00 0 0 28 100.0%
Overall Percent 9.0% 49.3% 41.8% 98.5%

Dependent Variable:severity
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Figure 3. Classification of data
6.2. Structure and operation of ANN

A typical ANN structure comprises of a few artificial neurons, or nodes,
and the links that connect them. There is a weight parameter associated to
each bond. Every processing element in a particular layer is connected to
many other processing units via weighted connections, either entirely or in
part. The scalar weights control how strongly linked neurons are connected
to each other. When a weight is zero, there is no connection between any
two neurons, and when a weight is negative, there is a prohibitive
association[19]. One layer of input neurons, one or maybe more layers of
hidden neurons, and one layer of output neurons typically make up ANN
neural networks; however, the subsequent layers are completely connected,
as illustrated in Figure 4.
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Figure 4. Typical structure and operation of ANN [19]
6.3. ANN prediction accuracy

Many trainings were performed on the artificial neural network to achieve
the highest accuracy and lowest error rate. And that is by controlling the
percentages of the training and testing samples, the change of weights, the
hidden layers and the number of nodes of the hidden layers.

The total samplesize of 200 was used to make theartificial neural network.
The samplewas divided into a training sampleand a testing sample. 66.5%
was used as a trainingsampleand 33.5% as a test sample, which gave the
highest accuracy rate. Figure 1 shows the details of the artificial neural
network used. The correctness rate of the model was 98.5% for the training
sample and 98.5% for the testing sample as well. This means that the model
was able to correctly classify most of the data, except for 1.5%.

Figure 3 shows the process of classifying data from SPSS. The model

classified crashes with PDO with an accuracy of 90%, injury crashes with
98.9%, and fatal crashes with 100%. This is for the training sample. These
findings show that the prediction accuracy for fatal crashes is highest,
followed by injury crashes and PDO crashes, in that order.
The original percentages of crashes were as follows: crashes of property
damage were 8.5%, crashes of injury 59.6%, and crashes of death 32%. As
for the testing sample, it was classified by 85.7%, 100%, and 100%,
respectively, with regard to crashes of property damage, injury,and fatality.
The prediction efficiency, however, cannot be fully described by accuracy
alone, hence additional methods of assessing the predictive models are
required. The total ability of a test to discriminateis measured by the area
under the curve (AUC). An ideal test has an AUC of 1.00, while a
completely random testhasan AUC of 0.5.

For the currentstudy, the created models were further assessed using AUC
curves. The percentage ofthe area under the curve foreach category of the
dependent variable was as follows, as shown in figure5.

Area Under the Curve
Area

severity .00 .997

1.00 999

2.00 1.000

Figure 5. Area Under the Curve

The AUCs were all noticeably higher than 0.5 in each example. These
findings show that all models performed well in predicting new cases.

7. Results

The importance analysis ofthe model isillustrated in figure 6 and indicates
the cause of the crash has the greatest impact on the severity of the crash.
Followed by the season in which the crash occurred, and then the time of
the crash. Where the importance of these variables was 0.313, 0.181 and
0.158, respectively.

Independent Variable Importance

Mormalized
mportance Importance

Season 181 57.9%
Day 104 33.3%
Time 158 50.5%
Crash type 052 16.7%
Collision with ne3 26.5%
Contributing factors 050 16.0%
Causes N3 100.0%

18.7%

Veh, manufacture D59

Figure 6. independent variable importance analysis

The importance analysis results also indicate that the day of the crash, the
object to which the vehicle hits, the vehicle brand, the type of crash, and
the factors contributing to the crash have less influence on the expected
result, having values for relative importance of 0.104,0.083, 0.059, 0.052
and 0.05 respectively.

8. Conclusions

1. Artificial neural networks can be used to analyze traffic crash
severity . It can analyze traffic crashes with high accuracy and
does notrequire a very large sample size.

2. Theaccuracy rateof the model was 98.5% forthe training sample
and 98.5% for thetesting sample.

3. Themodel classified crashes with PDO with anaccuracy of 90%,
injury crashes with 98.9%, and fatal crashes with 100%. This is
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for the training sample. As for the testing sample, it was classified
by 85.7%, 100%, and 1009, respectively.

4. The importance analysis of the model indicates the cause of the
crash has the greatest impact on the severity of the crash. Followed
by the season inwhich the crash occurred, and then the time of the
crash.

5. The importance analysis results also indicate that the day of the
crash, the object to whichthe vehicle hits, the vehicle brand, the
type of crash, and the factors contributing to the crash have less
influence.

6. Thereis adifficulty in obtaining traffic crash data in Iraq because
of the routine procedures in the country, and even when obtained,
these data are for legal purposes only and do not confain many
details necessary for scientific research purposes. Therefore, it is
necessary to provide forms of traffic crash reports that take into
account scientific and engineering purposes.
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