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Abstract

This work aims to explore black areas identification through a
qualitative methodology based mainly on a series of question-
naires and interviews and by a development of a geographical
information system on the road accidents in studied area. The
road user, particularly the driver, is generally considered as
the first person in charge in the case of accident, while his
opinion is rarely joined into the establishment of the solutions
to the problems of the road insecurity. Considering needs for
the treatment of black areas, problems of the lack of data on the
accidents, the different advantages that suggests the concept
of participation and the feasibility integrating the road users
into the analysis of the road safety. The Qualitative study aims
at supplying with the accessibility for the users of the road to
indicate the places of male performances of safety according
to their feeling and of them the experience. The approach by
the GIS aims at first to establish road accidents on the studied
site by associating data of different nature and then to make a
spatial analysis via ArcGis tool. The study area is a section of
national road Highway RN6 of 38 Kms (from the PKOO to the
PK38) which across the wilaya of Mascara. it is considered
a potentially dangerous stretch in terms of road insafety. The
results of this study show that the road users are the daily wit-
nesses on the degree of the danger which presents their usual
territory: the road. They can, therefore, to be the complemen-
tary information source for the localization of zones at high
risk on the road network traveled daily.
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1 Introduction

Traffic safety is very important question. Lots have been
researched (Levulyté et al., 2016; Torok, 2015). The problems
posed by the road traffic, in Algeria, became at the moment a
severe subject of concern. According to the National Center of
Prevention and Road safety (CNPSR, 2012), 4531 persons killed
and 64936 persons injured and more than 42023 accidents were
registered on 2011. Indeed, one account 12 deaths, 120 persons
injured and 115 crash a day. This denotes the extreme revolved by
such a plague and proves that the Algerian roads are of the most
murderous. Every year the road accidents cause more than 4000
handicapped persons (association of the handicapped persons, the
reference). The road accidents cost more than 100 million dollars
a year for the treasury. According to the Ministry of Transport, that
is approximately 2 % of the GDP of the country (Chanut, 2011).

The road accidents represent approximately 70 % of the
accidents in rural zone and approximately 56 % of accidents
on all national road networks in 2011 (Subba Rao et al., 2010).
The Main roads which register (record) more traffic accidents
are: RN6 (Bechar-Mascara), RN5 (Algiers-Constantine), RN1
(Algiers-Djelfa), RN4 (Algiers-Mascara-Oran), RN3 (Skikda-
Constantine), RN11 (Algiers-Mostaganem), with respectively
24 %, 20 %, 19 %, 13 %, 13 % and 10 % of accident.

Wilaya of Mascara occupies a strategic geographical posi-
tion, making the wilaya a crossroads of all Western Algerian
towards all regions (West, East, North, and South). It is char-
acterized by a dense network highway, composed of twelve
sections, with a very high mobility of people and goods (Oulha
et al., 2013). The most important axes that cross the province
are stretch N4, N6, RN14, N7, RN17 and RN17A, respectively
connecting the wilaya of Mascara with wilayates Oran, Reli-
zane, Saida, Tiaret, Sidi Bel Abbes (Fig. 1).

The wilaya of Mascara is one of the most affected Algerian
wilaya by road accidents especially in rural areas. It is ranked
second among rural and 6th at the national level according to
the number of fatalities of road accidents in 2008. The acci-
dents on highways in Mascara represent about 70 % of acci-
dents in rural areas and about 56 % of all accidents on the road
network of the wilaya in 2010.
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In 2009, the services of the National Gendarmerie reported
64 killed due to road accidents in the stretch between RN6
Mascara and Oran which represents about 40 % of all accidents
killed at the scale of the wilaya (Subba et al., 2010).

2 Presentation of the study area

Algeria has begun, following the crisis caused by falling oil
prices in 1986, structural reforms which were aimed at aban-
doning the system of economic management and social, highly
centralized, for a system of market economy, liberal oriented.
The study site is a section of national road N6 Sig linking the
city to the north and the town of Mascara south of 38 Kms in
length (the Sig PK0.00 to KP 38) Fig. 1. This section is of vital
importance, not only for the province of Mascara but also to
several provinces of Algeria Adrar it connects the South and
the North Oran. An important vehicle traffic runs daily on this
route. This traffic consists of all types of vehicles with a strong
presence of heavy trucks (Oulha et al., 2013).

It is a winding stretch with several slopes of 10 %, plus the
fact that it supports heavy traffic at all times and in all cat-
egories of vehicles. The morphology of this section requires
heavy practicing at low speeds on a dual carriageway direc-
tion not exceeding 6 meters in width see Table 1, which causes
discomfort to the flow of traffic for light vehicles, leading to
dangerous maneuvers where many of them end badly. The
geographical position occupied Mascara and making it an area
of transition from a large flow of lorries on Oran axes - Mas-
cara Adrar (N6), consisting essentially of buses carrying pas-
sengers and tankers carrying fuel.

Under this study, we used the network mainly in the wilaya
of Mascara and the axis of the N6 on the territories of the prov-
ince of Mascara and Saida. This choice is justified by several
factors:

* Dense network used by local traffic and transit traffic
(north-south and east-west) important because it acts as
an interface between the north west and south west and
the High Plateau in the west,

Different types and sizes vehicles using the network,
Network rural primary component that concentrates the
majority of accidents (56 % against a national average of
88 % for Mascara),

Mascara is ranked 2nd (in 2008) at the national level for
accidents in rural areas,

Diversification geometric layout and environment,
Proximity to the different actors in the acquisition of
information.
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Fig. 1 RN6 and road network in the wilaya of Mascara,
source: DPAT Mascara, 2010

The Figure 1 shows that the wilaya of Mascara is character-
ized by dense network roads. One of the most important in areas
of the province is the section of RN6 between Saida and Sig.

3 Methods

The Objective of this work is to try to approach drivers (taxis
inter-wilaya, buses, trucks, vans, private) as daily users of the
axis N6 and daily witnesses at risk in order to locate the best
places dangerous than present this axis. Risk factors are very
crucial in road safety assessment (Celik and Senger, 2014).

The approach followed in the analysis of road accidents on
the stretch of N6 kilometer point (KP) PK No. 00 to No. 38
PK is to use two sources of information on the location of road
accidents: accident statistics road mileage by point provided by
the services of the National Gendarmerie over a period of five
years (2005 to 2009), interviews and questionnaires of different
drivers on this stretch more often (bus drivers, trucks and tax-
ieurs inter wilaya (Mascara - Oran - Mascara.) This survey was
carried out during the months of February and March 2012.

The methodology used in this paper is to make the diagnosis
in the field, to identify high-risk areas and to propose feasible
solutions to improve road safety. The diagnosis was made in
three stages:

1. Video making the entire section of the N6 and pictures
of each kilometer point: the aim of the video is taken to
question the drivers using this tool to determine the nature
of the risk and identify anomalies observed. And examine
the shortcomings of the development course of the road.
Collection of statistics of accidents at the national gendar-
merie: The stage that followed the diagnosis in the field, it
is the collection of statistics on road accidents per kilometer
point. The goal is to do a preliminary analysis of road risk
before establishing the first accident map of this stretch.
Displacement in vehicles of drivers surveyed: We con-
ducted 30 trips in vehicles of drivers surveyed (15 taxi
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vehicles, 5 buses, 5 cars and 5 heavy trucks) while
questioning drivers about the dangers they face on this
stretch. Of these 30 trips, 13 trips were made in direction
(PK38 to PK00) and 17 travel in the direction (PKO0O to
PK) 38 to see the reviews on road risks in both direc-
tions. This method has allowed us to understand more
risk situations and address the specific abnormalities
every kilometer points.

Use of GIS for digitizing the road network: This step is
important because it allows for modeling the RN6 section in
order to conduct various manipulations and analyzes.

4 Collecting information
The collection of information necessary for the preparation
of this work was performed at the following organizations:
* National Gendarmerie (accidents per kilometer point
from 2005 to 2009);
* The Directorate of Public Works (geometric character-
istics of the section of the road, work on the floor, etc.).
e The Department of Transportation (various statistics of
accidents in urban and rural areas);
e The Union taxieurs (number of taxieurs on line Mascara
- Oran);
e The company Algerian Des Eaux (ADE) (for number of
drivers on the stretch Mascara - Sig).

5 Presentation of the sample interviews and
questionnaire (survey)

A sample of 144 drivers has been developed. This sample is
composed of several drivers of different vehicles: taxi drivers
inter wilaya of heavy trucks, vans carrying goods, buses and
private drivers. The goal is to have a representative sample of
the population of drivers on the stretch N6. The sample was
allocated as follows:

e 35 drivers inter-wilaya taxi;

e 20 drivers of trucks;

* 20 company drivers ADE: Algerian Des Eaux;

e 10 truck drivers;

e 20 bus drivers;

e 39 individual drivers (academics, students, traders, etc.).

The questionnaire consists of two sections, the first is used
to identify the respondent and the second includes questions
about the location of places that have a high risk road, the feel-
ing of insecurity in driving the section on evidence of accidents
and damage reported by drivers and weather conditions at the
time of the accident. The responses are then coded and ana-
lyzed by SPSS software.

In addition, thirty interviews were conducted with taxi driv-
ers inter wilaya (Sig-Mascara-Mascara-Oran) and bus transit
in the same line. These interviews were conducted in their

vehicles while traveling with these drivers. The objective was
to locate the most accident-prone locations, abnormal road lay-
out and amenities that may be introduced on the road environ-
ment, according to these drivers, to improve the driving safety.
The information collected during interviews complement those
of the questionnaire. A GIS has been developed in stages are
summarized in Fig. 2; to locate places high road risk is to treat
the black points.

6 Spatial Analysis of road risk

Many studies have been conducted to explore road accident
black areas using GIS (Thériault, 1996; Austina et al., 1997;
Anderson, 2007; Savena, 2011).

Spatial analysis is the most powerful and richest mode. It
consists in the analysis capabilities of operators to incorporate
in queries geometric criteria and some opportunities calcula-
tions on geographic data. The different relationships that can
be implemented concern the nearby (find objects close to one
another), topology (joined objects included, partially included,
excluded ... etc.) or shape. It is possible to combine the geo-
metric properties with semantic properties to achieve a fairly
complete analysis. Other spatial analysis functions are math-
ematical operations that exploit the topological properties of
spatial data:

* Creating buffers around points, lines, areas, polygons ;

» Crossing polygons (polygons calculation resulting from
the intersection of two or more surface objects) and more
generally Boolean operations on polygons (intersection,
union, inclusion, exclusion ... etc.).

» Analysis graphs (search the shortest path following dis-
tance or some other criterion.)

\ Hwand Process

Cards CAD ﬁlesillw ! . Dataallocation(

Correction,

\ GIS i

Fig. 2 Steps acquisition and transmission of information
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7 Results and discussion
Following the question: “in general, is that you feel safe in
using the road”, the responses of drivers are shown in Fig. 3

and Fig. 4.
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Fig. 3 Feeling of security / insecurity on the section of RN6
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Fig. 4 Feeling of safety on the RN6 stretch depending on the age of the driver

From the figure we see, 68 % of users admit that the section
(Mascara-Oran) is dangerous (Yes: 31.9 % and No: 68.1 %).

From Figure 4, the drivers who are age over 30 years feel
more unsafe driving on the stretch N6 (that is to say, they said
no security) compared those with age less than 30 years.

Zhao et al. (2015) noticed that for Xi’an city the taxi drivers
with 3 to 5 years experience are at greater risk for crashes than
other groups. The results of the present study corroborate with
those found in Xi’an city.

Figure 5 shows that drivers who are driving age less than 15
years on the section N6 feel insecure driving on the stretch N6
(that is to say, they said no) with a percentage important. By
against drivers who have seniority driving more than 16 years
on the stretch N6 (old drivers) feel more safety while driving
on this stretch (Zhao et al., 2011).

In the opinion of users asked about the main causes of acci-
dents on the section studied, approximately 35% of accidents
are due to the lack of visibility in the N6 stretch, 25% are due
to driving errors (excessive speed, dangerous overspending,
lack of concentration for drivers) and over 10% are due to the

poor road design, and the presence of mixed traffic on the road
(trucks, individuals vehicles, motorized two-wheelers, etc).
(Lam, 2004; Mitsakis, 2015) concluded that professional taxi
or bus or lorry drivers are at a greater risk of being involved in a
vehicle crash, due to their occupational exposure to hazardous
fatigue and stress.

feel safe driving on the RN6 stretch?
22%

18%

16%
10% 9% OVYes
7% ENo
6% 6%
4%
3%
0to 05years 6 to 10 years 11to 15 years 16 to 20 years over 20years
seniority driving on the RN6 stretch
Fig. 5 Safety feeling depending on the seniority driving
why the RN 6 is dangerous stretch?
34,72%
9,03% 8,33% 7,64%
l . . u u
lack of visibility excessivespeed lack of focuson  dangerous  strong presence roadis narrower
after cornering driving overtaking  of heavy vehicles
the main accident causes according to the advice of experienced
drivers.

Fig. 6 The views of users on the causes of accidents

The existence of the corners is both a positive and negative
in the occurrence of the accident factor. Indeed, the existence
of corners makes the driver more careful when driving and thus
flows at moderate speeds. Even if there would be accidents,
they will not usually fatal (CNPSR, 2012; Oulha, 2004). By
cons, straight roads can generate monotony when driving, espe-
cially when it comes to long distances, and drivers feel more
confident and well practiced excessive speeds which leads in
most cases to unpredictable accidents and fatal.

On the other hand, the section is full of turns with the exist-
ence of vehicles at various speeds (PL, goods vehicles, V Light)
causing traffic jams. Thus, out of the corners, drivers tend to
recover delay dangerous maneuvers (dangerous overtaking,
excessive speed, failure to respect the rules of the roads).
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Table 1 Damage reported by drivers

Damage reported by drivers Number of drivers

damage, deaths and injuries 27 18.8
damage 24 16.7
damage and killed 26 18.1
damage and injuries 29 20.1
no findings 38 26.4
Total 144 100.0

27 % confirm that they have witnessed accidents that caused
property damage and killed and/or injured. Certainly, it should
be noted that the judgment of drivers remain subject because the
state of a victim of a traffic accident can be defined as a specialist
in the field (Cloutier et al., 2011; Duffey et al., 2003). But these
opinions are the stretch as deadly (CNPSR, 2012; Henri, 1995).

According to the observation of users, the majority of acci-
dents resulting in casualties (deaths and injuries) on the N6
occurred either during times of rain, sleet or fog. But this does
not exclude that during other times it is not no accidents or
victims, and the findings also show that no matter how long
this section records of accidents and victims. Unanimously,
all users, regardless of their ages are, seniority and levels of
education, noted the danger of the section of the RN6 Oran-
Mascara, and the majority said they witnessed an accident.
The age of the user has an important role in mastering the
handling of the vehicle, the anticipation of potential accidents.
Also, seniority in the conduct of the same section allows the
user to have a normal reflex of errors likely to cause reactions
incidents (Joerin, 1997; Thériault, 1996).

Counts carried out on the site have shown that there is a
complexity of traffic over the N4 and N6 (Fig. 7). The agricul-
tural character of the Wilaya of Mascara has found that daily
on these roads, vehicles carrying agricultural products toward
the city of Oran. The geographical position of the Wilaya of
Mascara axis between the north and south and east and west
of Algeria supports the presence of the bus carrying passen-
gers to the capital Algiers in particular via the N4 (Fig. 7). In
addition, major construction works of the East-West Motorway
and other penetrating favored the presence of heavy trucks car-
rying construction materials. The flat morphology of Sig and
Mohammadia villages located on the axis N4 and poor quality
of public transport has encouraged the use of both wheels of all
kinds. This mode of transport is much responded particularly
in these villages and is used as a means of transport by all cat-
egories of age.
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Fig. 8 Map of accident black areas on the section of RN6

This map shows the black areas of accidents on the N6 sec-

tions after segmented PK:

» The blue color represents the number of PK death of less
than 2 killed as PK, 24 and 31, which are characterized
by the presence of corners, so the driver is very careful
and we have fewer fatalities and less killed;

» The yellow color for PK whose death toll is less than 6
killed;

* Orange PK for the death toll of less than nine killed.

* Red PK for which the death toll is more than 9 killed as
PK2 with 17 killed and PK9 with 15 killed.

Based on the analysis of the question “specify the exact
location of the accident,” the majority of users involved in an
accident are agreed on the danger of PK36, PK33, PK30 and
PKS5 including corners of the Hacine locality.
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Fig. 10 Superimposition of the two card information

This map represents the juxtaposition between the GN data
and data collected from users in terms of numbers killed by PK,
the complementarities between the two sources has allowed us
to develop a more comprehensive map.

8 Conclusion

The results of this study show that road users are daily wit-
nesses to the degree of danger of their usual territory: the road.
They can, therefore, be the source of information for locating
high-risk areas on a daily basis through the road network. The
causes of these accidents on this stretch are due to a multitude of
factors which are they inter- related. These include human fac-
tors (driving experience, speeding, failure to respect the rules of
the road, risk perception, etc.) and environmental factors (pres-
ence of bends, fittings unsuitable, weather conditions at the time
of the accident, etc.) which are put forward in this paper.

This method can easily be used on other roads as it provides
a precise look at local issues of road risk and certain adjust-
ments unsuitable. The integration experiences of road users
will undoubtedly improve safety on roads.
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