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Abstract

Sfax is one of the Tunisian governorates with a large number of road acci-
dents, injuries and fatalities every year. This study aimed to analyze and map
traffic accidents in this governorate. We analyzed the spatial distribution of
accidents, their distribution by cause, by type of road, by size of traffic, by
months of the year and days of the week. Accidents were correlated with sev-
eral variables such as population numbers and densities, motorization rate,
length and structure of the road network, and the amount of traffic. On the
cartographic level, we have built a database, through which we have produced
a series of thematic maps to argue this analysis. Through cartographic pro-
duction, we also aimed to help road users, decision-makers and researchers in
this area and in the field of transport. This work showed that Sfax occupies,
among the other Tunisian governorates, an advanced position in gravity.
Various human, climatic and technical factors explained this situation, of
which human factors were the most important, and contributed to almost
90% of accidents. The current situation of accidents in Sfax requires a series
of measures and actions to alleviate and mitigate the gravity of this pheno-
menon.

Keywords

Road Traffic Crashes, Mapping, Sfax Governorate

1. Introduction

According to statistics published in 2018 by the World Health Organization [1],
“the road is the eighth cause of death worldwide in 2016” [2]. Road accidents
resulted in 1.35 million deaths this year alone, the majority of which are male.

According to WHO forecasts, if no radical action is taken on road safety by
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2030, traffic accidents will become the fifth leading cause of death worldwide,
with nearly 2.5 million people dying each year on the roads [3].

In Tunisia, as in the other Third World countries, the question of accidentol-
ogy remains little studied. However, in developed countries, it is well treated.
The work of Vandersmissen and al [4] [5] [6] and Cynthia Boucher [7] in Can-
ada, Abdulhafedh, A. [8] in the USA, Moellering Baker [9], Susan et al [10] in
the United States and those of Whitelegg in Great Britain [11], although the an-
gles of analysis are diverse, identify good examples of study in this area.

Like the whole of Tunisia, road traffic accidents, in the governorate of Sfax,
are a very serious phenomenon, but have specific characteristics linked to several
factors such as urban structure, density, structure and length of the road net-
work, modal distribution of transport flows, traffic density, motorization rate,
population weight, human factor, weather and technical factors...

In this paper, we discuss the spatial and temporal distribution of accidents in
Sfax governorate and the factors determining this phenomenon. We build a da-
tabase related to the accident, to produce a series of thematic maps and graphs
that facilitate and argue the analysis of this phenomenon. In the first part, we
present the study area, the tools and the working methodology. In the second
part, we analyze the spatial and temporal distribution of accidents by presenting
the various explanatory factors. Finally, and through the conclusion, we present
a series of findings and recommendations that help decision-makers, stakehold-
ers and researchers in the fields of accidentology, management and development

of road networks and road traffic in the governorate of Sfax and in Tunisia.

2. Study area and Methodology

The study area is the governorate of Sfax which is located in the Central East of
Tunisia (Figure 1). This coastal governorate comprises 16 delegations, 25 muni-
cipalities and 125 Imadats (the smallest unit of the Tunisian administrative divi-
sion) [12] [13] [14]. It has a surface area of 7545 km? It has 955,421 inhabitants
(with 595,700 inhabitants in cities) . The density of this governorate is 126 inha-
bitants/km? [14] [15] [16] [17].

To study the issue of accidents, we used statistics, relating to the Sfax gover-
norate of the year 2020, from the National Observatory of Information, Train-
ing, Documentation and Studies on Road Safety (NORS). The data relating to
accidents in the agglomeration of Sfax comes from the Civi/ Protection. These
statistics are very precise by date (day and time) and by distance from the center
of city. The number of accidents, injuries and deceased, covering the entire Tu-
nisian territory, is provided by the NORS in 2020. Data relating to the motoriza-
tion, traffic and structure of the road network are extracted from the Sfax Atlas,
the Sfax Transport Master Plan (1996), the Sfax City Traffic Study (1998), the
Transport Master Plan Update Study (2005) and the National Statistical Institute
(NSI). Finally, all demographic data are provided by the NSI. All data are en-
tered into a database of a Geographical Information System (GIS). We used
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Phildigit for the drawing of base map backgrounds, Philcarto and ArcMap for
the creation of thematic maps and Adobe Illustrator for the layout of maps. We

also used Microsoft Excel to generate some charts

3. Results and Discussion

We deal with the issue of accidents in the governorate of Sfax, through the dis-
tribution of traffic accidents, injuries and deceased by delegation, type of road,
causes, month, day and by means of transport. The variable traffic accidents will
be correlated with other variables such as population (number and density), ur-
banization rate, roads (length and density), traffic intensity and motorization

rate.

3.1. Spatial Distribution of Traffic Accidents, Injuries and Deceased

“Over the past 30 years, Tunisian roads have recorded varying results in terms of
accidents, injuries and deceased. As a result, the number of car accidents in-
creased from 10,209 in 1996 to 10,980 in 2006” to 5972 accidents with 8574 inju-
ries and 1150 deceased in 2020 [18] [19]. The impact of the Covid-19 crisis on all
road safety indicators was very significant compared to 2019 [20], with fewer ac-
cidents (-20.06%), fewer deceased (—19.05%) and fewer injuries (-21.13%)
(Table 1).

At the national level, the governorate of Sfax ranks fourth in number of acci-
dents, after the governorates of Tunis, Ben Arous and Nabeul, with 258 acci-
dents. This represents 5.4% of accidents in the country as a whole in 2020
(Figure 2 and Figure 3). The density of accidents in this governorate is relatively
low compared to the governorates of Greater Tunis (Tunis, Mannouba, Ariana
and Ben Arous). As for the wounded, Sfax also ranks fourth after the capital Tu-
nis, Nabeul and Ben Arous, with 370 wounded (Figure 4). Figure 4 represents
almost 6% of all wounded in the country. The rank of Sfax fits perfectly with that
relative to the number of accidents, with an average of 1.5 injured for each acci-
dent occurred in the governorate. Admittedly, in 2020, Sfax ranks second in
number of deaths due to traffic accidents, after the capital Tunis. The damage of
the accidents in Sfax is very catastrophic compared to those in most other go-
vernorates, that is one death every three days. The number of deaths in Sfax was
88. It represents nearly 10% of all deaths in the national territory (Figure 5).
This can be explained, even in part, by the high number of accidents and by the

Table 1. Comparison of accidents and their victims between 2020 and 2019. Source: [18].

The date Accidents Deceased Injured
From 1/1/2019 to 31/12/2019 5972 1150 8574
From 1/1/2020 to 31/12/2020 4774 931 6762
Difference -1198 -219 -1812
Percentage —20.06 —-19.04 -21.13
DOI: 10.4236/0japps.2022.121003 22 Open Journal of Applied Sciences
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Figure 2. Accidents, injuries and deceased in Tunisia in 2020.
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Figure 3. Distribution of accident numbers in Tunisia by governorate in 2020. Data

source: [18].
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Figure 4. Distribution of the number of injuries in Tunisia by governorate in 2020. Data

source [18].
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Figure 5. Distribution of the number of deceased in Tunisia by governorate in 2020. Data

source: [18].

characteristic rurality of roads. Indeed, the large area of the governorate means
that long distances from roads are to be found in rural areas, where speeds are
very high, hence the severity of accidents.

The governorate of Sfax has an average of one accident per 1465 inhabitants.
It ranks sixth in the country, considering, on the one hand, the size of this go-
vernorate, especially compared to the other governorates of Greater Tunis (Tu-
nis, Ariana, Mannouba and Ben Arous) and those of the Sahel (Sousse, Monastir
and Mahdia), and, on the other hand, given the reduced number of accidents in
all southern governorates and most northern and western governorates (Figure
6).

A review of Figure 6 and Figure 8 shows that, at the national level, there is a
relationship between the distribution of traffic accidents and the distribution of
the number of populations. Indeed, coastal governorates, which are characte-
rized by high population numbers and high urbanization rates [13] [22], have
high accident numbers. On the other hand, most of the Western and Southern
governorates, which have low rates of urbanization and population numbers
[23], have low accident numbers. The Central East and North East governorates
also have dense road networks and very heavy traffic from which they expe-
rience more traffic accidents (Figure 7) [21].

This relationship between traffic accidents and population, is also expressed in
the governorate of Sfax. The correlation coefficient R is 0.87. This relationship is
relatively strong in that the coefficient of determination R* is 0.78. The number
of accidents is also strongly correlated with the rate of urbanization with a cor-
relation coefficient R equal to 0.76, that of the determination R* of the order of
0.56.

According to statistics from the NORS, 80% of accidents in the governorate of
Sfax are in the Great Sfax and only 20% occurred outside this agglomeration.
The number of accidents is also proportional to the population density. The
delegations of Greater Sfax (Sfax Madina, Sfax Ouest, Sfax Sud, Sakiet Eddair,
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Figure 6. Distribution of accident in Tunisia by governorate in 2020. Data source [18].
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Sakiet Ezzit) have the highest population densities, compared to neighbouring
delegations (Amra, Jebeniana, Hencha, Menzel Chaker, Agareb, Bir Ali Ben Kha-
lifa, Skhira and Ghraiba) (Figure 9 and Figure 10).

The number of accidents is also proportional to the rate of motorization
(Figure 11) with a coefficient of correlation of 0.69, but this relationship is low.
Generally, the delegations of the Greater Sfax (Sfax Madina, Sakiet Ezzit, Sakiet
Eddair, Sfax Gharbia, Sfax Sud and Thyna) have high motorization rates. Peri-
pheral delegations have relatively low accident numbers with low rates of moto-
rization. Figure 12 shows that accidents are more related to rates of motoriza-

tion in urban areas than in rural areas [12] [24].

3.2. Distribution of Accidents, Injuries and Deceased by Type of
Road

To get a sense of the road effect on accidents, injuries and deceased, it is useful
to understand the structure of the road network, which has generally been in de-
cline over the past few years throughout Tunisia and especially in the governo-
rate of Sfax (Figure 14) [24].

In Sfax, “five categories of roads make up the road network within the gover-
norate of Sfax” [26] [27] (Figure 13 and Figure 15):

e Highway: a single highway (A-1) crosses the Sfax governorate and connects
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the region to the Sahel, Cap Bon and Greater Tunis. The extension of this
highway to the south was not finalized until May 2018. It connects Sfax to
Gabes, then to Medenine and finally to Libyan territory, via the crossing
point of Ras Jedir.

e The National Roads (NR): four national roads cross the governorate of Sfax.
The first, the National Road 1 (NR-1), connects the region to all the coastal
agglomerations of the country, from Tunis to Ras Jedir, via Sousse, Gabes
and Médenine. The second, the National Road 2 (NR-2), ensures the junction
of the governorate to the Center of the country, in particular to Kairouan and
Enfidha. The third (NR-13) connects the Sfax region with the Central-West
of the country, up to the Algerian borders, via Sidi Bouzid and Kasserine.
The last National Road (NR-14) connects Sfax to the southwest of the coun-
try, including the Gafsa region.

e Regional Roads (RR): there are eight (RR-81, RR-82, RR-89, RR-96, RR-119,
RR-124, RR-204 and RR-205), which act as liaison between the various dele-
gations of the governorate. Only, the delegation of Bir Ali Ben Khlifa which is
not served by a regional road, is crossed by NR-2 and NR-14.

e Local Roads (LR): 26 local roads (LR-904 to LR-929) connect small towns to
the local, regional and national road network.

e The tracks: mostly agricultural not bituminated. The asphalted agricultural
tracks did not exceed 402 km throughout the governorate in 2009, of which
almost all (98%) is located in the hinterland of Sfax (Figure 15) [26] [27].

In 2014, the delegations of the Greater Sfax accumulated 345 km of asphalted
roads including 65 km of agricultural tracks while the 10 peripheral delegations
concern 1765 km (or 83.6% including 751 km of agricultural tracks). The dele-
gation of Menzel Chaker occupies the first place in terms of asphalted tracks
(418 km), then, in second position arrives Bir Ali Ben Khlifa (283 km) and then
Skhira (190 km). The length of the road network is therefore closely related to
the size of the area covered by the peripheral delegations [26] [28].

Road density reached its highest level in the delegations of the Greater Sfax
(88 m/km?) in 2009. However, and on the same date, the lowest road density is
recorded in the delegation of Menzel Chaker with 150 m/km?. The national
roads are the busiest, especially the sections that connect Sfax to the other cities
of the Northern and Central governorates of Tunisia. The closer one gets to the
Greater Sfax and the focal center of the governorate, the regional road density
intensifies and the congestion becomes more noticeable [26]. The road density is
not balanced between the Greater Sfax region and the rest of the governorate.
Generally speaking, the roads that provide mobility in the governorate suffer
from under-sizing and a lack of maintenance leading to its degradation. In addi-
tion, there is a significant proportion of agricultural runways that are not yet
paved. “Mobility problems are concentrated in urban areas, particularly in the
Greater Sfax. Transit failure largely explains congestion problems in the gover-
norate” [27]. The number of accidents, injuries and deceased is positively related
to road traffic. The greater the traffic, the greater the number of accidents. “The
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road traffic map in the Sfax Governorate indicates that the maximum daily traf-
fic is typical of the national roads in the Sfax city center (Figure 16). Road traffic
reached 22,581 vehicles/day on the section of the NR-1 connecting the city cen-
ter to Ring Road 11 in the direction of Gabés” [26]. On the same line, between
Ring Road 11 and Mahras, traffic drops to 14,925 vehicles/day, then to about
8000 vehicles/day on the rest of the NR-1 line. “Northbound traffic on the NR-1
is greater than southbound traffic and reaches 31,839 vehicles/day at Ring Road
4 and drops sharply to 15230 vehicles/day, just north of the same ring road (4),
as NR-1 branches into several regional and local routes to Mahdia, Sousse and
Kairouan, reducing the burden” [26].

Traffic could have been much higher there if NR-1 was not supported by RR-82
towards Mahdia (9107 vehicles/day) and LR-881 towards Jebeniana (12,984 ve-
hicles/day) (Figure 16). In the direction of the central-west and the southwest of
the country, the road traffic reached respectively 9856 vehicles/day on the NR-13
and 9765 vehicles/day on the NR-14. The daily flow of vehicles/day is rapidly de-
creasing on all roads, moving away from the city center towards the hinterland of
Sfax (Figure 16) [26].

The distribution of traffic accidents by type of road shows that agglomera-
tion’s roads occupy the first place with nearly 65 accidents. This type of road also
has the highest number of injured (24 injured). This is largely due to the high
density of the road network and the fairly high traffic in the agglomerations.
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National roads have the second highest number of accidents (63) and injuries
(20), but the highest number of deceased (Figure 17). They are therefore more
dangerous. The importance of traffic on national roads, the rural aspect of this
type of road, and the very excessive or inappropriate speeds explain this gravity.
Local roads are the third largest number of accidents, injuries and deceased. This
place, relatively advanced, is explained by the length of the network, the impor-

tance of traffic and also by the rural aspect of these roads.

3.3. Distribution of Accidents, Injuries and Deceased by Cause

A “road accident can have several causes: human, meteorological or technical.
Nevertheless, the human factor is paramount and affects more than 9 out of 10
accidents. Human causes come far ahead of other types of causes. The most
common human causes are alcohol, speed, fatigue or drowsiness in nearly 8% of
fatal accidents” [29]. Distraction is also a human factor in road accidents. The
telephone behind the wheel increases the risk of having a bodily accident several
times. Non-compliance with safety distances, failure to wear a seat belt, and fail-
ure to wear a helmet are also important causes of road accidents, in addition to
other factors such as the age, occupation, and wisdom of the driver [17] [30]
[31]. Other factors contribute either directly or indirectly to road safety. An ex-
ample is “urban development that has an influence on economic and social ac-
tivities and implicitly on traffic and associated risks” [32] [31]. Weather causes
can increase the risk of a road accident. However, the weather is almost never
the only cause of a road accident. The human factor is almost always present.
Weather causes can be: the presence of fog, the lack of visibility caused by a cli-
matic phenomenon such as rain and sand wind. Technical causes can increase
the risk of road accidents. But, like weather factors, they are almost never the
only causes of a road accident. The technical factor increases the risk of road ac-
cidents. These “causes are of two kinds: those relating to the condition of the ve-
hicle and those relating to the condition of the infrastructure (poor road condi-
tions in particular). The purpose of the roadside inspection obligation is to limit
road accidents caused by vehicle technical failure” [32] [31].

In Sfax, and like all the other governorates of Tunisia, human factors are the

most important. Lack of vigilance ranks first with almost 28% of accidents.
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Figure 17. Distribution of accidents, deceased and injuries in Sfax Governorate by type of road in 2020. Data source [18].
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Speed is the second factor with 15%, non-compliance with the priority contri-
butes with 8.5% of accidents, collision from the rear, the not driven to the right,
crossing the road contribute with 5% for each factor. All accident factors are al-

most in the same range in terms of injuries and deceased (Figure 18).

3.4. Distribution of Accidents, Injuries and Deceased by Means of
Transport

The numbers and proportions of accidents, injuries and deceased differ depend-
ing on the mode of transport and the amount of traffic on each utility vehicle.
The car is the most used means to move by road from one point to another in all
countries, especially in Tunisia where other modes of transport (rail, maritime,
air...) have low contributions. This means is considered the most dangerous means
[27]. According to the DGAT (2013), road traffic in the Sfax governorate differs
from one region to another according to the types of utilities (Figure 20). In-
deed, heavy trucks avoid the city center of Sfax and take the ring road 11 to pass
from the NR-1 north to the NR-1 south (Figure 20(C)). For example, heavy-duty
truck traffic registers its maximum (3302 vehicles/day) on NR-1, north of the
Governorate (Figure 20(C)). On the other hand, the traffic of light commercial
vehicles is relatively more concentrated in the city of Sfax, and reaches its max-
imum (29,824 vehicles/day on the NR-1), at the level of ring road 4 (north).
Traffic is also quite high by continuing the NR-1 towards the southern suburbs
of Sfax (28,729 vehicles/day) (Figure 20(B)). Traffic is more concentrated in the
city center of Sfax for cycles and motorcycles, and reaches its maximum on the
NR-14, between the city center and ring road 4 (5977 cycles and motorcycles/day)
(Figure 20(A)). Figure 20(D) shows that light commercial vehicle traffic is do-
minant and cycles and motorcycles are concentrated in cities, including Sfax and
Kerkennah [26].
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Figure 18. Distribution of accidents, deceased and injuries in Sfax governorate by causes in 2020 [18] (data source: NORS, 2021).
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Figure 19. Distribution of accidents, deceased and injuries in Sfax governorate by means of transport in 2020. Data source [18].
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Figure 20. Road traffic by type of utility in Sfax Governorate. Source [26].

Light-duty vehicles contribute the largest share of accidents. Four elements
contribute together with 80% of the number of accidents (the car 34%, the mo-
torcycle 24%, the van 14% and the pedestrian 10%). The other means and ele-
ments contribute together with 20% of the number of accidents (rollover, taxi,
heavy truck, obstacle, bike, bus, train, tractor, fall of a passenger, engineering

machine) (Figure 19). As regards the number of injuries and deceased, all these
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means of transport keep almost the same ranks as those of accidents with vary-
ing proportions. These contributions of the means of transport in the number of
accidents, injuries and deceased can even be explained in part, with the impor-

tance of the traffic of these means of transport.

3.5. Distribution of Accidents, Injuries and Deceased by Month
and Day

In 2020 in Sfax, it is in April that accidents are the least frequent (6 accidents)
and in October that they are the most numerous (34 accidents). Autumn and
summer periods are more marked by more accidents with 73 and 72 respective-
ly. In April, there were only two wounded, but in August and December, there
were 50 for each of the two. The highest proportion of injuries (30%) is recorded
in the summer, followed by the fall period with 28%, whereas in the spring the
lowest proportion is recorded (15%) (Figure 21 and Figure 22). In general, the
importance of accidents, in summer and autumn, can be explained by the growth
in the number of trips, especially between regions and towards coastal and tour-
ist areas, which reaches its maximum in summer and by the excessive or unsuit-
able speed.

Thursdays and Wednesdays in 2020 are the days with the most accidents (45
and 46 respectively). Mondays are the first in number of wounded with 70 fol-
lowed by Thursdays with 66 wounded. Sunday has the highest number of deaths
(22). The weekend accounts for 30% of accidents, 26% of injuries and 43% of
those killed (Figure 23).

4. Conclusion and Recommendations

According to the analysis of the accident phenomenon in the governorate of
Sfax, we can put forward the following remarks:

e The Greater Sfax alone accounts for more than 80% of the number of accidents

March April June July August September October November

H Accidents M Deceased Injured

Figure 21. Distribution of numbers of accidents, deceased and injuries in Sfax Governorate by month in 2020. Data source [18].
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Figure 22. Distribution of percentage of accidents, deceased and injuries in Sfax Gover-
norate by month in 2020. Data source [18].
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. Distribution of accidents, deceased and injuries in Sfax Governorate by day in 2020. Data source [18].

in the governorate.

e The closer we get to the urban environment, the more the number of acci-

dents

increases, and on the roads of the agglomerations, the more the num-

ber of accidents increases.

¢ On national roads, the proportions of accidents and their severity are greater
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than those on local roads and agricultural tracks.

o The length of the road network is not a strong explanation for the number of
accidents.

e The highest accident densities are in the most densely populated areas.

e The delegations, which are the most equipped with means of transport, have
a larger number of accidents.

e The car is the most serious means of transportation in the number of acci-
dents, injuries and deaths. After the car, the motorcycle is second and the
truck third.

e In October, there are more accidents, but in August, there are more injuries
and deceased.

¢ On Thursdays there are more accidents, on Mondays there are more injuries,
and on Sundays there are more deaths

This serious situation calls for urgent and effective interventions by the au-
thorities in various ways to limit losses and to ensure a safe living environment
for road users and citizens. These actions must be highlighted by the awareness
of road users by several measures such as compliance with the rules of the road,
the range of the safety belt or the approved helmet, compliance with the mini-
mum safety distances, speed limits and stops and red lights, driving without us-
ing drugs... improving the road network (extending the network, bitumen, road

signs...) and technical intervention on the network and on vehicles.
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