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THE CONTRIBUTION OF THE ROAD TRANSPORT NETWORK
TO SUPPORTING DEVELOPMENT: THE CASE OF THE
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Abstract: The paper evaluates the development and the capacities of action of the road net-
work, in particular, its degree of density and accessibility in specific years of 1998 and 2017,
in the Wilaya of M'sila, (Algeria). This paper aims to understand the extent of the contribu-
tion of this network to support the development in this region. To identify the municipal
socio-economic profile, 41 indicators were used, 6 to determine the road density, and 5 to
measure the accessibility. After comparing the results in the previously specified years, it
was found that there was an improvement in the density, which included 10 municipalities,
accompanied by a clear and repeated positive development in 7 of the 41 development indi-
cators in these 10 municipalities, in terms of accessibility, an improvement was noted in 7
municipalities, attached to 8 notable and repeated indicators. The results also showed that
the spatial distribution of road networks does not present a clear trend, it does not neces-
sarily tend towards a geographical dependence, where are the grand urban localities, or the
lower rank localities. In addition, the contribution of road networks to socio-economic fac-
tors are sometimes absent, and when it is present, it varies according to the location or char-
acteristics of the road network (density/accessibility). In the case of density, the support
consisted of a decrease in migration rates, and a significant increase in birth rates, in addi-
tion to an improvement in economic indicators. However, in the case of accessibility, its con-
tribution is somewhat different, since what distinguishes it is that it helps to attract facilities,
to choose the best location.
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Introduction

Algeria, which is one of the largest countries in North Africa and the Mediterranean basin,
since the end of the last decade of the last century, the state, began to pay more attention to
the issue of poverty phenomena in the deep regions of the country, especially those charac-
terized by a dry and semi-desert climate (ANAT, 2006). Through the latter study, the “Poverty
Map in Algeria” was clarified, which aimed to better know the residents of these poor munic-
ipalities, determine their locations, and deepen the knowledge of their geographical, eco-
nomic and institutional environment in order to clarify sustainable future plans by the public
authorities. The specification of these areas has been defined in three points: “Who are these
people, where they are, and how are they helped?”

The study was based on certain socio-economic indicators related to education, health,
housing and the financial income level of the municipalities, with a total of 18 indicators. The
study pointed out that due to the imbalance and inequality in the distribution of services, a
large part of society lives in extreme poverty, which endangers the stability of the community,
This poverty, which coincides with a declining birth rate, emigration from the countryside and
neighbouring regions, is accompanied by the degradation of renewable and non-renewable
resources, which are represented in the soil, water, forests, pastures, fragile ecosystems of the
coast, steppe and mountains. The study identified 176 poor municipalities, including 47 very
poor, representing 11.42% of the total number of municipalities in the country, deprived of
the minimum health services, education, housing and equipment, 11 of which are located in
the Wilaya of M'Sila, which means that 23% of the total number of municipalities in the
Wilaya live in difficult and worrying situations, due to the low level of economic and social
indicators. The same results were obtained by Hattab (2012) with regard to the Wilaya of
M'Sila, which affirms the problem of territorial disparities.

The Wilaya of M'Sila was created in 1974, being part of the HPC region. This territorial
composition has constraints linked not only to the environment characterized by the quality
of the soil, the lack of water, and the fragility of the vegetation but also by the tribal structure
and the attachment to the ancestral ways of life. In addition, the isolation if one takes into
account the absence of transportation infrastructure (highway, airport, and railway); M'sila
seems the most deprived state in Algeria. It is a poorly organized steppe state (agro-pastoral
economy). However, the local authorities have made great efforts in many fields to improve
the development of the state.

The importance of this situation due to these environments unable to have relations
(intra and extra), leads us to be interested in knowing the truth of the development, struc-
turing and organization of these areas, where we find ourselves debating what is the socio-
economic profile that characterizes each part and how is the coordination, connection and
exchange between the different parts of this territory. The ambiguity leads us to ask some
questions, in order to know how the population is distributed. What are its economic and
social levels, and what is the difference between each part? How the population interacts
with the rest, and how they communicate between them? We end up talking about a sys-
temic approach, which considers the space as a “system” whose components are the physi-
cal environment, the human environment, the transport networks, the cities. These differ-
ent elements have relationships with each other, so that a change in one area has repercus-
sions on the whole, as Ghenouchi (2008) explains.
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Currently, the most scientific and operational debate concerns the so-called theory of the
structuring effect of transportation (Lu et al., 2021; Volpati & Barthelemy, 2020; Hu et al.,
2018; Mimeur et al., 2018; Argyroudis et al., 2018), where, it should be noted that this theory,
generally linked to economics, is primarily a political approach. In this perspective, Labasse
(1966) considers that the simultaneity of the prosperity or decline of the country is only the
reflection of the extent of the development of its communication networks (Magnanti &
Wong, 1984). In the same context, Hilling (2003) asserts that we cannot see the economic
activities of a country develop in a harmonious manner if that country lacks transportation
networks. Owen (1970) considered that road density is an indicator of development, so com-
muting cannot be separated from development, which agrees with Mboukou (2016) who ad-
vised a greater focus on the internal road network due to its importance in organizing and
structuring the regions and their activities. The latter reported also that the absence or insuf-
ficiency of infrastructure, poor network, and poor connectivity would explain the impossibil-
ity or difficulties of developing certain regions.

Given the importance of transport infrastructure, the World Bank’s World Develop-
ment Report in 1994 (BM, 1994) notes, “developing countries that wish to find their place
in global markets or integrate into multi-source supply must make wise choices to develop
their transport infrastructure”. Through the study by Brocard (2009), transport networks
have always been a tool of power that seeks to consolidate their rule, hold and expand their
scope of action in order to organize areas and control people. To support his point, he points
out that years of strong economic growth were everywhere marked by the launch of numer-
ous infrastructure projects, as was the case during the so-called 30 glorious years, in Europe
and especially in France and Germany (Ellwood, 2014). In any case, it is not possible to
imagine a territory without a transportation network; it remains only to understand what
degree of its importance in the organization of territories. On the other hand, the denial of
the theory of the “effect” of infrastructures on territories and of a direct cause-and-effect
relationship between transport and development. It emerged twenty-nine years ago when
Offner (1993) discuss the astonishing fate, considered iconoclastic on the relationship be-
tween transport and territories-appeared “The 'structuring effects' of transport: political
myth, scientific mystification”. The author was then able to summarize this idea in a simpler
way: “Whether it is the railway in the 19th century or the French motorways, the metros of
the 1980s, the first high-speed train lines (TGV), these facilities do not necessarily consti-
tute a 'plus' (more activity areas, head offices, shops, inhabitants, customers, tourists, stu-
dents, turnover, the real estate added value, e.g.). The analyses indicate a major process:
the amplification and acceleration of pre-existing trends, who works well in a city, in a re-
gion, benefits from increased accessibility, and who works less well loses. There is nothing
mysterious about this: improving transport means expanding market areas, and therefore
increasing competition. Both motorways and TGV can be taken in both directions” (Offner,
2014). In the same perspective, (Barre, 1997; Pascal, 1998) emphasizes that the fundamen-
tal certainty is that there is no automatic relationship, between the “cause and effect” type,
between the presence of a large transport facility and regional development. The investiga-
tion by Koning et al. (2013), on French urban units with more than 9,000 inhabitants in
1999 shows that the effect of the TGV on job creation is positive, and of greater magnitude
for executives of “higher metropolitan functions”, while a negative effect is observed in cit-
ies only served by the TGV on a classic line. These results clearly show that there are no
systematic effects between infrastructure and local growth.
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According to Offner et al. (1996), transportation networks simultaneously constitute the
support, conditions, and tangible manifestation of exchanges of any kind that they generate.
Rather, it is more than a support to animate the dynamism of these regions; it is also a factor
in its development insofar as it gradually creates territorial and social solidarity in the places
in which it is organized (L6pez et al., 2008). Brocard (2009) documented the importance of
transport networks, as a necessary and sufficient, though not sufficient condition for eco-
nomic growth and development (Zhou et al., 2022; Banerjee et al., 2020; Deng, 2013). To
support of the above, and to enrich the discussion, it is worth noting the contributions of
(Steck, 2012; Porter, 2012), which show, for example, varied impacts, both positive and neg-
ative, of new transport infrastructure on West African territories, societies and economies,
also the contribution of Zeng et al. (2019), who explain that the relationships between road
networks and socio-economic factors varied across locations, with multiple relationships
(both synergy and trade-off) between them coexisting in the regions studied.

These reviews were gradually enriched, trying to give an idea of the complexity of the
subject, emphasizing the impartiality of the opinion. What perhaps justifies our work is that
we have approached the problem in a new case study, and the specificity of the network in the
study area. There is also a lack of studies on the subject in the study area.

The multiple and permanent interrogations on the contribution of the road network, in
particular its degree of density and accessibility, to the accompaniment of the development of
the Wilaya of M'sila, justify or confirm the interest of our research. In this work, we will first
try to find out how the characterizes of socio-economic profile of the municipalities in the
Wilaya of M'sila, and its road network in the specific years of 1998 and 2017. Secondly, we will
conduct a qualitative analysis in the municipalities where road accessibility/density was once
improved, in order to study to what extent this has contributed to development or not.

Study Area

M’Sila is structured by 114 urban and rural centres including 47 municipal capitals (Fig-
ure 1), and 67 secondary agglomerations. The spatial distribution of the centres on the
territory seems harmonious. However, this harmony does not reflect the reality of the
demographic breakdown, because the centres are differently populated. Moreover, a con-
centration of the population has been marked in a few centres (8 centres from 114), which
together represent more than 42.67% of the total population of all the centres of the
Wilaya. The second part is divided between scattered areas estimated at 22.34% of the
total and the rest of the centres, whether they are chief towns of municipalities or sec-
ondary agglomerations, which represent 35.99% of the total population. This fact marks
on the one hand, the imbalance from the quantitative point of view between the large
number of centres and the distribution of the population and on the other hand, poses
enormous problems of equipment and especially of road service.
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Figure 1. Municipalities of the Wilaya of M'Sila (Northern Algeria)
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Materials and Methods

Due to the complexity of the subject in the Wilaya of M'sila, and in order to respond to
the problem, investigations and analyses have been carried out, based on the exploitation
of surveys, as follows:

e Identification of the characteristics of the road transport network for the specific
years 1998 and 2017;

e  Evaluation of the road network's capacities to act in terms of density and accessibil-
ity;

e Theidentification of the socio-economic profile of the municipalities, thus highlight-
ing the problems of municipal disparities, whether economic, social, level of facilities
and demographics, on the living conditions of the populations residing there for the
same years specified above.

The analytical plan, of the municipalities of the Wilaya of M'Sila is not easy. A large num-
ber of municipal components makes their multiple hierarchies and their sectorial weightings
difficult. However, the quantitative approach remains an interesting tool for highlighting the
disparities that characterize them, in addition to the characteristics of the transport network
in terms of density and accessibility. The path that seems to be able to achieve these objectives
is the hierarchical classification of each municipality with respect to a certain number of indi-
cators. The main source of the databases is the statistical directory of the Wilaya of M'Sila
(Direction of planning and regional development) (DPAT, 2017) as well as some reports re-
covered from the various directorates and services of the Wilaya. In addition to the good
knowledge of the author in the field and study area.

The research was carried out according to the following steps:

e  The creation of a dataset for 47 municipalities in the Wilaya of M’Sila, it contains
41 socio-economic indicators, 06 road density indicators, and 05 indicators for ac-
cessibility;

e  Data processing with the help of Excel and GIS;

e  The hierarchical ranking of each municipality relative to each indicator separately;

e  The hierarchical classification of each municipality relative to homogeneous type
of combined indicators, according to the rank obtained by each municipality for
each solo indicator in the previous step;

e The municipality with the minimum accumulation of points will be favourable and
relatively more developed compared to the others, depending on the type of ho-
mogeneous indicators set;

e Tomake a judgment (more favoured or marginalized) on the state of development
according to the value of each of the 41 development indicators in each municipal-
ity, according to:

»  Standards for the theoretical grid of public facilities in Algeria;

> International and/or national standards and averages;

»  The standards recommended in the national scheme of territory planning;
»  The standards recommended in the regional scheme of territory planning;

e  The qualitative census of the judgments relating to each municipality for all the
indicators combined, according to the judgment made by each individual indicator
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during the previous stage, and the judgment that gathers the majority of votes will
give its character to the municipality;

e The same steps were followed to determine the degree of accessibility (very good,
good, medium...) and density of the road network (good, medium, poor...) in the
municipalities;

e  The identification of municipalities where road accessibility/density has been im-
proved in the past, in order to study the extent of its contribution to development;

The Socio-economic Profile: Problems of Municipal Disparities

All of the data collected allowed us to initially draw up four categories totalling forty-one
indicators (Tab. 1). The economic, social level, public facilities, and demography seem to
be the ways through which they can address the problems of communal disparities.

The choice of economic indicators is not a coincidence. It emanates from a will imposed
by the reality on the ground (situation) and by the dominant vocation of the Wilaya. This se-
lection focused mainly on the primary sector and to a lesser extent on the secondary sector in
terms of the economic title. Among the eight indicators for assessing the economic level, there
are seven indicators related to the agricultural sector in its various forms. This is explained by
the search for equity in classification based on the real potential of the communes that are
predominantly rural. The relationships linking all municipal useful agricultural areas and ir-
rigation have been taken into consideration. The indicators related to the livestock of all spe-
cies combined and the collective pastures are related to the total area of the Wilaya were also
considered. Yields per hectare of market gardening and tree crops were also parameters based
on which the partial ranking was carried out.

The search for balance in the breakdown of the parameters inherent to this heading re-
quires the highlighting of urban municipalities that present, on the economic level, certain
advantages in the secondary sector. The rate of industrial employment provided by each mu-
nicipality, and related to the demographic size of each, makes it possible to weight the classi-
fication in favour of the urban municipalities.

For the social level, education seemed to us to be a very good indicator, which translates
both quantitatively and qualitatively the level of education of the population of each munici-
pality relative to the whole through seven indicators highlighting the relationships between
the different levels of education and the supervision of the school population. The conven-
iences relating to housing in terms of easement and connection to drinking water and electri-
cal energy as well as the occupancy rate per room and per dwelling complete the social section.

In terms of equipment, the retail trade, crafts, hotels, sports, health, transport, and
the telephone were taken as evaluation indicators. It should be noted that the choice of
these indicators is not fortuitous, where; two municipalities with the same number of
facilities in a given sector are not automatically classified in the same rank. The one that
offers a better assignment rate in relation to the number of inhabitants has the one with
the best classification.

The demographic section highlights the situation of the communes of the Wilaya of
M'Sila in relation to their population dynamics. A crowded population is more manageable
than a dispersed population. The birth rate, infant mortality, and the youthful population
whose age bracket corresponds to the activity. In addition to the extrapolated ten-year
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increase, the supervision of the municipalities related to the population and to the total num-

ber of jobs respectively.

Tab. 1. The 41 indicators used for the analysis of municipal disparities

Economic indicators: 08

01 - Rate irrigated AAU / communal AAU;

05 - Yield in arboriculture per hectare;

02 - Rate irrigated AAU / Wilaya AAU;

06 - Yield of vegetable crops per hectare;

03 - Number of livestock of all species (sheep,
goats, cattle, etc.) / total Wilaya;

07 - Current industrial employment rate /
1000 inhabitants;

04 - Communal course / total area;

08 - Cereal area per SAU.

Social level indi

cators: 13

09 -Scolarisation rate ;

16 - Occupancy rate per accommodation;

10 -School enrolment rate of the population aged
6 to 14 years;

17 - Occupancy rate per room;

11 -Enrolment in 1st and 2nd cycle compared to

18 - Percentage of dwellings served by elec-

the number of teachers; tricity;
12 -Enrolment in 1st and 2nd cycle compared to 19 - Percentage of dwellings served by water
Classrooms; supply;

13 -Number of 3rd cycle students compared to
the number of teachers;;

20 - Percentage of dwellings served by sew-
age disposal;

14 -Rate of general secondary education students
/ 1,000 inhabitants;

21 - Percentage of dwellings served by natu-
ral gas.

15-Illiteracy rate of the population aged 10 and
over;

Equipment indi

cators: 12

22 - Number of retail traders per 1000 inhabit-
ants;

28 - Number of pharmacies / 1000 inhabit-
ants;

23 - Number of private enterprises per 1000 in-
habitants;

29 - Number of taxis / 1000 inhabitants;

24 - Number of hotel beds / 1000 inhabitants;

30 Number of sports facilities (youth cen-
tres, multipurpose halls, municipal stadi-
ums and playgrounds) / 1000 inhabitants;

25 - Number of restaurants and artisans per
1000 inhabitants;

31 - Number of cultural facilities (cultural
centres, libraries, theatres, museums) per
1000 inhabitants;

26 - Number of hospital beds / 1000 inhabit-
ants;

32 - Percentage of households served by In-
ternet access;

27 - Number of doctors / 1000 inhabitants;

33 - Number of telephone subscribers / 1000
inhabitants.

Demographic indicators: 08

34. Growth rate % (1998-2008);

38 - Birth rate per 1000 inhabitants;

35- Population density (inhab/km?);

39 - Mortality rate per 1000 inhabitants

36 - Agglomerated population/total population
ratio;

40 - Unemployment rate;

37 - Infant mortality rate (under 1 year);

41- Supervision of municipalities in relation
to total employment.

Source: AAU: agricultural area utilized
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Accessibility and Related Concepts

The notion of accessibility goes hand in hand with the notion of centrality because the most
central places are often the most accessible and which offer the most ease. The method con-
sists in determining the most accessible points in relation to others or in relation to the whole
and according to the extent of the territory (Raham, 2001). Mboukou (2016) reported that
accessibility is the greatest ease with which a place or an attractive economic function (jobs,
trade, services, etc.) can be reached from one or more other places, using all or part of the
means of transport existing”. This agrees with Gleyze (2001) that concludes: Accessibility,
therefore, expresses the offer of travel possibilities given by the transport/communication
system to reach one (or more) location(s) in order to realize an opportunity.” What has con-
vinced us to retain within the framework of our work? As for the importance and necessity of
accessibility in development, Audrey (2012) wrote: “Ensuring good accessibility, to different
types of activities, is an integral part of the current vision of sustainable development.”

Many mathematical indicators are thus defined to better describe the accessibility or pro-
vide information on the continuity of a network (connectivity), the density and variety of pos-
sible relations between the vertices, and the quantity, and quality of the relations between
each point of the network, and all the other points. Thus, indicators based on matrices and
more generally on descriptive algebraic objects of graphs - allow a finer vision of the charac-
teristics of vertices and edges at the local level. In this work, we examined the degree of acces-
sibility for each locality, based on the indices and matrices defined below. One of these indices
are The Connectivity matrix, the Shimbel matrix, the Shimbel the Konig indexes.

The connectivity matrix

The connectivity matrix is a binary and symmetric matrix, which indicates the presence or
the absence of a direct connection (edge) between any two nodes (vertices). The existence
of an edge is denoted one (1), its absence is denoted zero (0). The total number of direct
links for a given number of vertices V varies from a minimum of 2*(V-1) in the case of an
arborescence to a maximum of V*(V-1) in the case of a related network. They measure the
degree of connectivity of a network by relating the sum of the observed links to the mini-
mum number of links 2*(V-1) (Ghenouchi, 2008). In addition, it can calculate a centrality
index (CI) by relating the total of the lines to the sum of a line. It expresses the position of
the vertex (or node) in the network, the higher index; the vertex occupies a peripheral po-
sition. Therefore, the centre of the network is the node with the lowest index. It is calculated
by the following formula:
IC = Y of lines (1)

- Y of aline
The Shimbel matrix and the Shimbel index

The method is very simple and resides in the fact of putting in a double-entry table the
shortest paths in km from each place to all the others (Shimbel 1951), this matrix, usually
called a table of kilometre distances, makes it possible to determine the places more acces-
sible by using the real distances that separate all the vertices taken into consideration. The
second step consists in making the sum in lines of each place towards all the others in order
to obtain the sums of each line, the total of the distances, which separate each geographical
place from all the others. Let her be the total of each row of the matrix (Raham, 2001).

[iShimbel — jn=1 d-ij (2)
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The Konig matrix and the Konig index "the centre notion"

The calculation of this matrix has based on the principles of iterative multiplication that are
the same as those evoked previously in the matrix of Shimbel. However, the accessibility
between vertices in the sense of the Shimbel matrix and now defined as the power of the
matrix at which a path between the two vertices appears for the first time (it is the length
of the shortest path between the two vertices considered).

The Konig index for a vertex then corresponds to the length of the shortest path separat-
ing it from the most distant vertex (Gleyze, 2001). In other words, this index is equal to the
maximum element of the row associated with the vertex considered in the Shimbel matrix.
Naturally, the lower the Konig index, the better the accessibility is judged.

(3

Koni
I; M8 = maxd

ijlsjsn

where dj represents the distance between vertices i and j.

This indicator seeks to give a value to the accessibility of a locality when it is connected
to a locality of higher rank. It is calculated by the following formula:

ACC, =Y E * Pl 4)
where E represents the number of edges.
Pl =1, If the locality of the measure is connected to a locality of lower rank.
Pl =1.5, If the locality of the measurement is connected to a locality of the same rank.
Pl =2, If the locality of the measure is connected to a locality of higher rank

It gives a value of accessibility in a locality according to the rank of the road it crosses. It
is calculated by the following formula:

ACC, =Y E * Pn 5)
where E represents the number of edges. Pn =1, the case of E represents a communal
road. Pn =1.5, the case of E represents the wilaya path. Pn =2, the case of E represents the
national road.

The Notion of Road Density

According to the road density approach, the most significant density is that which relates the
total length of the network (in km) to the area of the territory (in km2). It makes it possible to
determine the average distance of the network per km2. The second concept of density, which
is also interesting, is that it relates the population of the territory according to the length of its
network. The number of kilometres per 1000 inhabitants or more can express it when the
network is sparse. As this index does not take into consideration the distribution of the net-
work on the territory as well as its area, the results could sometimes appear as contradictory
with respect to spatial realities (Raham, 2001).

The calculation of the density of each municipality was made from the six ways defined
below:

e  The density of national roads and Wilaya paths is expressed as follows;

D= Lnational roadssand wilaya paths (6)
e  The density of paved municipal roads is expressed as follows:
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L. s
__ “paved municipal roads
D="—r7—"" i

e  Therate (%) of municsipal roads paved compared to unpaved (Gherabi, 20009);

e The density of national roads and Wilaya paths, per 1,000 inhabitants (Raham,
2001);

e The average distance: this is the average distance between adjacent roads within the
network, it is expressed as follows;

p=2 €)

where the value of this index is small, it expresses a higher number of meshes, compared
to the network and the territory (Gherabi, 2009).

e  The rate (%) of the area served by the edge of the road: It is the area between the
road and the width of 10 km, which is the extent of the impact of the road on its
sides. in the desert, this distance can exceed 500 km without reaching the popula-
tion, and it is calculated by multiplying the length (national roads, and roads of
Wilaya) of the network by the distance of 02 km, then dividing the result on the sur-
face of the municipality, the result obtained multiplied by 100, and we thus obtain
the percentage of the impact of the road on the regions adjacent to it (Gherabi,
20009), it is expressed as follows:

2*Lnational roads and wilaya path
D= s 9

where S corresponds to the area of the territory and L, the length of the corresponding
network.

Results

Development and Communal Disparities

The cross-referencing and prioritization of the indicators of the four levels (equipment, de-
mographic, socio-economic) revealed very large municipal disparities. Where it was found
that the Wilaya of M'sila suffered from a low level of development in 1998, while 94% of the
communes of the Wilaya suffered from marginalization, but the situation improved in 2017,
where the latter distinguished 6 distinct groups that characterize this last 2017 (Figures 3a,
4 and Table 2).

The first group, made up of three municipalities (M'Sila, Boussaada, and Sidi Aissa),
seems to be the most favoured compared to the others, not in terms of absolute number, but
also in terms of equipment rate per inhabitant. Within this group, M'Sila emerges with 437
points, characterized by good road density, and also very good accessibility, followed by Bous-
saada with 518 points, with medium road density and good accessibility (Figure 5).
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Fig. 3. The Development, accessibility and road density in 1998 and 2017.

A second group is also favoured over the others, but less than the first. It is made up of
10 municipalities, led by Ain El Hadjel with 587 points and ending with the municipality of
Bensrour with 666 points. These municipalities are characterized by a good level of demog-
raphy and equipment but are weak in terms of economic indicators. As far as the network
is concerned, the municipalities in this group are characterized by a road density that varies
between average and very low, and very good accessibility in the majority of the municipal-
ities in this group. A third group, less favoured, is made up of 6 municipalities with between
712 and 796 points. These are Ouled Sidi Brahim, Magra and Ain El Khadra, who lead this
group, which ends with Maadid (775), Metarfa (782) and Tarmount (796). This group is
made up of municipalities with an average level of equipment, a road density varying be-
tween average and very low, and average accessibility. Three municipalities in this group
have high economic potential.

The fourth group consisting of 16 disadvantaged municipalities, which characterized gen-
erally by a very low road density, in contrast, it characterized by very good accessibility. It
should be noted here that half of the municipalities in this group have significant economic
capacities. The big gap is in the fifth group, which seems to be marginalized given the number
of points it has, which exceeds 900. This last group is made up of 10 municipalities, which
suffer at different levels. They are Ain Fares, Menaa, Mohamed Boudiaf, Benzouh, Souamaa,
Temsa, Sidi M'Hamed, K. Ced El Djir, Ouled Slimane and Bir Fodda. Also in this group, as in
the previous one, it became clear to us that all the municipalities suffer from very low road
density, as well as poor accessibility. The sixth group, very marginalized, is included in two
municipalities. Bouti Sayah emerges with 1066 points. Is one of the most disadvantaged
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municipalities in terms of demography, equipment, and social level, although it has a very
significant economic potential, characterized by a good density of roads, unlike poor accessi-
bility, is followed by Zerzour with 1157 points, which is disadvantaged at all levels.

Tab. 2. Classification of municipalities according to the synthetic level.

A: Economic indicators; B: Social level indicators; C: Equipment indicators; D:
Demographic indicators; T: total points; R: synthetic rank.

Synoptic table

Centre A B C D T R |Centre A B C D T R
M'Sila 162 88| 63|124|437|6 [Ouled Maddi |163]|254 221186 824|(3
Boussaada 164166 77| 111|518 Maarif 165|264 248|158| 835
Sidi Aissa 209|174| 85| 87]|555 Belaiba 185( 315 222|120]| 842
Aln El 180(205(123| 779|587 |5 [Medjdel 176|242 225|202| 845
Hadjel
Hammam Djebel

8 6 8 6 8
Dhalaa 115|200(|153[128(59 Messaad 233|23 206|174 51
Barhoum 182|232| 95| 97606 Sidi Ameur [153]|315 206|177| 851

Ouanougha |166(144[142|176]|628 Houamed 169328 207|156| 860
Ouled

210|169[133[116]|628 Sidi Hadjres (194|294 178|211 877

Derradj
El Hamel 241162137 97637 M'Cif 208|280 188|203 879
Ain El Melh (191|244 110]|107|652 Dehahna 213|273 234|163| 883
Chellal 169|177]|124(183]|653 Oultem 218(283 224|167| 892
Ouled Addi 151(244]135]|126|656 Ain Fares 154|256 303|205 918]2
Guebala
Bensrour 207228 117]1 114|666 Menaa 181|297 253|190| 921
Ouled Sidi Mohamed
. 204(200]|148|160|712|4 R 176|349 253|144| 922
Brahim Boudiaf
Magra 156(297]1133|155] 741 Benzouh 2341278 217(194| 923
Ain El 165|282|177(146]770 Souamaa 221]236 2721194| 923
Khadra
Maadid 197|247]|176|155]|775 Tem sa 185262 287|194| 928
Metarfa 199|235]|215(133]|782 Sl,dl 190|253 298|195| 936
M'Ham ed
Tarmount 159(274]1201|162|796 K. Ced El Djir[ 132 315 259|231 937
Ouled Ouled
155]|222|250(171]|798]3 . 196353 263|223(1035
Mansour Slimane

Khoubana 177(262(186|175]|800 Bir Fodda 232|277 290(236(1035

Slim 162]|258|153(227]|800 Bouti Sayah [177]329 325]|235[1066 |1

Ain Rich 114]|305|256|127]|802 Zerzour 224|393 |the31o0|{230|1157

BeniIlmane |245(212(158|200]| 815
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Fig. 5. Accessibility and road density according to the level of development.

The Road Transport Network

In order to study the characteristics evolution of the transport network in the study area,
accessibility and road density were calculated separately, and then the contribution of each
to supporting development at the level of the municipalities of the M'sila Wilayat was de-
termined. For accessibility in 1998, all municipalities were ranked hierarchically according
to each of the five accessibility indicators separately (the connectivity matrix, the Shimbel
matrix, the Shimbel matrix, and the Konig index. e.g), then reordered again according to
the five combined indicators, according to the rank obtained by each municipality for each
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solo indicator in the previous step. The same steps were followed to determine accessibility
in 2017 and road density, except that in density six particular indicators were used.

After studying the evolution of the road network in the Wilaya of M'sila during the period
1998-2017, it was found that there is an improvement in many municipalities, but especially
for 10 municipalities for road density and 77 for accessibility. In addition, after perceiving the
state of development of the municipalities concerned, it was found that there is a set of indi-
cators that have improved during this period (Figures 3b, ¢, 6, 7 and 8).

Density

The results (Figures 6, 8a and Table 3) showed a significant positive evolution of 7 devel-
opment indicators in the communes where the road density was improved, classified se-
quentially according to their recurrence as follows:

e  Net migration: encountered in 8 out of 10 municipalities, where the migration rate
has decreased in certain marginalized municipalities, such as Bouti Sayah, Oultem
and Ain Fares, etc.)

e  Birth rate: a significant increase in birth rates has been recorded, particularly in the
communes of M'Sila and Sidi M'Hamed, and this could be due to the improvement
of sanitary conditions, or to encouraging economic conditions. This was found in 77
out of 10 municipalities.

e Irrigated AAU / communal AAU rate: The economy of the communes of the Wilaya
of M'Sila is essentially based on the primary sector and particularly on the great po-
tential that characterizes the latter. The useful irrigated agricultural area in relation
to the communal area highlights the capacities of 3 communes namely Ain Fares,
Oultem and Bouti Sayah with respectively 73.99%, 51.35% and 40.93%.

e Communal AAU / Wilaya AAU rate: Communal useful agricultural area in relation
to the area of the Wilaya, found in 5 out of 10 communes.

e  Cereal area in relation to UAA: found in 5 municipalities out of 10.

e  Yield in arboriculture in relation to the hectare: found in 4 municipalities out of 10.

e  Rate of pupils in general secondary education / 1000 inhabitants: found in 4 munic-
ipalities out of 10.

Road density 1998 Road density 2017
: ~ o Good
o Medium . o Medium
#» Poor * Poor
T Very poor T T Very poor
0 15 30 60 Kilometers o 15 30 60 Kilometers

Figure 6. The road density in 1998 / 2017.

59



Accessibility 1998

Accessibility 2017

- o= Very good
& Good o Good
@ Medium @ Medium
Poor Poor
15 30 60 Kilometers 0 15 30 60 Kilometers
Fig. 7. The accessibility in 1998 / 2017.
Tab. 3. Apparent indicators after density improvement
Indicator ID 1 2 5 8 | 14 | 37| 38 Total
Bouti Sayah X X X X 5
M'Sila X X X 3
Oultem X X X X X X 6
Maadid X X X X 4
Benzouh X X X X 4
Sidi M'Hamed X X X 4
Ain Fares X X X X 5
Boussaada X X 2
Ain El Khadra X X 2
M'Cif X 3
Total 5 5 4 5 4 8 7 38
®) In22
8
In 38 7 In 23
6
5
3
2
In37 In27
In 31 In 28
In 14 In8
. In 30
Road density Accessibility

== Number of municipalities reponding to the indicator
In: Number of indicator according to the Table 1

Fig. 8. Apparent indicators after improving density/accessibility.
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Accessibility

The results presented below (Figures 7, 8b and Table 4) show the communes in which ac-
cessibility was improved, as well as the 8 development indicators that were tracked as hav-
ing been improved in these communes, ranked sequentially by their recurrence as follows:

e  Birth rate: found in 7 municipalities out of 7.
e  The number of doctors / 1000 inhabitants: found in 6 municipalities out of 7.
e  The number of pharmacists / 1000 inhabitants: found in 6 municipalities out of 7.
e Net migration: encountered in 5 out of 7 municipalities, where the migration rate
has decreased in certain marginalized municipalities, such as Bouti Sayah, Oultem
and Ain Fares, e.g.)
e  The number of retail businesses per 1000 inhabitants: found in 04 municipalities
out of 7.
e  The number of private companies per 1000 inhabitants: found in 04 municipalities
out of 7.
e The number of sports facilities (youth centres, multipurpose halls, municipal stadi-
ums and playgrounds) / 1000 inhabitants: found in 3 municipalities out of 7.
e The number of cultural facilities (cultural centres, libraries, theatres, museums) per
1000 inhabitants: found in 2 municipalities out of 7.
Tab. 4. Apparent indicators after accessibility improvement
Indicators ID 22 [ 23|27 |28 |30 | 31| 37| 38 | To-
Khoubana
M'Sila X X
Chellal
Ouled Sidi Brahim
Maarif
K. Ced El Djir
Boussaada X X
total 4 | 4
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Discussion and Conclusion

The state of insecurity experienced by Algeria as a whole during the period 1989-2000 had
a negative impact on development (Noudri et al., 2016), particularly in the interior regions,
including the study area, which suffered from marginalization at the end of 1998 which
resulted in a significant decline in development affecting 94% of the municipalities of the
Wilaya. After the return of stability and security, efforts were intensified to develop the ar-
eas concerned, with the maintenance of national roads and deteriorated Wilaya paths, and
the creation of new communal paths, all within the framework of the development, where
an improvement in road density was recorded in 10 municipalities of the Wilaya, as well as
accessibility in 7 municipalities. The results showed that the improvement of 7 development
indicators was observed in communes where road density improved, as well as a decrease
in migration rates, and a significant increase in birth rates, in addition to an improvement
in economic indicators. These observations agree with results obtained by (Fithra et al.,
2019; Tarigan et al., 2018; Jedlicka et al., 2018). As for the 7 municipalities in which acces-
sibility has improved, 8 indicators were noticed, the first of which is the increase in birth
rates, accompanied by a decrease in migration rates, as well as a significant increase in in-
dicators of equipment. Like the municipalities affected by the improvement in road density,
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the accessible municipalities were not the only ones to improve some of their own indica-
tors, but what sets them apart is the combination of several equipment indicators, which
may be due to the fact that the equipment chooses the accessible places. In addition, it has
been found that the relationship between road density and accessibility is not very coordi-
native sound. where it turns out that 8 municipalities with very good accessibility, but they
suffer from a very low density in terms of municipal roads, despite significant economic
potential. This requires a solution from the local authorities, in order to work for the den-
sification of the road network in the accessible municipalities. The results also showed that
the spatial distribution of road networks does not have a clear trend, it does not necessarily
tend towards a geographical dependence, where are the large urban localities, or the local-
ities of lower rank, on the contrary, we have found that sometimes the network is good both
ways. Furthermore, the contribution of road networks to socio-economic factors is some-
times absent, and when it is present, it varies according to the location or the characteristics
of the road network (density/accessibility). In the case of density, the support consisted of
a decrease in migration rates, and a significant increase in birth rates, in addition to an
improvement in economic indicators. As for accessibility, its contribution was a little dif-
ferent, since it was it that attracted the equipment indicators to choose them in order to
better locate them.
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