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Abstract: The city of Batna, one of the Algerian cities, is the most exposed to flood risks, 
which are highly active and constitute a threat to the residents and the infrastructure. To better 
understand the vulnerability of this phenomenon, an approach of cartography inspired by the 
method of “suitability modeling” is used. This method allows us to determine the potential 
vulnerability levels of the study zone; therefore, we need to consider several criteria: 
socioeconomic factors like density of population, land use, and also physical criteria such as 
permeability, flow direction, and the like. Each of these various criteria was built on a 
database, which constituting an important element for building a model that helps us 
determine the vulnerable zones by using various GIS applications. The applied approach that 
depends on how the criteria are suitable give us 4 different levels of vulnerability in Batna, 
which are as follows: high vulnerability, 13% of the city’s total surface, average vulnerability 
5%, low vulnerability 0.7%, and null vulnerability 82%. 
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*  *  *  *  *  *  
 

INTRODUCTION 
In the face of the global threat which represents the climate change, the disasters bound 

to the increasing vulnerability of societies urbanized to climatic hazards became one of the 
major concerns in a triple title; At first, because more than half world population is today urban 
(UN-Habitat, 2010), and because our cities today recognize a very important population growth, 
that one noticed on the urbanized circles which are already situated in zones in displayed to the 
risks. Then, because since the second half of the XXth century the urban systems of the whole 
world where concentrate in multiple issues (populations, activities, material and immaterial 
properties) knew a strong increase of dramatic episodes activated by lively climatic hazards and 
causes numerous human losses and especially sometimes exaggerated damage; and finally, 
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because the climate change represents a factor of additional uncertainty for the socio-ecological 
systems, complex urban and “meta-risk” (Gilbert, 2003). 

In this context, there is a concept which was used by many people working in natural 
hazards management domain; it is the vulnerability, this notion is difficult to seize, in particular, 
because its sense is not the same for all. It also gave rise to a scientific debate. Certain researchers 
approach it from the potential damage of the human beings and the properties; others define it 
according to favorable factors to the damages or response capacity of societies to a catastrophic 
situation (D’Ercole, 1994; Herman, 2009, 2010). 

As such, the city of Batna, like many cities of the world, is exposed to periodically violent 
floods, sometimes putting in danger the lives of the population and property. These past few years 
marked a huge and continuous increase in the frequency of natural disasters, the floods, which had 
an impact on the people and the properties. 

In this study, the identification of the vulnerability needs a certain analytical cartographic 
approach, which depends on the database of a few physical and socioeconomic criterion 
comprising certain and various levels and weights. For this purpose; we have adopted a method 
which is “suitability modeling”; this one depends on raster data and it’s one of the most important 
classic methods in GIS applications, in suitability modeling, spatial data is classified and combined 
to identify sites most suitable for a specific use (Clio Andris). The majority of researchers are 
using this approach for studying urban matters such as habitat and land use. However, in our case, 
we are going to use it in a different way, exactly as it was used in the natural hazards domain, 
where this method will help us determine the extent to which our city is vulnerable to floods 
hazard according to numerous criteria. Then, as regards the most important points and objective of 
this study, is that our work here based essentially on database construction for a several elements 
already selected to extract a model, this one indicates the levels of the vulnerability and which 
allows us to determine vulnerable zones to floods in Batna City. 

 
DESCRIPTION OF STUDY ZONE  
The city of Batna, our study zone, it’s an Algerian municipality and the center administrative of 

Batna province, the city situated about 435 km in the southeast of the capital Algiers and 113 km in the 
southwest of Constantine's province, Batna located between the north and the south Atlas Mountains.  

 

 
Figure 1. The Geographic situation of Batna City 
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The city extends over 40 km², it is surrounded by Oued Chaaba, Fesdis, and Tazoult, and its 
altitude varies between 965 m and 1100 m. The city of Batna located between 35.55° of attitude 
and 6.17° of longitude. At the level of the watershed our city situated under Oued El Gourzi's sub-
watershed exactly in the large Constantine High plateaus watershed (figure 1).  

The city of Batna Characterized by a semiarid climate, which can be dry during summer 
with a  temperature average of 33.8 C° and very cold in winter with an average of 5.2 C°. For the 
precipitation; this one estimated with 375,4 mm per year. The city also has several rivers which 
cross it: the main Oued El Gourzi and its main tributaries; Tazoult, Oued Bou Idane and Sguene. 

The terrain surrounds the city of Batna is poor of vegetation, especially in zones following 
rivers, even it has generally a very low permeability in the end of 2014; number of population of 
Batna City has estimated  325 178 inhabitant, which represents 26.1% of the total number of the 
whole province since the last census. 

 
METHODOLOGY 
The approach used in this study was inspired by the suitability modeling method, this method 

considers as a spatial analysis multi-criterion which allows us to combine several criteria, of a 
different nature, to obtain a cartographic result indicating that areas are more or less suitable, to solve 
a certain problem (Balzarini et al., 2012). We are based first of all on criteria for purpose to create our 
vulnerability model, we have chosen a group contains a physic morphometric and socioeconomic 
criteria to see in the end if the combination between this elements can be suitably enough to give a 
vulnerable environment, and for that  we are going to determine in the first place the database for 
each criterion in form of raster data. This method realizes essentially by ArcGIS 10.2. program 
(English version) and exactly with both applications; Classify and Weighted Overlay. 

In this context and as what we mentioned before the criteria which were selected for our 
model are represented by physic morphometric criteria such as;  the slope, the permeability flow 
directions, and for the socioeconomic criteria we have the land use the road network beside to 
sewage system network. For the used maps in this study, we have taken 04 maps, topographic; 
Batna (the East and the West) and Arris (the East and the West) with one scale of 1/50 000, we had 
also Shuttle Radar Topography Mission image (SRTM) with a 30 m of resolution. Including to 
that, we also used Online ArcGIS Base map. On the other hand, we have also worked on three 
programs; Hyfran, Hydrolabe, and WMS (watershed modeling system) for the hydrological 
analysis of El Gourzi River sub-watershed. 
 

THE HYDROLOGICAL ASPECT OF THE STUDY ZONE  
In this part we are going to focus on the max flows, these represent the pluviometrical 

strong intensity events, what characterizes our study zone; that these events are producing on a 
step of short time with a low occurrence; these optional events are generally at the origin of the 
natural risks which related to floods in our city. 

As regards our study zone, we based on the hydrometric station data under Oued el Gourzi 
sub-watershed; this station has a series of 44 years; starting from the hydrological year (1969-
1970) till the year (2011-2012). The hydrological behavior of Oued El Gourzi sub-watershed, 
where the city of Batna situated; distributed a considerable quantity of flows which passes by from 
tributaries (Tazoult, Bouidane, and Sguene) towards the principal river of  ' El Gourzi '. According 
to the observations of the hydrometric station, the sub-watershed gave an annual average 
considered of 18,1 m ³/s. 

 
THE VULNERABILITY MODEL CRITERIA  
The physiques criteria  
Slope 
The flows generally are conditioned by the slope, where their speed reach to several meters 

per second on the grounds that has a steep slope, which let waters more and more concentrated and 
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stagnates on the grounds that has a low slope, these can favor the overflowing of waters. In our 
study zone condition; we distinguish 05 classes. 

First class: its slopes between 0 to 3%, which represent 25.1% of the city total surface 
with 9.8 km². 

Second class: it is the most dominant category; between 3-6% it represents 38% of the total 
surface with 14.9 km². 

Third class: its slopes between 6 to 9%, this class presents 22.1% of the total surface 
with 8.6 km². 

Fourth class: which is between 9 to 12%, it presents 9.8% of the total surface with 3.7 km². 
Fifth class: it is the class which has a weak presence in the study zone; this category is superior to 
12% and represents 5.4% of the total surface with 2.1 km². 

 
 Permeability 
According to the lithological nature, we find that Batna City is situated on the following 

formations: marls and limestones, also conglomerates, sandstone, clay and blue-grey Marl with 
limestones, we can find also the recent alluviums which are dominated on the study zone. The set 
of these formations allowed to distinguish the permeability of our terrain; zones with low 
permeability which we find it on the North and Northwest part, but in a very weak appearance 
(1,1%). The second category it is the very low permeability which dominates on study zone (82%) 
and what increases this lack of permeability is the construction density that reduces the infiltration 
of terrains and increases the runoff. For the average permeability, we find it generally at the level 
of the city outskirts; where is agricultural grounds with a considerable percentage of 24%, whereas 
the high and the highest permeability values; have a low extension (3.4%) and generally we find it 
in the North and Southwest part of the city. 

  
Flow directions 
The flow directions it has been defined by the function of ArcGIS “Flow direction”, this 

function is based on the principle natural path of waters; that driven by the gravity and guided by 
the topography, and it is going to allow us to create a GRID of Flow direction for  each cell will 
flow to a neighboring according to the largest downward slope (Minelli and Pirot, 2007). 

After the realization of this map, we find eight; cells, each one flows by in one or a several 
directions, of course depending on drainage slope of our study zone. 

After the application of this algorithm, we observe that the flow of our study zone flows in 
an essential way towards eastward, the North and the West parts of the city. 

 
SOCIO ECONOMIQUE CRITERIA 
 Land use 
The map of land use can be briefly defined as “the (bio-) physical cover on the surface 

emerged lands”. This map includes the vegetation (natural or cultivated) and the spatial planning 
(habitat, buildings, roads), which occupy the earth’s surface and the hydrography as well (FAO 
1998; El Hadraoui, 2013). The realization of the land use map consists a very important criterion 
for our vulnerability model, this map develops essentially from a several data sources such as the 
satellite images and the aerial or spatial photos, and which is going to be treated by various 
programs of GIS; such as ArcGIS. According to the land use map; the artificialized territory of the 
study zone occupies about 13.7 km², where 52.4% of this surface represents the individual and 
collective habitats, 19.7% represents all various equipment and 25.5% occupies by the industrial 
and commercial activities, while 2.2% stays for the green space (figure 2). 
 

The road network  
In this part, we are going to give the typology of our roads network, and depending on this 

creation database, where we can conclude the types of roads with the numbers of the existing lines. 



Kenza SLIMANI, Mahdi KALLA 
 

168 

 
Figure 2. The lande use map of Batna City 

 
Figure 3. The Sewage network map of Batna City 
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Table 1. The road network typology of Batna City 

Road type Railway principal Primary Secondary Tertiary Residential 

Lines number 6 12 18 46 63 1467 

 

Sewage network 
According to the National Sanitation Office and the hydraulics direction;  Batna City drained by a 

Unitarian sewage system type (waste water and rain waters) with a total line of 371 km of various 
diameters, actually now the city has connected with 95% of the sewer. The network includes 
approximately 9000 cesspools, also 26 weirs where there are only 8 weirs available to work. All 
discharges are linked downstream of the city with a water-treatment plant (capacity of 200.000 eq/habs). 

From our study, the city of Batna generally has a sewer system varied between a very good 
situation (39% of principal lines and 14% of secondary lines, whereas 15.3% of new lines are 
already function) to bad situation (61% of principal lines and 15% secondary lines), this last  
remains because of maintenance care and a real effective cleaning absence, especially that the 
majority of conduits have small diameters (400-1000 mm) what can create deposits and clog 
problems, and the decrease of conduits capacity engenders the rise and the overflowing of waters 
which provoke floods (Kalla et al., 2009). 

 

Density of population 
Because population represents an essential element, so we have chosen it as one of our 

vulnerability model criteria. As regards Batna City’s demography this one knows a significant 
population evolution, what makes the citizens build near to flood exposed zones. According to the 
available data (the last statistics of RGPH 2008) we find that the population of the Batna City is 
estimated at 307 393 inhabitants and which present a demographic weight with more than 27% of 
the state population total and 1.97% as growth rate, generally the population of the city almost 
tripled in the last 30 years (181 601 habs in the year 1987 and 246 800 habs in 1998), what already 
explains the largest growth of population of the same city. 

 

 
Figure 4. The population density of Batna City sectors 

(Data source: O.N.S Batna) 
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THE VULNERABILITY MODEL  
Our model was inspired by another method which is called “Suitability modeling”, this 

approach bases mainly on the criteria (Berrocal, 2012); which we already chose to create this 
model, this one will be built from the following equation: 

IV =  (1) 

 
Where: 
IV: the vulnerability index;             Wi: the criterion weight; 
Ci: The vulnerability criterion;         r : restriction. 
In case of our study zone, the vulnerability model will be determined by the following 

criteria: 
-  IV1 for the physical criteria; the slope, the permeability and flow direction 
- IV2 for the socioeconomic criteria; the land use, the road network, the sewage situation 

system and the population density. The combination between both equations gives the final IV 

IV1 = (2) 

IV2=  (3) 

so: 

IV= (4) 

The weight of each criterion will present in the following table: 
 

Table 2. The weight of each vulnerability criteria 

Criterion weight Model Weight 

slope 
Permeability 

Flow direction 

25% 
25% 
50% 

 
IV1 

 
50% 

Land use 
Road network 

sewage situation 
population Density 

25% 
20% 
25% 
30% 

 
IV2 

 
50% 

And for the categories classification of each criterion, we gave a scale from 1 to 4 for each, 
depends on their importance 

Table 3. The classification of categories for each vulnerability criteria 

Criterion Categories / classification criterion Categories / classification 

 
 

Slope (%) 

0-3 
3-6 
6-9 

9-12 
>12 

1 
1 
2 
3 
4 

 
 

Land use 
 
 

individual Habitat 
collective Habitat 

Equipments 
Administrations 

industry and trade 
Green areas 

Other 

1 
2 
1 
2 
2 
3 
4 

 
 

East 
North 

1 
1 

 
Road network 

Railway 
Principal 

4 
1 
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flow 
direction 

 
 
 
 
 
 

permeability 

west 
South 

North-east 
North-west 
South-east 
South-west 

 
P. very low 

P. low 
P. average 

P. steep 
P. very steep 

 

2 
2 
3 
3 
4 
4 
 
1 
1 
2 
3 
4 

 
 
 
 
 
 

sewerage 
situation 

 
 
 

population 
Density 

 

Primary 
Secondary 
Tertiary 

Residential 
 

Very good 
good 

average 
bad 

 
0.5 – 32.7 hab/hec 

32.8 – 68 
68.1 – 112.1 
112.2 – 223.2 

1 
2 
3 
2 
4 
3 
2 
1 
 
4 
3 
2 
1 

 
The form of our model was built by the model tool, then we need to use both functions 

Reclassify and Weighted Overlay but before the application of this model it is necessary to convert 
the maps from the Victor format to Raster format (figure 5). 

 

 
Figure 5. The vulnerability model builder by ArcGIS 

 
RESULTATS ET DISCUSSION 
The final vulnerability flood model gives us 4 classes which indicate:  

Class1: represent the high vulnerability in red color. 
Class 2: represent the average vulnerability in yellow color. 
Class 3: represent the weak vulnerability in green color. 
Class 4: represent the null vulnerability, in a transparent color. 
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We notice that zones with high vulnerability has an important extension of the study zone 
with 13% of the urban space and especially when we get closer to rivers area; mostly at the East 
level of the city where we find; Bouzourane, in the middle of the city; Chikhi district and 300 
subdivision district. In the West part; Erriadh subdivision and Mujaheddin subdivision. In the 
southern part of the city; les enseignants district, and Tazoult district. But in Southeast part we 
had; Lombarkia district and in the Northwest we had Kheshida. 

In the other hand, the average vulnerability represents 5% it is situated in several places 
such as the industrial zone. For the weak vulnerability, it’s the class has low percentage 0.7% and 
which we find it in the North of the city near to the railway lines. The null vulnerability is the 
dominated category with 82% of the total surface. 

 

 
Figure 6. The potential vulnerability map of Batna City 

 
For the estimation of vulnerable people to floods, we’re going to determine them by 

calculating the Batna city density depending on the total number of population and the surface for 
each sector; we are going to use the following relation: 

 

 
 
Then we are going to determine the number of the people according to the surface which 

has a high vulnerability, the program of Arcgis is going to give us automatically the surface of the 
vulnerable zones, thus:  

 
N°of vulnerable population = Density × Surface (6) 
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The results that  “Bouakal” sector represents the largest vulnerable population number (26 
864 habs with 48.6% of the total number of sectors), what shows that the criteria in this sector are 
highly suitable to create a vulnerable environment to floods. 

Our vulnerability model is also allowing us to determine the potential vulnerability of 
various equipment and infrastructures of the city and the following table represents the most 
vulnerable components of Batna. 
 

Table 4. The vulnerable equipment and infrastructures of Batna City 

The urban component The number 

individual Habitat 975 unites 
collective Habitat Unites 

Equipment: 
Medical 

Education 

07 pieces of equipment 
16 pieces of equipment. 

Industry and Trade 
The industrial zone. 
03 shopping centers. 

Road network 
Principal 
Primary 

Secondary 
Tertiary 

residential 

02 lines. 
09 lines. 
23 lines. 
27 lines. 

831 liens. 

 
Our vulnerability model is also allowing us to determine the potential vulnerability of 

various equipments and infrastructures of the city and the following table represents the most 
vulnerable components of the city system. 

The vulnerable levels given by the approach can explain that the chosen criteria could be 
more or less suitable for the different sensibility degrees to floods; high vulnerability 13% (criteria 
more suitable), moderate vulnerability 5% (criteria moderately suitable), low vulnerability 0.7% 
(weak suitability) and null vulnerability 82% (no suitability). Here, we found that the Bouakal 
sector is the most sensible sector among the other city sectors because the criterion that exists and 
characterizes Bouakal is like this: the bad sewage network, the high population density, habitats, 
apart from the physical criteria, make this section of the city very vulnerable. Therefore, the 
obtained results are logical and already commensurate with the terrain reality, whereas Bouakal is 
considered to be one of the largest city sectors that were damaged by floods. 

In fact, this approach has been successfully used in many domains such as habitats and 
urban domains. For that, we can mention building health facilities as spatial modeling of site 
suitability assessment for hospitals (Abdullahi et al., 2013). The results can add a new qualification 
to this method, specially the fact that the observed changes always make our planet vulnerable to 
certain phenomena such us floods. So, this suitability modeling approach has the ability to give a 
prevision to guess the phenomena probable damages. Therefore, we can suggest the adequate 
operations to avoid as much as possible, the losses of human beings and their properties and all the 
different infrastructures. This considered the important objective of natural hazards management. 
We can say that this approach fits this domain. 

 
CONCLUSION  
In the last decades Batna City knew an increase of floods phenomenon, especially at the 

level of its effects where the last floods of September 2007 and, July 2008 caused important 
human and material damages, which explains the evolution of the vulnerability, especially that 
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floods affected one of the important commercial districts in the center city. Among responsible 
factors for this damage, it is the population explosion and also the spread of construction zones 
nearby to rivers that cross the city, on the other hand, there is physical factors as well; the basin 
form of the city, slope, the flows ... etc.; all these factors could affect the circulation of precipitated 
waters on the ground. suitability modeling with GIS approach gave us a view on the vulnerable 
places in our urban environment; what allows to distinguish the adequate strategies for purpose to 
decrease the vulnerability to floods in Batna City and as a first step; the concerned authorities put 
various projects to manage precipitation waters which flow towards the northeast direction to 
Constantine, also the authorities considered the protection of the city peripheral parts, which are 
flooded by the North and the Southeast flows of the valley.  

But still that Batna City needs a real application of flood prevention plan to strengthen the 
major risk management politics and improve the interventions efficiency (schemes to deal with 
major civil emergencies) through the participation of all the parts of the state. In the end, this study 
considered as the first and the important part to identify also the level of Batna City resilience 
against floods, which is going to be our next project. 
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