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Summary

Floods are among the most hazardous natural disasters, which pose significant threats to human
lifeat both global and national scales due to severe human, material, and environmental losses.
The increasing frequency of floods, compared to other natural hazards, highlights the urgent
need of their evaluation and the mitigation of their impacts. This study aimed to assess and
map flood-prone areas in the city of Sidi Aissa, Algeria, using the analytical hierarchy process
(AHP) and geographic information systems (GIS). The city was chosen because of the three
rivers running through it. A model combining a multi-criteria statistical approach and GIS was
employed. The study focused on analyzing the factors influencing flood occurrence, including
land use, elevation, slope, drainage density, distance from river and roads, topographic wetness
index (T.W.I), and normalized difference vegetation index (N.D.V.I), To calculate the weights of
these factors in the GIS environment, the AHP method was applied, resulting in maps specific
to each criterion. The results revealed that land use (21.7%) and distance from river (18.2%) are
the most critical factors influencing flood susceptibility and damage to nearby buildings. The
study shaped a flood susceptibility map divided into three categories: areas with very low flood
susceptibility, accounting for 29% of the total area; areas with moderate flood susceptibility, ac-
counting for 40% and areas highly susceptible to flooding, making up 31%. Furthermore, the
study demonstrated the effectiveness of using AHP and GIS in simulating potential floods and
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identifying flood-prone areas, thereby highlighting their importance in planning and mitigating
flood risks in the future.
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1. Introduction

Floods in urban areas present significant risks to populations, particularly with the rapid
urban expansion observed in recent years. Development along riverbanks often disre-
gards recommended building setbacks and urban planning regulations, exacerbating the
problem. According to Cabrera and Lee [2020], financial losses from floods account for
approximately 40% of all annual economic damage related to natural hazards.

The recent decades have witnessed a notable increase in flood events worldwide,
leading to a significant rise in associated fatalities. The World Health Organization
(WHO) reports that approximately 75% of all natural disaster-related deaths are
attributed to flooding, underscoring its growing impact on public health and the envi-
ronment. Factors such as urban sprawl and climate change contribute to the increas-
ing frequency and severity of floods, affecting regions such as Central Asia, Africa,
Southeast Asia, and Central Europe [WHO Report 2023].

To mitigate these challenges, decision-makers have developed innovative tech-
niques for flood forecasting, preparedness, and risk reduction strategies [Haltas et al.
2021]. Flood risk maps serve as critical tools for identifying vulnerable areas and guid-
ing future urban development strategies [Buchele et al. 2006]. Such mapping efforts
require multi-criteria analysis and collaboration among stakeholders with geographic
relevance [Poussin et al. 2014].

Geographic Information Systems (GIS) and remote sensing technologies have
significantly advanced natural hazard analysis [Patel and Srivastava 2013]. These tools
have facilitated studies on flood hazard sensitivity and flood event simulation [White
etal. 2010].

Multi-criteria analysis (MCA) is a robust tool for evaluating complex decisions
involving non-quantifiable criteria [Malczewski 2006]. It integrates technical, envi-
ronmental, and socio-economic objectives to support optimal decision-making
[Ghanbarpour et al. 2013]. The AHP method, which relies on expert judgment for
assigning weights, is particularly effective in addressing complex multi-criteria deci-
sions in disaster management [Rozos et al. 2011].

Flooding is one of the most common natural disasters in Algeria, recurring in many
regions due to climate variability and inadequate infrastructure. This study aims to
develop a flood vulnerability map for the city of Sidi Aissa using AHP and GIS meth-
ods. Selecting evaluation criteria is critical for disaster planning and management,
significantly enhancing the accuracy of flood risk assessments.

This study relies on elements found in previous research for their applicability to
flood mapping, given the lack of agreement among academics over the criteria for
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evaluating flood danger. In order to determine the most important variables influenc-
ing the occurrence of floods and to create efficient flood risk reduction plans, eight

criteria were chosen.

2. Study area

The city of Sidi Aissa is situated at the westernmost edge of the Hodna Mountain range
in the northwestern part of the Msila Province, Algeria. It lies at the intersection of the
National Road 60 and National Road 8, located at latitude 35°53'11"N and longitude
3°46'32"E. The municipality is part of the northwestern region of the Hodna Basin and

covers an area of 49.46 km®. It is bordered by the following:

o north: the Bouira Province (municipalities of Taguedit, Dirah, and Maamoura),

o cast: the Bouira Province (municipality of Hajara Zerga),

o west: Sidi Aissa municipality,
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Fig. 1. Location of Sidi Aissa City, M’Sila, Algeria
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o south: The village of Djafra (Master Plan for Development and Construction Sidi
Aissa, 2008).

Sidi Aissa is located in a semi-flat area interspersed with several hills, particularly in
zones designated for future urbanization. These hills have varying slopes according to
the catchment areas feeding the three rivers (Ouads) traversing the city: Ouad Qatrini,
Ouad Djennan, and Ouad Lahm.

The rivers significantly affect the functional relationships between different parts
of the city, and act as barriers to these interactions. Bridges have been proposed as
connections across the river, but they pose significant economic challenges.

3. Previous studies

A bibliometric analysis approach was adopted for this study, focusing on keywords
frequently used in highly cited academic articles and journals. Tools like RStudio,
known for bibliometric network visualization, were employed to map the relationships
between key topics.

This review explored the connection between flooding, AHP analysis, and GIS.
A systematic review of documented literature was conducted, highlighting approxi-
mately 149 studies from 2013 to 2023, which reflects the growing interest in this field.

This type of analysis provides valuable insights into the studied topic and enhances
understanding of the relationship between floods and risk management by utilizing
techniques such as the analytic hierarchy process (AHP) and geographic information
systems (GIS) (Fig. 2).

Source: RStudio (version R 3.6.0)

Fig. 2. A network visualization of the research topic
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Figure 2 illustrates a network visualization of concepts and key terms related to
research on floods, such as the analytic hierarchy process (AHP) and geographic infor-
mation systems (GIS). This type of visualization is commonly used in bibliometric
analysis to highlight the relationships between different research topics based on cita-
tion patterns or keyword co-occurrences.

3.1. Key observations from the visualization

Core topics

o Terms such as ‘hierarchical analysis’ and ‘geographic information systems’ are dom-
inant, indicating their importance in flood studies.

Other keywords are concepts such as ‘flooding, ‘remote sensing, and ‘multi-criteria

analysis’ that frequently co-occur with AHP and GIS.

Connections

o The links between keywords highlight their interrelation in literature, showing
a high level of interaction.

Research areas

o Keywords related to ‘disaster management, ‘land use, and, ‘vulnerability’ indicate
a multidisciplinary approach that encompasses environmental science, urban plan-
ning, and emergency management.

Main Information o

Plot | Table

Timespan

2013:2023

Author's Keywords (DE)

453

Documents

149

Authors of single-authored docs International Co-Authorship

30.2 %

References Document Average Age

3.4

Annual Growth Rate

29.24 %

Co-Authors per Doc

3.92

Average citations per doc

29.16

Source: RStudio (version R 3.6.0)

Fig. 3. Statistical data of studies on the research topic

These analyses help researchers identify trends within specific fields, understand
the existing research landscape, and uncover gaps that may warrant further investi-
gation. Additionally, they enhance decision-making processes by providing a clearer
understanding of the interactions among various variables.
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The results presented in the table indicate that the analytical hierarchy process
(AHP) and geographic information systems (GIS) in relation to flood phenomena have
been extensively studied by numerous researchers across various regions worldwide.
These studies have utilized diverse techniques and methodologies in order to simulate
floods, map flood-prone areas, and minimize associated losses.

For example, Bitlis Province in Turkey’s flood-prone areas were mapped using the
AHP method in a GIS environment by Aydin and Sevgi Birincioglu [2022]. Similarly,
the Gagara river basin in Uttar Pradesh, India, and the Shangla region in Pakistan were
mapped using a multi-criteria analysis in a GIS context.

Additionally, researchers such as Desalegn and Mulu [2021], Hagos et al. [2022],
Negese et al. [2022], and Ogato et al. [2020] have integrated AHP and GIS-based multi-
criteria analysis to assess flood risks and develop flood susceptibility maps in various
parts of the world.

The studies demonstrate that the main criteria used for flood mapping include
elevation, slope, land cover type, rainfall, drainage density, soil types, and distance from
to rivers. Some studies also consider additional factors, such as the normalized differ-
ence vegetation index (NDVT) and the topographic wetness index (TWT).

However, the lack of hydrometeorological data in developing countries poses
a significant challenge to flood susceptibility mapping, adversely affecting the ability to
make informed decisions and engage in effective emergency planning [Allafta and Opp
2021, Cabrera and Lee 2018].

Table 1. Factors influencing floods used in previous studies for mapping hazard-prone areas

% f
H S 8%
g PEIEE
| = a= 2 k7
' $ S HHE
iterature £ '5 _a ; § —§ ; £l & ?, .
85|g |8 S| 8|58 8| 8 > 8
55|25 | 2| E|<|EE 5| 52| F
zz 835 | 5| 5|55 22|57
AYFREl@d|B || S|Z2Eala|la|ls
Richard et al. [2023] V2R VA VAN VAN V4 v v
Bikila Merga Letaan et al. [2023] v VAR VAN VAN IRVAN ERVEN IERVARN IRVAN VAN IRV IRV4
Aydin and Sevgi Birincioglu [2022] IV v
Edamo et al. [2022] v |V |V v vV
Hagos et al. [2022] VA A v vV
Negese et al. [2022] VAR V2N VAN IRVAN IRV VAR Iv4 V|V
Ramesh and Igbal [2022] v Va7 4 v v
Nsangou et al. [2022] VAN VAN VAN VAN V4 v v
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Desalegn and Mulu [2021] AR AR4 a4
Arya and Singh [2021] VIV s
Das and Gupta [2021] VIV vV
Hussain et al. [2021] VIV
Roy et al. [2021] VIV Vv
Ajibade et al. [2021] V|V
Allafta and Opp [2021] A AN 7 4 v
Abdelkarim et al. [2020] VR R4 v
Arshad et al. [2020] v vV vV
Dash and Sar [2020] Ve A A 4 4
Ullah and Zhang [2020] VR AR AR v
Ogato et al. [2020] VIV 4
Subbarayan and Sivaranjani [2020] VvV 4
Chakraborty and Mukhopadhyay [2019] VIV v
Gambini and Laymito [2019] VIV v
Hoque et al. [2019] Slv|v]|v v
Rahman et al. [2019] VR AR R
Cabrera and Lee [2018] VIV vV
Ghosh and Kar [2018] VI vV v
Rincon et al. [2018] VvV
Bulti et al. [2017] V|V 4 4

D.S.D distance from sewer drainage, T.W.I topographic wetness index, El elevation, Sl slope, Rf rainfall, L.C land
cover, N.D.V.I normalized difference vegetation index, D.River distance from river, D.road distance from road,

D.D drainage density, S.T soil types

Source: Collection of previous studies

4. Materials and methods

This study utilised multi-criteria analysis (MCA) and the analytical hierarchy process
(AHP) in conjunction with geographic information systems (GIS) to assess and accu-
rately delineate flood-prone regions. The AHP-GIS methodology was selected for this
study because of its suitability for data-deficient contexts and its ability to effectively

combine quantitative and qualitative data.
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In contrast to machine learning methods that necessitate large training datasets,
the AHP-GIS approach offers a transparent decision-making framework that integrates
expert judgement, rendering it especially suited for scientific research.

Although machine learning approaches can provide superior forecast accuracy, their
implementation is sometimes limited by data availability and processing resources,
a constraint particularly pertinent in our location. We recognise the potential signifi-
cance of these methods and advocate for their investigation in subsequent research to
corroborate and improve our results.

The analysis carefully examined the context of the study site, incorporating field
observations, expert opinions, local inhabitants’ viewpoints, and a comprehensive
review of relative literature. This process revealed eight critical elements that substan-
tially influence flood susceptibility, which are:

o topographic wetness ondex (TWI),

o elevation (E),

o slope (S),

o land use and land cover (LULC),

o normalized difference vegetation index (NDVI),
o distance from rivers (D.River),

o distance from roads (D.Roads),

o drainage density (D.D).

Data source

LULC DEM

Data Cleaning Reprojection and Resampling

AHP Method (Analytic Hierarchy Process)
Thematic Layer Weighting

Weighted Overlay Flood Susceptibility Calculation

Flood Susceptibility Map
Categories: Low, Medium, High Susceptibility

Source: Authors’ own study

Fig. 4. Flow chart of flood susceptibility map by GIS method
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These factors were classified on a susceptibility scale from very low (1) to very
high (5). Reclassification was performed in the GIS environment using the Reclassify
tool and analyzed through a 10x10 m for Sentinel-2 data resolution raster grid in the
WGS_1984_UTM_Zone_31N coordinate system. AHP was applied to assign relative
weights to each criterion, with data layers combined using a weighted overlay analysis
in ArcGIS (version 10.4) to produce a flood susceptibility map. Microsoft Excel was
extensively used for the AHP computations.

4.1. Method of analytical hierarchy processing (AHP)

Multi-criteria decision-making problems in flood analysis were prioritized using AHP
approaches created by [Saaty 1987]. AHP was used for multi-criteria decision-making
in the analysis of urban flood-prone areas by a number of researchers, including Balica
et al. [2012], Lin et al. [2019], Negese et al. [2022] and Ramesh and Igbal [2022]. In
order to ascertain the relative significance of flood-related parameters, the AHP analy-
sis was conducted. This procedure entailed consistency verification once the pairwise
comparison matrix (Table 4) was constructed. Each element was reclassified, and then
further analysis was done. The following methods were used to ascertain the relative
weights of each factor, per Saaty [1987] advice:

o Pairwise comparison matrix: developed based on Saaty’s scale (1-9) for comparing
the relative importance of each criterion (Table 2).

o Each entry in the specified pairwise comparison matrix was then divided by the
sum of its corresponding column (Table 4).

o After calculating the weights of each factor related to flood exposure, the consistency
index (CI) was computed using the following equation developed by Saaty [1987]:

Cl = o =1
n—1
where:
CI - consistency index,
N - number of factors to be examined,
\,,.. - maximum eigenvalue of a pairwise comparison matrix.

Table 2. Saaty’s scale of pairwise comparisons

'Intens1ty - Degree of preference Explanation
importance
1 Equal importance Two components equally contribute to the goal.
3 Moderate importance One parameter is marginally preferred over another by

experience and judgment.

The strong or essential | Experience and judgment strongly favor one activity over
importance another.
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Table 2. cont.

I ity of .
.ntens1ty o Degree of preference Explanation
importance
7 Very strong One parameter is significantly favored and regarded as
importance superior to another; its domination is evidenced in practice.
. The strongest possible order of affirmation is found in the
9 Extreme importance . .
evidence supporting one parameter over another.
2,4,6,8 Intermediate values When factors that are of similar importance.

Source: Saaty [1977]

o Subsequently, each entry in the specified pairwise comparison matrix was divided
by the corresponding column sum (Table 6).

To calculate the maximum eigenvalue (A
following steps were followed [Saaty 1987]:

) of the pairwise comparison matrix, the

max.

o Each column value in the matrix was multiplied by the corresponding weight criteria.
o The row values are summed to calculate the weighted total.
o Each criterion value is weighted based on its weighted total.
o The weighted sum of the mean is calculated with respect to the criterion weights.
The consistency ratio (CR) was then calculated to assess the validity of the compari-
son, as proposed by Saaty [1987], using the following equation:
_
" RI
Saaty [1987] states that the pairwise comparison matrix is deemed consistent if
the consistency ratio (CR) is less than 0.10. The procedure must be repeated until the
CR value drops below this cutoff, since if it is larger than or equal to 0.10, there is

inadequate consistency. Based on the matrix size, the consistency index (CI) equation
yielded a random consistency index (RI) (Table 3).

CR

Table 3. Random consistency index for values of N

Size of matrix 1 2 3 4 5 6 7 8 9 10
Random consistency index 0 0 058 | 09 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.49

Source: Saaty [1987]

5. Results and discussion

5.1. Flood conditioning factors

Table 6 includes data on the factors contributing to floods (their units, categories,
susceptibility, classification values, and weight for the study area), which were analyzed
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using ArcGIS (version 10.4) for multi-criteria decision-making and analytical hierar-

chy process.

Table 4. Pairwise comparison matrix for selected flood conditioning factor

Topographic Distance | Distance Drainage
Thematic layer | Wetness Index |Elevation| Slope | LULC (NDVI| from from a8
. density
(TWI) river road
Topographic 19
Wetness Index 1 1 1 0.33 0.25 1 1
(TWI)
Elevation 1 1 1 0.33 1 0.5 3 2
Slope 1 1 1 0.5 2 0.5 1 2
LULC 3 3 2 1 1 2 3 2
NDVI 1 1 0.5 1 1 2 3 2
Distance from river 4 2 2 0.5 0.5 1 3 3
Distance from road 1 0.33 1 033 | 033 | 033 1 1
Drainage density 1 0.5 0.5 0.5 0.5 0.33 1 1
14 10 9 4.49 7 6.91 16 14
Source: Authors’ own study based on the Saaty matrix
Table 5. Consistency check results
A N CI RI CR
8.60 8 0.086 1.41 0.061

Source: Authors’ own study

Table 6. Flood conditioning factors: weight, rating values, flood susceptibility, and their classes

Flood conditioning factors Class susclzllt)t(;lfility S““;Zl:itlill;ﬂity V\’[e;’g]ht
1.36-3.16 Very low 1
3.17-5.05 Low 2
;fgs\?lg)raphic Wetness Index 5.06-7.35 Moderate 3 64
7.36-10.6 | High 4
10.7-19.8 Very high 5
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Table 6. cont.
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Flood conditioning factors Class suscilp())t?l;iility Susi?:it:;ﬂity V\T[e‘;)g]ht

646-690 Very high 5
690-730 | High 4

Eflv ation 730-770 | Moderate 3 113
770-810 Low 2
810-849 Very low 1
0-4 Very high 5
5-8 High 4

fj/:’]? ¢ 9-10 Moderate 3 11.9
11-20 Low 2
30-80 Very low 1
Green Area | Very high 3

LULC (class) Urban Area | Moderate 5 21.7
Barren Area | Very low 1
108-112 | Very high 5
112-119 | High 4

NDVI 119-129 Moderate 3 15.2
129-140 Low 2
140-154 Very low 1
0-500 Very high 5
500-1000 | High 4

E;s]tance from river 1000-1500 | Moderate 3 18.2
1500-2000 Low 2
2000-3100 | Very low 1
0-25 Very high 5
25-50 High 4

E;S]tance from road 50-100 Moderate 3 6.5

100-300 Low 2
300-420 Very low 1
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0-1.6 Very low 1
1.7-3.2 Low 2
Drainage density
km/km?] 3.3-4.8 Moderate 3 6.8
4.9-6.4 High 4
6.5-8 Very high 5

Source: Authors’ own study

5.2. Topographic Wetness Index (TWI)

This index represents the spatial distribution of soil moisture and surface saturation,
and is crucial for describing the hydrological similarity of flood-prone areas by control-
ling the area’s topography during hydrological processes [Waga et al. 2020]. Areas with
a high TWT are more prone to flooding, while areas with a low TWT are less likely to
flood [Paul et al. 2019]. The TWI was calculated by the ASTER DEM using the follow-

ing equation:
TWI = In( AS ]
tanf3

where the contributing area upstream is denoted by AS, and the slope gradient is
denoted by f. The final TWI map was divided into five categories, ranging from 1.36
to 19.6 (Fig. 5).
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Source: Authors’ own study, using ArcGIS (version 10.4)

Fig. 5. Topographic Wetness Index
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5.3. Elevation

Elevation is a key factor in assessing flood exposure [Rahmati et al. 2016, Das 2019,
Shen et al. 2021]. Water typically flows from higher to lower areas due to elevation,
which can result in rapid flooding of low-lying regions. The likelihood of flooding is
higher in low-elevation areas compared to higher elevations [Das 2018, Liuzzo et al.
2019, Elkhrachy 2022]. The elevation map for the study area was created using the
ASTER DEM and spatial analysis tools in the ArcGIS environment. As shown in Figure
6, the elevation of the study area ranges from 646 to 849 meters above sea level.

3'420°E 3'440°E 3'460°E 3°480°E 3'500°E 3°520°E

35"560°N

35'540°N
35°540°N

Legend
Elevation

Value
- High : 840

Low 646

35520°N

35°520°N

HillSha
Value
High - 238

35°500°N

g -Lo- 103
8

.......

3420°E 3440E 3460°E 3480E 3'500°E 3520°E

Source: Authors’ own study, using ArcGIS (version 10.4)

Fig. 6. Elevation

5.4. Slope

Slope is one of the most important factors in hydrological studies, as it controls surface
runoff and the density of water flow, which in turn promotes soil erosion and verti-
cal seepage processes [Tehrany et al. 2015, Khosravi et al. 2016b]. Areas with steeper
slopes have lower flood exposure, while areas with gentler slopes are more susceptible
to flooding [Liuzzo et al. 2019]. The slope map was derived from the ASTER DEM with
a 30-meter resolution using the Slope tool in ArcGIS, and it was classified into five
subcategories, ranging from 0° to 80° (Fig. 7).

5.5. Land use

Land use/land cover (LULC) plays a vital role in the water runoff process and the
occurrence of floods in a watershed area [Riazi et al. 2023]. The strong relationship
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between land use, climate change, and floods is undeniable, as land use and land cover
significantly influence the increase or reduction of water flow [Samanta et al. 2018].
LULC data were collected from the ESRI 2023 global land use and land cover database
and classified into three categories: grassland, built-up areas, and barren land (Fig. 8).

§ 3420
8

35'540°N

35°520°N

Legend

$ren ville_sidiaisa

Slope

[o-4

Els-s

- 10

. 20- 20

I 30 - 80
3'420'E 3'440°E 3°460°E 3°480°E 3'5&01 3°520°E

35°500°N

Source: Authors’ own study, using ArcGIS (version 10.4)

Fig. 7. Slope
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g I urban area g
g barren area o
| grtvine_siciaisa

3°420°E 3'440°E 3'46'0°E 3'480°E 3'500°E 3'520°E

Source: Authors’ own study, using ArcGIS (version 10.4)

Fig. 8. Land use
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5.6. Normalized difference vegetation index (NDVI)

The normalized difference vegetation index (NDVI) is another key environmental
factor that contributes to flooding. The natural range of NDVTI values is from 0.1 to +1
[Khosravi et al. 2016b, Riazi et al. 2023]. Positive NDVI values indicate active vegeta-
tion cover, such as dense forests, while values close to zero represent arid regions, and
negative values indicate water bodies [Wang et al. 2020, Ziwei et al. 2023]. To generate
the NDVI map, satellite data from the Landsat 8.1 collection, provided by the USGS,
were used, and the NDVT value was calculated using the following equation:

_ NIR - Red

NDVI = ———
NIR + Red

where NIR represents near-infrared light and RED is visible light. The NDVI map for
the SRB was classified into five subcategories ranging from 0.11 to 0.15 using the natu-
ral breaks tool (Fig. 9).

3'420€ 3°440E 3°460°E 3'48'0°E 3'S00°E 3'520'E g
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& | 7 119.0000001 - 129 L -§
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Fig. 9. Normalized difference vegetation index

5.7. Distance from the river

As shown in Figure 10 and Table 6, the distance from the river in the study area was
classified into five categories: very high, high, moderate, low, and very low flood suscep-
tibility at distances of 500 m, 1000 m, 1500 m, 2000 m, and > 2000 m, respectively.
Based on the map, it is evident that a significant portion of the study area is prone to
moderate to very high flood susceptibility due to its distance from river.
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Fig. 10. Distance from the river

5.8. Distance from the road

The distance from the road in the study area was classified into five categories: very
high, high, moderate, low, and very low flood susceptibility at distances of 25 meters,
50 meters, 100 meters, 300 meters, and > 300 meters, respectively (Fig. 11).
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Fig. 11. Distance from the road
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The results of the study revealed that a large area near roads is at risk of flooding
due to its low environmental capacity for water infiltration through the surface layers
of the soil. Impervious surfaces, such as roads, reduce infiltration capacity and increase
surface runoff by limiting the ability of rainwater to seep into the soil, thus having
a significant impact on flooding in urban areas.

5.9. Drainage density

Drainage density is defined as the total length of rivers and streams in a watershed
divided by the total area of the watershed [Rahmati et al. 2016]. Areas with high drain-
age density have a higher likelihood of flooding, while areas with low drainage density
have a lower likelihood of flooding [Paul et al. 2019]. Drainage density measures the
efficiency of water drainage within the watershed through streams.

To calculate drainage density in the study area, the flow order was extracted from
the ASTER DEM using the Line Density tool in the ArcGIS environment, and classified
into five categories using the Natural Breaks (Jenks) tool (Fig. 12). The following equa-
tion was used to calculate drainage in the study area:

N
pa - 2t
A

where drainage density is denoted by the symbol Dd, the length of watercourses is
denoted by L, and the total area of the watershed is denoted by A.
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Fig. 12. Drainage density
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The drainage density for the study area ranged from 1.6 to 8, and was classified into
five categories: 0 - 1.6 (very low), 1.7 - 3.2 (low), 3.3 — 4.8 (moderate), 4.9 - 6.4 (high),
and 6.5 - 8 (very high), as shown in Figure 12. The results revealed that the study area is
highly susceptible to flooding, with 57% of the study area at risk of flooding due to high
drainage density and low infiltration that may accelerate water flows causing flooding
events.

6. Flood susceptibility map

The analytical hierarchy process (AHP) was used to create the eight maps, which were
then integrated and overlaid in a GIS environment. Flood-prone areas were identified
and supported by the flood susceptibility map, with historical flood data validating the
methodology. A final flood-sensitive map was developed and divided into five main
flood potential levels, ranging from very low to very high, as shown in Table 7.

According to the weights derived from the AHP approach, the study parameters are
linearly integrated. In the GIS environment, based on the equation (provided below),
thematic layers are overlaid with different weights. The flood susceptibility index (FSI)
for each pixel within the study area was then calculated. R represents the rank, and
W represents the weight of the thematic layers.

FSI = RTWI ' WTWI + REL ’ WEL + RSL ’ WSL + RLULC : WLULC + RNDVI ' WNDVI +
+ RDF ! WDF + RDR ' WDR + RDD ' WDD

The results of the study were categorized into three classes: very low, covering 29%
of the area; moderate, covering 40% of the area; and very high, covering 31% of the
area (Fig. 12). The flooding phenomenon was influenced by the parameters with higher
weights, while it was less affected by parameters with smaller weights. As a result, these
findings provide essential data that should be considered in flood management.

Table 7. Classification of flood susceptibility zone

Classification Total area covered [km?] Area percentage [%]
Very low 14.19 29
Medium 19.83 40
Very high 15.44 31

Source: Authors’ own study

The study primarily emphasises environmental and topographical factors in the
flood risk analysis, indicating that infrastructure, including drainage channels, roads,
and bridges, were evaluated based on proximity to roads and rivers, as the design of
these structures influences drainage capacity and water flow management. Despite
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the significance of economic analysis in assessing the feasibility of interventions from
a cost-benefit perspective, it was excluded from this study due to several constraints.
This research necessitates the availability of precise and comprehensive economic data,
which proved challenging to get within the constraints of this study. Moreover, an
accurate economic evaluation requires a detailed economic model founded on several
assumptions and intricate economic factors, which requires more time and money.
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Fig. 13. and 14. Map of flood-prone areas in the study area
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Owing to constraints in the accessible data, a comprehensive analysis of the current
infrastructure status could not be incorporated into this study. Therefore, emphasis was
made on the technical and scientific dimensions to ensure the delivery of appropriate
engineering and environmental solutions.

7. Conclusion

Inconclusion, thisstudy on the assessmentand mapping of flood-proneareas using multi-
criteria hierarchical analysis and geographic information systems (GIS) in the city of
Sidi Aissa, Algeria, highlights the importance of adopting these modern tools for
analyzing and processing environmental and geographical data related to natural
disasters. The study demonstrated that integrating hierarchical analysis with GIS is an
effective approach for identifying and classifying areas at highest risk of flooding.

The results revealed that distance from river and land use are the most influen-
tial factors increasing the likelihood of flooding. In particular, 31% (14.19 km?) of the
classified area was highly susceptible to flooding, 40% (19.83 km?) was classified as
moderately exposed to flooding, indicating the need for preventive measures to reduce
the risk in these areas, while areas with very low exposure accounted for 29% (15.44
km?) of the city’s total area.

The use of a range of influential criteria, including elevation, slope, drainage density,
distance from river, and land use, significantly improved the accuracy of predictive
models. This approach not only enhances disaster management strategies but also
provides practical solutions for sustainable urban planning and land use in the city.

Thanks to the results of this study, local authorities can now direct their efforts
toward protecting infrastructure and minimizing human and material losses. The study
also underscores the importance of adopting such analyses as a tool for urban plan-
ning and disaster management on a broader scale, which strengthens communities’
resilience to climate change and recurrent flooding.

In summary, this model provides a practical framework that can be applied to other
regions similar to Sidi Aissa, thereby increasing the effectiveness of future planning and
disaster response strategies.
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