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Abstract

Urban flooding is the most frequent and damaging of all natural hazards, including those caused by dam breaks. One flood
mitigation and control method is using flood risk maps to provide helpful information. This study aims to map the three
parameters of urban flooding: exposure, vulnerability, and flood risk following a hypothetical failure of the Gazelles fountain
dam (Manbaa Al-Ghozlan) in the city of Biskra (40 km downstream of the dam) through a multi-criteria decision-making
process (MCDM). Six influencing factors were used for the vulnerability assessment: land use, distance from significant
watercourses (Oued), distance from drainage accumulation, elevation, population density and distance from main roads.
The influence of each factor was examined by attributing weights to each criterion according to its impact on urban flood
vulnerability. A flood risk map that can evaluate the extent of damage and its economic implications is made based on haz-
ard and vulnerability maps. Based on pixel values, the flood risk map has been divided into four classes: very high, high,
moderate and low. The results indicate that more than 63% of the area is at high risk. The water depth in these areas may
exceed 10 m in the case of dam failure. The constructed flood risk map is an informative tool to assess critical damage for
decision-makers in arid and semi-arid areas.

Keywords Dam-breach - Arid regions - Remote sensing image analysis - Multi-criteria decision-making (MCDM) -
Analytic hierarchy process (AHP) - Flood risk mapping

Introduction

Flash floods are one of the most dreaded extreme events
among all natural hazards. due to its serious damage and
heavy losses on several social, economic and infrastructure
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aspects, especially in developing countries (da Silva et al.,
2020). The effects of flooding are anticipated to intensify
because of current societal and economic factors and set-
tings, including rising population, expanding economy, and
climatic change. In order to create efficient flood preven-
tion strategies, it is necessary to comprehend the physical
and spatiotemporal properties of risk factors (exposure and
vulnerability) (Tanoue et al., 2016). Therefore, the need
to understand floods mechanism through assessment and
monitoring methods and develop procedures to prevent and
mitigate their potential impact is a significant challenge to
researchers, engineers, and stakeholders, especially in an
arid region. Due to their fragile nature and particularity as
an ecosystem and their climate characterized by prolonged
droughts, sudden flood rains, and different hydrology, arid
and semi-arid regions present significant scientific, techno-
logical, and practical obstacles. (Saber et al., 2015), in addi-
tion to that, and given other factors such as abrupt peaks,
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variability, irregularity of rainfall frequency and variability
of rainfall events, the majority of North African and Middle
Eastern towns lack adequate precise safety measures against
these disasters (Gitz et al., 2016). Moreover, many cities
near waterways (Oueds or Wadi) in the arid areas of North
Africa and the Middle East are essential population centres
with a high urban density, making these regions most vulner-
able to flash floods caused by intense rainfall or dam breaks
(Elfeki et al., 2018). Therefore, managing water resources
is key to sustainable growth in these areas (Abdrabo et al.,
2020). Managing water resources and water-related risks in
these areas is a challenge due to many factors, including
inadequate management of water and sediment, dual catas-
trophe events (floods and droughts), limited data access and
quality, and a lack of a comprehensive understanding of the
Wadi (Oued) Flash Floods (WFF) processes and suitable
WEFF approaches (models, strategies, and planning) (Sumi
et al., 2022), due to limited studies, lack of climatic data
as well as their characteristic of short duration, small areal
extent and high flood peaks (Hamlat et al., 2021).

The flood risk analysis from dam failure is relatively
recent due to urban agglomerations growth and concentra-
tion in the lower reaches of the reservoirs (Bales et al., 2001;
Balogun & Ganiyu, 2017; Butt et al., 2013). Due to the lack
of technical knowledge, the complexity, variety, and involve-
ment of numerous stakeholders in flood control problems
(Kopackova et al., 2007), it is essential to opt for studies that
take into account this complexity and variety, notably, mul-
ticriteria analysis decision making (MDCM). It is possible
to handle the decision complexity caused by the absence of
objective measures in multi-criteria decision support sys-
tems, restricted data, and excessive uncertain probability dis-
tributions by merging value judgments and technical infor-
mation in an organized decision frame (Levy et al., 2007; Li
et al., 2012). MCDM tools have been used in flood manage-
ment to provide decision-makers (DMs) with a systematic
framework to address these complex issues. AHP-GIS is
often used to identify areas vulnerable to flooding based on
several factors that describe and induce this vulnerability,
such as morphological and meteorological hydrological fac-
tors, such as precipitation patterns, slopes, drainage, eleva-
tion, and land use species (Armenakis & Nirubama, 2014).
In order to improve flood risk assessment and emergency
management, the Analytical Hierarchy Process (AHP) is an
MCDA technique. The hierarchy is a linear top-down layout
with a target (or a source node or group) at the highest levels
of factors (components or groups) representing alternatives
and decision criteria and links between factors concentrated
only on elements at the lower level (Levy et al., 2007).

Although Algeria is the most sensitive North African
country to climatic variability, with huge damages due
to inundation events, the knowledge of flashfloods and
their mitigation is minimal (Sumi et al., 2022). In the past
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decades, Algeria has experienced successive periods of
drought and increased urban needs simultaneously with
population growth. Gradually, the waterways (Oueds) bor-
ders are exposed, while urban settlements tend to occupy
the oueds beds. In other situations, the major bed became
unstable, where it was piped, rerouted, or filled, as it is in the
research region. The city of Biskra in southeastern Algeria
is a desertic region experiencing increasing development in
the urban extension, especially in recent years; the city lies
on the banks of a vital waterway that has seen many major
flood events that have caused loss of life and material dam-
age. Thus, this work aims to map the flood risks caused by
the failure of the Gazel Fontaine dam (about 40 kms from
the Biskar downstream).

Methodology
Case Study

Biskra City is situated in the south-east of Algeria at
34,877°, 34,822° North, 5,799° to 5,706° East, isolated from
the Mediterranean Sea by 205 km of mountains and high
lands, and features a dry climate with significant seasonal
variations. With an average annual temperature of 20.05 °C
that ranges between 3.75 °C in December to 41.54 °C in
July. Additionally, the area receives 307.69 mm of rain on
average each year, ranging from 6.81 mm in July to 36.82
mm in November (Benedib, 2021). This area is situated at
an altitude of 177 m above sea level with a flat terrain where
the slope gradient is very low (Fig. 1).

Biskra is situated at the foothill of the Aures Mountains
and 40 km downstream The Gazelle Fountaine Dam with a
capacity of 55.49 hm? and at the confluence of Wadi El-Hai
and Wadi Djemora, which all together form Wadi Biskra that
crosses the centre of Biskra city, on the other hand, Biskra
knew an increasing population growth which has influenced
the urban extension (Boumsenegh, 2007), the analysis on
land-use change between 2003 and 2020 shows a significant
urban extension around the main watercourse (Oued Biskra)
where the wadi-bed was disturbed, with regression of range-
lands and bare soil (Fig. 2).

The Gazelle fountain Dam is a heterogeneous earthen
dam with 385 m length, and a height of 42.5 m (elevation
of 390 NGA) above the streambed for an initial capacity
of 55.49 hm? (Fig. 3). The dam was inaugurated in 2000
and was operational in 2006 to regulate Oued Elhai flood-
ing and to irrigate more than 1,100 hectares of agricultural
El-Outaya region (NASP, 2003). The waters of Oued El-Hai
and Oued Tamtam feed the Gazelle Fountain Dam, located
between 347 and 2134 m of altitude, with an annual regime
of more than 20 hm®. The basin extends over two climatic
zones with a combined area of more than 175,871 hectares:
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Fig. 1 Localization of the study area

a desert zone in the province of Biskra and a semi-arid zone
in Batna, each with an area of 32.739.71 ha. This region
is characterized by a flat terrain, of which 74.25% do not
exceed 12 °C, while 25.75% of the watershed has slopes
greater than 12 °C (Bendib, 2021).

Data Acquisition and Description

In this study, several data sources are employed to map the
six levels of criterion. Table 1 shows the data sources and a
description of the data.

Vulnerability Assessment

Input Criteria

The GIS tool was used here to collect and proceed with
six (6) different thematic layers according to their weights:

Landuse, distance from the main watercourse (Oued), dis-
tance from the drainage accumulation, Elevation, population

[0

density and distance from the main roads (Fig. 4). The fuzzy
concept was applied using the fuzzy adhesion tool in the GIS
environment. The thematic layers acquired from the various
criteria were further standardized to create a foundation for
their comparison. The characteristics of the raw data, expert
judgment, and expert expertise serve in determining the esti-
mated adhesion functions (Fig. 5). MS Small (Small mean
standard deviation) and MS Large (Large mean standard
deviation) membership features were used to resampling the
different criteria maps (Chukwuma et al., 2021). Small Mean
Standard Deviation (small MS) and Large Mean Standard
Deviation (large MS) (Luo & Dimitrakopoulos, 2003) are
transformation functions that are determined from the con-
trol parameters of the shape of the medium multiplier and
the standard deviation multiplier, as well as lower and higher
thresholds that identify the range in which to apply the func-
tion; MSLarge Fuzzy is more appropriate if very large values
are more likely to be members of the set; furthermore, it is
used when high input values of a factor are more likely to
lead to a flooding vulnerability, while fuzzy MS is more
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Fig.2 City expansion change between 2003 and 2019

appropriate if very small values are more likely to be mem-
bers of the group and small values are more likely to induce
flood vulnerability, defined according to the specified mean
and standard deviation, with criteria values that improve the
flood index set to 1 and those that do not support the flood
vulnerability index set to O (Okonufua et al., 2019).

Distance from the Major Waterway Stream

Flood vulnerability and susceptibility are higher in areas
near a major waterway or river (Njoku et al., 2018; Rafiei-
Sardooi et al., 2021; Singh & Pandey, 2021), DEM was used
to map the hydrographic network using the hydrology tool
in ArcGIS software, than the polyline of Oued Biskra was
extracted, and the euclidian distance was performed in order
to map the distance classes from it, the case of Biskra, major
waterway (Oued Biskra) of 300-500 m in length crosses the
city and splits it into two main parts: Higher Area (El Alia)
and a lower area (Old city), this layer was obtained by cal-
culating the euclidian distance from the major watercourse
Oued.

@ Springer

Distance from Drainage Accumulation Distance

Obtained after a DEM treatment, Areas that are far from
drainage systems are susceptible to flooding (Islam et al.,
2022; Mahmoud & Gan, 2018; Rafiei-Sardooi et al., 2021).
This layer was obtained by mapping flow accumulation
using the hydrology tool based on a 30 m DEM, to obtain
a polyline of the gullies of the flow accumulation, then the
Euledian distance analysis from these gullies was performed
to obtain the distance from the drainage accumulation layer.

Elevation

Elevation influences flow direction and accumulation, as
well, as water depth, (Khosravi et al., 2016; Rafiei-Sardooi
et al., 2021), the elevation criterion layer, was obtained using
an obtained 10 m resolution DEM, from radar images of sen-
tinel 1 (Table 1: data sources and description and amplitude
image was created for the sentinel 1 image, then geometric
terrain correction using range doppler terrain correction in
ESA SNAP software was applied to output the 10 m DEM.
The city of Biskra has a generally flat aspect, most of the city
neighborhood are located at altitudes that range between 81
and 110 m a.s.] higher elevation are situated outside of the
city, at the northern part.
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Fig.3 The gazelle fountain dam (modified from (Bendib, 2021)

Table 1 Data sources and description

SECTION PRINCIPALE 3
835

Data description Purpose of use

Source and resolution

Digital elevation mode  drainage accumulation and distance from the major
(DEM) 30 resolution waterway

Digital elevation mode  Land surface elevation mapping
(DEM) 10 m, resolution

Satellite images Landuse mapping via supervised classification

Population density data  To represent population density classes in the city of
Biskra

Road Network To map distance from roads of the city,

Alos Global Degital surface model (3DW-30 M) down-
loaded from AW3D30 DSM data map (jaxa.jp)

Radar image sentinel S1A SLC IW, of SAR-C instrument
downloaded from https://scihub.copernicus.eu/dhus/#/
home

Using ESA SNAP for Terrain correction

Major status Topographic maps for confirmation

Landsat 8 satellite images, of 30 m resolution, downloaded
from EarthExplorer (usgs.gov), of March, 16 ™, 2021

Local municipality census, based on the national census
of 2018

Development and Urban Master Plan, and Open Street
Maps
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Landuse

Water flow and infiltration have a significant relation with
soil occupation. Therefore, landuse is a crucial factor while
mapping and assessing flood vulnerability and flood risk,
landuse classification units were relied upon in many flood
vulnerability studies (Abdrabo et al., 2020; Chukwuma et al.,
2021; Islam et al., 2022; Rafiei-Sardooi et al., 2021; Singh
& Pandey, 2021; Sumi et al., 2022; Versini et al., 2010), the
landuse layer was obtained using a supervised maximum
likelihood classification of a Landsat satellite image, landuse
classes are: Urban agglomerations, vegetation (agriculture
and green spaces), rangelands, palm trees, and bare soil.

Population Density

Highly populated regions have a higher vulnerability to
flooding than regions with low population densities (Rafiei-
Sardooi et al., 2021), population units were classified into
three different classes according to density statistics (1) High
density and an extensive commercial activity characterizes

@ Springer

Population density classes

o
Distance from streets
3 313t0 413 m [ 111 t0 211 m
212t0312m [l 0to 110 m

the lower (old city) as well as, the higher city (El-Alia,) and
(2) Medium density in residential neighbourhoods somewhat
far from the city centre, (3) Low density in newly built parts
of the city, some of these areas are still under construction,
this classification was obtained according to local authorities
and based on the 2018 national census.

Distance from Roads

During floods, The road network plays a vital role in the
identification of vulnerable areas to flooding in an urban
environment; the closer a region is to the road Roads are
impervious and quickly inundated, thus areas near them are
more vulnerable to floods (Versini et al., 2010; Zhao et al.,
2019), distance from roads was obtained based on the devel-
opment and urban master plan (DUMP), provided by local
authorities in addition to open street maps, once the polyline
is obtained, a euclidean distance analysis is performed to
obtain the final layer of distance from different roads.
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Multicriteria Analysis: Analytical Hierarchy Process

The analytical hierarchy process AHP (Saaty, 1988) was
applied to weight the above criteria; this approach can be used
to derive flood priorities from a matrix of pairs of comparative
flood judgments that lead to weighting each criterion based on
its impact on vulnerability to urban flooding. The final flood
map was derived from the sum of the weights multiplied by
the rate of each criterion (factor) (Kittipongvises et al., 2020),
the main advantage of using the AHP pairwise comparison
method is the ability to obtain a reliable vulnerability more
flexible and easier to update the map (Kittipongvises et al.,
2020), the degree of vulnerability to flooding is calculated as
follows:

n
H= ) WiXi @)
i=1
where H is the degree of vulnerability to flooding, n is the
number of the factors, Wi the weight of each individual fac-
tor i, and Xi is the rating of each individual factor i.

Distance from drainage accumulation

High : 1 Elevation classes (m a.s.l) High :1

. . Low: 0

Low: 0

High :1

. Low: 0

The hierarchical composition) is used to combine
the resulting flood priorities into a hierarchy. The flood
vulnerability vector derived from pairwise comparisons
represents the impact of a given set of criteria in one
component on another system criterion (Levy et al., 2007,
Saaty, 1988).

First, a series of pairwise comparisons is established of
these criteria according to their relative importance and
their influence on flood vulnerability, a scale of numbers
that ranges from 1 to 9 is used to indicate the importance
or dominance of one factor compared to another (Saaty,
1988). On this scale, the value 1 means that the impor-
tance of each factor (criterion) in relation to another is
equal while the value 9 between two factors shows that one
is extremely important than the other. Reciprocal numbers
can also be used for the inverse relationship. A pair com-
parison of n criteria is presented in an evaluation matrix
(n*n) (Hadipour et al., 2020) as follows:
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1 aij aln
1/aij 1 a2n
1/aln 1/a2n 1

A= dij @

where A =[aij] represents the intensity of the expert’s deci-
sion of one factor to be important over another, compared
alternative aij and all comparisons i,j = 1, 2....n (Hadipour
et al., 2020; Kittipongvises et al., 2020; Saaty, 1988).

Then, the eigenvector (Vp) is obtained by calculating
the geometric mean in each line, Vp values determine the
weights to be attributed to each criterion whose sum must be
equal to 1 (Boultif & Benmessaoud, 2017) (Table 2).

Then the decision map is built after a weighed sum aggre-
gation (WSA); by multiplying each standardized criterion
layer by its coefficient of respective weighting.

Hazard Simulation

The HEC-RAS (Hydrologic Engineering Center River Anal-
ysis System) hydrodynamic model is used to create a flood
exposure map for overflowed dam failure scenarios. The
water level in the dam is supposed to be at a normal level
when a flood with peak discharges of 4500 m® s™! occurs,
which is more than 1.5 times the total discharge capacity
of the dam spillway. The breach parameter of the scenario
is estimated according to Froehlich (2008) and given in
Table 2. The 2D flood propagation was then modelled using
HEC-RAS v5.

The HEC-RAS v5 solves the full 2D Saint Venant equa-
tions (Quirogaa et al., 2016):

where h is water depth (m), ¢ is the surface elevation (m) p
and q are the specific flow in the x and y directions (m%s),,
g is the acceleration due to gravity (m/s), n is the Manning
resistance, p is the water density (kg/m®), xx, yy and xy
are the components of the effective shear stress and f is the
Coriolis (s™!) (Quirogaa et al., 2016).

Flood Risk Calculation

The above criteria will undergo an AHP (Saaty, 1988);
this approach can be used to derive flood priorities from a
matrix of pairs of comparative flood judgments that lead
to weighting each criterion based on its impact on vulner-
ability to urban flooding. The final flood map was derived
from the sum of the weights multiplied by the rate of each
criterion (factor) (Kittipongvises et al., 2020); the main
advantage of using the AHP pair comparison method is the
ability to obtain a reliable vulnerability and more flexible
and easier to update the map (Kittipongvises et al., 2020),
the degree of vulnerability to flooding is calculated as:

Risk = Vulnerability «+ Hazard 6)

Both vulnerability and hazard maps underwent a fuzzy
membership analysis before multiplying the two layers
using the raster calculator tool in ArcGIS software; the
MSlarge membership was used because higher values of
vulnerability and hazard indicate a higher risk value.

. . 0 odp oq
ContinuityEquation— + — + — =0
Y o Tax Ty @)
MomentumEquation : 0_p + 9 17_2 + i<I£> = —M - gha—g +pf + i(hr ) + i(hr ) 4)
d "ot Tox\n ) T ax\ 12 ox pox ) T gy Wy
99 o (4N, 9 (pq> nagVr*+q* of 9 9
—+ =)+ )=—"—— —gh—= +gf + — (h7,,) + — (h1,, o
ot 6y< h ox\ h h? & oy a pay( ”) pax( ”)
Table 2 Assigned weights Results and Discussion
Criterion Weight
Vulnerability Criteria Mapping

Distance from major Oued 0,429,444
I];mduse l;nits dra i g;zizé Conditioning criteria were selected based on data avail-
Plstalnc? r(zlm rainage accumu ation 0’052’941 ability, literature review, and expert opinion; these criteria
E(l)pu énon ensity 0’053463 have undergone a fuzzy resampling membership concept

.evanon . ’ before being aggregated using the final weighted sum;
Distance from main roads 0,059542
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translate a higher vulnerability, e.g., distance from the
major oued, elevation, and distance from drainage accu-
mulation. The larger membership was used when higher
values indicate a higher vulnerability degree, e.g., popula-
tion density (Fig. 5).

Vulnerability Map

The assigned weights to each criterion in (Table 2) were
used in a weighted sum approach using ArcGIS 10.4 soft-
ware in order to estimate flash flood vulnerability; the result
is a classified map according to pixel values into four differ-
ent vulnerability classes: The low vulnerability class Occu-
pies 7.24%; these areas are mainly situated away from the
city center and the dense urban network and from flow accu-
mulation areas. Moderate vulnerability Areas occupy nearly
25,24% of the city area; these areas are relatively distant
from the major waterway (Oued Biskra) but are relatively of
low elevation and characterized by a high population density
and a denser road network; this area is a part of the old city
were the houses and especially the road network are less
developed.

High vulnerability class occupies 27 28%, characterized
by a higher population density, commercial activity and
popular markets, situated on low elevation around the city
centre are the old city; old houses are concentrated in this
area, some of which are over a hundred years old. Areas of
very high vulnerability occupy 40, 24% of the study area,
mainly around the significant watercourse (Oued) and in
areas of higher density, situated in the centre of the old city,
and on the El Alia section. In addition to high population
density, these areas are characterized by narrow, bifurcated
roads and overlapping buildings, especially in the Old city,
making intervention in the event of a flood very difficult.

Hazard Map

In case of a dam failure (Table 3), a submerged area measur-
ing 13.21 km? becomes a critical concern; the water depth
in some parts of the city of Biskra can reach a staggering
43 m, posing a significant threat to residents. Within the
submerged area, approximately 12.85% (1.68 km?) experi-
ences water depths between 0 and 1.8 m notably some parts
of the old city. Another 11.32% of the total emerged area

Table 3 Overtopping breach parameters

Top of dam elevation (m) 390
Breach bottom elevation (m) 362
Brach bottom width (m) 118
Side slope (H:V) 1
Breach development time (hrs) 2

(1.48 km?) will potentially be emerged by 1.9 to 5 m of
water around the city centre, the equipment area, and the
train station. While water could reach from 5 to almost 43
m of depth on 9.6 km? of the submerged surface which is
more than 70% of the total area; this part presents one of the
largest population density centres in the city mainly near the
major Oued where the depth ranges between 11 and 43 m
(Haret E1 Oued Area), as well as El Alia section that con-
tains the principal hospital, the central university and many
administrative buildings (Fig. 6b).

Risk Map

The risk is the result of vulnerability and exposure multi-
plication. For this, these two factors were mapped and then
fuzzified before the risk calculation (Fig. 7).

The risk-situated zone covers an area of 2.84 km”. Within
this zone, approximately 22.25% is classified as a low risk
zone, making it relatively safer in case of potential hazards,
mainly far from the city centre, the major Oued and on the
peripheries of the El Alia section.

Areas of moderate risk occupy 14.27% of the zone, indi-
cating a need for cautious monitoring and planning, mainly
on some parts of the old city and the Northern part of El Alia
(residential neighbourhoods). The equipment zone is also
within this area, it has a significant economic importance,
due to the factories and warehouses located there, in addition
to the railway and the train station, which is a vital centre for
the logistics supply in the region.

Conversely, high and very high-risk regions, spanning
8.12 km?, constitute a significant 63.48% of the risk-prone
surface. These areas pose substantial threats to the popula-
tion due to their situation on mainly residential neighbour-
hoods. It is crucial to implement robust safety measures and
emergency preparedness in these regions, considering their
dense population.

Notably, this high-risk area is inhabited by tens of thou-
sands of people, as well as many popular markets, shops and
several vital infrastructures, including the principal hospi-
tal, children and maternity hospital, the central university,
banks, hotels, schools, health institutions, and an adminis-
trative district that houses numerous government buildings.
The concentration of essential facilities further underscores
the need for disaster resilience planning and mitigation strat-
egies (Fig. 8b).

Conclusion
The main objective of this study was to assess and spatially
depict the flash flood risk degree within the city of Biskra,

situated in the South East of Algeria, through a compre-
hensive mapping of vulnerability and exposure factors.
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Employing a GIS-based methodology, the research utilized
the AHP multicriteria analysis to evaluate six pivotal fac-
tors: distance from major waterways, flow accumulation,
elevation, land use, population density, and distance from
roads and streets, which played a crucial role in determin-
ing vulnerability. Additionally, a HEC-RAS simulation
was employed to assess exposure, specifically evaluating
water depth and potential flooding areas in the event of dam
failure.

The outcomes of this analysis yielded two crucial maps—
a vulnerability map categorized into four distinct degrees:
low, moderate, high, and very high, and an exposure map
categorized by different water depth classes. To ensure pre-
cision, both vulnerability and hazard maps were fuzzified
before calculating and mapping the overall risk degree, cat-
egorized as low, moderate, high, and very high.

The results show that the risk area is located on a surface
of 2.84 square kilometres, of which, the majority are located
in the El Alia region and adjacent areas of the water stream
(Oued Biskra). The peripheries of the city and areas that are
relatively far from the waterway and flow areas have a low
risk to flash floods. Some parts of the Old City are located
in areas of moderate risk due to the old age and the fragil-
ity of buildings, in addition to the equipment area, which is

dedicated to industry and storage; it has a critical economic
importance, as well as the train station, making it necessary
to intervene in order to protect this area.

Al-Alia region in the northeast is mostly situated at high
and very high-risk areas; it is a highly populated section of
Biskra. Located close to the waterway (Oued Biskra) while
a large part of buildings in this area is constructed without
regard to the natural flow accumulation of water. El Alia
also includes many administration facilities, infrastructure,
residential buildings, shops and a popular market. Haret El
Oued region is also a classified area with a high risk due to
its alignment with the main water stream, its low altitude
and its containment of a large number of ancient popular
homes, residential buildings and several important facilities
such as the city's main post centre, court and general police
directorate.

The main purpose of developing these comprehensive
maps is to provide stakeholders with an effective decision-
making tool, facilitating their tasks in devising optimal man-
agement plans. Additionally, these maps serve to communi-
cate the risk situation prevailing in various parts of the city
and to caution against the haphazard expansion of residential
neighborhoods near the mainstream of the oued; by pro-
viding essential insights into flood risk, this research aims

@ Springer



1096

Journal of the Indian Society of Remote Sensing (May 2024) 52(5):1085-1097

to promote informed decision-making and proactive urban
planning to enhance the city's resilience to flash floods.
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