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Dar Belamri is considered one of the emerging centers in the Sidi Sli-
mane region, but it suffers from the spread of slums in the center,
especially in the Ouled Abdel Sadek area, part of which is located on
the edge of a cliff near scattered quarries, in addition to the Fajr area,
which is located near the Beht River. What distinguishes these areas is
that they are located in a natural flood zone, which requires proactive
management of these risks by local planners and decision-makers.
This study provides a flood risk assessment tool that is adapted to the
conditions of these specific areas. The methodology combines flood
frequency and flood impacts using a hydrological and hydraulic ap-
proach. This approach uses a hydrological model to analyze the spatio-
temporal evolution of hydraulic properties (such as flow rate, velocity,
water height, and inundated areas) during design flood events, while
assessing the effects of hydraulic developments on flow dynamics. The
study focuses on two main watercourses, Wadi Beht and Wadi Oum

El Zein. Comprehensive topographic surveys provided detailed mor-
phological data, allowing for accurate hydraulic simulation of floods
at different return periods. This helped accurately identify flood zones
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and contributed decisively to the delineation of areas suitable for ur-
banization and construction, thus producing a flood risk map. It is

a crucial tool for targeted flood risk management and mitigation ef-
forts, ultimately supporting the development of a final urban suitabil-
ity map and, through it, identifying appropriate solutions for informal
housing and avoiding various risks in the center of Dar Belamri, with
the potential for application across other high-risk areas.

Key Words: urban planning, flood, slums, topography, land use, remote
sensing
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INTRODUCTION

Climate change is a major driver of natural disasters worldwide, dra-
matically increasing their frequency and severity. As for these disasters,
floods are among the most widespread and devastating. Since 1980,
natural disasters have killed more than 2.5 million people worldwide
and inflicted enormous economic losses annually (Bolan et al. 2024).

Floods, caused by extreme hydrological events such as heavy rain-
fall, are a global threat that affects countries to varying degrees. They
cause significant damage to populations, infrastructure, economies
and ecosystems, while also causing secondary disasters such as erosion,
landslides and pollution - particularly in poorly equipped slums with
no sanitation facilities (Berlemann and Wenzel 2018). Over the past
two decades, floods have accounted for nearly 35% of natural disasters,
affecting nearly 2 billion people. People all over the world and those liv-
ing in the Mediterranean region in particular, in particular, face a grow-
ing threat of severe flooding, with rainfall often exceeding 200 mm in
just 24 hours — sometimes in less than six hours. Morocco, for example,
has witnessed major flooding events over the past six decades, causing
significant economic losses in various regions (Anande and Luhunga
2019; Schilling et al. 2012). This underscores the urgent need for robust
flood management and climate adaptation strategies to mitigate these
impacts (Chaqdid et al. 2023).

Morocco, like many countries, has faced a series of devastating nat-
ural disasters in recent years. From the Al Haouz earthquake in 2023
to the Ourika flood in 1995, these events have left indelible scars on
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the country’s economy, society and environment (Bannari et al. 2016).
Among these risks, flooding poses a constant threat, particularly in the
eastern region. Heavy rainfall, exacerbated by climate change and semi-
arid landscapes, has caused frequent and severe flooding (Bekkali et al.
2024). The losses resulting from these floods are enormous, highlight-
ing the urgent need to take proactive measures to mitigate their im-
pacts. By implementing effective strategies, Morocco can strengthen
its resilience to these increasingly frequent and severe natural disas-
ters (Kundzewicz et al. 2014). Their frequency and intensity have in-
creased significantly, especially over the past 20 years (Athmani et al.
2024). These floods are mainly due to the slow rise of waters inlow-lying
areas and the rapid formation of floods after heavy rains or stormwa-
ter runoff in urban or rural areas (Liu et al. 2019). These phenomena
are not directly linked to the frequency or magnitude of natural hydro-
logical events; on the contrary, they result from the increasing occupa-
tion of flood-prone areas, particularly shantytowns, unregulated con-
structions, and the failure to use planning tools that identify different
risks, such as the Urbanization Suitability Map (UsM) (Manandhar et
al. 2023). Due to the urbanization of valleys and the increasing pres-
sure on land, these conditions can generate serious risks. To address
them, structural protective works are not the most important preven-
tive solution — except in areas that are already heavily urbanized. Prior-
ity must be given to the preservation of flood zones, monitoring of ur-
ban planning, and consideration of risks associated with different land-
use planning approaches, all within a sustainable development frame-
work (Hudson et al. 2022).

In this context, the Ministry of National Land Use Planning, Hous-
ing, Urban Planning and Urban Policy has committed, in close coop-
eration with local stakeholders, to implementing a new generation of
land use planning documents. These aim to prevent natural risks, by in-
corporating flood risk considerations into the urban planning process,
particularly during the development of various planning documents.
The goal is to enable the sustainable development of regions through
a strategy that aims to cover the entire national territory with maps
adapted to urbanization (Cea et al. 2022). This document presents,
through a cartographic approach within the Geographic Information
System, the mapping of flood risk areas in the center of Dar Belamri in
the Sidi Slimane province. This planning tool will assist and guide lo-
cal authorities in their land use planning and development efforts, by
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promoting the integration of flood risk data into urban planning doc-
uments, avoiding the unchecked expansion of informal settlements,
and serving as a decision-making tool for policy-makers working to-
ward sustainable development.

This study aims to fill existing gaps by developing a flood risk assess-
ment tool specifically adapted to the Dar Belamri Center (Shawagfah et
al. 2024). By focusing on the interaction between hydrological and topo-
graphic features, the study seeks to improve the understanding of flood
dynamics in the region (Lombana et al. 2024). The methodology used
combines hydrological and hydraulic techniques to analyze flow rates,
velocities, water depths, and the extent of flooded areas for different
return periods (Akallouch et al. 2024). This approach also assesses the
effects of hydraulic developments on flow patterns, providing essential
information for flood risk mitigation. Using detailed topographic sur-
veys of Wadi Beht and Wadi Umm Al-Zein, the main tributaries in the
region, the study reconstructed the geometry of the watercourses and
conducted hydraulic simulations to predict the extent of flooding under
various scenarios. These simulations led to the development of a flood
risk map, identifying the areas most and least affected by flooding. This
study is based on the hypothesis that a hydrological and hydraulic ap-
proach, based on accurate topographic data, can provide a reliable tool
for identifying flood-prone areas and understanding the impact of hy-
draulic developments on flow dynamics. Furthermore, it assumes that
the resulting risk map can serve as a basic resource for local planners,
enabling informed decisions to effectively mitigate flood risks (Aksoy
et al. 2016). The results of this study aim to address the knowledge gap
in flood risk assessment at the local level in Morocco. By proposing a
scientifically sound methodology for identifying flood zones, the study
supports planners and decision-makers in integrating flood risk con-
siderations into urban planning and development strategies (Santos
2024). The risk map developed through this research serves as a practi-
cal tool for proactive flood risk management, helping to reduce the so-
cial, economic and environmental impacts of flooding in Dar Belamri.

METHODOLOGY
To enhance the resilience of the territory, it is crucial to integrate risk
components into the development of updated urban planning docu-
ments. This study focuses on mapping key factors (referred to as ‘lay-
ers’) and identifying the primary issues that contribute to the terri-
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FIGURE 1 Main Components of the Urbanization Suitability Map

tory’s vulnerability by adopting a multidisciplinary approach. Among
the risks considered are earthquakes and their direct and indirect ef-
fects, land movements, floods, and torrential phenomena. The outcome
of this comprehensive study will be an ‘Urbanization Suitability Map,
which synthesizes the analyzed risks. However, this paper specifically
addresses the flood component, which must be integrated with the
other identified factors to produce the final suitability map. The pro-
cess is illustrated in figure 1.

Study Area

The Dar Belamri center is located in a natural flood zone, requiring the
consideration of flood risk by local planners and decision-makers, as
shown in figure 2. In this context, identifying the areas likely to be af-
fected by flooding is essential for better risk management (Mai et al.
2020). The methodology adopted in this study provides a flood risk as-
sessment tool at the scale of the study area, based on the premise that
flood risk Results from the hazard factor (specifically, the frequency
and physical intensity of the natural phenomenon) (Mai et al. 2019).
The assessment of the hazard factor is based on the combination of
two concepts: flood recurrence and the resulting inundation. Hydraulic
modeling enables the monitoring of the spatiotemporal evolution of
flood characteristics (Amellah et al. 2024). Today, there are several ap-
proaches to flood risk assessment, based on recognized methods (such
as historical analysis, empirical modeling, and numerical modeling).

The Dar Belamri center is located in a flat area with a low slope
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and natural flooding, dominated by vast agricultural lands and settle-
ments (Athmani et al. 2024). It is crossed by Oued Oum Ezzine and
Oued Beht, which have very remarkable beds that generate overflows
over the banks due to the reduction of their transit capacity from up-
stream to downstream (Karmouda et al. 2023). Therefore, considering
that a detailed topography of the sections of Oued Beht and Oued Oum
Ezzine running through the center was carried out as part of this study,
and with the available rainfall data (Talha et al. 2025), the hydrological
and hydraulic approach was adopted in order to simulate the flow of
Oued Beht and Oued Oum Ezzine (Beven and Kirby 1979). The follow-
ing paragraphs will describe the stages of the methodology adopted for
this work.

Flood Hazard

In the context of hazard analysis, a flood refers to the numerical predic-
tion of the spatiotemporal evolution of a watercourse’s hydraulic char-
acteristics during a flood event. This includes parameters such as flow
rate, water depth, and the extent of flooded areas, a watercourse’s hy-
draulic characteristics (Hakim et al. 2024).

Determining flood hazard requires a detailed field survey (including
field visits) as a preliminary step, along with the collection and analysis
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of historical and recent flood events, including testimonies from local
residents (Al Kuisi et al. 2024). The hydrological and hydraulic approach
utilizes a hydrological model to determine the spatiotemporal evolu-
tion of a watercourse’s hydraulic during a reference flood (e.g., flow rate,
flow speed, water height, inundated areas, etc.) (Zhu et al. 2022).

It also enables the assessment of the impacts of developments (such
as bridges, dikes, etc.) that influence flow dynamics. However imple-
menting this approach requires data on observed rainfall, measured
flow rates, and detailed topography. All of these elements contribute
to the creation of a hazard map that highlights the most and least af-
fected areas, allowing for the identification of areas where flooding is
likely to occur, with varying degrees of intensity and frequency (Kéhne
et al. 2011).

Precipitation Assessment The assessment of rainfall in the study area is
based on the analysis of data collected from the rainfall station serv-
ing the watersheds of the rivers included in this study (Chanyour et
al. 2024). This approach also evaluates the effects of hydraulic develop-
ments on flow patterns, offering critical insights for flood risk mitiga-
tion. For example, at the Al-Kansara Dam, the average annual rainfall
recorded during the period 1970-2022 is 342 mm.

Flood Frequency Analysis Estimation of flood flows: Flood flow depends
on several factors, including climatological, topographical, pedological
and geological conditions, etc. To assess flood flows, a variety of empir-
ical formulas can be applied, each appropriate for specific conditions
and subject to certain limitations.

The empirical calculation methods used in this study consider two
essential factors: the size of the watershed (the surface area and/or
length) (Marchezepe et al. 2023) and the topographic gradient of the
watershed (the slope or elevation difference). Flood flow estimates cor-
responding to different return periods (T = 10 years, T =20 years, T = 50
years and T = 100 years) for the study area are derived using several em-
pirical formulas, including (Guillot and Duband 1969): Mallet-Gauthier
method; Fuller 11 method; Francou-Rodier method; Rational method;
Hazan-Lazarevic method; scs method.

Topographic Works As part of this study, topographic surveys were car-
ried out for sections of Oued Beht, Oued Om Ezzine and the existing
hydraulic structures in the urban center of Dar Belamri. This step is
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essential for conducting accurate hydraulic simulations. Topographic
surveys were designed to capture the maximum morphological detail
of the watercourses, their watersheds, and associated hydraulic struc-
tures (such as bridges, weirs, etc.).

Hydraulic Modeling Hydraulic modeling aims to numerically predict
the spatiotemporal evolution of hydraulic characteristics during a ref-
erence flood - including flow rates, velocities, and water depths - and
to determine the geographical extent of flood zones. The objective is
to build a reliable hydraulic model that takes into account the geome-
try of the relevant watercourses, including both the minor and major
channels, as well as existing and projected infrastructure (Grimaldi et
al. 2018).

The model will, among other things, determine the flow capacity of
the watercourses and identify critical areas during flood events, specif-
ically, overflow points and flood-prone zones, based on the results ob-
tained in hydrological studies. Hydraulic simulation typically involves
modeling reference floods for all watercourses that cross the study area.
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FIGURE 3 Hydraulic Simulation under HEC-RAS
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To accomplish this, we used HEC-RAS software developed by the Hy-
drologic Engineering Center of the Us Army Corps of Engineers (HEC,
USACE) (Peker et al. 2024). It is the most widely used tool for assessing
water flow rates and heights across all sections of a watercourse (river,
canal, etc.). The software is based on free-surface hydraulic equations
(Saint-Venant 1D, Manning-Strickler, etc.) and incorporates models for
weirs, friction, and other hydraulic features. In this study, we used HE C-
RAS to simulate flow in streams relevant to the study area.

RESULTS

Rainfall in the study area is determined through the analysis of precipi-
tation data collected at the rainfall stations monitoring the watersheds
of the watercourses considered in this study. This section addresses the
climatic parameters of the study area based on statistically processed
daily precipitation data. The temporal variability of these parameters,
particularly annual, monthly and daily rainfall, enabled the character-
ization of differences between wet years, marked by water surpluses,
and dry years, characterized by water deficits. It also allowed for the
identification of climate trends over time. All results from the statisti-
cal analysis are presented below.

Annual Rainfall El Kensera Dam Station
Figure 4 illustrates the annual rainfall records at the El Kensera Dam
station over the period from 1970 to 2022. It highlights the interannual
variability in precipitation, showing fluctuations in rainfall amounts,
with some years experiencing significantly higher or lower values. This
variability is critical for understanding hydrological patterns and for
planning effective water resource management in the region.

Over the 52 years of rainfall analysis, 39 years recorded below-
average rainfall (representing 54%), while 33 years recorded above-
average rainfall (46%). The lowest annual rainfall was observed in 2000,
measuring 97 mm, whereas the highest occurred in 2010, with 703 mm
exceeding the annual average (342 mm/year) by 360 mm.

Figure 5 illustrates the deviations from the average rainfall (abso-
lute values) recorded at the El Kensera Dam station during the period
1970-2022. This demonstrates a clear pattern of interannual variability,
indicating that fluctuations in rainfall from one year to the next are a
consistent characteristic of the region’s hydrological behavior.

These deviations from the average rainfall at the El Kensera Dam
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FIGURE 4 Annual Precipitation Trends: El Kensera Dam Station (mm, 1970-2022)
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station show that the rainfall regime is characterized by alternating
wet periods and dry spells. The very significant differences between
the recorded annual rainfall and the calculated average (342 mm/year),
along with the interannual variations, reflect the high variability and

instability of the rainfall regime in this region.
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Monthly and Seasonal Rainfall Patterns at El Kensera Dam Station
The monthly variation in rainfall at the El Kensera Dam station for the
1970—2022 period is illustrated in figure 6. The analysis of the figure
highlights the pronounced monthly variability in rainfall. Two distinct
periods can be identified, each showing a strong contrast in terms of
precipitation:

« October to May: This is the period of highest local rainfall, with an
average of 58 mm per month, peaking in December, which is the
wettest month during the 19702022 period.

« June to September: Precipitation is much lower during this period
- 9mm in September (1970-2021) — and can be nearly zero in July
and August. Rainfall during this time is mostly due to localized
thunderstorms.

The analysis of variations in the number of rainy days at the El
Kensera Dam station clearly reveals a strong seasonal contrast. While
precipitation occurs throughout the year, winter is the rainiest sea-
son. [tis also notable that summer occasionally experiences exceptional
rainy days, primarily due to storm activity, as shown in figure 7.
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FIGURE 7 Seasonal Distribution of Precipitation at the El Kensera Dam Station
(mm, 1970-2022)
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Statistical Analysis of Rainfall at El Kensera Station
Figure 8 presents the series of annual maximum daily rainfall recorded
at the El Kensera Dam station between 1970 and 2022. The graph illus-
trates the significant variability in extreme daily rainfall events over
the study period. The recorded values range from a minimum of 25 mm
in 1989 to a maximum of 120 mm in 2014, highlighting the irregular
and sometimes intense nature of precipitation in the region.

Characterization of Flood Risk at the Dar Belamri Center

The area is crossed by two major rivers: Oued Beht and Oued Oum
Ezzine, Oued Beht, the main tributary of Oued Sebou, is regulated a
few kilometers upstream by the Al Kansera Dam, it flows from south
to north in a distinctly concave riverbed, 20 to 40 meters wide and 3
to 4 meters high on the banks, as shown in figure 9. It highlights the
drainage basins — labeled WsH1, WSsH2, and WSH3 - along with the
corresponding watercourses. This spatial representation of hydrologi-
cal boundaries and flow networks is essential for understanding water
management, flood risks, and resource planning in the region.

The subdivision of the watersheds was carried out in such a way that
each unit is considered to contain homogeneous hydrological charac-
teristics, which implies that their behavior can be correctly simulated.

To determine the watersheds, we proceeded as follows: we used the
following cartographic data:
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FIGURE 9 Map of the Main Watersheds: Dar Belamri Center

« For the centers equipped with restructuring studies and ur-
ban planning documents, we used contour lines from aerial
photo restitutions and topographic surveys at scales ranging
from 1/500, 1/1000 to 1/5000;

+ Remote sensing data (with a spatial resolution of approximately
5ocm) and G1S (Geographic Information System) tools;

+ Avery precise DTM calibrated to include point clouds and highly
accurate orography.

Method The watersheds dominating the study area were defined at the
confluence points of the main tributaries and at the location points of
the urban centers using the contour lines (the equidistance is 10 me-
ters) and the hydrographic network by connecting the highest peaks
surrounding the watercourses and their tributaries, respecting the fol-
lowing rules: tracing the watercourses from their source to their out-
let, including the tributaries; determining the outlets from which the
starting and ending points of the watershed lines, delimiting the water-
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FIGURE 10 Map of the Main Watersheds: Dar Belamri Center
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FIGURE 11 Topographic Map and Indication of Urban Planning Documents
for the Dar Belamri and Fajar Centers (left), High-resolution Digital
Terrain Model (top right), Orographic Data (bottom right)

sheds, can be traced; the peaks are then connected connected by pass-
ing through the highest points, ensuring the boundary of the basin
crosses the contour lines perpendicularly; the location of the rivers,
lakes, streams, swamps or other bodies of water is identified without
crossing them. We also note that, from a hydrological perspective, the
area is crossed by a large river, the Oued Beht, the main tributary of the
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TABLE 1 Physiographic Parameters of the Main Watersheds: Center Dar Belamri
WSH (1) (2) (3) (4 (5) (6) ) (8 (9 (@0 (1)

WSH1 770.95 167.00 53.00 443 28 415.0 0.79 73.68 10.46 1.697 0.2819
WSH2 589.98 159.95 52.30 443 28 415.0 0.79  72.45 8.14 1.858 o0.2157
WSH3 181.06 133.69 49.22 400 28 372.0 0.76  64.56 2.80 2.803 0.0747

NOTES Column headings are as follows: (1) area (km?), (2) perimeter (km), (3) length (km), (4) maximum
altitude, (5) minimum altitude, (6) elevation (m), (7) slope (%), (8) equivalent length (km), (9) equivalent
width (km), (10) 1¢ Gravelius, (11) 1¢c Horton.

Oued Sebou. The Oued Beht is regulated a few kilometers upstream by
the Al Kansera Dam. It flows from south to north, through a very re-
markable concave-shaped bed, with a width ranging from 20 m to 40
m and a height of 3 m to 4 m from the banks. The river crosses re-
gional road 409 via a bridge located at point (x: 447663/y: 398964) and
then continues its course north through the agricultural land. Qued
Oum Ezzine forms the boundary between the Dar Belamri center and
the Douar Oulad Abdessadek, a tributary located on the left bank of
the Oued Beht. This chaiba flows from west to east and occupies an
area called Bled Faida, a daya area that, due to consecutive droughts
has dried up, reducing runoff. A factor amplifying the flooding phe-
nomenon is the presence of old quarries along the edge of the bed of the
chaiba. The depressions in these quarries receive runoff water which
helps mitigate the flooding in the chaaba, thereby reducing the im-
pact of the floods and exacerbating the occupation of the flood zones.
The evaluation of physiographic parameters (surface area, perimeter,
length of the main watercourse, slope, height difference, average alti-
tude, compactness index, etc.) allows for the determination of the ge-
ometric configuration and shape of the delimited watersheds.

The geometric configuration of the WSH, coupled with the relief
data, conditions the surface runoff, which in turn influences the flood
flows carried by the wadis concerned. The physiographic parameters of
the main watersheds considered in this study are presented in table 1.

Estimation of Flood Flows
The calculation of the peak flood flow for a basin was based on an em-
pirical method (the Mallet-Gauthier formula), commonly used in hy-
drology. The formula takes into account factors such as watershed size,
topographic gradient, and rainfall characteristics. The key equation is
shown below. The peak flows retained for return periods of 10 years, 20
years, 50 years and 100 years are presented in table 2.
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TABLE 2 Summary of the Calculation of Peak Flows for the Different Watersheds:
Dar Belamri Center WSH Area

WSH Area (km) Flow rates retained (m3/s)
Q1o Q20 Q50 Q100
WSH1 770.95 346.77 442.61 570.96 688.50
WSH2 589.98 292.80 370.37 474.18 568.8
WSH3 181.06 142.42 172.46 210.63 244.12
Q=CxAxIz,

where Q is the peak discharge (m3/s), Cis the runoff coefficient (dimen-
sionless), A is the watershed area (km?) and I is the rainfall intensity

(mm/h).

Hydraulic Modeling: Oued Beht
The hydraulic model of the Oued Beht section crossing the Dar Belamri
center allows for the simulation of flow during floods of various return
periods along the wadi defines the extent of flood zones during these
flood events.

Topographic Survey The watercourses crossing the center were the sub-
ject of a topographic survey campaign designed to capture the maxi-
mum morphological detail of the watercourses. Topographic profiles
were created both longitudinally and transversely along the water-
courses and at the locations of hydraulic structures.

These topographic data were analyzed, filtered and processed to pre-
pare the geometry of the watercourses for the hydraulic simulation. The
section of Oued Beht included in this study is defined in table 3.

Preparation of the Geometry of the Watercourses The geometry of the
watercourse was developed in WMS over a 2 km section of the Beht
Wadi running through the center. This geometry is defined by a series
of cross-sections perpendicular to the direction of flow, taking into ac-

TABLE 3 Section of Oued Beht, Included in the Topographical Study

Qued Length (km) Coordinates
Upstream Downstream
x y x y
Oued Beht 2.53 447418 398272 448142 399870
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count the geomorphological modifications of these tributaries. Each
cross-section is characterized by a length describing the distance be-
tween the current section and the next section downstream. Regard-
ing the crossing structures spanning the tributaries of the Beht Wadi
section, the profiles located upstream and immediately downstream of
each structure allow for the most accurate modeling of the water sur-
face behavior in their vicinity

Boundary Conditions The model is framed by two boundary conditions:

+ The upstream condition: it consists of introducing a slope that
determines the nature of the flow - either fluvial or torrential —
with a value of 0.034;

+ The downstream condition: the slope calculated at the down-
stream end has a value of 0.00036.

Manning Coefficient These values are based on land use data, allowing
for realistic modeling by taking into account the velocity of the water
along the channel bed and the banks.

Simulated Flows For the steady-state simulation, the flow is constant
and is specified at the upstream end of the watercourse. The applied
flows represent the average values of the flows calculated using empir-
ical formulas for different return periods, as shown in table 4.

Hydraulic Simulation of the Modeled Section of the Beht Wadi under HE c-
RAS Figure 12 illustrates the flood waterlines, the longitudinal profile
for the different return periods, and summary tables of the simulation
results for the 100-year return period.

From the longitudinal profile, we can see a convergence of the four
simulated flows: Q10, Q20, Q50 and Q100, as shown in figure 13. There-
fore, the difference in the water surface elevation is minimal.

The summary tables of the hydraulic simulation results for the 100-
year return period on the Oued Beht section are presented below. The

TABLE 4 Flow Rates for Return Periods: Oued Beht Watercourse

Watercourse Retained flow rates (m3/s)

Q1o Q20 Q50 Q100
Upstream Oued Beht 292.8 370.37 474.18 568.8
Downstream Oued Beht 346.77 442.61 570.96 688.5
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FIGURE 12
Perspective View
of the Modeled
Section of Oued
Beht

FIGURE 13 Longitudinal Profile of the Simulated Section of Oued Beht

flow velocities in the simulated watercourses vary significantly, influ-
enced by channel slope and geomorphology. For the modeled section of
the Beht Wadi, table 5 shows that flow velocities range from a minimum
of 1.04 m/s to a maximum of 5.89 m/s, indicating moderate to high ve-
locity conditions. These variations highlight the dynamic hydraulic be-
havior of the wadi, particularly in sections with steeper slopes.

The calculated widths of the reaches in the modeled section of the
Beht Wadi demonstrate significant variability, ranging from a mini-
mum of 48.44 meters to a maximum of 164.60 meters. This wide range

TABLE 5 Summary Table of the Hydraulic Simulation Results for Beht Wadi

Item Minimum Maximum
Speed of simulated watercourses (m/s) 1.04 5.89
Widths of the reaches (m) 48.44 164.60
Water blade depths (m) 5.14 7.06
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FIGURE 14 Flood Zone Boundary Map of the Section of Oued Beht Running
through the Center of Dar Belamri

reflects the heterogeneous nature of the channel’s morphology, which
impacts the distribution and extent of flow during hydraulic events.

The water blade depths, determined for various cross-sections along
the modeled section of the Beht Wadi, show variability influenced by
channel geometry and flow characteristics. The depths range from a
minimum of 5.14 meters to a maximum of 7.06 meters, reflecting the
dynamic distribution of water levels across different sections of the
wadi.

Flood Zone Mapping Following the hydraulic modeling developed, fig-
ure 14 illustrates the extent of floodwaters for the different periods.

Hydraulic Modeling: Oued Oum Ezzine
Creation and preparation of input data: the hydraulic model of the wa-
tercourses crossing the Dar Belamri center makes it possible to simu-
late the flow for floods of different return periods along the Oum Ezzine
Wadi, and to delimit the extent of the flood zones during the passage
of these floods.

Topographical Surveys The topographic survey of Oued Oum Ezzine
was conducted to gather detailed morphological information about the

VOLUME 18 | 2025 | NUMBER 2

[165]



[166]

Rachid Dahmani et al.

TABLE 6 Sections Covered by This Topographic Study

Qued Length (km) Contact details
Upstream Downstream
X y x y
Oued Oum Ezzine 1.29 446447 399340 447648 399563

watercourse, focusing on sections along its length, cross-sections, and
hydraulic structures. The surveyed section spans 1.29 km, extending
from upstream coordinates (446447, 399340) to downstream coordi-
nates (447648, 399563). Table 6 presents this precise data, which was
analyzed, filtered, and processed to define the geometry of the water-
course, forming the basis for the hydraulic simulation.

Preparation of the Geometry of the Watercourses The preparation of the
geometry of the watercourses concerned was developed under WMS on
a 1.29 km section of the Oum Ezzine Wadi that crosses the center.

This geometry is described by a set of cross-sections perpendicular
to the direction of flow, which take into account the geomorphological
modifications of this tributary. Each section is characterized by alength
that describes the distance between the current section and the next
section downstream.

Profiles characterizing the channel carrying the waters of the chaiba
enable the best modeling of the waterline behavior in its vicinity.

Boundary Conditions The model is framed by two boundary conditions.
The upstream condition involves applying a slope that determines the
nature of the flow - either fluvial or torrential — with a value of 0.0038.
The downstream condition is defined by a slope of 0.005.

Manning Coefficient These values are established based on land use
data, enabling realistic modeling by accounting for water velocity along
the channel bed and riverbanks.

Simulated Flow Rates Table 7 presents the flow rates used for different
return periods in the modeled section of Oued Oum Ezzine. These val-
ues, derived using empirical formulas, represent the steady-state flow
rates applied at the upstream boundary of the watercourse during hy-
draulic simulations. For the 10-year return period (Q10), the flow rate
is 105.65 m3/s, progressively increasing to 213.63 m3/s for the 100-year
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TABLE 7 Return Period Flow Rates

Watercourse Debits retained (m3/s)
Q1o Q20 Q50 Q100
Oued Oum Ezzine 105.65 136.26 177.21 213.63

return period (Q100). This steady increase reflects the rising flow in-
tensity associated with rarer, more extreme flood events.

Hydraulic Simulation of the Oum Ezzine Wadi under HEC-RAS Figure 15
illustrates the flood water lines, the longitudinal profile for the differ-
ent return periods and summary tables of the simulation results con-
cerning the centennial return period. We note that figure 16 shows the

=

FIGURE 15
Perspective View
of the Modeled
Section of the
Oum Ezzine Wadi
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FIGURE 16 Longitudinal Profile of the Simulated Section of Oued Oum Ezzine
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TABLE 8 Summary Table of the Hydraulic Simulation Results for Oued Oum Ezzine

Item Minimum Maximum
Speed of simulated watercourses (m/s) 5.14 7.06
Widths of the reaches (m) 14.91 55.29
Water blade depths (m) 4.20 6.38

longitudinal profile with a comparison for the four simulated flows:
Q10, Q20, Q50 and Q1oo. Thus, the difference in altitude of the wa-
ter body is minimal.

Table 8 presents the hydraulic simulation results concerning the
centennial return period on the modeled section of Oued Oum Ezzine.
The slopes vary from moderate to steep in different sections, and the
flow speeds are high. The calculated widths of the reaches along the
modeled sections exhibit notable variation. For Oued Oum Ezzine,
the width ranges from a minimum of 14.91 meters to a maximum
of 55.29 meters, reflecting the heterogeneity in channel morphology
and cross-sectional geometry across the modeled stretch. The water
blade depths, calculated at various cross-sections along the modeled
segments, demonstrate variability between sections. For Oued Oum
Ezzine, the water blade depth ranges between a minimum of 4.20 me-
ters and a maximum of 6.38 meters, indicating fluctuations influenced
by channel geometry, slope, and flow conditions.

Flood Zone Mapping Figure 14 presents the flood vulnerability of the
Oum Zine Wadi, based on the developed hydraulic modeling and shows
the extent of floodwaters for the different return periods. This vulnera-
bility is becoming increasingly evident with the rampant urbanization
that has continued to grow throughout the local authority, particularly
in the center of Dar Belamri, which has adopted an urban planning doc-
ument whose resulting developments have significantly contributed to
anincrease in the stakes. While hazard is not a quantifiable concept, ex-
posure and stakes are. Regarding Oued Beht, located to the east of the
center of Dar Belamri, it constitutes an obstacle to the expansion of the
urban area and poses a permanent threat during flood periods. Figure
17 illustrates the combined flood risks of the Oum Zine and Baht rivers,
which must be taken into serious consideration to ensure the success
of any future urban planning efforts.

Figure 18 combines the risks to housing and drinking water, high-
lighting the importance of addressing these issues to ensure the suc-
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FIGURE 17 Flood Zone Delimitation Map of Oued Oum Ezzine for Different
Return Periods: Dar Belamri

cess of all future urban planning documents. It should also be noted
that vigilance, combined with effective monitoring, must remain a pri-
ority for future development projects planned near these two valleys.
These projects must necessarily minimize soil sealing, as failing to do so
could lead to increased volumes of surface runoff downstream. In ad-
dition, there must be investment in studies and the implementation of
flood protection measures for the Dar Belamri community, taking into
account the multiple technical constraints related to the topography
of the land. These efforts should focus on protecting existing neigh-
borhoods from flooding and improving rainwater drainage in already
urbanized area. It is also necessary to prevent urban development in
areas at risk of flooding.

Characterization of Flood Hazard
The assessment of the hazard factor is based on a combination of the
hydrological and hydraulic approaches (specifically the recurrence of a
flood and the resulting submersion). Figure 19 illustrates the varying
degrees of flood hazard (very low, low, medium, high).
Figure 20 shows the flood risk profile of the approved development
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FIGURE 18 Map Showing the Delimitation of Flood Zones of Watercourses Passing
through the Center of Dar Belamri

plan for the Dar Belamri center. This risk was clearly not taken into
account during the preparation of the plan. As a result, two- and three-
story residential areas were planned within flood-prone zones. This
adds to the existing older urban fabric that predates the current ur-
ban planning document. Moving forward, future urban planning doc-
uments must consider these flood-prone areas within the study area.

Given the scarcity of land allocated for multifunctional facilities
— particularly those dedicated to education and sports — and as part
of strategic efforts to promote youth engagement in athletic develop-
ment, local playgrounds have been established to fulfil this objective.
However, the selection of these sites often overlooks essential plan-
ning and assessment protocols, leading to hazardous scenarios - such
as the one illustrated in figure 21 - which highlights the significant
threat posed by stormwater accumulation and flooding.

CONCLUSION
The Dar Belamri center is located in a natural flood zone, which re-
quires careful consideration of flood risk by local planners and decision-
makers. In this context, identifying the areas likely to be affected by
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FIGURE 19 Flood Hazard Map: Dar Belamri Center

floods is essential for effective risk management. The methodology
adopted in this study provides a flood hazard assessment tool at the
scale of the Dar Belamri center. The hazard factor was assessed through
a combination of two concepts: flood recurrence and the resulting sub-
mersion. In this study, we opted for the hydrological and hydraulic
approach — a judicious choice given the specific characteristics of the
area. This approach uses a hydrological model to determine the spa-
tiotemporal evolution of the hydraulic characteristics of a watercourse
during a reference flood (e.g., flow rate, flow velocity, water height,
flooded areas, etc.). It also helps assess the impacts of hydraulic de-
velopments that influence flow behavior. The Dar Belamri center is
crossed by Oued Beht and Oued Oum Ezzine. Oued Beht, the main
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FIGURE 20 Projection of the Flood Risk Map onto the Approved Urban Plan of the
Center of Dar Belamri

tributary of Oued Sebou, is regulated a few kilometers upstream by the
Al Kansera Dam. It flows from south to north through a well-defined
concave riverbed approximately 20 m to 40 m wide and 3m to 4 m
deep. As part of this study, the watercourses crossing the center were
surveyed through a campaign of topographic data collection, aiming
to capture detailed morphological information. Topographic profiles
were taken both along and across the watercourses, including at key
hydraulic structures. These topographic data were then analyzed, fil-
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FIGURE 21 Example of a Stadium in Front of Oued Oum ZINE

tered, and processed to prepare the river geometry required for hy-
draulic simulation. The simulation modeled flood events with different
return periods along Oued Oum Ezzine and the segment of Oued Beht
running through the Dar Belamri center. This made it possible to de-
lineate the flood zones and assess their extent. The results allowed for
the development of a hazard map that identifies the most and least
affected areas, providing critical insight into zones that are more or
less prone to frequent and extensive flooding. The study clearly shows
that the approved development plan did not take flood risk into ac-
count, despite preliminary and multidisciplinary studies carried out by
the design office responsible for the urban planning document. On the
contrary, we observed that flood-prone areas have been designated for
continuous residential development. Under pressure from increasing
land demand, these planning decisions pose serious risks. Further-
more, during a site visit, we observed community facilities installed in
areas prone to submersion, highlighting a dangerous lack of coordina-
tion between planning and flood risk management.
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