EEET ECOLOGICAL ENGINEERING
——— &ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology, 2025, 26(8), 385-397
https://doi.org/10.12912/27197050/208512
ISSN 2719-7050, License CC-BY 4.0

Received: 2025.06.26
Accepted: 2025.07.25
Published: 2025.08.01

Integrated spatial and hydrological approaches for sustainable
management of semi arid watersheds: A case study

Kheira Bentahar', Djilali Yebdri'®

! Laboratory of Management and Water Treatment, Department of Hydraulic, Faculty of Architecture and Civil
Engineering, University of Science and Technology of Oran-Mohamed Boudiaf, BP 1505, El M’'Naouer, Oran
31000, Algeria

* Corresponding author’s e-mail: amy200880@hotmail.fr

ABSTRACT

The integration of geographical information system (GIS) and hydrological modelling appears to be an essential ap-
proach for efficient management of water resources, especially in contexts where data is scarce. The objective of this
study is to carry out a hydrological modelling of rain-flow in the basin of ‘cedra isser’ by integrating the hydrologic
engineering center — hydrologic modeling system (HEC-HMS) model and the GIS. This approach will simulate the
basin’s hydrological response to various rainfall events. To assess the flood risk of this river, the HEC-HMS model
was combined with the HEC-GeoHMS extension in ArcGIS. Based on 23-year rainfall data and the HEC-HMS
hydrological model, we simulated a 24-hour rain corresponding to a 100-year return period. Runoff volume was
estimated using the curve number method., then converted to a flood hydrogram using the soil conservation service
(SCS) unit hydrogram method. This approach has made it possible to simulate the excess of rainwater and its runoff
path through the watershed. The results indicate that the fast and intense flows of the centenary flood of the river of
‘cedra isser’ is 698.9 m*/s with 60.96 mm loss volume; The results showed that the observed and simulated hydro-
graphs were highly correlated with a coefficient of 0.879, The performance of the model was evaluated using an
NSE coefficient that equals 0.816, Results indicate that the model is suitable for hydrological needs simulations in
the cedra isser basin, This study contributes to better management of water resources for the purpose of flood control.

Keywords: flood, water resources management, HEC-HMS, hydrological model, GIS.

INTRODUCTION

Surface runoff estimation based on rainfall is
one of the prerequisites for planning and execu-
tion of water resource projects (Majidi and Sha-
hedi, 2012; Masoud, 2015). Estimating the vol-
ume of runoff caused by rainfall is critical for ac-
curately calculating the quantities needed to store
water in reservoirs and determining the likelihood
of flooding (Hamdan et al., 2021). Accurate run-
off estimation is crucial for effective water re-
source management, encompassing flood control,
irrigation planning, and the design of drainage
networks (Cheddad et al., 2025).

Shortage of water in most of the water scarce
region is not only caused by low or unpredictable
rainfall pattern but also due to the lack of capacity

to conserve and manage the available rainwater in
a sustainable manner (Ibrahim-Bathis and Ahmed,
2016). However, the scarcity and unreliability of
hydrological data in many Algerian watersheds
pose significant challenges for hydrologists and
water resource managers (Cheddad et al., 2025).
Hydrological modeling is a commonly used tool
to estimate the basin’s hydrological response due
to precipitation. It allows to predict the hydro-
logic response to various watershed management
and to have a better understanding of the impacts
of these practices (Choudhari et al., 2014).
Several studies have used the model of hy-
drologic engineering center — hydrologic mod-
eling system (HEC-HMS) in different regions
(soils and different climatic conditions) (Chu
and Steinman, 2009). The HEC-HMS model has
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also been used to simulate rainfall-runoff process
with geo-informatics and atmospheric models for
flood forecasting and early detections in different
regions of the world (Arekhi et al., 2011; Majidi
and Shahedi, 2012; Yener et al., 2012; Yusop et
al., 2007). Also, it has been used for manage-
ment of watersheds in different regions (Zilé et
al., 2015; Benkirane et al., 2018; Moumen et al.,
2017; Remini B., 2016).

Geographical information system (GIS) tech-
nology is very effective tools nowadays in the
field of water resources to extract data from satel-
lite image. It is widely used by many research-
ers in their research work (Gautam,.et al., 2000).
Many researchers have developed the use of GIS
in hydrological modelling (Kovar and Nachtneb-
el, 1996). The integration of GIS with hydrologi-
cal models is an essential tool for integrated wa-
ter resources management. By integrating spatial
data, GIS optimizes these models and provides a
powerful visualization of the results obtained.

This study aims mainly to develop a hydrolog-
ical modelling methodology for the ‘cedra isser’
watershed located in Tlemcen in western Algeria,
exploiting the HEC-HMS model and integrating
remote sensing data such as the DEM via the HEC-
Geo-HMS tool and a GIS, to accurately simulate
rain-water processes and characterize the flow.

The geomorphological characteristics of the
Isser Cedra watershed were established using GIS
tools, including ArcGIS 10.8. This data was then

Sous_Basins

|:| basin isser cedra

used to analyze the runoff behavior in the area
under study. The precise watershed delineation
was obtained from DEM data. In addition, the es-
timation of extreme floods was carried out using
HYFRAN-PLUS software, a frequency analysis
model specifically designed for extreme values.
The HEC-HMS model was used to simulate
runoff volume using loss methods, including the
soil conservation service — curve number (SCS-
CN) method. This method is one of the most
widely used in the world to estimate losses and
direct runoff from a given rain event. By combin-
ing HEC-Geo-HMS with GIS, the results were
imported into the hydrological model HEC-HMS,
which should lead to a significant improvement in
the management of the Isser Cedra basin, its hy-
draulic structures (regulation, drainage, etc.) and
management of flood risks and their impacts.

MATERIAL AND METHODS

Presentation of Isser Cedra basin

The Isser Cedra watershed is situated in north-
western Algeria. It is one of the watersheds of the
Tafna River, which belongs to the Oranie-Chott
Chergui hydrographic region. It covers an area of
1119.65 square kilometers and has a maximum
altitude of 1611 meters. Its principal wadis are:

e The Isser River which drains in its upstream
part the carbonate formations of the Jurassic

Isser cedra

Figure 1. Geographic location of Isser Cedra basin (Arc Gis 10.8)
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up to Ouled Mimoun. Beyond that, he cuts a
deep throat in the marl Miocene (Adjim, 2004;
Ketrouci, 2014).

e The choulyriver which flows lower into Oued
Isser thus constituting its main tributary (left
bank tributary). It originates in the Tlemcen
mountaim of altitude, it drains the North slope
of these mountains, its valley is overlooked by
a series of massifs (Bouanani, 2004).

The analysis of climate data

Hyfran Plus

Hyfran Plus is one of the statistical analysis
programs used to compute the maximum depth of
rainfall for different return periods, including 2, 5,
10, 20, 50, and 100 years. It is also used to com-
pute the intensity and intensity curves of rainfall
(IDF Curve), providing a precise calculation of
the amount of precipitation that fell on the drain-
age basin (Asaad et al., 2022).

Analysis of the Isser Cedra basin climate data
reveals an important spatio-temporal variability
in annual flows. To predict exceptional floods
(return periods of 10 to 100 years) at Sidi Aissa
station, the HYFRAN statistical model suggests
the use of a statistical law of gamma. These re-
sults are in agreement with those found by (Boua-
nani, 2004; Ketrouci, 2015) on this region. Table
1 summarizes these results (Figure 2).

HEC-HMS model description

The hydrologic engineering center — the hy-
drologic modeling system is a physically based
distributed model, designed to simulate the rain-
fall-runoff processes of dendritic watershed sys-
tems (Scharffenberg et al., 2010). The US Army
Corps of engineers developed this model and
is widely used to simulate and forecast stream
flow in humid, tropical, subtropical and arid
watersheds (Ibrahim-Bathis 2016). The model
can simulate both flood events and precipitation
across continuous time steps, ranging from in-
stantaneous to daily intervals (Scharffenberg et
al., 2010). It has been widely used and validated
in various catchments with contrasting climates
around the world (Abood, 2012; Motevalli, 2012;
Moumen et al., 2017).

SCS-CN model for rainfall runoff

Assuming that the ratio of actual direct run-
off to maximum possible runoff is equal to the
ratio of actual infiltration to potential maximum
retention and that the amount of initial abstrac-
tion is a fraction of the potential maximum re-
tention, the SCS-CN method (NRCS, 2008) is
a popular rainfall-runoff model that is based on
the water balance calculation. This method is
given by Equations (1), (2), and (3) (Dahdouh
and Ouerdachi, 2018):

Table 1. Maximum daily flow characteristics at Sidi Aissa station (Isser Cedra basin)

Years 10 20 50 100
Frequency 0.9 0.95 0.98 0.99
Q max 295.95 396.66 531.88 635.24
Standard deviation 74.56 110.16 171.28 223.65
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Figure 2. Adjustment for Sidi Aissa station (Isser Cedra basin)
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(P-1g)?
Fe=374s (1)
I, =0.2S (2)

where: P, — excess precipitation, P — the total ac-
cumulated precipitation at time ¢, / — ini-
tial losses, S — the maximum retention
potential.

The maximum retention potential and the
characteristics of the watershed are linked via the
curve number (CN) by:

_ 25400—-254CN
CN

S 3)

Statistical analysis

Nash-Sutcliffe efficiency (NSE) was used to
assess the goodness-of-fit between the simulated
and observed discharge data. NSE values can
range from negative infinity to 1, where 1 is a
perfect match of simulated to observed data. Cor-
relation coefficients (R) ranging from 0.7 and 0.9
indicate the variables which can be considered
highly correlated. NSE and R are calculated us-
ing the following formulas:

— _2£1(Qi.obs_Qi,sim)z 4
NES 1 Z?Ll(Qi,obs_Qobs)z ( )

ZIiV:1(QL',obs_Qobs) (Qi,sim_ésim)

R =
\/211'\,:1(Qi,obs_Qobs)z(Qi,sim_Qsim)z

)

RESULT AND DISCUSSION

Data preparation and sub-watershed creation

The methodology employed consists of sev-
eral key stages. It begins with data collection and
preparation, which includes the extraction of the
SRTM image, acquisition of a digital terrain mod-
el (DTM), and gathering other relevant data, such
as land use. Next, ArcGIS version 10 is utilized
to automatically delineate the basin contours such
as fill, flow direction, flow accumulation, basin,
basin polygon. The physical characteristics of
the basin, including slope, surface area, and hy-
drographic network, are then extracted using
GIS software. Finally, this data is integrated into
HEC-HMS to simulate the basin’s hydrological
behavior under various rainfall events (Figure 3).

Slope of Isser Cedra basin

Slopes play a crucial role in the runoff pro-
cess within a watershed. Assessment of this
topographical parameter is essential to address
problems related to erosion, transport and sedi-
ment deposition (Mashauri et al, 2023). To better
understand the sub basin topography, slope was
calculated with the slope tool in Arc Gis 10.8
software. Then, these slopes were reclassified by
categories as shown in Table 2. The slope catego-
ries are chosen according to the classification pro-
posed by Hagerty and Kingston 1992 (Cheddad

(d)

(e) (f

Figure 3. Pre-processing and spatial modeling with ArcGis software: (a) raw digital elevation model, (b) fill
sinks, (c) elevation curve, (d) flow directions, (e) flow accumulation, (f) hydrographic network
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Table 2. Slope category

Classes Slope degree Description Area, km? Pct, %
1 0-2 Plat - almost plat 2.29 13.9
2 2-9 Very slight slope - slight slope 153.05 43.2
3 9-15 Medium slope 157.74 28.5
4 15-30 Steep slope 313.946 14.3
5 30-45 Very steep slope 476.75 0.21

Slope %

ERE, Garin, Intesmap, inaement P Corp:,
GEBCO, USGS, FAC, NFS, NRCAN, GeoBase, IGN,

L= &
| 28
815
B 530 g_ N
I 005 a 650000

Figure 4. Slope map (Arc Gis 10.8)

et al., 2025). The result is presented in Figure 4.
Each category’s area, expressed in km? and per-
centage (Table 2).

Hypsometric curve

The hypsometric curve provides an overview
of the slope of a watershed and, therefore, of the
relief, according to (Boudhik et al., 2021). This
curve illustrates the distribution of the watershed
area by altitude and assess its age and degree of
erosion. The hypsometric curve (Table 3 and Fig-
ure 5), indicates that the erosive potential of Isser
Cedra basin is quite large.

The hypersonic map represents the surfac-
es between the different contour lines. It gives
an idea of the slope and the aspect of the relief
(Mashauri et al., 2023). The hypersonic map of
Isser Cedar basin (Figure 6) shows that the dis-
tribution of altitudes is related to the watershed
topography. The most dominant surface is be-
tween 600 and 700 m.

Soil map, land use/land cover map, soil classi-
fication map and hydrological soil group map

To obtain a land use map of the Isser Ce-
dra watershed, the following steps must be fol-
lowed — starting with the download of the raster
file of the global soil type from the site: https://
livingatlas.arcgis.com/landcoverexplorer/. Then
the data was exported to ArcGis software 10. 8
to clip the study area and convert it from raster
file to shape file. A symbology was subsequently
performed (Figure 7).

To obtain a map of soil types and hydrologi-
cal soil group of the Isser Cedra basin started first
by downloading the raster file of the world soil
type (digital soil map) from the site: https:/www.
fao.org/soils-portal/data-hub/soil-maps-and-data-
bases/faounesco-soil-map-of-the-world/en/. Then
the data was exported to ArcGis 10.8 software to
extract soil type after several steps (Figure 8).

HSGs were derived from texture class-
es and described in the U.S. Department of
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Table 3. Hypsometric distribution of the Isser Cedra watershed

390

Altitudes Partial areas Cumulated areas
(m) (km?) (%) (km?) (%)
1611-1600 0.078 0.0 0.078 0.01
1600-1500 5.981 0.53 6.059 0.5
1500-1400 31.126 2.7 37.186 3.32
1400-1300 81.840 7.31 119.026 10.6
1300-1200 80.637 7.2 199.663 17.83
1200.1100 89.625 8 289.288 25.83
1100-1000 90.731 8.10 380.019 33.93
1000-900 96.778 8.64 476.797 42,57
900-800 91.018 8.13 567.816 50.70
800-700 98.190 8.77 666.006 59.47
700-600 163.943 14.64 829.948 74.11
600-500 131.936 11.78 961.884 85.89
500-400 124.590 11.13 1086.474 97.02
400-334 33.176 2.96 1119.651 100
1 600
1 500
1 400
1 300
,§1 200
‘E’ 1100
21000
©
= 900
Y goo
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Figure 5. Hysometric curve (Arc Gis 10.8)
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Figure 7. Land use map Isser Cedra basin
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Figure 8. Soil classification map and hydrological soil group map Isser Cedra basin (Arc Gis 10.8)

Agriculture-Natural Resources Conservation
Service (USDA-NRCS) National Engineering
Handbook (USDA, 2009). The resulting data
product (HYSOGs250m) represents general
soil runoff potential suitable for regional, con-
tinental, and global scale analyses and is avail-
able in a gridded format at a spatial resolution
of 250 m.

The results obtained with Arc GIS software
indicate that the soil hydrological group of Cedra
Isser basin is classified as C or D. According to
Table 4, the group C has moderately high runoff
potential (typically contains between 20 to 40%
clay and less than 50% sand), than group D has
highest runoff potential (typically contains more
than 40%clay and less than 50% sand).
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Table 4. Classification hydrologic soil groups (HSGs

HSG Description
HSG-A Lowest runoff potential (typically contains more than 90% sand and less than 10% clay)
HSG-B Moderately low runoff potential (typically contains between 10 to 20% clay and 50 to 90% sand)
HSG-C Moderately high runoff potential (typically contains between 20 to 40% clay and less than 50% sand)
HSG-D Highest runoff potential (typically contains more than 40% clay and less than 50% sand).

Curve number map

Soil map and land use datasets were used to
generate the curve number (CN) file, which is
required to build the HEC-HMS model. CN val-
ues were used to determine the stream/sub-basin
characteristics and to estimate the hydrological
parameters used in the model (Tassew et al.,
2019) (Figure 9). CN values range from 79 to
84 corresponding to impermeable soils with low
infiltration rates.

Finally the digital model of the cedra isser
basin, created using ArcGIS 10.8, was directly
imported into HEC-HMS. This process enabled
the seamless transfer of all necessary geographic
and hydraulic information for simulations. Key
data transferred included the basin’s geometry,
the hydrographic network, characteristics of
the sub-basins, and the locations of hydraulic

660000 675000 630000

ir Curve number map 1i
i 1i
i i
i i
5 it

Legend N

Curve number A

I [ e

[Jvasintimite [ 0245 9 15

Figure 9. Curve number Map (Arc Gis 10.8)
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structure. The coupling of HEC-GeoHMS and
HEC-HMS allows geographic data from a GIS
to be transformed into hydrological informa-
tion usable by HEC-HMS. This transformation
involves creating a digital representation of the
watershed using a digital terrain model (DTM)
and calculating the hydrological characteristics
of each element within the watershed.

The unit hydrograph

Figure 11 illustrates the simulated unit hy-
drograph for a 100-year return period. This hy-
drograph is obtained after configuring all the
required parameters for the soil conservation
service — curve number (SCS-CN) method, a
method that allows for the determination of the
sub-basin’s direct runoff and peak discharge. A
significant rainfall event, measuring 95.30 mm,
resulted in a peak flow of 668.9 m?*/s. This high
flow rate indicates the soil’s low capacity for in-
filtration and highlights the prevalence of runoff
in the area. Additionally, the lack of notable base
flow underscores the basin’s susceptibility to
flooding (Figure 12). The rainfall event peaked
at 6:30 am. The total measured rainfall was
29.57 mm, of which a portion, 19.8 mm, was ab-
sorbed by the soil. The remaining precipitation,

Cedra isser bgsin
=

Figure 10. Hydrologic modeling system of the Isser
Cedra basin by HEC-HMS
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Graph for Subbasin “Cedra isser basin”
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Figure 11. Flood hygrograph for a return period of 100 years (Isser Cedra basin)

Summary Results for Subbasin "Cedra isser basin"

[sTE =

Project: projetBVTFN  Simulation Run:Run 3

Subbasin: Cedra isser basin

Start of Run:  01janv.2013, 00:00
End of Run:  02janv.2013, 23:30
Compute Time:31mai2025, 15:55:17

Basin Model: projetBVTFN
Meteorologic Model: Met 1
Control Specifications:Control 1

Volume Units: @ MM () 1000 M3

Computed Results

Peak Discharge: 668,9 (M3/S) Date/Time of Peak Discharge:01janv.2013, 15:00
Precipitation Volume:95,30 (MM) Direct Runoff Volume: 34,30 (MM)

Loss Volume: 60,96 (MM) Baseflow Volume: 0,00 (MM)

Excess Volume: 34,34 (MM) Discharge Volume: 34,30 (MM)

Figure 12. Summary results for a return period of 100 years (Isser Cedra basin)

which was not absorbed, directly contributed to
an increase in water flow, correlating with the
intensity of the rainfall. After the rain stopped,
the flow rate gradually decreased (Table 5).

Comparison of the simulated and observed
hydrograph and validation of model

The simulated and observed hydrographs
for the calibration period are shown in Fig-
ure 13 for both the simulated and observed
hydrographs exhibiting nearly similar trends
and shapes. However, the peak flow of the
simulated hydrographs is 668.9 m3/s. than the

observed ones’ is 635.24 m3/s. The results of
the model in this study showed an acceptable
fit between the simulated values and observa-
tions. The trend and shape of the hydrograph
seems compatible.

The correlations between simulated and
observed runoff (Figure 14) give linear rela-
tionships with strong positive correlation co-
efficients ranging from 0.879. The Nash-Sut-
cliffe efficiency (NSE = 0.816229) which in-
dicate very good model performance showing
that the model effectively reproduces reliable
for prediction and simulation.
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Table 5. Simulated result of Isser Cedra basin

Date Time Precipitation (mm) Loss (mm) Exess (mm) Total flow (m?/s)
01janv.2013 05:00 2.74 2.74 0 0
01janv.2013 05:30 3.76 3.75 0 0
01janv.2013 06:00 6.35 5.87 0.48 0.3
01janv.2013 06:30 29.57 19.8 9.77 6.6
01janv.2013 07:00 4.76 2.38 2.38 20.7
01janv.2013 07:30 3.15 1.48 1.67 43.3
01janv.2013 08:00 2.44 1.1 1.34 71.8
01janv.2013 08:30 2.03 0.89 1.14 108.1
01janv.2013 09:00 1.75 0.75 1 154.2
01janv.2013 09:30 1.55 0.65 0.9 211.7
01janv.2013 10:00 1.4 0.57 0.83 280.1
01janv.2013 10:30 1.28 0.51 0.76 352.1
01janv.2013 11:00 1.18 0.47 0.71 420.7
01janv.2013 11:30 1.1 0.43 0.67 482.8
01janv.2013 12:00 1.03 0.4 0.63 537
01janv.2013 12:30 0.97 0.37 0.6 581
01janv.2013 13:00 0.95 0.35 0.59 614.8
01janv.2013 13:30 0.92 0.34 0.58 642.9
01janv.2013 14:00 0.9 0.33 0.57 661
01janv.2013 14:30 0.87 0.32 0.56 667.7
01janv.2013 15:00 0.85 0.31 0.55 668.9
01janv.2013 15:30 0.83 0.29 0.54 665.3
01janv.2013 16:00 0.82 0.29 0.53 656
01janv.2013 16:30 0.8 0.28 0.52 639.8
01janv.2013 17:00 0.78 0.27 0.51 616
01janv.2013 17:30 0.77 0.26 0.51 588.4
01janv.2013 18:00 0.75 0.25 0.5 562.5
01janv.2013 18:30 0.74 0.25 0.49 540.3
01janv.2013 19:00 0.72 0.24 0.48 520
01janv.2013 19:30 0.71 0.23 0.48 500.7
01janv.2013 20:00 0.7 0.23 0.47 482.9
01janv.2013 20:30 0.69 0.22 0.47 466.9
01janv.2013 21:00 0.67 0.22 0.46 452.4
01janv.2013 21:30 0.66 0.21 0.45 439
01janv.2013 22:00 0.65 0.21 0.45 426
01janv.2013 22:30 0.64 0.2 0.44 413.4
01janv.2013 23:00 0.63 0.2 0.44 401.6
01janv.2013 23:30 0.62 0.19 0.43 390.8
02janv.2013 00:00 0.61 0.19 0.43 381
02janv.2013 00:30 0 0 0 371.7
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Figure 13. Comparison between observed and simulated runoff
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Figure 14. Correlation between simulated and observed stream flow

CONCLUSIONS

In order to better understand the hydrological
dynamics of the Isser Cedra basin, we implement-
ed a hydrological model using the HEC-HMS
software. This model, combined with a geograph-
ic information system, allowed us to simulate
runoff’ generated by precipitation. We used the
SCS-CN method to estimate infiltration losses. A
thorough calibration and validation process was
conducted to ensure the accuracy and reliability
of the simulation results.

Hydrological simulations were conducted
using the HEC-HMS model, with the SCS-CN
method to estimate infiltration, in order to ana-
lyze the hydrological responses of the Isser Cedra
basin, under a rain event with a 100 year return
period, This sub-basin has an infiltration capacity
of about —60,96 mm. and a peak flow 668.9 m?/s.

With a correlation coefficient of 0.879 and NSE
of 0,816 between simulated and observed runoff,
the model confirms its satisfactory performance
in capturing specific hydrological events such as
peak flows and time to peak.

The results of this study represent an important
initial step toward a better understanding of the
hydrological dynamics in Algerian watersheds. To
increase the practical application of these findings
and enhance water resource management, further
research is necessary. This research should focus
on compiling more comprehensive databases and
developing advanced hydrological models. By in-
tegrating these models with decision-support tools,
we can simulate various land development scenar-
ios and evaluate their impacts on the hydrological
regime. This approach will aid in achieving more
sustainable water resource management and pro-
vide better protection against flood risks.

395



Ecological Engineering & Environmental Technology 2025, 26(8), 385397

REFERENCES

1.

Abood, M.T. (2012). Impact of infiltration meth-
ods on the accuracy of rainfall-runoff simulation.
Research Journal of Applied Sciences Engineering
and Technology, 4(12), 1708-1713. https://www.
researchgate.net/publication/282357091

Adjim, H. (2004). Evolution and Allocation of Sur-
face Water Resources in the Tafna Watershed. Mas-
ter’s Thesis, University of Tlemcen.

Arekhi, S.; Rostamizad, G.; Rostami, N. (2011). Evalu-
ation of HEC-HMS methods in surface runoff simula-
tion (Case study: Kan Watershed, Iran). Advances in
Environmental Biology, 5(6), 1316—1321. https://www.
aensiweb.com/old/aeb/2011/1316-1321.pdf

Asaad, A. M. AL-Hussein., Shuhab, Khan., Kaou-
ther, Ncibi., Noureddine, Hamdi., Younes. Hamed.
(2022). Flood analysis using HEC-RAS and HEC-
HMS: A case study of Khazir River (Middle East
— Northern Iraq). Water, 14(22), 3779. https:/doi.
org/10.3390/w14223779

Benkirane M., Mehdi, M., Laftouhi, N., El Man-
souri, B., and Salik,I. (2018). Application du modele
hydrologique HEC-HMS a la finalisation des débit
de crue en milieu semi aride cas du bassin versant
montagneux. In: Rymote Sensing and Hydrology
Symposium. https://meetingorganizer.copernicus.
org/RSHS18/RSHS18-22-1.pdf

Bouanani, A. (2004). Hydrology of solid transport
and modeling study of some sub-basins of the Tafna
(NW - Algeria). Doctoral Thesis: University of Tlem-
cen. http://dspace.univ-tlemcen.dz/handle/112/15094

Boudhik, A., Boufous, K. (2021). Contributions of
GIS in mapping flood areas: Case of the Amizmiz
basin. Marrakech-Tensift-Al Haouz region, Al Ha-
ouz province, Morocco. Faculty of Sciences and
Techniques-Marrakech, Cadi Ayyad University,
Morocco. https://saidi.ma/memoires/majdouli-
boufous-boudhik.pdf

Cheddad, S.; Benmerabet, N.; Haouchine, A. (2025).
Surface runoff estimation using GIS data under HEC
HMS Wadi Laussif subbasin, Algeria. Jordan Jour-
nal of Earth and Environmental Sciences 16(2),
220-226. https://jjees.hu.edu.jo/files/Vol16/No2/1J-
EES Vol 16 No 2 P12.pdf

Choudhari, K., Paniraghi, B., Paul, J.CH. (2014).
Simulation of rainfall-runoff process using HEC-
HMS model for Balijore Nala watershed, Odisha,
India. International Journal of Geomatics and Geo-
sciences, 5(2), 253-265. https://shorturl.at/IKcws

10. CHU-Xuefeng, A.M ., Steinman, A. (2009). Event

and continuous hydro logic modeling with HEC-
HMS. Journal of Irrigation and Drainage Engi-
neering, 135(1), 119-124. https://doi.org/10.1061/
(ASCE)0733-9437(2009)135:1(119)

11. Dahdouh, Y., Ouerdachi, L. (2018). Assessment of

two loss methods for estimation of surface runoff in

396

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zaafrania urban catchment, North-East of Algeria.
Journal of Water And Land Development, 36 (1-3),
37—-43. https://doi.org/10.2478/jwld-2018-0004

Gautam, M. R., Watanabe, K., Saegusa, H. (2000). Run-
off analysis in humid forest catchment with artificial
neural network. Journal of Hydrologie, 235(1-2), 117-
136. https://doi.org/10.1016/S0022-1694(00)00268-7

Hamdan, A.N.A., Almuktar, S.; Scholz, M. (2021).
Rainfall-runoff modeling using the HEC-HMS
model for the Al-Adhaim river catchment, northern
Iraq. Hydrology, 8(2), 58. https://doi.org/10.3390/
hydrology8020058

Ibrahim-Bathis, K., Ahmed, S.A. (2016). Rain-
fall-runoff modelling of Doddahalla watershed
an application of HEC-HMS and SCN-CN in un-
gauged agricultural watershed. Arabian Journal
of Geosciences, 9(170). https://doi.org/10.1007/
$12517-015-2228-2

Ketrouci, K. (2014). Application of hydrological
models in the estimation of extreme floods in Alge-
ria. PhD Thesis. Mohamed Boudiaf University, Oran.

Kouadio, A.K., Kouakou, K.E., Konan-Waidhet,
A.B., Goula, B.T.A., Savane, L. (2015). Modeling of
the hydrological behavior of the Boubo catchment
in a humid tropical environment of Cote d’Ivoire
through the application of the CEQUEAU hydro-
logical model. African Science, 11(3), 82-100. https://
www.afriquescience.net/admin/postpdfs/723b7c45e
€9db98185e8f8fdcob991{71742757672.pdf

Kovar, K., Nachtnebel, H. (1996). Application
of geographic information systems in hydrology
and water resources management. Proceedings
of the HydroGIS’96 Conference held in Vienna,
Austria, from 16 to 19 April. IAHS Publication
N° 235. https://external.dandelon.com/down-
load/attachments/dandelon/ids/DEOO4E1DC-
FO12A52FB5C7C12578D20031F201.pdf

Majidi, A., Shahedi, K. (2012). Simulation of
rainfall-runoff process using Green-Ampt method
and HEC-HMS model (Case study: Abnama Wa-
tershed, Iran). International Journal of Hydrau-
lic Engineering, 1(1), 5-9. http://article.sapub.
0rg/10.5923.j.1jhe.20120101.02.html

Mashauri et al. (2023). Use of geographic infor-
mation system and digital elevation model to ana-
lyze the hydro-morphometric characteristics of the
Tshopo river sub-catchments, Democratic Repub-
lic of Congo Faidance. International Journal of
Géomatic, 32 (99-122). https://doi.org/10.32604/
rig.2023.044899

Masoud, M. (2015). Rainfall-runoff modeling of
ungauged Wadis in arid environments (case study
Wadi Rabigh-Saudi Arabia). Arabian Journal of
Geosciences, 8,2587-2606. https://doi.org/10.1007/
s12517-014-1404-0

Motevalli, S. H. (2012). Assessing the effects of land
use change on hydrologic balance of kan watershed
using SCS and HEC-HMS hydrological models —
Tehran, IRAN. Australian Journal of Basic and



Ecological Engineering & Environmental Technology 2025, 26(8), 385-397

22.

23.

Applied Sciences, 6(8), 510-519. https://www.re-
searchgate.net/publication/28806693 1

Moumen, Z., Jalouni, A., El Hassani, F., Lah-
rach, A., CHaouni, A. (2017). Comparative st-
ady of the semi distributed model HEC-HMS
with the global GR4j model applied in the in-
naouene basin (Morocco). American Journal of
Innovation Receach and Applied Science, 260-
273. https:/fr.scribd.com/document/594720537/
EtudecomparativeHECMS-GR4J

NRCS. (2008). National engineering handbook.
Part 630. Hydrology. Washington D.C. USDA.

24.Remini B. (2016). Modelling of rain — flow by

25.

hydrological moddling software systeme hec hms
wethershed’s case of wadi cheliff ghrib Algeria.
Journal of Water and Land Development, 30(7-9),
87-100. https:/doi.org/10.1515/jwld-2016-0025

Scharffenber, W., Ely, P., Daly, S., Fleming, M., and
Plak, J. (2010). Hydrologic modeling system (HEC
HMYS). Physically Based Simulation Component, 2nd

26.

27.

28.

29.

Joint Federal Interagency Conference in Las Vegas.

Tassew, B.G., Belete, M.A., Miegel, K. (2019). Ap-
plication of HEC-HMS model for flow simulation in
the Lake Tana basin: The case of Gilgel Abay catch-
ment, supper Blue Nile basin, Ethiopia. Hydrology,
6(1),21. https://doi.org/10.3390/hydrology6010021

USDA. (2009). Hydrologic Soil Groups. In: Na-
tional Engineering Handbook: Part 630 -Hydrol-
ogy. https://damtoolbox.org/images/e/e9/NEH7.pdf

Yener, M.K., Sorman, A.U., Sorman, A.A., Sen-
soy, A., Gezgin, T. (2012). Modeling studies with
HEC-HMS and runoff scenarios in Yuvacik Basin,
Turkiye. International Congress on River Basin
Management, 621-634. https://www.researchgate.
net/publication/228841847

Yusop, Z., Chan, C.H., Katimon, A. (2007). Runoff
characteristics and application of HEC-HMS for
modelling storm flow hydrograph in an oil palm

catchment. Water Science and Technology, 56(8),
41-48. https://doi.org/10.2166/wst.2007.690

397



