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ABSTRACT

Ain Sefrais one of the Algerian cities that had been experienced several devastating floods
during the past 100 years. The purpose of this study is to simulate rainfall-runoff in the
semi-arid region of Ain Sefra watershed through the employing of HEC-HMS model. In this
paper, the frequency storm is used for the meteorologica model, the SCS curve number is
selected to calculate the loss rate and SCS unit hydrograph method have been applied to
simulate the runoff rate. After calibration and validation, the smulated peak discharges were
very closed with observed values.The Nash-Sutcliffe efficiency coefficient was 0.95 which
indicated that the hydrological modeling results are satisfactory and accepted for simulation
of rainfal-runoff. The peak discharges obtained for the 10, 50, 100 and 1000 years storms
were respectively 425.8m%/s, 750.5m%/s, 904.3m°/s and 1328.3m*/s.
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1. INTRODUCTION

The report compiled by the UN Office for Disaster Risk Reduction (UNISDR) and the
Belgian-based Centre for Research on the Epidemiology of Disasters (CRED), says that
between 1995 and 2015, there were 3062 flood disasters, which accounted for 47% of all
weather-related disasters and 43% of all natural disasters combined, which also includes
geophysical hazards such as earthquakes and volcanoes. The floods are ranked first in the
disaster world, causing nearly 32 million people, or 33.2% of the total number of people
affected by natural disasters [1]. In Algeria, the floods have marked as one of the most
frequent natural disasters and the most destructive. The flood of November 10", 2001 at Bab
El Oued district of Algiersis the deadliest with 772 deaths [2]. These exceptional phenomena
are well-studied under temperate climate however arid and semi-arid areas have received little
attention [3]. This study interest in Ain Sefra which is situated in the western part of Ksour
Mountains, in the junction of wadis Breidj and Tirkount (Figure 01). As it belongs to a semi
arid climate, it already suffers the problem of flash flooding during the last 100 years. The
most recent flood was in 2014, which caused losses of live and destruction to properties and

infrastructures.

Fig.1. Junction of wadis Breidj and Tirkount in Ain Sefra city (01/10/2014)
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The flood damages will be increased over the years due to population growth and
socio-economic development, and the climate change due to the global warming effect.
Therefore, it is necessary to define methodology to predict the flash floods in this region, to
protect the city againt inundations. The widely used approach to determine flash flood
occurrence and the relationships between rainfall and runoff data is the Hydrological
modeling which accommodate the hydrological process to estimate streamflow over river
basins and assist forecasters in making a comparison between smulated streamflow and
observed flooding, to predict and understand the hydrologic process. Hydrological studies are
often aimed at establishing rainfall-runoff relationships [4]. Rainfall-runoff models can be
categorized according to the model type. According to Clarke R.T and Ambroise B. [5] [6],
the hydrological models can be classified in to four main categories. Determinist or stochastic,
globa or semi-distributed, kinematic or dynamic and finally empirical or conceptual. The
selection of the model depends on the watershed and the objective of the hydrological forecast
in the watershed. In this study, the conceptual approach is adopted for the hydrologic
modeling, we use a semi distributed hydrologic model of HEC-HMS (Hydrologic
Engineering Center- Hydrologic Modeling System) was developed by US Army Corps of
Engineers, in order to investigate the rainfall-runoff interactions in the semi-arid Ain Sefra
watershed of southwestern Algeria. It is applicable in diverses geographic areas for solving
the widest possible of problems. Many scientists have conducted important hydrologic studies
using HEC-HMS model, which proved its ability to simulate and forecast streamflow. As
exemple: Sintayehu L.G. used HEC-HMS model employing Snyder unit hydrograph and
exponential recession method to simulate the runoff of upper blue Nile river Basin [7].
Norhan A. and a. modeled rainfal-runoff relations using HEC-HMS in arid environment at
wadi alagiq, Madinah, Saudi Arabia[8]. Sampath and a. modeled the rainfall-runoff relations
using HEC-HMS in tropical catchment in Sri Lanka [9]. F. Meiling W. and a. employed the
HEC-HMS to simulate runoff in the semi-arid region of northwestern China[10]. Laouacheria
F. and Mansouri R. used HEC-HMS model by emploiying Frequency Storm to simulate the
runoff in a small urban catchment in the North East of Algeria [11]. This paper presents a
methodology of rainfall-runoff model by using HEC-HMS program integrated with DEM



A. Derdour et al. J Fundam Appl Sci. 2017, 9(2),1027-1049 1030

data as an input for basin model in semi arid environment to simulate the pick discharges for
10, 50, 100 and 1000 year ARI (Average Recurrence Interval) in Ain Sefra watershed and its

sub-catchment.

2. MATERIALSAND METHODS

2.1. Data

Rainfall timeseries data are collected from Algerian Meteorological Office (ONM) from the
only meteorological station in the region that of Ain Sefra (for 1980-2014), and flow data are
collected from the National Agency of Hydric Resources of Algeria (ANRH) from the unique
gauging station in the region that of Ain Hadjadj (for 1978-2008) (Table 1).

Table 1. Characteristics of rainfall and runoff stationsin Ain Sefrawatershed

Station . . Elevation Selected
name Gaugetype Longitude Latitude (m) Period

Ain Sefra Rain gauge 32°45'08.44"N  0°35'39.02"W 1084 1980-2014
Ain Hadjadj Runoff gauge 32°3833.74"N 0°22'17.92"W 933 1978-2008

Also, spatid data was downloaded from the land cover website at:
http://earthexplorer.usgs.gov/ in the form of ASTER (Advanced Spaceborn Thermal Emission
and Reflection Radiometer) type Global Digital Elevation Model GDEM with 30 m resolution.
We adopted the DEM to define Ain Sefrawatershed and its physical characteristics.
2.2. Methods
Our objective is to examine the rainfall-runoff relationship in Ain Sefra watershed, in order to
propose effective solutions to protect the city against inundations. The methodology is based
on meteorological and physical data processing in the geospatia environment and on data
editing using remote sensing and GIS techniques. Our methodology can be separated into six
main stages.:

- Description and geographic location of the study area.

- DEM processing, defining stream network, topography, and watershed characteristics,

using the extension ArcHydro toolsin ArcMap.
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- Define geological and soil characteristics of the watershed, to compute the runoff

curve number (CN).

- Importing the the catchment physical characteristics datato HEC-HMS model.

- Run therainfall/runoff simulation, and compare compute and observes flows

- Cdlibration and validation of the model

2.3. Description of study area

Ain Sefra watershed has an area of 1957 km? it’s situated in the SW of Algeria in the region
called Ksour Mountains (Figure 2). It is located between longitudes (1°0°0”” and 0°03’00”"W)
and latitudes (32°30°22”and 33°00°00’N). The watershed is as a landlocked basin
surrounded by mountains, dominated south by a marked relief of Djebel Mekther (2035
meter), the South West by Mir El Djebel (2109 meter) and the Djebel Mzi (2206 meter),
North Djebel Aissa (2236 meter) and the North West by the Djebel Morghad (2136 meter) and

the Djebel Bouamoud.
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Fig.2. Location of Ain Sefrawatershed in Algeria (ASTER, 30m resolution, Map datum:

UTM WGS 84)
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With 67 km of length, the longest flow path run southwestward from its origin in the north
side of Djebel Morghad, and receive the wadi of Sfissifa, together they forms the wadi of
Breidj, and they pursues the same direction to meet the wadi of Tirkount that drains the waters
of djebel Morghad and djebel Aissa and has 29.6% of of Ain Sefrawatershed area. These two
wadis (Breidj and Tirkount) meet at downtown Ain Sefra to form the wadi of Ain Sefra that’s
run to the south at downstream of the study area while receiving other wadis as Tiout and Sam,
to become at the end wadi Namous that is lost in the great western Erg in the Algerian sahara
a 370 km from its origin. The network is quite dense and branched which allows easy
collection of rainwater to lead them to the outlet [12].

2.4. Topography of Ain Sefra watershed

The morphometric characteristics are extracted from digital elevation model (DEM). The
most common altitudes are between 1200 and 1400 m representing 57% of the total area of
Ain Sefra watershed. The atitudes below 1100 m represent only 2% of the total area (Figure
3). Ain Sefra watershed is characterized by relatively steep slopes upstream, the slope
decreases downstream from the confluence of wadi Sfissifa with wadi Breidj. The mean

elevation is 1334 m and the mean basin slopeis 5.8 m/km.
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Fig.3. Hypsometric map of Ain Sefrawatershed (Map datum: UTM WGS 84)
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There are three types of slopes (Figure 4): 1) A relatively low slope between (0 and 6%) at
low altitudes (1058-1400 m), where the presence of a deep valley in the area of El Hendjir,
and Ain Sefra, occupying 79% of the the total area of the watershed. 2) A moderately steep
slope between (6 and 25%) at moderate altitudes (1400-1600 m), where the presence of an
intermediate hill in the foothills of Djebels: the area occupied is about 12%. 3) A very steep
(over 25%) at altitudes (1600-2213 m) explaining the presence of mountains that occupy 8%

of the total area of the basin, these slopes give the river aviolent and torrential type.
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Fig.4. Map of slopes of Ain Sefrawatershed (Map datum: UTM WGS 84)

2.5. Geology of Ain Sefra water shed

The watershed is composed of different geological constituents from the Triassic formation to
the Quaternary with a predominance of the Mesozoic formations. According to Kacemi A. the
formation of Tiout belonging to the Cretaceous is the largest with a thickness of 1065m [13].
More than 46.4 % of the area is covered by Jurassic formation, 19.4 % of Miopliocene
formations, and 18 % of Cretacious formations. The other perecent (16.2 %) filled with,

aluvium, colluvium, and quaternary formations. The Figure 05 shows the geologica map of
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Ain Sefra watershed extracted from the geologica map of Algeria [14]. The Facies that
largely dominate the Ksour Mountains are the sandstone formations (Jurassic and Cretaceous),
but they are usualy clayey interspersed by marl or compact quartz, their permeabilities are
generally very low, except for the Albian sandstone which constitute the most important
groundwater aquifer in the region which is characterized by confined to semi-confined
conditions [15]. The Quaternary formations are very thick but they cover large areas in the
basin; they are known by their high permeability [16] [17], as the case of the wadis Breidj and
Tirkount that left their banks significant alluvial deposits that contain a aluvial watertables
exploited by many wells.
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Fig.5. Map of geology of the studied zone (Map datum: UTM WGS 84)

2.6. Land use and soil type of Ain Sefra water shed

The land use data was provided from the General Directorate for Forestry of Algeria (DGF).
The total area of the basin covers about 1957 Km? The main dominant lands in the basin are
the grasslands (56.2 %), the forest land (29.2 %), bare areas (6.6 %) and outcrop lands (4.4%).
The rest are in minor proportion: agricultural lands (1.8 %), sand lands (1.6 %) and urban

areas (0.3 %). (Figure 6)
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The other major factor of the basin property is the soil type. Soil types and their distribution
are extremely related to the nature of geomorphic unites. According to the researches of:
Bensaid A [18], Djebaili S [19], Pouget M. [20] and Gordo B [21], Four soil types are
distinguished in the basin of Ain Sefra: The Calci-Magnesi soils, the mineral soils, the poorly
graded soils and the saline soils.

GRO000 630000 700000 T10000 720000 730000 T40000
24 1 | 1 1 L 1 1 -]
=3 (=1
=3 ’ =1
w w
B £
W F
= 8 ’ .‘f (=1
27 o B
2 i 2
w . w
L) ’ Ll
;i ? =
LT
s b s
§ ‘s W 2
2 7 e 3
£ RE =
24 ( ,;] ’ L2
(=3 ot (=1
E - B gin Sefra §
£ : W s Er-Herdie” | o
ta ra g - s
: LS 2
g- = ] S =
= -y i ';J =1
= S W Legend o
o ¥ e w
= su i 1=}
= 3 & Cties
g Bare arzas 3
= Sand lands a
= - Agriculture lands | £
Quterop lands
= Lirhan areas =3
27 S
g Forest lands e
o w
" Grasslands i
) | ) 1 L) I 1
680000 690000 700000 710000 720000 730000 740000
0 38 7 14 Kileretars

Fig.6. Land use of Ain Sefra Watershed (Map datum: UTM WGS 84)

2.7. Hydro climatic characteristics Ain Sefra water shed

The region is characterized by a semi-arid climate, with dry and hot summers where rainfall is
almost absent and with high evaporation. Winters are cool and sometimes very cold, with
often rain intensities in autumn. The series of data available from 1980 to 2014 in the only
weather station in the region that of Ain Sefra, shows that the study area receives annual
rainfall between 50.3 mm and 439.8 mm with an average of 185 mm (Figure 7). The region
rainfall is characterized by high temporal and spatia irregularity. The average monthly
rainfall is 30.64 mm for the wettest month (October), and 3.92 mm for the driest month (July).
The durations of rainfall eventsin Ain Sefra wetershed vary from storm to storm but they are

generaly short with a high intensity. The annual average temperature is around 17.5 °C.
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The maximum, minimum, and average temperatures show that the lowest temperatures occurs
in Nomvember, December, and January and the highest records are in June, July, and August.
Only 1.3 % of the rainfal infiltrates and percolates into the saturated zones, which is

comparable with other arid and semi-arid regions [22].
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Fig.7. Thetotal annual rainfall depth at the rain gauge of Ain Sefra city

The mean annual runoff of the basin is 0.7m%s, with high temporal and spatial variability. Ain
sefra watershed floods are highly variable and irregular, short and stormy, with very high peak
discharges. The morphology of the basin helps boost peak discharges observed at the outlets.
The peak discharges of the Wadi Ain Sefra vary from a few m®s to 750.84m%s. The
maximum peak discharges is recorded in 24 October 2000. Floods are characterized by a very
fast rise, leading severe damages in Ain Sefra city, and a slow decline followed by a
prolonged dry period. Autumn is reported as risky season. After having tested several
statistical methods employed in flood frequency analysis (FFA) (Exponential, GUV, Gamma,
Gumbel, Normal, Log-Normal), peak discharges of wadi Ain Sefra during 32 years fits well
with the Gumbel approch (Figure 8). This statistical methods employed allow us to estimate
the peak discharges (Qmax) for different Average Recurrence Interval (Table. 02).
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Table 2. Peak discharges with Gumbel approch

ARI 10 years 20years 5S0years 100 years 1000 years
Flow (m%/s) 463 580 731 845 1120
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Fig.8. Peak discharges adjusted with Gumbel statistical method

3. HEC-HM SModé

3.1. Model description

The Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-HMYS) is designed
to simulate the precipitation-runoff processes of dendritic watershed systems. It is designed to
be applicable in a wide range of geographic areas for solving the widest possible range of
problems [23]. Hydrographs produced by the program are used directly or in conjuction with
other software for studies of water availability, urban drainage, flow forecasting, future
urbanization impact, reservoir spillway design, flood damage reduction, floodplain regulation,
and system operation [23]. HEC-HM S Model setup consists of four main model components:
basin model, meteorological model, control specifications, and input data (time series, paired
data, and gridded data). An assortment of different methods is available to simulate infiltration
losses (Deficit and constant, Exponential, Green and Ampt, Initial and constant, SCS curve
number, Smith Parlange and Soil Moisture Accounting (SMA). Seven methods are included
for transforming excess precipitation into surface runoff (Clark unit hydrograph, Kinematic
wave, ModClark, SCS unit hydrograph, Snyder unit hydrograph, User specified graph and
user specified unit hydrograph). Six methods are included fot Routing model (Kinematic
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wave Routing, Lag Routing, Modified Puls Routing, Muskingum Routing,
Muskingum-Cunge Routing and Straddle Stagger Routing). For the meteorological model
eight methods are included (Frequency Storm, Gage weights, Gridded precipitation, Inverse
distance, HMR52, SCS storm, Specified hyetograph, Standard project storm)

3.2. Model Structure

In this study, SCS Curve Number (CN) Loss method will be used to determine the hydrologic
loss rate, the SCS unit hydrograph (HU) method will be used to calculate the runoff rate, and
the simulating process is done by using Frequency storm for the meteorological model.

3.2.1. Catchment model

The catchment model represents the physical watershed. In order to increase for better
performance of modeling, in this study, the catchment is sub divided into two maor sub
basins (Breidj and Tirkount) to use the model as semidistributed. The representation of these
sub-catchments within the watershed is shown in Figure 9. The hydrological parameters of
sub-catchments of Ain Sefra watershed are shown in Table 3.

Table3. Hydrological parameters of sub-catchments of Ain Sefrawatershed

Catchment Area Perimeter Channel Stream Length

(Km?) (Km) slope (%) (Km)
Tirkount 579.55 143.34 9,56 % 4451
Breidj 1373.44 269.2 9,31 % 67

@-*, WD TIRKOUNT

%J AIN SEFRA OLITLET

.r'
& / /
[ VAL BRELL

Fig.9. The schematic representation in HEC-HMS of Ain Sefra watershed
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3.2.2. LossMethod.

In this study, SCS Curve Number (CN) loss method is used to determine the hydrologic loss
rate. The Soil Conservation Service (Now the Natural Resources Conservation Service) curve
number method implements the curve number methodol ogy for incremental losses. Originally,
the methodology was intended to calculate total infiltration during a storm. The CN for a
watershed can be estimated as a function of land use, soil type, and antecedent soil moisture,
using tables published by the SCS. CN vaues range from 100 (for water bodies) to
approximately 30 for permeable soils with high infiltration rates [24]. The SCS CN model is

given by equation (1):

- (P_Ia)z
Q= (P—14+5) ()

Where: O runoft value in mm; P precipitation in mm,; |, initial abstraction in mm; S potential

maximum retention is given by equation (2):
g = 254000—254 @)
CN

The runoff curve number CN is a function of land use, treatment and condition; infiltration
characteristics of the soils; and antecedent moisture condition. McCuen discusses the use of
the SCS runoff model in detail [25]. The hydrological soil classification system developed by
the Soil Conservation Service was used for classifying soils into different hydrological soil
groups. In this classification system, soils are classified as A, B, C or D hydrologic soil group
depending on their properties: Soil Group ‘A’ has low runoff potential and high infiltration.
Soil Group ‘B’ has low to moderate runoff. Soil Group ‘C’ have flat infiltration rate, so the
runoff is quite higher. Soils Group ‘D’ has high runoff potential and very low infiltration rate
[26]. For this purpose the hydrologic soil groups were defined based on the geological map of

Ain Sefrawatershed. Theresults are listed in table 4.
Table 4. Soil type classification on Ain Sefra watershed

Geological formations  Infiltration type Soil group
Quaternary High infiltration A
Mio-pliocene Medium infiltration B
Cretaceous Medium infiltration B
Jurassic Flat infiltration C
Triassic Flat infiltration C
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In this study, Curve numbers CN are computed for the two sub-catchments (Tirkount and
Breidj) are based on their land use/covers, soil types, and hydrologic soil groups by using
appropriate approaches in Watershed Modeling System WMS [27]. The CN values are listed
in Table 5.

Table 5. CN values of the sub-catchments of Ain Sefra watershed

Sub-catchments Curve Number
Tirkount 75
Breid 79

3.2.3. Transform Method

In this paper, the translation of excess precipitation to runoff is accomplished using the
User-Specified S-Graph Transform Method. The SCS unit hydrograph method requires only
one parameter for each subbasin “The lag time”. The standard lag is defined as the length of
time between the centroid of precipitation mass and the peak discharges of the resulting
hydrograph [28]. The transform method requires a lag time determination as an input. The
SCS developed a relationship between the time of concentration (Tc) and the lag time (Tag)
given by Equation 3. The time of concentration is calculated by Giandotti’s formula given by
Equation 4 [29].The time of concentration and lag time values for the Breidj and Tirkount

sub-catchments are listed in Table 6.

Tay = D:6T, ©)
_ 4VA+15L
Tp= 0.8VH )

Where: Ty iSsthe lag time T is the time of concentration, A is the watershed area (km?), L is
the length of the main channel (Km) and H is the difference between the mean basin elevation
and the outlet elevation (m).

Table 6. The temps of concentration and lag times of Ain Sefra subcatchments

Sub-Catchment Tc (min) Lagtime(min) Tc(hr) Lagtime (hr)

Tirkount 295.4 177.24 4.9 2.95
Breid] 645.2 387.22 10.7 6.45
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3.2.4. Meteorological model

In this study, frequency storm data are used for the HEC-HMS model. The frequency storm
method is designed to produce a synthetic storm from statistical precipitation data. This
method is designed to use data collected from the maps along with other information to
compute a hyetograph for each subbasin, and to accept partial or annual duration precipitation
depth-duration data. The records from Ain Sefrarainfall station were obtained and analyzed to
establisn the IDF curves based on extreme value, in order to evaluate the watershed reaction
to a given rainfal event. In this study, it is assumed that the entire watershed would receive
the same amount of design rainfall. The rainfall IDF results adopted for the area for various
storm durations and ARI are listed in Table 7. The storm durations of 1, 2, 3, 4, 5, 6 and 24

hours are used in the ssmulations.

Table 7. Design storm rainfall intensity (mm/hr) for various duration (hours)

Duration (Hrs) 1 2 3 4 5 6 12 24
ARI Rainfall intensity (mm/h)
10 219 270 305 332 355 375 462 56.9
50 346 426 481 525 561 592 729 898
100 409 503 568 619 662 699 861 106.0
1000 640 788 8.0 970 1037 1095 1348 166.0

4. RESULTSAND DISCUSSION

The selected historical event for the control was the flood of 24™ October 2000, measured by
the National Agency of Hydric Ressources (ANRH) which records maximum peak discharges
(750.84m°/s), and that represent the flood of 50 year recurrence interval according to the
frequency analysis with the statistical Gumbel method. After the first simulation with
HEC-HMS, we obtained the Figure 10 that illustrated the difference between ssimulated and
observed hydrographs for the event of 24™ October, 2000. The figure indicates that the
simulated hydrograph underestimates the peak discharge; it can be observed that simulated
peak discharge is 622.5m>/s; however the observed pesk discharge is about 750.84m?*/s.
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Fig.10. Observed and simulated hydrographs for Ain Sefrawatershed in HEC-HM S before
calbiration

4.1. Calibration

Model calibration is a systematic process of adjusting model parameter values until model
results match acceptably the observed data. The precipitation-run-off models, this function
measures the degree of variation between computed and observed hydrographs [30]. The
purpose of calibration isto identify the parameters whose variation causes significant changes
in the outputs of the model. For the calibration of the generated simulation in the present study,
the measured pesk discharges of 750.84m*/s is used to enhance the difference between the
simulated and observed discharge hydrograph. In our case we have to choose the CN,
Impervious, and Lag time parameters. Table 8 shows the corresponding parameters for
calibration for each sub-catchment.

After the calibration, we obtained the figure 11 that illustrated the difference between
simulated and observed hydrographs at the outlet of Ain Sefra watershed. The figure 11
indicates that the ssimulated hydrograph and are very close to the observed hydrographs. The
simulated peak discharge and the observed pesk discharge are 750.6m°s, 750.48m°/s
respectively, noting that the peak discharge calculated by Gumbel approch is 731m%s. The
performance of the HEC-HMS model is evaluated using the Nash-Sutcliffe efficiency
coefficient [31], NSE, given by Equation 5, which ranges from negative infinity to 1.0. An
NSE value of 1.0 means a good agreement between the observed and predicted hydrographs
[32]. After calculating the NSE, we concluded that the simulated discharge hydrograph
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obtained using the HEC-HMS model is perfectly matched by the observed discharge
hydrograph with Nash-Sutcliffe coefficient value of 0.95.

NSE = 1— Z{V:l(QE.ObS" Qi,Sim)z
>N (0065 Tons)”

(5)

Where: Q; sm isthe smulated discharge at time t=i, Q; opsiS the observed discharge at time t=i,

Qonps IS the average observed discharge; N is the number of observations.

Table 8. Calibration Parameters

Parameters Breid] Tirkount
L oss Method Curve Number 85 86
Transform Method  Imprevious 25% 25%
Lag Time 645.2min 2954 min
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Fig.11. Observed and simulated hydrographs for Ain Sefrawatershed in HEC-HM S after

cdlibration

4.2.Exploitation of the model.

After the calibration and validation of the model, we simulate various hypothetical storm
events for various ARI’s (10, 50, 100 and 1000 years) to obtain their corresponding
hydrograph. We note that the simulated peak discharges obtained by HEC-HMS were close
with those derived by Gumbel approch. The results arelisted in Table 9 and Figure 12.
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Table 9. Results of simulated and observed hydrographs fot Ain Sefra watershed

ARI Hypothetical Storm Simulated peak Calculated peak
discharges discharges (Gumbel)
(HEC-HMYS)
10 years 56.9 mm 4258 m°/s 463 m*/s
50 years 70.5 mm 750.5 m/s. 731 m¥s
100 years 106 mm 904.3 m%s 845 m%/s
1000 years 166 mm 1328.3 m’/s 1220 m*/s
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Fig.12. Simulated hydrogaphs of Ain Sefra watershed of the 10, 50, 100 and 1000
return period

The calibrated HEC-HMS model were also used to estimate direct runoff volume, and the
peak discharges for the two ungauged sub-catchments (Breidj and Tirkount) of Ain Sefra
watershed for various average recurrence intervals ARI’s (10, 50, 100 and 1000 years).

The Peak discharges (m®s) and volumes (millions m®) for the sub-catchments, are listed in
Table 10. The figure 13 show the simulated hydrogaphs of sub-catchments (Breidj and
Tirkount) for the 24™ October 2000 flood event. The peak discharges and volumes for the

sub-catchments Breidj and Tirkount are repectively: 532.9m*s and 393m?%s, 35.4 millions
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cubic meters and 15.5 millions cubic meters. This difference is due mostly to topography
condition and the catchment area (Tirkount sub-catchment area: 579.55 km?, Breid

sub-catchment area: 1373.44 km?).
Table 10. Peak discharges (m*s) and volumes (Hm®) for the sub-catchments

ARI Parameters Breid] Tirkount Outlet (Ain

Sub-Catchment  Sub-Catchment Sefra)

1000 years Peak discharges (m®/s) 943.5 687.3 1328.3
Volume (HM®) 62.51 26.97 89.48

100years  Peak discharges (m®/s) 641.9 473 904.3
Volume (HM®) 4252 18.52 61.04

50years  Peak discharges (m®/s) 532.8 393.2 750.5
Volume (HM®) 35.42 15.51 50.93

10years  Peak discharges (m®/s) 301.1 227 425.8
Volume (HM?) 20.11 8.9 29.01
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Fig.13. Simulated hydrogaphs of sub-catchments of Ain Sefra watershed for the event of 24™
October 2000.

5. CONCLUSION

In this study, DEM data of 30 m resolution was used for Ain Sefra watershed delination and
catchment characteristics using the extension ArcHydro in Arc GIS. Geological, soil and land
use data used to well-understand the nature the watershed. The HEC-HMS hydrologic
modeling software was applied to Ain Sefra watershed located in southwestern Algeria to
predict the surface runoff. The SCS curve number loss method was used to determine the

hydrologic losses from the study area and SCS unit hydrograph method was used for effective
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rainfall transformation. The model parameters were calibrated against measured runoff event
of 24™ October, 2000. The daily Nash and Sutcliffe efficiency (NSH) was used to estimate the
goodness of fit between the observed stream flow and modeled stream flow. The results
obtained are satisfactory. Therefore, runoffs generated from frequency storm method will be
invaluable for the next study of flood hazard and risk assessment in Ain Sefra city using
HEC-RAS.

Asthere are plenty of ungauged rivers located in the semi arid zone in Algeria, The presented
methodology could be allowed an acceptable estimation of the runoff in areas with similar

conditions.
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