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Abstract 

Ain Sefra is 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 runoff in the semi-arid region of Ain Sefra watershed through 
the employing of the Hydrologic Engineering Center – Hydrologic Modelling System (HEC-HMS). In this pa-
per, the frequency storm is used for the meteorological model, the Soil Conservation Service – curve number 
(SCS-CN) is selected to calculate the loss rate and Soil Conservation Service unit hydrograph method have been 
applied to simulate the runoff rate. After calibration and validation, the simulated peak discharges were very 
close with observed values. The Nash–Sutcliffe efficiency coefficient was 0.95, indicates that the hydrological 
modeling results are satisfactory and accepted for simulation of rainfall-runoff. The peak discharges obtained for 
the 10, 50, 100 and 1000 year storms are respectively 425.8, 750.5, 904.3 and 1328.3 m3∙s–1. 
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INTRODUCTION 

The report compiled by the UN Office for Disas-
ter 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 disas-
ters combined, which also includes geophysical haz-
ards 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 [GUHA-SAPIR et 
al. 2015]. In Algeria, the floods have marked as one 
of the most frequent natural disasters and the most 
destructive. The flood of November 10th, 2001 at Bab 

El Oued district of Algiers is the deadliest with 772 
deaths [GUENIFI 2004]. These exceptional phenomena 
are well-studied under temperate climate however arid 
and semi-arid areas have received little attention 
[WHEATER et al. 2008]. This study interest in Ain 
Sefra which is situated in the western part of Ksour 
Mountains, in the junction of wadis Breidj and 
Tirkount (Fig. 1). 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 proper-
ties and infrastructures. 

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 
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Fig. 1. Junction of wadis Breidj and Tirkount in Ain Sefra 
city (01.10.2014); source: own elaboration 

methodology to predict the flash floods in this region, 
to protect the city against inundations. The widely 
used approach to determine flash flood occurrence 
and the relationships between rainfall and runoff data 
is the hydrological modelling which accommodate the 
hydrological process to estimate streamflow over riv-
er basins and assist forecasters in making a compari-
son between simulated streamflow and observed 
flooding, to predict and understand the hydrologic 
process. Hydrological studies are often aimed at es-
tablishing rainfall-runoff relationships [SHAH et al. 
1996]. Rainfall-runoff models can be categorized ac-
cording to the model type. According to CLARKE 
[1973] and AMBROISE [1998], the hydrological mod-
els can be classified in to four main categories: deter-
minist or stochastic, global or semi-distributed, kine-
matic 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 modelling, we use a semi 
distributed hydrologic model of HEC-HMS (Hydro-
logic Engineering Center-Hydrologic Modelling Sys-
tem) 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 stud-
ies using HEC-HMS model, which proved its ability 
to simulate and forecast streamflow. As example: 
SINTAYEHU [2015] used HEC-HMS model employing 
Snyder unit hydrograph and exponential recession 
method to simulate the runoff of upper Blue Nile Riv-
er Basin. NORHAN et al. [2016] modelled rainfall-
runoff relations using HEC-HMS in arid environment 
at Wadi Alaqiq, Madinah, Saudi Arabia. SAMPATH et 
al. [2015] modelled the rainfall-runoff relations using 
HEC-HMS in tropical catchment in Sri Lanka. MEIL-

ING et al. [2016] employed the HEC-HMS to simulate 
runoff in the semi-arid region of northwestern China. 
LAOUACHERIA and MANSOURI [2015] used HEC- 
-HMS model by employing frequency storm to simu-
late the runoff in a small urban catchment in the 

North-East of Algeria. MOKHTARI et al. [2016] mod-
elled the rain-flow by HEC-HMS in watershed of 
Wadi Cheliff-Ghrib in the North of Algeria. SKHAKH-

FA and OUERDACHI [2016] used HEC-HMS for esti-
mating floods of short duration in Wadi Ressoul wa-
tershed in the North-East of Algeria. WAŁĘGA [2013] 
reconstrued a flood event in an uncontrolled basin by 
using HEC-HMS model. This paper presents a meth-
odology of rainfall–runoff model by using HEC-HMS 
program integrated with DEM data as an input for 
basin model in semi-arid environment to simulate the 
pick discharges for 10, 50, 100 and 1000 year (aver-
age recurrence interval – ARI) in Ain Sefra watershed 
and its sub-catchment.  

MATERIALS AND METHODS 

DATA 

Rainfall time series data are collected from Alge-
rian Meteorological Office (Fr. Office National de la 
Météorologique – ONM) from the only meteorologi-
cal station in the region that of Ain Sefra (for 1980–
2014), and flow data are collected from the National 
Agency of the Hydraulic Resources (Fr. Agence Na-
tionale des Ressources Hydrauliques – 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 stations in 
Ain Sefra watershed 

Station 
name 

Gauge 
type 

Longitude Latitude 
Elevation 

m 
Selected 
period 

Ain Sefra 
rainfall 
gauge 

32°45'08.44"N 0°35'39.02"W 1 084 
1980–
2014 

Ain 
Hadjadj 

runoff 
gauge 

32°38'33.74"N 0°22'17.92"W    933 
1978–
2008 

Source: own elaboration. 

Also, spatial data was downloaded from USGS 
[undated] in the form of ASTER (Advanced Space-
born Thermal Emission and Reflection Radiometer) 
type Global Digital Elevation Model GDEM with 30 
m resolution. We adopted the DEM to define Ain 
Sefra watershed and its physical characteristics. 

METHODS 

Our objective is to examine the rainfall-runoff re-
lationship in Ain Sefra watershed, in order to propose 
effective solutions to protect the city against inunda-
tions. The methodology is based on meteorological 
and physical data processing in the geospatial envi-
ronment 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, topog-

raphy, and watershed characteristics, using the ex-
tension ArcHydro tools in ArcMap; 
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– define geological and soil characteristics of the 
watershed, to compute the runoff curve number (CN); 

– importing the catchment physical characteristics 
data to HEC-HMS model; 

– run the rainfall/runoff simulation, and compare 
compute and observes flows; 

– calibration and validation of the model. 

DESCRIPTION OF STUDY AREA 

Ain Sefra watershed has an area of 1957 km2; it’s 
situated in the SW of Algeria in the region called 
Ksour Mountains (Fig. 2). It is located between longi-
tudes (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, dominat-
ed south by a marked relief of Mekther Mountain 
(2035 m), the South West by Mir El Djebel (2109 m) 
and the Mzi Mountains (2206 m), north by Aissa 
Mountain (2236 m) and the north west by Morghad 
Mountain (2136 m) and Bouamoud Mountain (2116 m).  

With 67 km of length, the longest flow path run 
southwestward from its origin in the north side of 
Morghad Mountain, and receive the valley of Sfissifa, 
together they forms the valley of Breidj, and they pur-
sues the same direction to meet the valley of Tirkount 
that drains the waters of Morghad Mountain and 
Aissa Mountain and has 29.6% of Ain Sefra water-
shed area. These two valleys (Breidj and Tirkount) 
meet at downtown Ain Sefra to form the valley of Ain 
Sefra that’s run to the south at downstream of the 
study area while receiving other valleys as Tiout and 
Sam, to become at the end the Namous valley that is 
lost in the great western Erg in the Algerian Sahara at 
370 km from its origin. The network is quite dense 
and branched which allows easy collection of rainwa-
ter to lead them to the outlet [DERDOUR et al. 2013].  

TOPOGRAPHY OF AIN SEFRA WATERSHED 

The morphometric characteristics are extracted 
from digital elevation model (DEM). The most com-
mon altitudes are between 1200 and 1400 m repre-
senting 57% of the total area of Ain Sefra watershed. 
The altitudes below 1100 m represent only 2% of the 
total area (Fig. 3). Ain Sefra watershed is character-
ized by relatively steep slopes upstream, the slope 
decreases downstream from the confluence of Wadi 
Sfissifa with Wadi Breïdj. The mean elevation is  
1334 m and the mean basin slope is 5.8 mꞏkm–1.  

There are three types of slopes (Fig. 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 total area of the watershed;  

2) a moderately steep slope between (6 and 25%) at 
moderate altitudes (1400–1600 m), where the pres-
ence of an intermediate hill in the foothills of 
Djebels: the area occupied is about 12%;  

 

Fig. 2. Location of Ain Sefra watershed in Algeria  
(ASTER, 30 m resolution, Map datum: UTM WGS 84);  

source: own elaboration  

 

Fig. 3. Hypsometric map of Ain Sefra watershed  
(Map datum: UTM WGS 84); source: own elaboration 

 

Fig. 4. Map of slopes of Ain Sefra watershed  
(Map datum: UTM WGS 84); source own elaboration 
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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 a violent and torrential type. 

GEOLOGY OF AIN SEFRA WATERSHED 

The watershed is composed of different geologi-
cal constituents from the Triassic formation to the 
Quaternary with a predominance of the Mesozoic for-
mations. According to KACEMI [2014] the formation of 
Tiout belonging to the Cretaceous is the largest with 
a thickness of 1065 m. More than 46.4% of the area is 
covered by Jurassic formation, 19.4% of Mio-Pliocene 
formations, and 18% of Cretaceous formations. The 
other percent (16.2%) filled with, alluvium, colluvium, 
and Quaternary formations. The Figure 5 shows the 
geological map of Ain Sefra watershed extracted from 
the geological map of Algeria [CORNET, DELEAU 
1951]. The facies that largely dominate the Ksour 
Mountains are the sandstone formations (Jurassic and 
Cretaceous), but they are usually clayey interspersed by 
marl or compact quartz, their permeabilities are gener-
ally 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 [RAHMANI 2010]. The Quaternary 
formations are very thick but they cover large areas in 
the basin; they are known by their high permeability 
[DOUIHASNI 1976; GALMIER 1970], as the case of the 
wadis Breidj and Tirkount that left their banks signifi-
cant alluvial deposits that contain a alluvial watertables 
exploited by many wells.  

LAND USE AND SOIL TYPE  
OF AIN SEFRA WATERSHED 

The land use data was provided from the General 
Directorate for Forestry of Algeria (Fr. Direction Gé-
nérale des Forêts Algérie – DGF). The total area of 
the basin covers about 1957 km2. The main dominant 
lands in the basin are the grasslands (56.2%), the for-
est 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. 

The other major factor of the basin property is the 
soil type. Soil types and their distribution are extreme-
ly related to the nature of geomorphic unites. Accord-
ing to the researches of: BENSAID [2007], DJEBAILI 
[1984], POUGET [1977] and GORDO [2014], four soil 
types are distinguished in the basin of Ain Sefra: The 
calci-magnesi soils, the mineral soils, the poorly grad-
ed soils and the saline soils. 

HYDRO CLIMATIC CHARACTERISTICS  
AIN SEFRA WATERSHED 

The region is characterized by a semi-arid cli-
mate, with dry and hot summers where rainfall is al-
most  absent  and  with high evaporation.  Winters are 

 

Fig. 5. Map of geology of the studied zone (Map datum: 
UTM WGS 84); source: own elaboration 

 

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

 

Fig. 7. The total annual rainfall depth at the rain gauge of 
Ain Sefra city; source: own study 
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cool and sometimes very cold, with often rain intensi-
ties 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 annu-
al rainfall between 50.3 mm and 439.8 mm with an 
average of 185 mm (Fig. 7). The region rainfall is 
characterized by high temporal and spatial irregulari-
ty. 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 events in Ain 
Sefra wetershed vary from storm to storm but they are 
generally short with a high intensity. The annual aver-
age temperature is around 17.5°C.  

The maximum, minimum, and average tempera-
tures show that the lowest temperatures occurs in No-
vember, December, and January and the highest rec-
ords are in June, July, and August. Only 1.3% of the 
rainfall infiltrates and percolates into the saturated 
zones, which is comparable with other arid and semi-
arid regions [DERDOUR 2010]. 

The mean annual runoff of the basin is 0.7 m3ꞏs–1, 
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 Wa-
di Ain Sefra vary from a few m3ꞏs–1 to 750.84 m3ꞏs–1. 
The maximum peak discharges is recorded in 1st Oc-
tober 2014. 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 test-
ed several statistical methods employed in flood fre-
quency analysis (FFA) (exponential, GUV, gamma, 
Gumbel, normal, log-normal), peak discharges of Wadi 
Ain Sefra during 32 years fits well with the Gumbel 
approach (Fig. 8). This statistical methods employed 
allow us to estimate the peak discharges (Qmax) for 
different average recurrence interval (Tab. 2). 

 

Fig. 8. Peak discharges adjusted with Gumbel statistical 
method; source: own elaboration 

Table 2. Peak discharges with Gumbel approach 

Flow (m3ꞏs–1) when average recurrence interval (years)  
10  20  50  100  1000  
463 580 731 845 1 120 

Source: own elaboration. 

HEC-HMS MODEL 

MODEL DESCRIPTION 

The Hydrologic Engineering Center’s Hydrologic 
Modeling System (HEC-HMS) is designed to simu-
late the precipitation-runoff processes of dendritic 
watershed systems. It is designed to be applicable in 
a wide range of geographic areas for solving the wid-
est possible range of problems [SCHARFFENBERG, 
FLEMING 2016]. Hydrographs produced by the pro-
gram are used directly or in conjunction with other 
software for studies of water availability, urban drain-
age, flow forecasting, future urbanization impact, res-
ervoir spillway design, flood damage reduction, 
floodplain regulation, and system operation [SCHAR-
FFENBERG, FLEMING 2016]. HEC-HMS model setup 
consists of four main model components: basin mod-
el, 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, ex-
ponential, Green and Ampt, initial and constant, SCS 
curve number, Smith Parlange and Soil Moisture Ac-
counting – 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 for routing model (kinemat-
ic 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). 

MODEL STRUCTURE 

In this study, SCS curve number (CN) loss meth-
od 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. 

CATCHMENT MODEL 

The catchment model represents the physical wa-
tershed. In order to increase for better performance of 
modelling, in this study, the catchment is sub divided 
into two major 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. 
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Table 3. Hydrological parameters of sub-catchments of Ain 
Sefra watershed 

Catchment 
Area  
km2 

Perimeter 
km 

Channel slope 
% 

Stream length 
km 

Tirkount 579.55 143.34 9.56% 44.51 
Breidj 1373.44 269.2 9.31% 67.00 

Source: own elaboration. 

 

Fig. 9. The schematic representation in Hydrologic  
Engineering Center’s-Hydrologic Modelling System  

of Ain Sefra watershed; source: own elaboration 

LOSS METHOD  

In this study, SCS curve number (CN) loss meth-
od is used to determine the hydrologic loss rate. The 
Soil Conservation Service (now the Natural Re-
sources Conservation Service) curve number method 
implements the curve number methodology for in-
cremental losses. Originally, the methodology was 
intended to calculate total infiltration during a storm. 
The CN for a watershed can be estimated as a func-
tion of land use, soil type, and antecedent soil mois-
ture, using tables published by the SCS. CN values 
range from 100 (for water bodies) to approximately 
30 for permeable soils with high infiltration rates 
[SCHARFFENBERG, FLEMING 2010]. The SCS CN 
model is given by Equation (1): 

 
SIP

IP
Q

a

a





2)(   (1) 

Where: Q = runoff value (mm); P = precipitation 
(mm); Ia = initial abstraction (mm); S = potential max-
imum retention is given by Equation (2): 

 
CN

S
254254000

   (2) 

The runoff curve number CN is a function of land 
use, treatment and condition; infiltration characteris-
tics of the soils; and antecedent moisture condition. 
MCCUEN [1982] discusses the use of the SCS runoff 
model in detail. The hydrological soil classification 

system developed by the Soil Conservation Service 
was used for classifying soils into different hydrologi-
cal soil groups. In this classification system, soils are 
classified as A, B, C or D hydrologic soil group de-
pending 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 infil-
tration rate [NRCS 2007]. For this purpose the hydro-
logic soil groups were defined based on the geological 
map of Ain Sefra watershed. The results 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 

Source: own elaboration. 

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 hydro-
logic soil groups by using appropriate approaches in 
watershed modelling system WMS [AQUAVEO 
2012]. The CN values are listed in Table 5. 

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

Sub-catchments Curve number 
Tirkount 75 

Breidj 79 

Source: own study/ own elaboration. 

TRANSFORM METHOD 

In this paper, the translation of excess precipita-
tion 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 hydro-
graph [USGS 2012]. The transform method requires 
a lag time determination as an input. The SCS devel-
oped a relationship between the time of concentration 
(Tc) and the lag time (Tlag) given by Equation (3). The 
time of concentration is calculated by Giandotti’s 
formula given by Equation (4) [GIANDOTTI 1934]. 
The time of concentration and lag time values for the 
Breidj and Tirkount sub-catchments are listed in Ta-
ble 6. 

 cTT 6.0lag    (3) 

 
H

LA
Tc

8.0

5.14 
   (4) 
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Where: Tlag = the lag time; Tc = the time of concentra-
tion; A = the watershed area (km2); L = the length of 
the main channel (km); H = the difference between 
the mean basin elevation and the outlet elevation (m). 

Table 6. The temps of concentration and lag times of Ain 
Sefra sub-catchments 

Sub-catchment Tc, min Tlag, min  Tc, h Tlag, h 
Tirkount 295.4 177.24   4.9 2.95 

Breidj 645.2 387.22 10.7 6.45 

Explanations: Tlag = the lag time; Tc = the time of concentration.  
Source: own study. 

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 sub-basin, and to 
accept partial or annual duration precipitation depth-
duration data. The records from Ain Sefra rainfall 
station were obtained and analysed to establish the 
intensity-duration-frequency (IDF) curves based on 
extreme value, in order to evaluate the watershed re-
action to a given rainfall event. In this study, it is as-
sumed 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 
average recurrence interval (ARI) are listed in Table 7. 
The storm durations of 1, 2, 3, 4, 5, 6 and 24 hours are 
used in the simulations.  

Table 7. Design storm rainfall intensity for various duration  

Average 
recurrence 

interval 
years 

Rainfall intensity (mmꞏh–1) when duration (h) 

1 2 3 4 5 6 12 24 

10 21.9 27.0 30.5 33.2 35.5 37.5 46.2 56.9
50 34.6 42.6 48.1 52.5 56.1 59.2 72.9 89.8
100 40.9 50.3 56.8 61.9 66.2 69.9 86.1 106.0

1 000 64.0 78.8 89.0 97.0 103.7 109.5 134.8 166.0

Source: own study. 

RESULTS AND DISCUSSION  

The selected historical event for the control was 
the flood of 24th October 2000, measured by the Na-
tional Agency of Hydraulic Resources (ANRH) which 
records maximum peak discharges (750.84 m3ꞏs–1), 
and that represent the flood of 50 year recurrence in-
terval according to the frequency analysis with the 
statistical Gumbel method. After the first simulation 
with HEC-HMS, we obtained the Figure 10 that illus-
trated the difference between simulated and observed 
hydrographs for the event of 24th October, 2000. The 
figure indicates that the simulated hydrograph under-
estimates the peak discharge; it can be observed that 
simulated peak discharge is 622.5 m3ꞏs–1; however the 
observed peak discharge is about 750.84 m3ꞏs–1.  

 

Fig. 10. Observed and simulated hydrographs for Ain Sefra 
watershed in Hydrologic Engineering Center’s-Hydrologic 

Modelling System before calibration; source: own study 

CALIBRATION  

Model calibration is a systematic process of ad-
justing model parameter values until model results 
match acceptably the observed data. The precipita-
tion-run-off models, this function measures the degree 
of variation between computed and observed hydro-
graphs [CUNDERLIK, SIMONOVIC 2004]. The purpose 
of calibration is to identify the parameters whose var-
iation causes significant changes in the outputs of the 
model. For the calibration of the generated simulation 
in the present study, the measured peak discharges of 
750.84 m3ꞏs–1 is used to enhance the difference be-
tween the simulated and observed discharge hydro-
graph. In our case we have to choose the CN, imper-
vious, 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 wa-
tershed. The Figure 11 indicates that the simulated 
hydrograph and are very close to the observed hydro-
graphs. The simulated peak discharge and the ob-
served peak discharge are 750.6, 750.48 m3ꞏs–1 re-
spectively, noting that the peak discharge calculated 
by Gumbel approach is 731 m3ꞏs–1. The performance 
of the HEC-HMS model is evaluated using the Nash–
Sutcliffe efficiency coefficient (NSE) [NASH, SUT-

CLIFFE 1970], 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 [MORIASI et al. 2007]. After 
calculating the NSE, we concluded that the simulated 
discharge hydrograph obtained using the HEC-HMS 
model is perfectly matched by the observed discharge 
hydrograph with Nash–Sutcliffe coefficient value of 
0.95.  
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Where: Qi,sim = the simulated discharge at time t = i; 
Qi,obs = the observed discharge at time t = i; Qobs = the 
average observed discharge; N = the number of ob-
servations. 

Table 8. Calibration parameters 

Method Parameter Breidj Tirkount 
Loss method curve number 85 86 

Transform method 
impervious, % 25 25 
lag time, min 645.2 295.4 

Source: own study. 

 

Fig. 11. Observed and simulated hydrographs for Ain Sefra 
watershed in Hydrologic Engineering Center’s-Hydrologic 

Modelling System after calibration; source own study 

EXPLOITATION OF THE MODEL  

After the calibration of the model, we simulate 
various hypothetical storm events for various ARI’s 
(10, 50, 100 and 1000 years) to obtain their corre-
sponding hydrograph. We note that the simulated 
peak discharges obtained by HEC-HMS were close 
with those derived by Gumbel approach. The results 
are listed in Table 9 and Figure 12. 

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

Table 9. Results of simulated and observed hydrographs for 
Ain Sefra watershed 

Average  
recurrence  

interval 
years 

Hypothetical 
storm 
mm 

Simulated peak 
discharges  

(HEC-HMS) 
m3ꞏs–1 

Calculated peak 
discharges  
(Gumbel) 

m3ꞏs–1 
10     56.9 425.8 463 
50     70.5 750.5 731 

100 106 904.3 845 
1 000 166 1 328.3 1 220 

Explanations: HEC-HMS = Hydrologic Engineering Center’s- 
-Hydrologic Modelling System. 
Source: own study. 

 
10 years 

 
50 years 

 
100 years 

 
1000 years 

Fig. 12. Simulated hydrographs of Ain Sefra watershed of 
the 10, 50, 100 and 1000 return period; source: own study 

The peak discharges (m3ꞏs–1) and volumes (mil-
lions m3) for the sub-catchments, are listed in Table 
10. The Figure 13 shows the simulated hydrogaphs of  
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Table 10. Peak discharges (m3ꞏs–1) and volumes (hm3) for 
the sub-catchments  

Average 
recur-
rence 

interval 
years 

Parameters 
Breidj  
sub- 

-catchment 

Tirkount 
sub- 

-catchment 

Outlet  
(Ain Sefra)

1 000 
peak discharges 943.5 687.3 1328.3 
volume 62.51 26.97 89.48 

100 
peak discharges 641.9 473.0 904.3 
volume 42.52 18.52 61.04 

50 
peak discharges 532.8 393.2 750.5 
volume 35.42 15.51 50.93 

10 
peak discharges 301.1 227.0 425.8 
volume 20.11 8.9 29.01 

Source: own study. 

 
Breidj sub-catchment 

 
Tirkount sub-catchment 

Fig. 13. Simulated hydrogaphs of sub-catchments  
of Ain Sefra watershed for the event of 24.10.2000;  

source: own study  

sub-catchments (Breidj and Tirkount) for the 24th Oc-
tober 2000 flood event. The peak discharges and vol-
umes for the sub-catchments Breidj and Tirkount are 
respectively: 532.9 and 393 m3ꞏs–1, 35.4 and 15.5 mln 
m3. This difference is due mostly to topography con-
dition and the catchment area (Tirkount sub-catch-
ment area – 579.55 km2, Breidj sub-catchment area – 
1 373.44 km2). 

CONCLUSION 

In this study Digital Elevation Model (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 de-
termine the hydrologic losses from the study area and 
SCS unit hydrograph method was used for effective 
rainfall transformation. The model parameters were 
calibrated against measured runoff event of 24th Octo-
ber, 2000. The daily Nash and Sutcliffe efficiency 
(NSE) was used to estimate the goodness of fit be-
tween the observed stream flow and modeled stream 
flow. The results obtained are very 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. 

As there are plenty of ungauged rivers located in 
the semi arid zone in Algeria, the presented method-
ology could be allowed an acceptable estimation of 
the runoff in areas with similar conditions.  
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Modelowanie relacji opad–odpływ za pomocą HEC-HMS w regionie półsuchym:  
Przykład zlewni Ain Sefra w górach Ksour (południowozachodnia Algieria) 

STRESZCZENIE 

Ain Sefra jest jednym z algierskich miast, które doświadczyły kilku niszczących powodzi w ciągu minio-
nych 100 lat. Celem badań prezentowanych w pracy było symulowanie odpływu w regionie o klimacie półsu-
chym w zlewni Ain Sefra z wykorzystaniem systemu modelowania hydrologicznego HEC-HMS. W pracy użyto 
częstotliwości opadów nawalnych do konstruowania modelu meteorologicznego, liczbę krzywych Służby 
Ochrony Gleb USA – ang. Soil Consevation Service (SCS-CN) wybrano do obliczenia tempa strat, a metodę 
jednostkowego hydrogramu Służby Ochrony Gleb USA użyto do symulowania szybkości odpływu. Po przepro-
wadzeniu kalibracji i walidacji modelu symulowane maksymalne odpływy były bardzo bliskie wartościom ob-
serwowanym. Współczynnik wydajności Nasha–Sutcliffa równy 0,95 wskazuje, że wyniki modelowania hydro-
logicznego są zadowalające i mogą być przyjęte do symulowania relacji opad–odpływ. Uzyskane maksymalne 
odpływy dla 10-, 50-, 100- i 1000-letnich opadów nawalnych wynoszą odpowiednio 425,8, 750,5, 904,3 i 1328,3 
m3∙s–1. 
 
Słowa kluczowe: Ain Sefra, częstotliwość opadów nawalnych, HEC-HMS, klimat półsuchy, modelowanie hydro-
logiczne, powodzie 

 

 


