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Abstract. All Discharge data are among the most critical factors that must be considered when evaluating the 

management of water resources in a watershed. Simulation of rainfall-runoff is therefore an important element in assessing 

the impacts of serious flooding. In the present study, rainfall-runoff in the Nekkor watershed in Al Hoceima province was 

simulated using GIS, remote sensing and the Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS) 

model. The applicability, capacity and suitability of this model for rainfall runoff in the watershed were examined.  The 

watershed parameters were generated using (HEC-GeoHMS) and ArcGIS. The model was calibrated using a daily data 

set that occurred in the watershed between 2003 and 2007, the validation period was from 2009 to 2012. Model 

performance was evaluated using a variety of different statistical indices to study the response and impact of rainfall-

runoff.  Model parameters were changed and calibration was performed using the Soil Conservation Service Curve 

Number loss method. Consistent and satisfactory performance in terms of peak discharge, total flood volume, timing of 

peak discharge and overall hydrograph adjustment effect was found. The determination coefficient (R²) for the validation 

period reached 0.73 versus 0.71 for the calibration period. The root mean square error (RMSE) is within the acceptable 

range. The relative bias (RE) demonstrates an overestimation in the calibration period and an underestimation in the 

validation period in the peak flows. These results will help decision makers to better manage water resources in this 

watershed and mitigate flood risks. 

1 Introduction 
Rainfall and runoff are major constituents of the 

hydrologic cycle. Hydrological models are now widely 

used to simulate the spatiotemporal variability of water 

flows. A flood is characterized by abnormally elevated 

water levels that extend beyond the channel or the 

 
* Corresponding author: yassine.elyousfi@etu.uae.ac.ma    

channel bank [1]. Therefore, a few catchments have 

enough continuous hydrologic measurements for 

accurate water resource evaluations [2,3]. It is important 

to know the volume of runoff in a given watershed for 

the efficient planning and management of durable water 

resource projects. Present and future water associated 

challenges are place and time-specific, such can differ 
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depending on the impact of floods, glacier dynamics, or 

prolonged and longer droughts, among other things 

[4,5]. However, data analysis and quantification are 

essentially the most complicated and time-consuming 

[6]. 

HEC-HMS (Hydrologic Engineering Center e 

Hydrologic Modeling System) model was developed by 

the US Army Corps of Engineers [7] that could be used 

for different hydrological simulations [8]. The HEC-

HMS model is among the hydrological models that 

requires few input data and provides a robust output [9]. 

It has been largely used due to its capability to simulate 

flooding in both long and short term events as well as its 

very simplicity to use. Several previous studies have 

indicated the capability of the HEC-HMS model in 

simulating floods and continuous events [10,11]. 

Although, the HEC-HMS model is currently used in this 

research for reasons of availability and performance 

through adopting the SCS-CN approach [12]. The SCS-

CN method is one of the methods that has been 

evaluated in different regions, it is frequently used to 

simulate flood flow in Mediterranean regions 

[13,14,15,16]. In watershed scale CN parameter 

represents land use, soil, antecedent soil moisture, and 

hydrological conditions. It can be estimated using 

observed precipitation data or using the percentage 

given by SCS table [17]. 

The Nekkor watershed is chosen as the study zone in this 

investigation and the parameters of the basin (base flow 

and infiltration) are calibrated with data of rainfall and 

runoff of the watershed, which are collected by two 

rainfall stations and two runoff stations for the period 

2003-2007, and the period of 2009-2012. The objective 

of this research is to simulate rainfall-runoff in the 

Nekkor watershed in Al Hoceima province using GIS, 

(HEC-HMS) model and the SCS-CN as a hydrological 

method. Moreover the applicability, capacity and 

suitability of this model for rainfall runoff in the 

watershed were examined through different 

performance criteria.   

2 Methodology 

2.1 Study area 

The study area is located in the province of Al Hoceima, 

in northeastern part of Morocco, The watershed's 

location is between 34° 43.99′ to 35° 8.02′ north latitude 
and 4° 3.64′ to 3° 38.58′ west longitude (Figure 1), and 

covers an area of 780 square kilometers. Altitudes in the 

Nekkor watershed range from 82 to 1969 m. The climate 

is typically Mediterranean with a trend towards semi-

arid. It is usually hot and dry in summer and cold and 

wet in winter. The climatology of the Nekkor watershed 

is characterized by irregular rainfall, as well as a 

significant evapotranspiration potential. The average 

annual precipitation ranges from 286.4 mm to 311.5 mm 

among the different stations contained in the basin, but 

the average interannual rainfall of the basin is estimated 

to be 340 mm [18], the main river length is estimated to 

be 70 km. The overall slope index is 20.7 m km-1 

throughout the watershed [19], on the left bank, this 

index is higher than on the right bank [20]. The average 

slope in the plain is about 0.75% and in the riverbed is 

2.3%. The long-term sustainability of the Nekkor River 

is maintained by important springs in Ain Hamra, which 

are located upstream of the basin, its average annual 

flow has lowered as a result of the installation of a dam 

that cut out the natural surface flow of the river in the 

plain. 

The lithology of the watershed area is composed of 

impermeable formations, generally Miocene marls, 

flysch quartzites, and Schistose Marls. It is also 

surrounded by the limestone dorsal of the Bokoya 

Massif in the northwest, the lower Miocene sandstones 

of Jbel Kouine in the south, schistosand flysch in the 

southeast, the Jurassic shales of Jbel Azrou Akechar's 

Liasic hard limestone formations in the southwest, and 

to the North-East, towards the Nekor accident, there is 

mainly a Triassic gypsiferous olistostrome, as well as 

the formations of shales, limestones and marlstones of 

the Cretaceous [21,22]. The area around Nekkor River 

reports permeabilities between 3.10-4 m/s and 1.3.10-3 

m/s. 
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Fig. 1.The drainage network in the watershed and the location of gauging stations for the flow in the study area. 
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2.2 Data acquisition 

The available data used in the present research was 

collected from the Hydraulic Basin Agency of Lokkous 

(ABHL) and only data on climate is derived from the 

Global Weather Data as shown in Table 1. For the years 

(2003-2012), daily precipitation was collected at two 

stations Tamellaht and Takenfoust. The ABHL provided 

as evaporation data.  

ABHL also offered daily flow data for the seven years 

(2003-2007) and (2009-2012) at Tamellaht and 

Takenfoust gauging stations. 

Table 1. Spatial and temporal data. 

Type of data Description Source 
Map of topography Model of Digital Elevation (DEM) With a resolution of 30 

meters 

Hydraulic Basin Agency of 

Lokkous  

Map of land use 
Classification of land uses (2003) 

Map of the soil 
Types of soil (2003) 

Spatial data 
Source Basin, river, sub-basins, discharge, 2 rainfall station. 

Hydromet data Daily precipitation, Water level, Discharge,  (2003-2007) and 

(2009-2012) 

Climate data 
Humidity, temperature, etc. (2003-2007) and (2009-2012) Global Weather Data 

2.3 Data map generation 

The preparation of the spatial data was performed using 

the ArcGIS 10.5 program package. The data maps 

required as input for flow assessment were generated. 
Based on the digitized maps, the total area of the 

watershed, the area covered by each type of land use and 

the stream lengths were calculated.  

The Nekkor watershed was digitized according to the 

distribution of rainfall measurement stations for the 

calibration and validation process of the model within 

the main watershed (Figure 2). 

 
Fig. 2. Annual variations of precipitation in Nekkor 

watershed. 

 

2.4. Flow chart 

Different hydrological models can be used to estimate 

the amount of direct runoff that should be generated by 

a specific rainfall event in a basin. Models might be 

basic or complicated, and they all require various input 

data. 

The Soil Conservation Service (SCS) technique is the 

one of these models that is most frequently used to 

estimate direct rainfall-runoff [13,14,15,16].  

Figure 3 illustrates the process flow for runoff 

estimation through using SCS-CN method and its 

application in GIS. 
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Fig. 3. Methodological Flowchart. 

2.5. Model application and calibration 

Daily stream flows were calculated by implementing the 

HEC-HMS 4.8 model and the data maps prepared were 

applied in the model to simulate Nekkor watershed 

runoff. 

Sub-basins models are created using HEC-GeoHMS and 

a DEM data. HEC-GeoHMS effectively delimits the 

upstream limit of the watershed and sub-basin 

preliminary contours when a watershed outlet is 

delineated. 

The flood hydrograph measured was generated from the 

rainfall and flow data. In contrast, the flow discharge is 

provided by Automatic Water Level Registration 

(AWLR), based on the equation of the rating curve.  

In addition, this unit includes several methods of choice, 

like Soil Conservation Service Unit Hydrograph [23]. 
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GeoHMS develops a basin model which can be 

integrated into HEC-HMS, as well as a database table of 

field-estimated parameters and many other data layers 

including land use and soil databases. 

The following investigations are necessary for the 

hydrological modeling of the watersheds area, daily 

precipitation data, catchment land use patterns, monthly 

evaporation data, constant rate, daily river discharge 

data, initial deficit, impermeability, storage coefficient, 

peaking coefficient, standard lag, base flow, time of 

concentration, and curve number. 

The CN was calculated according to the SCS-CN 

approach by integrating the land use and soil hydrology 

group [24]. 

The values were determined by taking into account the 

predominant soil type in the study area. 

2.6. SCS Curve Number loss method 

Among other loss methods, SCS loss method was 

specifically chosen for event-based simulation research. 

The Soil Conservation Service Curve Number loss 

method was applied, this approach is efficient to use 

because it only involves two input data with CN and the 

impermeable zone.  

For progressive losses, the SCS CN approach combines 

the curve number procedure. The CN was calculated by 

taking the average of the various land uses in the 

research region. The following equation to determine the 

weighted curve number (WCN).  

��� =
∑ CN� �

��	 × A�

∑ A�
�
��	

 

P
 =
(P − I�)²

P − I� + S
 

The approach was primarily aimed at determining the 

total infiltration throughout a storm. The program 

calculates rainfall increments within a storm by 

recomputation of the volume of infiltration after each 

period. The difference in volume across two adjacent 

periods represents the infiltration within each period. 

The SCS CN approach involves the percentage of land 

use in the watershed and sub-watershed 

and the catchment area's elevation. 

CN allows the runoff depth to be estimated from rainfall 

depth, given the value of the potential maximum 

retention S.  

This potential maximum retention mainly represents 

infiltration occurring after runoff has started. This 

infiltration is controlled by the rate of infiltration at the 

soil surface, or by the rate of transmission in the soil 

profile, or by the water-storage capacity of the profile, 

whichever is the limiting factor.  

Precipitation excess is appraised using the SCS CN 

model based on soil cover, antecedent moisture content, 

land use, and cumulative precipitation [7], by applying 

the following formula:    

In which Pe denotes the accumulated precipitation 

excess at time t; Ia is the initial abstraction; is the 

potential maximum retention; P represents the 

accumulated precipitation at time t. The SCS established 

an imperial relationship with Ia and S as I� = λS, with 

λ=0.2 and the equation represents as follows: 

 

P
 =
(P − 0.2S)²

P + 0.8S
 

Where S is associated with the curve number CN as: 

S =
(1000)²

CN
− 10 

Consequently, the method of transformation involves 

the identification of a lag time as an input. SCS has the 

ability to develop a relationship of lag time (Tlag) and 

time of concentration (Tc). The duration of 

concentration might be assumed using subbasin 

characteristics such as reach length and topography. 

T�� = 0.6�� 

Were S is the slope in % and L is the length of the reach 

in feet.  

 

T� = 0.0078 × �
��.��

��.���� 
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Fig. 4. The obtained parameters in Hec-Geo HMS and ArcGis, a. Soil maps, b. Land use map, c. Slope map. 

2.7 Clark unit hydrograph 

HEC-HMS provides transformation tools, a number of 

different processing methods are provided by HEC-

HMS. The Clark Unit Hydrograph and Snyder Unit 

Hydrograph methods, which have been successfully 

applied to simulate flooding in the Moroccan watershed 

[11,25,26,27,28]. In this study, direct runoff was 

transformed into Clark unit hydrograph. An illustration 

of a synthetic unit hydrograph method becomes a Clark 

unit hydrograph [29]. This implies that the user is not 

liable [30] for developing a unit hydrograph by 

analyzing past. Alternatively, a program-implemented 

time versus area curve is employed to generate the 

translation hydrograph deriving from a precipitation 

burst. In order to account for the storage attenuation 

across the sub-basin, the generated hydrograph is routed 

through a linear reservoir. 

3 Results and discussion 

3.1 Calibration and validation  

Model performance was evaluated using a variety of 

different statistical indices to study the response and 

impact of rainfall-runoff. Model parameters were 

changed and model calibration was performed using the 

Soil Conservation Service Curve Number loss method 

and the Clark unit hydrograph transfer method. 

Consistent and satisfactory performance in terms of 

peak discharge, total flood volume, timing of peak 

discharge and overall hydrograph adjustment effect was 

found.  

The observed and simulated hydrographs for both the 

calibration and validation period present nearly similar 

shapes and trends (Figure 5).  Based on the hydrograph 

analysis, overestimates and underestimates of the 

simulated flows can be seen during the two simulation 

periods, we notice it especially in periods of heavy 

rainfall.  

Several physical parameters were taken into account 

during calibration in this study. We claimed that the CN 

represents the impact of both soil type and LULC upon 

the watershed response toward hydrological parameters 

as indicated by Tassew et al. [31].  

The CN parameter value could greatly influence runoff 

generation [32] and it is directly proportional to runoff 

generation. Consequently, a low CN value indicates a 

low runoff coefficient, while a high value denotes a high 

runoff coefficient. The curve number (CN) technique is 

currently applied to assess the runoff in the Nekkor 

watershed in Morocco.  
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Fig. 5. Hydrograph of simulated and observed flow during calibration and validation period. 

 
The average CN in the watershed was 80 suggesting a 

high flow and less infiltration within the basin. The 

obtained results established evidence that the 

hydrological model has the potential to support the 

watershed integrated management system [33]. In this 

study, the SCS-CN method of the HEC-HMS model was 

able to provide a simulation Rainfall-Runoff for normal 

and wet soil moisture conditions. 

3.2. Model performance assessment 

As the results show, the model accurately predicted the 

peak flow rate based on the available historical records 

data. The performance criteria values during the 

calibration period were as follows: R² = 0.71, Pbias = 

85.9 and Rmse = 4.00, R² shows that the applied 

statistical error tests were found to be in an acceptable 

range. A number of researchers in Morocco 

[11,25,26,27,34,35] have find a good fit, certain of them 

with an R² value greater than 0.70. The Percent Bias 

coefficient (Pbias) for the calibration reached 85.9 % 

whish demonstrates a large overestimation in this 

period. Rmse indicated inappropriate results during 

calibration. The performance criteria values during the 

validation period were as follows: R² = 0.73, Pbias = -

61.6% and RMSE = 1.48. The improvement of the R² 

and Rmse results during the validation period shows that 

the model is able to represent the hydrological 

functioning in the Nekkor watershed. In validation Pbias 

= -61.6% demonstrates a large underestimation in this 

period. 
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Fig. 6. The Scatter plot of observed and simulated flow in calibration and validation periods. 

 

An increased CN value indicates a higher runoff, while 

a CN value of 100 indicates that all the rain will run off 

as runoff. The CN value for this watershed was spatially 

varied, with 35 for the forested area and a peak value of 

99 for the waterbodies area with an average of 80. The 

CN approach provides a more flexible, as well as site-

specific method for selecting appropriate design values 

for runoff estimation in this study. 

The need to use accurate CN forecasts to predict 

watershed runoff was emphasized. Because the CN 

method was developed by the U.S. Department of 

Agriculture and the NRCS, its application to a 

Mediterranean watershed is challenging because it is 

derived from a temperate regime. Studies conducted not 

only in Mediterranean regions but also in temperate 

regions with varying climatic conditions have 

encountered difficulties when using the CN method. 

Normally, CNs for different land use patterns are taken 

from standard CN tables (Sonbol et al., 2005), which 

may sometimes not provide accurate results due to the 

range of climatic conditions.   

 

The transform approach Clark unit hydrograph seems to 

be the good method for modeling direct runoff in this 

watershed, further application of this approach should 

be encouraged to confirm its suitability for northern 

Moroccan watersheds. Considering the results of the 

calibration and validation phase, the volume and timing 

of the runoff was fairly accurate. This demonstrates that 

the HEC-HMS 4.8 model is suitable for simulate Nekkor 

flows. Although the structure of the HEC-HMS 4.8 

model is simple, it is a powerful tool for rainfall-runoff 

simulation. 

4 Conclusion 
In this study we simulate rainfall-runoff of the Nekkor 

watershed in Al Hoceima province using GIS, (HEC-

HMS) model and the SCS-CN as a hydrological method. 

Moreover the applicability, capacity and suitability of 

this model for rainfall runoff in the watershed were 

examined through different performance criteria.  

Results show that SCS Curve Number loss method and 

the Clark unit hydrograph transform approach in HEC-

HMS 4.8 can be reliably used to simulate Nekkor flows. 

The HEC-HMS model accurately predicted peak flow 

based on available historical rainfall data. It was noted 

that curve number, initial abstraction, and lag time were 

the primary parameters affecting runoff generation. The 

determination coefficient (R²) for the validation period 

reached 0.73 versus 0.71 for the calibration period. The 

root mean square error (RMSE) is within the acceptable 

range. 

The relative bias (RE) demonstrates an overestimation 

in the calibration period and an underestimation in the 

validation period in the peak flows. Although the 

structure of HEC-HMS is simple, it is a powerful tool 

for storm runoff. More advanced implementation of 
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HEC-HMS should be promoted to confirm its 

applicability to Moroccan watersheds. These results will 

help decision makers to better manage water resources 

in this watershed and mitigate flood risk. To accomplish 

this, it is recommended that gauging stations that 

measure precipitation and discharge on an hourly basis 

be installed, then the application of the HEC-HMS 

model on an hourly basis will reduce the risk of flooding 

in the downstream part of the Nekkor watershed. 
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