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Abstract 
The Mediterranean area is classified as a 
region highly threatened by water erosion, 
which depends largely on climatic 
aggressiveness, erodible soils, sparse 
vegetation, and irrational human activity. 
Tleta watershed belongs to a young 
mountain ridge (Rif), readily erodible and 
highly vulnerable to water erosion. To 
assess the extent of this phenomenon, 
AGWA tool coupled with KINEROS2 
(K2) model was used to predict the 
specific degradation and the hydrological 
functioning of the studied watershed. The 
data required consisted of topography, 
land use, soil type, and precipitation. The 
model simulations will make it possible to 
estimate the sediment load deposited at the 
Ibn Batouta dam, which results from 
upstream erosion. The evaluation criteria 
for the predictive skill of K2 model when 
comparing observed and simulated data 
are the coefficient of determination (R2) 
and the Nash–Sutcliffe model efficiency 
coefficient (NSE). These two coefficients 
are respectively (R² = 0.99, NSE = 0.71) 
and (R² = 0.99, NSE = 0.72) for runoff and 
sediments yield for calibration. For the 
validation process, these two coefficients 
are (R² = 0.99 and NSE = 0.98) for runoff 
and (R² = 0.99 and NSE = 0.97) for 
sediments yield. This allows us to 
conclude that the predictive accuracy of 
the model is promising.
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Introduction 
Water supply systems in Morocco are threatened by the reduction of 

quantities and the degradation of qualities due to climate change and 
overexploitation of the resources (Heusch, 1973; Lahlou, 1994; 
Lammadalena, 2010). The rainfall intensity and its irregularity also favor soil 
erosion and aggravate the consequences on soil productivity (Pepin et al., 
2012). The decrease in vegetation cover reduces surface roughness and hence 
exposes the soil to water erosion (Canfield & Goodrich, 2005). Soil erosion, 
with annual soil losses of 2000-6000 t/km2/year (Chikhaoui & Naimi, 2011), 
is a major environmental and economic matter that jeopardizes the 
sustainability of dam reservoir and agricultural activities. The Tleta watershed 
evolves with the construction of the new city of Cherrafat, the development of 
fruit tree orchards, and the transformation of matorral into cultivated lands. 
Water resources are limited to surface water (Sabir et al., 2004) and their 
mobilization is mainly ensured by the Ibn Batouta dam. This reservoir, located 
at the outlet of the basin, supplies water for the city of Tangiers. Nevertheless, 
its continuous siltation as a consequence of soil water erosion may hinder the 
availability of water in the future (Sabir et al., 2019). 

Models can be a time- and cost-efficient method for managing water 
resources and developing predictive scenarios by extending existing 
knowledge. Once validated using observed data, a model has the potential to 
predict outcomes and to evaluate scenarios for best management practices 
(Morrison et al., 2013). The AGWA tool was developed by Agricultural 
Research Service, US Environmental Protection Agency, and the University 
of Arizona. AGWA with Arc View interface is an open-source (Miller et al., 
2002) parameters KINEROS2 model. This is a physical event model which 
describes the processes of dynamic infiltration, surface runoff, interception 
and erosion in watersheds, and is characterized primarily by overland flow 
(Smith et al., 1995). The model is widely used in semi-arid areas and provides 
a good understanding of the response of watersheds to land shift and 
management. KINEROS was first deployed by Woolhiser et al. (1970), and 
its evolution and improvement have been carried out over many years ago 
(Woolhiser et al., 1990; Goodrich et al., 2002; Smith et al., 1995;). 
KINEROS2, the newest version was used as a tool for modeling flows and 
solid fluxes in several studies (Mansouri et al., 2001; Augusto et al., 2002; 
Lajili, 2004; Bissiri et al., 2004; Jaoued et al., 2005; Al-Qurashi et al., 2008; 
Afef, 2014; Laetitia, 2016;). However, this model relies heavily on 
subdividing watersheds into response units and assigning appropriate 
parameters. The AGWA tool automates this step to facilitates the 
parameterization of KINEROS2 (Semmens et al., 2008).  

The singular feature of AGWA is the possibility to use internationally 
available spatial data sets to delineate the watershed, subdivide it into model 
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elements, and derive all necessary parameter inputs for each model element 
(Kepner et al., 2008). Above all, AGWA tool was developed to ensure that 
parameterization procedures are simple, straightforward, transparent, and 
reproducible. This means that it should be compatible with available GIS data 
layers and useful for the assessment of future scenarios at multiple scales 
(Semmens et al., 2008). It also allows spatial visualization and comparison 
between model outputs, and thus permits the assessment of hydrological 
impacts associated with landscape change. AGWA is also designed to identify 
risk areas in watersheds that are particularly vulnerable to degradation and 
where restoration can be effective (Kepner et al., 2004; Kepner et al., 2008; 
Semmens et al., 2008). 

The main objectives of this study include the following: (1) To calibrate 
and validate AGWA tool in the Tleta watershed using observed data from the 
Loukkos Hydraulic Basin Agency (ABHL); (2) To assess the hydrology 
dynamic and water erosion process; and (3) To investigate the utility of 
KINEROS2 model in helping the decision makers in their water management 
and soil conservation planning process. 
 
Material and Methods 
Study Area 

The Tleta watershed (17700 ha), located in the western Rif north of 
Morocco, is subjected to dual moderating influence. The climate is subhumid 
with mild winters and hot summers, and it is characterized by a dry period 
(May-September) and a wet period (October-March) (Hammouda, 2010). The 
Ibn Batouta dam at the outlet of Tleta watershed was built in 1977 with an 
initial capacity of 45 Mm³. However, as a result of the annual silting, the 
capacity is now reduced to 30 Mm³, representing 1% of the dam volume 
(ABHL, 2013; ALMIRA Project). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Geographic location of Tleta watershed 
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AGWA-K2 Interface 
Description of Models Used 

AGWA is a Geographic Information System (GIS) interface designed to 
facilitate the management and analysis of water quantity and quality in 
watersheds (Miller et al., 2007). This tool is intended to provide qualitative 
estimates of runoff and erosion in relation to landscape changes. The data 
required include elevation, land use and soil type, precipitation, soil moisture, 
and water quality (Goodrich et al., 2012). The input parameters are derived 
directly from this data using the optimized look-up tables supplied with the 
tool. AGWA is an extension for ArcView3.x (ESRI), which is freely 
downloadable from the Internet (http://www.tucson.ars.ag.gov/agwa/). It is 
also associated with a forum of users and developers to improve the model 
performance. AGWA initially uses primary data (coming directly from GIS), 
which illustrates the topography and the soil of the watershed. In a second 
step, this primary data is used in conjunction with a series of correspondence 
tables, built from literature and field experiments. This is done in order to 
deduce the secondary data (hydrodynamic parameters) necessary for modeling 
hydrological processes (Levick et al., 2009). 

KINEROS2 is an event physical model that describes the processes of 
surface runoff, interception, dynamic infiltration, and erosion of agricultural, 
rangeland, and urban watersheds. K2, a largely updated version of KINEROS, 
which is now integrated into AGWA, has been described by Smith et al. (1995) 
and its documentation was published by Woolhiser et al. (1990). This new 
version, named KINEROS2, is used to calculate rainfall excess for surface 
runoff by excess infiltration. Following the first version, some new features 
have been added to make the structure of the model more robust for wider 
applications. A watershed is represented as a series of flow plans and 
cascading channels  by which the processes of infiltration, interception, 
retention, erosion, sediment flow, transport, and deposition are explicitly 
addressed (Goodrich, et al., 2011). K2 allows the description of processes of 
interception, infiltration, runoff or erosion as a function of topography, 
precipitation, soil, and cover properties (Semmens et al., 2008). 

 
Watershed Delineation 

The first step to conduct watershed analysis and assessment is the 
delineation of its limits. In the second step, the watershed is subdivided into 
model elements. A specified value is defined as a threshold of the contributing 
area to determine the location and length of flow channels. Watercourses are 
used to define surface flow paths, identify mountain and side planes, and thus 
control the complexity of the landscape representation (Goodrich et al., 2012). 

 

http://www.tucson.ars.ag.gov/agwa/
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Watershed Discretization 
The level of the geometric complexity of the discretization of a watershed 

is highly dependent on the number of CSAs (Contributing Source Area) 
(Thieken et al., 1999). This is because the more the CSA produces elements, 
the more the drainage network is developed. Ideally, the complexity of the 
simulated watershed corresponds to the heterogeneity of the watershed and the 
spatial resolution of simulated processes ( Lane et al., 1975; Kalin et al., 2003; 
Canfield & Goodrich, 2006). The optimal size of a CSA depends on the case 
study, but a value of less than 2.5% of the total watershed area is generally 
selected (Helmlinger et al., 1993). The objective of dividing the watershed into 
plans and channels is to preserve the integrity of the spatial variation of 
topography, soil type, vegetation cover, and precipitation. K2 deals 
dynamically with infiltration by taking into account the relief, the 
hydrographic network, land use, and geology. The numbers represent the 
AGWA-imposed scheme used to ensure hydrological connectivity from the 
watershed boundaries to the outlet. The hydrological modeling in AGWA is 
sensitive to the shape and size of the channels through which water is conveyed 
(Miller et al., 2002). Specification of the channel geometry is crucial for both 
the efficient delivery of water and the estimation of channel scour and 
deposition processes. As this information cannot be inferred from a typical 
DEM, AGWA uses empirical hydraulic-geometric relationships to estimate 
the channel geometry based on the contribution area for the top and bottom of 
each section of the canal system. Once the correct watershed boundary has 
been determined, the watershed is subdivided into model elements. 
 
Parametrization 

Parametrization consists of integrating two input files, which are 
necessary for the application of KINEROS2 model, namely: a hydrologic 
parameters file and an accumulated rainfall file. 

A "PARAMETERS" file contains the physical, hydrological, and flow 
parameters for all the elements of the watershed (channels and plans), which 
describe the properties of infiltration. The parameterization of the watershed 
elements is characterized by its hydraulic geometry, flow length and unique 
land cover, and soil properties. The flow is controlled by the gradient, slope 
length, and soil hydraulic resistance parameters. The calculation of Hortonian 
flow rates requires Manning or Chezy parameters, which are determined in 
this step automatically based on experimental measurements (Woolhiser et al., 
1990). 

A "PRECIPITATION" file consists of writing the input files and 
executing the model. AGWA browses in a loop through the discretization 
attributes of the selected watershed and creates the text files used to run the 
model. This file contains the parameters of rainfall event, which is recorded by 
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the rain gauge at the Ibn Batouta dam. Each rainfall event is represented by its 
frequency and duration for a fixed time step of 5 minutes. The elements 
delimited by AGWA are represented in K2 by a set of parameter values 
assumed to be uniform throughout. When soil and canopy parameters are 
variable within the same element, AGWA uses a weighting procedure to 
estimate the mean value for each parameter (Miller et al., 2002). The FAO 
database is characterized by a set of codes to which hydrodynamic properties 
are attached. Using different field expertise, textural properties can be directly 
linked to each landscape unit. The correspondence of these textures with those 
assigned for each FAO class allows the linking of code to a unit. In order to 
complete the parameterization of the various elements of the watershed, the 
vegetation cover layer must be taken into account. The vegetation will 
particularly introduce the parameters of soil roughness, whose minimum value 
is fixed by K2 at 0.001 and interception. It will also contribute to modify the 
hydraulic conductivity at saturation, which is previously defined by the soil 
layer (Levick et al., 2009). 

Figure 2. Conceptual design of AGWA modified from (Goodrich et al., 2011) and 
CSAs for the Tleta watershed 

 
Input Data 

K2 needs four sets of input data to operate: DEM, soil map, land cover 
map (necessary to describe the watershed in terms of hydrological and 
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geometric parameters), and precipitation. The input data used in this study are 
summarized in Table 1. 

Table 1. Input data, its resolution, and source used in K2 model simulations 
Type Source Description 
DEM SPOT (20 m) DEM 
Soil Inypsa (1987) Soil survey (1/50 000) 

Land cover Landsat (30 m) Image processing 
Rainfall ABHL Daily rainfall (1998 - 2018) 

 
Soil Characteristics 

The soil characteristics of the watershed have been analyzed from 
previous studies (Ezzine et al., 2011; Inypsa, 1987). Soils are divided into five 
categories based on texture: Clay, Clay loam, sandy Clay loam, Sandy Loam, 
and Silty Clay. 

Figure 3.Map of soil texture 
 

Land Cover Characteristics 
Land cover map was derived from image processing of Landsat image 

(2009). It is worthy to mention that over the period (1987 - 2002), the basin 
has undergone a reduction in cereal planting areas in favor of olive plantations. 
Water erosion, exacerbated by the geomorphological settings of the basin, is 
increased by land abandonment and intense land use (Hammouda, 2010). 
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Figure 4. Map of land cover and use 
 

Precipitation Characteristics 
The annual precipitation in Tleta watershed is about 786 mm (1983 - 

2011), of which the majority (86%) falls between October and March (ABHL, 
2013). The most erosive season is autumn, with a maximum erosivity value of 
322.1 MJ mm/ha/hr in October (Choukri et al., 2016). The rainfall database 
consisted of a long series of data recorded in stations within the watershed. 
The maximum annual rainfall recorded is 1800 mm (1995-2009) at Béni 
Harchan station, while the minimum annual rainfall (about 400 mm) is 
observed in 1995 at Ibn Batouta, Kalaya, and Beni Harchan stations (Azaaj, 
2015). 

Table 2. Coordinates of measurement stations 

 
AGWA-K2 Simulation and Calibration 

The K2 calibration is performed for the rain event in Table 3 based on the 
available data. During this step, the hydraulic conductivity (Ks) was adjusted 
(Refsgaard, 1997; Semmens et al., 2008). AGWA contains the entire database 
used to provide initial estimates for K2 parameters based on topography, soil, 
and land cover (Woolhiser et al., 1990). The input parameters are derived 
directly from these database using optimized look-up tables, provided with the 

Nom Latitude N Longitude W Measurement frequency 
Béni Harchane 35,531 -5,720 Daily 

Ibn Battouta 35,645 -5,733 Daily 
Kalaya 35,673 -5,747 Daily 
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tool to facilitate parameterization and calibration of K2 (Semmens et al., 
2008). After a series of simulations, the model calibration for the calibrated 
parameters does not deviate too much from the initial parameters. The main 
goal of this task is to test the robustness of the AGWA-K2 coupling to simulate 
runoff in Tleta watershed. For this purpose, the simulations were first carried 
out with calibration in order to assess the scope of the selected initial 
parameters. This will make it possible to verify the opportunity of using 
KINEROS2 model coupled with experimental and/or estimated physical 
parameters to predict floods and lands likely to be degraded following rainy 
events. The second goal is to estimate the dam siltation expected to be 
generated while analyzing the different outputs of the model. 

Table 3. Characteristics of selected floods for K2 simulations 
 
 
 
 
 
 
 
 
 
 
 
Validation and Model Performance Criteria 

Several criteria are involved in evaluating the performance of 
hydrological forecasts. To evaluate the model, there are two statistical criteria 
and these are NSE and R². Nash-Sutcliffe efficiency (NSE), used as a major 
objective function in the calibration and validation processes, demonstrated 
the model's ability to explain data variability. It determines the relative 
variance of observed data compared to the variance of measured data (Nash & 
Sutcliffe, 1970). The coefficient of determination (R²) criteria was additionally 
used for the evaluation. These performance indices were calculated based on 
(equations 1 and 2).  

NSE=1- ∑ 𝒊𝒊(𝑸𝑸𝒎𝒎,𝒊𝒊−𝑸𝑸𝒔𝒔)𝒊𝒊²
∑ 𝒊𝒊(𝑸𝑸𝒎𝒎,𝒊𝒊−𝑸𝑸𝒎𝒎)𝒊𝒊²

 (1) R ²= [∑𝒊𝒊(𝑸𝑸𝒎𝒎,𝒊𝒊−Ǭ𝒎𝒎)(𝑸𝑸𝒔𝒔,𝒊𝒊−Ǭ𝒔𝒔)]²

∑ 𝒊𝒊�𝑸𝑸𝒎𝒎,𝒊𝒊−Ǭ𝒎𝒎�
²∑ 𝒊𝒊(𝑸𝑸𝒔𝒔,𝒊𝒊−Ǭ𝒔𝒔)²

(2) 

Where Q is a variable, m and s are the measured and simulated variables, i is 
the measured or simulated data. 
 
 
 
 

 Rainfall V (m³) I (mm/h) Rain (mm) Qs (Kg/s) 

C
al

ib
ra

tio
n

 

24/12/2009 30249 33 24 527 

03/02/1998 840672 29 29 7982 

28/03/2004 113184 29 21 281 

V
al

id
at

io
n

 

22/04/2003 254880 27 27 1544 

30/11/2012 375839 33 28 3101 

06/01/2010 2533247 36 37 29519 

19/11/1999 3455 5 15 9.91 
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Results and Discussions 
KINEROS2 Output Data 
Infiltration 

Infiltration occurs from precipitation depending on the variation of Ks 
due to topography and the presence of rocks as well as vegetation in the 
watershed. In K2, the conceptual model of hydrology represents the soil in one 
or two layers, the upper layer being of arbitrary depth (Smith & Goodrich, 
2000). The soil infiltration rate is calculated for each soil layer using a series 
of equations (Smith et al., 1995).  

 

Figure 5. Infiltration rates in streams and plans 

06/01/2010 

19/11/1999 
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Surface Runoff 
Surface runoff occurs when the rate of precipitation exceeds the rate of 

infiltration (Hortonian flow) and is influenced by a combination of factors that 
include precipitation intensity, vegetation openness, soil type, moisture, and 
permeability. The K2 model relies on the Soil Conservation Service (SCS) 
method to calculate runoff (Semmens et al., 2008). The results showed that a 
significant amount of surface runoff occurs in plans near the dam as shown in 
Figure 6, where infiltration is low. 

Figure 6. Runoff in streams and plans 

19/11/1999 

06/01/2010 
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Sediment Yield 
Intense precipitation increases the amount of sediment transported in the 

basin. The presence of vegetation cover and its density influences the amount 
of energy available to move water and sediment. The transport of solids is 
solved by K2 using finite difference techniques (Smith et al., 1995). The 
increase in sediment transport along the channels is due to soil texture. A high 
sediment value is shown at some plans, as shown in Figure 7.  

Figure 7. Sediment yield in streams and plans 
 

As shown in the previous figures, surface runoff occurs when the rate of 
precipitation exceeds the rate of infiltration and it is influenced by a set of 

19/11/1999 

06/01/2010 
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factors as previously mentioned. The Tleta watershed is very erosive and 
therefore more productive of sediments. It is also noteworthy to mention that 
the channels have a higher potential for sediment transport to the reservoir site. 

 
Model Validation 

The allocation of hydrodynamic parameters for each element of the 
watershed was crucial and was achieved by coupling K2 with AGWA GIS 
interface. This integration facilitated the achievement of hydrological 
simulations for the Tleta watershed. By using DEM, a vegetation map, a soil 
map and precipitation data, combined with databases integrated into AGWA 
from literature and experiments (Rawls et al., 1982; Smith et al., 1995), the 
tool was able to generate parameter files, which represent the basic input data 
for the K2 model. On the whole, the results achieved are promising as they are 
closer to the reality on the watershed. The calibration of the physical 
parameters of K2, the verification and validation of forecasts, gave satisfactory 
results. The Nash-Sutcliffe Simulation (NSE) and the coefficient of 
determination (R²) were greater than 0.5, when comparing observed and 
simulated data. A slight reduction in agreement for runoff was observed (R² = 
0.99 and NSE = 0.71) with a better accuracy for sediments yield (R²= 0.99 and 
NSE = 0.72) during calibration. The model appeared very steady with (R² = 
0.99 and NSE = 0.98) for runoff and (R² = 0.99 and NSE = 0.97) for sediments 
yield during the validation phase. 

Table 4. Simulations of selected rainy episodes 

 
 

Events Rain 
mm 

Runoff (m³) 
NSE R² 

Sediments (kg/s) 
NSE R² 

Observed Simulated Observed Simulated 

C
al

ib
ra

tio
 

24/12/2009 24 30 249 41 492 
0.71 0.99 

527 407 
0.72 0.99 03/02/1998 29 840 672 511 961 7 982 4 734 

28/03/2004 21 113 184 52 524 281 695 

V
al

id
at

io
n

 

22/04/2003 27 254 880 300 984 

0.98 0.99 

1 544 2 785 

0.97 0.99 
30/11/2012 28 389 664 477 692 3 291 5 130 
06/01/2010 37 2 533 247 227 5739 29 519 26 003 
19/11/1999 15 3455 586 9.91 15 
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Figure 7. Observed vs simulated runoff (a) and sediment yields (b) in Tleta watershed 
 

The results showed that there is a good agreement between observed and 
simulated values for the selected floods and the parameters adopted. This is 
even when K2 seems to slightly underestimate runoff and overestimate 
sometimes the sediments yields, which is due to errors during model 
calibration. Therefore, the implementation of KINEROS2 model coupled with 
AGWA offers the possibility to simulate variations in runoff and sediments 
yield as a function of precipitation amount, soil and land cover in Tleta 
watershed. 
 
Conclusions 

The AGWA is a promising tool for assessing, quantifying, and identifying 
the effects of water erosion at the Tleta watershed level. Overall, water 
modeling with calibration remains good. Indeed, the results achieved are close 
to the reality on ground, which makes AGWA-K2 a good coupling for 
integrated soil and water resource management combined with sustainable 
exploitation in Tleta watershed, as well as neighboring watersheds of similar 
biophysical settings. The approach followed has proven to be effective in 
predicting runoff and sediment yield in the study area based on readily 
available data. The implementation of KINEROS2 model offers the possibility 



European Scientific Journal, ESJ                       ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
December 2020 edition Vol.16, No.36 

207 
 

to simulate runoff variations as well as sediment transport and infiltration rate 
as a function of precipitation amount, land cover, and soil types. The results 
indicate also that the integration of local data into AGWA is adequate for 
hydrological modeling of Tleta watershed and for assessing its vulnerability 
to water erosion. Future analysis should be oriented towards a comparison of 
flows by varying future scenarios of land cover and climate. The aim is to 
highlight the effect of global changes on the watershed's behavior with regard 
to water erosion for final validation of the model in order to identify areas at 
risk and deduce the lifespan of the dam to help in decision-making on possible 
developments. 
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