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ABSTRACT
Water is undoubtedly the most vital natural resource. Water use management is one of the greatest challenges that face
humanity. The demand for water is continuously growing because of the population growth, the intensive urbanization
and the development of industrial and agricultural activities. To face the increasing pressure on this vital resource, it is
so necessary to set up the adequate instruments to ensure a rational and efficient management of this resource. In this
context, the hydrological modeling is largely used as an instrument to assess the functioning of these resources at watershed scale. In addition, the use of spatial models let to depict and simulate the watershed processes at small spatial
and heterogeneous scales that reflect the field reality more accurate and more realistic as possible. However, the use of
spatial models requires geospatial data that must be gathered at very fine scales. The aim of this study is to highlight the
contribution of geospatial data to assess the hydrologic modeling of watershed by using a spatial hydro-agricultural
model, notably the SWAT model (Soil and water Assessment Tool). The study area is the Basin of Low Oum Er Rbiaa
River which extends from the Al Massira dam to its outlet in the Atlantic Ocean. This watershed includes a set of dams
(Daourat, Imfout and Sidi Mâachou) built in waterfall fashion along the river. The objective was to simulate the hydrological functioning of this area that had never been modeled in order to assess the management of these reservoirs used
essentially to produce electricity and fresh water. The implementation of the SWAT model required a spatial database
that was built from topography, soil, land use and climate data. The calibration and validation of the model was carried
out on a daily basis over several years (2001-2010) using The ArcSWAT tool integrated in ArcGIS software and the
Parasol optimization method. The calibration of SWAT model was successfully done with 0.6 as value of Nash coefficient used commonly in hydrology to evaluate the model performance. The calibrated model was then used to estimate
the hydrological balance sheet of the Low Oum Er Rbiaa to model the intermediate contribution of the three reservoirs
situated in the watershed.
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1. Introduction
Water is a fundamental substance for life preservation. It
is also a factor of a great utility in agriculture, energy
production, industry, domestic use and in other daily life
activities [1]. Taking into account the increasing necessity of the human needs in water, several actions were
taken in the Moroccan context to deal with the problems
related to water.
To face all these problems, it is essential to set up the
adequate instruments for the management, the follow-up
and the planning of this vital resource. In this respect, the
hydrological modeling is an essential element which alCopyright © 2013 SciRes.

lows a better understanding of the hydrological functioning of the studied watershed and the study of the
various challenges to which a watershed is exposed:
floods, drought, erosion, pollution, climate change, etc.
Using a distributed approach based on spatial data is a
major asset for the process of watershed modeling since
it allows representing and simulating the different components of the model inputs and an accurate and more
realistic spatial scale. The use of spatial model is made
possible by the spatial information acquisition and the
processing techniques, especially remote sensing and
GIS. In fact, the global models dealing with watersheds
as a single entity are generally contested in their ability
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to represent the reality of space that is characterized by
its complexity, heterogeneity and uniformity.
Hydrological modeling is based on the presentation in
mathematical equations of the main components of the
water cycle, taking into account the physical and geomorphological characteristics of the study area [2]. The
objectives of modeling are multiple: understanding (the
functioning of the watershed, the hydrological balance
sheet), forecast (floods, drought, management of the irrigation) and simulation of scenarios (climate change, effects of the anthropological arrangements developments)
[3].
The presence of natural reservoirs (lakes) or anthropogenic (dams) in the studied area must be taken into
account because of the role they play in the flow of water.
These reservoirs further complicate the implementation
process of the conceptualization of the functioning of
watersheds in that all the information concerning the
methods of management and operation of these reservoirs: Inputs, outputs, sampling, discharges etc. should
be available.
Many hydrological models have been developed and
tested worldwide, yet lack of data remains the main obstacle hindering the deployment and widespread use of
these models [4]. The emergence of new technologies,
acquisition and processing of spatial information notably
the GIS and remote sensing constitute a solution and
highly promising opportunity that can overcome some of
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these barriers by offering new solutions and alternatives
for the acquisition and the management of the data particularly on a more interesting spatial scale [5].
In this context, the objective of this study is to propose
an approach based on the use of spatial data to simulate
the behavior of the watershed low Oum Er Rbiaa, taking
into account the existence of the three dams which constitute basin waterfalls. The advantage of this approach
lies in having a good spatialized hydrological account of
the basin knowing that it has never been modeled due to
the lack of gauging stations in the studied area.
The model used is the agro-hydrological model SWAT
(Soil and Water Assessment Tool), developed in 1999 by
Jeff Arnold for the “USDA—Agriculture Research Service” [6].

2. Materials and Methods
2.1. Description of the Study Area
The basin of the Oum-Er Rbiaa (Figure 1) extends over
an area of 34,000 km2, taking the name of one of the
largest rivers in the country “Oued Oum Er Rbiaa” with a
length of 555 km, located West between longitudes 5˚04'
and 8˚20' north latitude and 31˚20' and 33˚12'. The
source of this river is in the north-western High Atlas
limestone, and in the Middle Atlas. It runs across the
plain of Tadla and plateau of Phosphates, before skirting
the plain of Doukkala. The outlet of this river is in the
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Figure 1. Map of the zone studied.
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Atlantic Ocean in the coastal town of Azemmour [7].
This basin is considered a hydraulic reservoir for the
country and a set of eight dams have been built on it. Our
study concerns specifically the lower area of the Oum Er
Rbiaa basin from Al Massira dam to the Atlantic Ocean.
This area has three dams Imfout (built in 1944), Daourat
(built in 1950), Sidi Maachou (built in 1929). The purpose of these dams is the production of electricity as well
as:
 Irrigation of Doukkala and providing drinking water
and irrigation for Safi (Imfout dam);
 Providing drinking water and irrigation for Casablanca and Settat (Daourat dam);
 Providing drinking water and irrigation for Casablanca and El Jadida (Sidi Mâachou dam).
The climate of the Oum Er Rbiaa basin is very diverse,
ranging from humidity and sub humidity in the mountains to semi-aridity to aridity in the middle and lower
parts of the basin. The average rainfall in the Basin is
520 mm with a high spatial and seasonal variation [8].

2.2. Description of the SWAT Model
The Soil and Water Assessment Tool (SWAT) is an
agro-hydrological watershed scale model developed by
Agricultural Research Services of the USDA. It is a physically based and semi-distributed model that operates on
continuous time basis [9].
SWAT allows simulating the major watershed processes as hydrology, sedimentation, nutrients transfer,
crop growth, environment and climate change. The aim
is to depict the physical functioning of these different
components and their interactions as simply and realistically as possible through conceptual equations and the
use of available input data so as to make it useful in routine planning and decision making of large catchments
management [10].
One of the main goals of SWAT model is to predict
the impact of land management practices on water quantity and quality over long periods of time for large complex watersheds that have varying soils, land use and
management practices [11]. The model generates a spatial water balance. It controls the various hydrological
processes occurring in the basin.
In fact, the SWAT model was used in Indiana for instance to model the movements of pesticides in a basin of
250 km2. It is used in Germany in the basin Dietzhöle. It
has also been adopted in West Africa in the modeling of
soil degradation, especially by making scenarios on the
impact of climate change and land use [12-14].

2.3. Hydrological Compartments of the Model
SWAT
The hydrological shutter is simulated by the model
Copyright © 2013 SciRes.
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SWAT according to the following Equation (1) [11]:

SWt  SW0    Rday  Qsurf  Ea  Wseep  Qgw 
t

i 1

(1)
i

SWt = soil water content (mm)
SW0 = water available to plants (mm)
Rday = precipitation (mm)
Qsurf = surface runoff (mm).
Ea = evapotranspiration (mm)
Wseep = percolation (mm)
Qgw = low flow (mm)
t = time (days)
The Figure 2 shows the general sequence of processes
used by SWAT to model the land phase of the hydrologic
cycle [11].

2.4. Creation of the Database
The Implementation of the SWAT model requires the
creation of a database containing morphological description (topography), physical description (pedology and
land use) and climate (precipitation, temperature, etc.) of
the basin. These layers of information must also be associated with a set of attributes describing the properties of
each layer.
The representation of these data must be spatial with
the highest possible resolution and the one most adapted
to the studied area.
Thus, the preparation of the spatial database required a
series of tasks carried out primarily through ArcGIS and
Erdas Imagine tools and which can be summarized as
follows:
 The recovery of digital model representing the relief
of the studied area;
 The digitalization of the soil and geological map of
the studied area;
 The processing of satellite images through the process
of supervised classification for extracting land use
map;
 Recovery and structuring in adequate files of data on
the climate at the meteorological stations studied;
 The processing of these climate files in order to determine the missing data and complete these files using statistical procedures;
 Collecting and structuring data concerning the inputs
and outputs of the three reservoirs: Imfout, Daourat
and Sidi Maachou.
All these data have been created or projected to the
coordinate system used in this project which is the Lambert Conformal Conic zone one of Morocco.
All these tasks are depicted in Figure 3 below.
The main sets of data used are briefly explained below:
 Pedology
Digitizing the soil map was produced from the soil
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Figure 2. Schematic of pathway available for water movement in SWAT.

Figure 3. Components and input/output data of SWAT model.
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map of central Morocco set by the department of the
physical environment of the National Institute of Agronomic Research on the scale of 1:500,000 published in
2001. The area consists of several types of soil. the proportion of the area is marked by the dominance of “Calcimagnesian” soil (25%), “Isohumic” soil (17%), the
“Mineral Brutes” soil and the “littlel Evolved” soils
which are respectively 14% and 13% of the total surface
area (Figure 4(a)).
 Land Use
The land use map (Figure 4(b)) was developed from a
combination of data sources including:
◦ The satellite image processing LANDSAT4 through
directed classification;
◦ The data collected and recovered from various
agencies: hydraulics agency, agriculture department etc.;
◦ The type of land use is dominated by the culture
Bour which covers 80% of the basin and that
spans the entire basin, while the distance covered
does not exceed 7% as irrigated crops occupy 5%,
and the bare soil 4% of the entire basin. Forest areas are also poorly implemented and only 2% of
the total area of the basin.
 Geology
The geological map (Figure 4(c)) was obtained
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through the digitization of a set of geological maps
(1:250,000) of Morocco. The analysis of this map highlighted certain characteristics of the zone of study as the
nature of aquifers and the permeability.
 Digital Terrain Model (DTM)
Digital Terrain Model (Figure 4(d)) is extracted from
the ASTER GDEM satellite with a spatial resolution of
30 m. The DTM is one of the most important data used to
run the SWAT model.
Climate and Hydrometry
The study area contains no hydrometric station, no stations of measuring precipitation or temperature. The
main station used to this end is located at the dam Al
Massira which is managed by the Hydraulic Basin
Agency of Oum Er Rbiaa. In addition to this station the
Nouasseur station located near the basin was used for the
integration of climate information.
For the three reservoirs managed by the National Office of Electricity, the available measures are just the
monthly hydric balance sheets of the studied period.
These data include the contributions of rivers, outputs,
turbined volumes and samples.
The structuring of a series of climate data on a daily
scale required some statistical treatments. Indeed, the
analysis of temperature data shows some data missing at

(a)
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Figure 4. (a) Soil map; (b) Map of land use; (c) Geological map; (d) Digital elevation model (DEM).

some daily observations. A procedure has been developed to address these missing data by adopting this approach focusing on the following two axes:
 When the number of missing values is less than 4, the
missing values are replaced by the average of the observations around.
 When the number of missing values is upper or
equals 4, the missing values are replaced by the attested averages for the same periods in similar years
for which information is available.

2.5. Configuration Model
After preparing all the data required by the SWAT model,
the next step in the modeling process for the Lower Oum
Er Rbiaa Basin was to set up the model. Thus, the intersection of temporal data available on climate has led us
to choose the period 2001-2010 for the implementation
of the model. The configuration of SWAT was made
along the following parameters:
 Time input scale: daily
 Time output scale: monthly
 Application period: 10 years (2001-2010)
 Initialization of the model: one year (2001)
 Calibration of the model: 4 years (2002-2005)
 Model Validation: 5 years (2006-2010)
Application of SWAT model requires a number of
steps in order to arrive at the desired result. These are
Copyright © 2013 SciRes.

mainly the following steps:
 The introduction of DEM in the model;
 The introduction of the outlet of the study area;
 The generation of drainage;
 Specifying the location of reservoirs, dams in our
case;
 The division of the basin into sub-basins, indicating
to the model the points to consider as exit points
(outfalls secondary sub-basin) and which must include the reservoirs mentioned above. This step
helped generate 28 sub-basins constituting the backbone of the study area (Figure 5);
 The introduction of layers of soil and land use by
filling the necessary attributes.
Following this implementation, the model generates,
through the intersection of the DEM, soil, land use and
sub-basins, the spatial units of work called “HRU” and
which represent a hydrologic response. Each of these
units consists of the same class of slope, soil and land use
[15]. These units represent the spatial resolution and basic operation of the SWAT model. All processes modeled
by SWAT are simulated at the spatial scale of these units.
To avoid generating very small units and a very large
number units by combining the four layers mentioned
above, a tolerance of 10% was introduced in the model to
avoid entities of slope, soil or land use that occupy less
than 10% of the surface of the sub-basins while also excluding through this procedure the most sensitive types
JGIS
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Figure 5. Delineation of sub-basins.

of land use such as urban areas and water surfaces.
Climate data and data from the three dams are subsequently integrated in the appropriate input files of the
model.
Once the various input data have been entered, the
next step in the process of implementation of the SWAT
model is to calibrate and validate the model of the area
studied.
The calibration of the model is to find the optimal
values of the model parameters which allow better representation of the physical reality of the functioning of
the modeled basin [16]. The calibration consists in determining the values which allow the matching of the
parameters stimulated by the model and with those observed at a particular point in the basin. The calibration
procedure used is the Parasol method [17]. The calibration has been performed at the Imfout dam by comparing
monthly water yield of the river at the dam and that
simulated by the model. The choice of this reservoir model
calibration is dictated by the following considerations:
 Area: the area of the sub-basin associated with this
Copyright © 2013 SciRes.

reservoir is the largest compared to the others.
 Representativity of data: this sub-basin is one for
which most climate data is available because it is the
dam nearest stations measuring precipitation and temperature.
The calibration consisted in inputting into the model
on a daily basis data concerning:
 The year 2001 (365 values) to initialize the parameters of the model;
 The years 2002 to 2005 (4 years * 365 values = 1460
values) for model calibration.
To assess the performance of model calibration, a second phase, called model validation, is implementation. In
this phase the values of the model parameters found in
the calibration phase are applied to a new period to estimate the difference between the values simulated by the
model and those observed in the field [18]. The assessment of this difference is carried out using indicators
such as the linear correlation coefficient and the coefficient of Nash. This index provides a more accurate assessment of the efficiency relative to the volumes of the
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flow and absolute deviations [19]. This is defined by the
Formula (2):
N

E Nash  1 

  yiobs  ysim 
i 1
N

(2)

  yiobs  yobs 
i 1

With:
yiobs = mean value of the observed variable
yobs = observed value of the variable
ysim = simulated value of the variable
The Nash criterion varies from −∞ for very bad adjustment to 1. A value close to 1 indicates a strong correlation between observations and simulations [20].
Model validation was conducted over a five year period (2006-2010).

3. Results and Discussion
Results of Calibration and Validation of the
Model
Calibration of the model is based on a twenty hydrological parameters. Aiming at reducing the number of iterations and the computing time we selected eleven parameters. The choice of this set of parameters was done
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based on sensitivity analysis results. SWAT implements
the Latin Hypercube method to study how the variation
in the input parameters can affect the variation of the
output. This study reveals that the most sensitive parameters are CN2, Alpha_BF and soil parameters.
The model requires making twenty thousand iterations
to determine the optimum values. This corresponds to
duration of treatment of more than 960 hours.
The following table shows the parameters that we have
chosen with their meanings and their default values after
calibration (Table 1).
It appears from Figures 6 and 7 that the observed flow
and simulated flow are well represented. The Nash coefficient was 0.63 for the calibration period and 0.53 for
the validation period of the model. The level of this indicator appears satisfactory on the quantity and spatial distribution of data used [21]. This calibration can be further
improved by working on a longer and more spatial series
of data.
The balance of water generated by the model shows a
dominance of evapotranspiration which represents more
than 70% of incident rainfall while surface runoff generally does not exceed 25%. The following table summarizes the balance of water for each year of the study period from 2002 to 2010 (Table 2).

Table 1. Table of parameters used.
Parameters
CN2
ALPHA_BF
CANMX
EPCO
ESCO
REVAPMM (mm)
SLOPE
SOL_AWC
SOL_K (mm.h-1)
SOL_Z (mm)
SURLAG (jours)

Description

Default

Interval of variation

-

−25 à 25

21.8

0.048

0à1

0.022

Index covered up

0

0 à 10

4.24

compensation factor evapotranspiration for plant uptake
as a function of depth

1

0à1

0.85

The curve number
coefficient of depletion of groundwater

compensation factor soil evaporation according to the depth

Optimal value

0.95

0à1

0.58

1

−100 à 100

94.56

threshold of evaporation from the water table
the slope

-

−25 à 25

0.87

Amount of water available to plants

0.16 - 0.19

−25 à 25

24.56

Saturated hydraulic conductivity

22.7 - 24.73

−25 à 25

2.35

Layer depth

-

−25 à 25

10.15

response time of the watershed

4

0 à 10

7.45
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Figure 6. Flow diagram comparing observed and simulated flow for the calibration.
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Figure 7. Comparison chart of the observed flow and simulated flow for validation period.
Table 2. Water balance for the period of calibration and validation.

Calibration period

Validation period

Years

Runoff (mm)

Evapotranspiration (mm)

2002

72.48

176.11

2003

86.96

191.91

2004

93.86

186.96

2005

36.73

120.57

2006

72.4

200.83

2007

51.83

108.86

2008

106.74

144.26

2009

81.89

195.78

2010

76.38

170.36

average

75

166
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4. Conclusions
In conclusion the first results obtained are satisfactory for
both phases: calibration and validation.
The wedging of the model on the studied zone made it
possible to determine the optimal values of the various
parameters of the SWAT model and to establish the partition of the hydrological balance sheet in the basin of
Oum Er Rbiaa. It also made it possible to estimate the
importance of different hydrological processes at each
sub-basin drained by the three dams. This will provide a
better guide for the management methods in these dams,
especially as far as the production of electric energy
which constitutes currently the main function of these
dams is concerned.
Nevertheless, simulations and water balance can be
improved by integrating more data, especially climate
related data. The calibration of the model also opens new
perspectives on the study of the effects of climate change
and changes induced by human activities on water resources system in both terms of quantity and quality.
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