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Abstract:
The management and the assessment of water resources is a key factor for economic
growth and sustainable development. We propose to adopt integrated and cost-effective
methodologies (i.e. Remote Sensing & GIS) for the assessment and management of the
renewable surface and groundwater water resources of Morocco. The proposed activities aim
at developing a better understanding of the hydrological setting and the groundwater
potentialities in Morocco.
Such an understanding is essential for the development of ground exploration and
sustainable management programs for Morocco’s water resources. We selected the six major
watersheds of the country for study. These are, Sebou (38,833 km2), Souss (17,141 km2),
Tensift (20,369 km2), Oum Er Rbia (37,881 km2), Melouya (55,911 km2) and Bouregrag
(9,832 km2). All six watersheds originate in the Atlas Mountains and discharge either into the
Mediterranean Sea (Melouya) or into the Atlantic Ocean (Sebou, Bouregrag, Tensift and
Souss).
In order to understand the different hydrological responses of the six watersheds, we
applied a number of preliminary steps that allow us to better understand the hydrological
settings of the area, through the collection and processing of many types of relevant data sets
in a GIS (Geographic Information System) environment. We extracted the soil types from the
Harmonized World Soil Database version 1.2, topography from the Advanced Spaceborne
Thermal Emission and Reflection (ASTER) digital elevation database, the landuse classes
from the USGS Global Land Cover Characterization database, the rainfall data from the
Tropical Rainfall Measuring Mission (TRMM) Goddard Earth Science Data and Information
services Center (GES DISC) database, and daily climatic data from 23 gauges (i.e.
precipitation, wind speed, solar radiation, temperature and relative humidity) across the
country provided by National Oceanic and Atmospheric Administration database. Then, we
constructed continuous rainfall runoff models to estimate the partitioning of rainfall into
runoff, recharge, and evapo-transpiration using Soil Water Assessment Tool (SWAT) module
in a GIS environment and use our constructed GIS database as inputs to the model.

Results of simulated models from 2000-2010 indicate that the Sebou watershed receives
the largest amount of renewable water resources and Souss receives the least. The average
annual renewable surface water resources (runoff) over the entire area of the watershed are:
5.6 x 109m3 (Sebou), 3.7 x 109m3 (Melouya), 2.9 x 109m3 (Oum Er Rbia), 1.7 x 109m3
(Bouregrag), 1.5 x 109m3 (Souss) and 1.3 x 109m3 (Tensift). The potential renewable
groundwater resources per year are 10.4 x 109m3 (Sebou), 10.8 x 109m3 (Melouya), 6.8 x
109m3 (Oum Er Rbia), 2.7 x 109m3 (Bouregrag), 1.8 x 109m3 (Souss) and 3.0 x 109m3 (Tensift).

Background & Relevance:
As is the case with all Saharan African countries, Morocco will be facing severe shortages
in its fresh water supplies in the near future given the rapid growth in its population.
According to the Secrétariat d’Etat chargé de l’Eau et de l’Environnement (State Secretary of
Water and Environment) in Morocco, the potential of the mobilization of water will almost
reach its cap in 2013 at a time when the population will continue to increase (figure 1).

Figure 1 : Population Evolution in Morocco (According to CIA Factbook)

Compared to neighboring Northern African countries that have already reached the
threshold of scarcity (500 m3/capita/year), Morocco has real possibilities to join this group of
nations in the next few years. One of the ways to alleviate these mounting deficiencies in
fresh water resources is to develop serious programs for the assessment and utilization of
Morocco’s surface and groundwater water resources to keep up with its rising demands. Such
programs are critical for Morocco’s future generations and are also required to maintain the
current demographic distribution. The scarcity of water in some areas, coupled with population
growth, is prime causes for the observed migration of rural citizens towards the cities, a
phenomenon that is creating social and economic problems.

In addition, Morocco is one of the prime countries in the Middle East and North Africa
when it comes to attracting foreign investment because of its strategic location and its stable
regime. The main economic activities in Morocco are tourism and agriculture; such activities
require adequate and increasing supplies of fresh water resources to sustain the continuous and
projected growth in these sectors.

The increase in water use is largely related to increased production of agricultural products,
much more than the domestic consumption. In fact, between 80% and 90% of the Moroccan
water resources are consumed by the agricultural sector (Yacoubi, 1999) (Figure2). At the
same time agriculture in Morocco employs about
45% of the nation’s workforce (CIA Factbook, 2011)
and is thus the largest employer in the country. That
is why, for a sustained economic growth in Morocco,
the investment in water resources is a key to
promotion of workforce development opportunities,
economic growth, and societal coherence.
Figure2: Water resources withdraws by sector

We selected the six major watersheds (Figure 3) of the country: Sebou, Melouya,
Bouregrag, Oum Er Rbia, Tensift and Souss. The six watersheds have a high concentration of
population. This is typical of most of the coastal zones of the country. In fact, 80% of the
Moroccan population lives within those six watersheds (Source: UN Water-Africa, National
Report on Water Resources, 2004).

Figure 3 : Study Area Location

The study area is characterized by a climate that represents a transition between the
temperate climate in southern Europe and the dry climate in the Saharan desert. The Moroccan
climate varies from sub-humid at the Mediterranean Coastal Zones to semi-arid in the center
and to dry in the south; however, the precipitation regimes are dominated by a strong

irregularity in time and space. According to the Secrétariat d’Etat chargé de l’Eau et de
l’Environnement (State Secretary of Water and Environment), the annual rainfall varies from
more than 1000 mm per year over the Tangerois watershed in the mountainous zones in the
north to less than 300 mm in the Moulouya eastern basin and the Tensift and the Souss-Massa
southern basins. The presence of the Atlas Mountains that traverse the majority of the country
creates very diverse geological, geomorphological, pedagogical, and landuse characteristics
along the watersheds and all of them are quite important for their unique socio-economic
conditions.
It is not worthy to mention that the methodologies that we are advocating for the selected
Moroccan watersheds were developed using funds from the United Nations Developing
Programme (UNDP) and the Global Environmental Facility (GEF), a project aimed at
developing cost-effective methodologies to identify alternative renewable water resources.
Those methodologies were successfully applied and are being currently adopted by the
USAID and by NATO Science for Peace Program in the Quetta region (Pakistan) and the Sinai
Peninsula, respectively. (Sultan 2003a, Sultan 2006, Milewski 2009a, Milewski 2009b, Sultan
2011, Z.Sagintayev 2011).

Technical Approach:
1) Datasets Collection and database generation using GIS :
The initial step for the construction of our hydrologic models was the generation of a
database incorporating digital mosaics from various sources. The adopted methodology
heavily relies on remote sensing datasets and public domain databases. We generated the
following datasets covering the entire six watersheds:
(1)

The landuse maps were extracted from the USGS Global Land Cover
Characterization Database Version 2 (GLCC Version 2). The database was created
as part of the National Aeronautics and Space Administration (NASA) Earth
Observing System Pathfinder Program and the International Geosphere-Biosphere
Program-Data and Information System focus 1 activity. The dataset is derived from
Advanced Very High Resolution Radiometer (AVHRR) spanning a 12-month
period (April 1992-March 1993). The 6 Moroccan watersheds are covered by 12
landuse classes from 24 worldwide classes (Figure 4)

Figure.4: Study Area Landuse Map

(2)

The Digital Elevation Model was extracted from the Advanced Space borne
Thermal Emission and Reflection Radiometer (ASTER) Database; The ASTER
Global Digital Elevation Model was developed jointly by the U.S. National
Aeronautics and Space Administration (NASA) and Japan’s Ministry of Economy,
Trade, and Industry (METI). The DEM spatial resolution is 30m and the vertical
accuracy is 5-20m. The elevation in our six watershed ranges between 3m (ASL)
and 4138m at the Atlas Mountains (Figure.5).

Figure.5: Study Area Digital Elevation Model

(3)

The Soil map classes were extracted from the Harmonized World Soil Database
Version 1.2. The HWSD database is a collection of vast volumes of regional and
national updates of soil information combined with the UNESCO Digital Soil Map
of the World. We used the last version of the database that was released on February
2012. The six major Moroccan watersheds are covered by 60 soil types. (Figure.6)

Figure.6: Study Area Soils Map

(4)

The TRMM rainfall datasets provide global (50◦N-50◦S) data on rainfall using
microwave and visible-infrared sensors with three hours temporal resolution and a
0.25◦×0.25◦ spatial resolution. The pre-processing step for the large temporal remote
sensing data sets (TRMM) for our study area was facilitated using ArcGIS 10.0 and
the Remote Sensing Data Extraction Model (RESDEM) (Milewski et al. 2009).

(5)

Climatic datasets (precipitation, temperature, relative humidity, solar radiation, wind
speed) were provided by the National Oceanic and Atmospheric Administration
(NOAA) climatic database and the Oum Er Rbia Moroccan watershed agency. The
NOAA climatic database is the world’s largest active archive of weather data.
Version 8 of the database includes over 9000 stations worldwide-updated daily. We
extracted daily climatic data for the period from 2000 to 2010 (Figure.7).

Figure.7: Study Area Climatic Stations Distribution

The multiple datasets from the several sources were provided as different data types,
formats and projections. ArcGIS enabled us to import, mosaic, clip, georeference, project,
interpolate and convert those datasets to the adequate format, in order for them to be
compatible and suitable for the SWAT (GIS friendly) Model.

2) Models Construction :
The six rainfall-runoff and groundwater recharge computations were done using SWAT
model (Soil Water Assessment Tools) that provides a continuous simulation of the overland
flow, channel flow, transmission losses, evaporation on bare soils and evapo-transpiration
(ET), surface runoff, and groundwater recharge. (Milewski et al., 2009).
SWAT was selected because it is a continuous model, allowing rainfall–runoff and
groundwater-recharge estimates to be made over extended periods of time and over a large
basin. It is also compatible with GIS data formats allowing the use of remote sensing and
public domain databases formats. In fact, the six models were generated using GIS-based
SWAT modules (Arc-SWAT : SWAT, 2010). Those modules can readily display and query
geospatial information in a GIS environment and use our constructed GIS database as inputs to
the model.
The calculations were conducted on a daily step for the period from 2000 to 2010.

Results & Findings:
Preliminary results of simulated models from 2000-2010 indicate that the Sebou watershed
receives the largest amount of renewable water resources and Souss receives the least. The
average annual renewable surface water resources (runoff) over the entire area of the
watershed are: 5.6 x 109m3 (Sebou), 3.7 x 109m3 (Melouya), 2.9 x 109m3 (Oum Er Rbia), 1.7 x
109m3 (Bouregrag), 1.5 x 109m3 (Souss) and 1.3 x 109m3 (Tensift). The potential renewable
groundwater resources per year are 10.4 x 109m3 (Sebou), 10.8 x 109m3 (Melouya), 6.8 x
109m3 (Oum Er Rbia), 2.7 x 109m3 (Bouregrag), 1.8 x 109m3 (Souss) and 3.0 x 109m3 (Tensift).
Model results are summarized in figures 8 & 9.

Figure.7: Comparison of Potential Recharge Over the Six Main Watersheds of the Country

Figure.8: Comparison of Potential Surface Runoff Over the Six Main Watersheds of the Country

Inspection of figures 8 & 9 shows that the precipitation is portioned in a way that the
Melouya and Sebou are the watershed that got the largest recharge portion and Sebou is the
watershed that received the largest portion of surface runoff over the last decade. Those results
suggest that dam construction investments should be rather made in the Sebou watershed given
the high amount of renewable surface water in that basin. The Tensift and Souss watersheds
received the least surface water and groundwater volumes over the last decade. In the
meantime, the Tensift and the Souss watersheds are the main touristic areas of Morocco; they
carry half the national receptive touristic capacity and are a main industrial and agricultural
region in the country. These various activities require availability of significant water
resources. Low renewable water volumes in these regions suggest that water transfer plans to
the Tensift and Souss watersheds from the other watersheds may be one of the sustainable
practices in order to support the national development.

Work in Progress:
The comparative modeling of the six main watersheds in Morocco allows rigorous
management and efficient implementation of water resource related projects and assists in the
development of sustainable water exploitation scenarios. However, for a better use of the
model simulations, we are refining the obtained results against field data. The developed
models calibration involves a hybrid approach combining manual and automatic calibration
strategies. The initial manual calibration involves the calibration of the model simulation of
the average annual contributions to the watershed runoff. Calibration is conducted against
existing stream flow observations.
In addition we are creating a web-based GIS that will hold these data sets and will make
them available for scientists nationally and internationally.
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