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1. Groundwater quality sustainability

INTRODUCTION
This study presents the progress status of the Decision Support System (DSS) relevant to the
integrated management and planning of the water resources in the Haouz-Mejjate plain (Fig. 1).
The latter is the most important plain of the Tensift basin. It contains the city of Marrakech, a
population of about 2.5 million of inhabitants, receives 2 millions of tourists a year and holds
important agricultural lands extended on 170000 ha and producing citrus, vegetables, fruits,
cereals and olives.
Limits of the Haouz-Mejjate plain

Map of Morocco

Figure 1. Location of the Haouz-Mejjate plain.

The DSS is the result of a fruitful cooperation between several public and research institutions.
It is developed in the framework of a large technical cooperation program (AGIRE) jointly conducted for the Haouz case study by the GTZ (German Agency for Technical Cooperation) and
ABHT (Agency of the Hydraulic Basin of Tensift). This program deals with technical, regulatory,
institutional and public participation aspects of water management.
OVERVIEW OF WATER RESOURCES IN THE HAOUZ PLAIN

The Haouz-Mejjate basin, extended over an area of 6000 km2, is part of a tectonic depression,
filled by siliciclastic deposits (alluvial fans, fluviatile formations, etc.) of Neogene and Quaternary age. These sediments are brought from the High-Atlas Mountains by several rivers crossing the basin from south to north.
The climate is semi-arid, characterized by low rainfall with 250 mm as annual average (Fig. 2).
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Figure 2. Annual rainfall (2001-2008).
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1.10. Decision support tools for sustainable groundwater management

The main rivers (Tab. 1) come from the High-Atlas Mountains and flow to the Tensift river (Fig.
3). Two dams are installed on the N’Fis river with a total storage capacity around 130 millions
of m3 (130 Mm3).
Table 1. The main rivers of the Haouz plain.
River name

Watershed
area
km

Tensift
Rdat
Zat
Ourika

10150
497,8
520,8
491,1

Rheraya
N'Fis
Assif el Mal
Seksaoua
Chichaoua

Gauge Station
Name

Abadla
Sidi Rahal
Tafériat
Aghbalou

222,1
1 651,2
514,4
565
2200

Tahanaout
Takerkoust dam
Sidi B. Othman
Iloudjane
Chichaoua

Number

Operating
date

Annual flow
rate
(m³/s)

1675/44
44/54
1562/53
2089/53

05/03/1969
03/10/1963
09/02/1962
04/04/1969

5.36
2,82
3,83
4,92

1565/53
—
1976/53
628/52
451/52

08/03/1962
—
14/11/1984
15/10/1974
27/01/1971

1,59
5,59
1,63
1.57
—

The surface flow analysis shows a big interannual variability. The 10-years moving average
graph highlights a decrease trend in surface flow during the four last decades (Fig. 3) due to the
succession of drought periods.
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Figure 3. Ten-years moving overage of the main rivers flow.

The groundwater is provided by the unconfined aquifer of the Haouz-Mejjate for which the
rivers play a role in recharge and discharge. The aquifer is heterogeneous because of the variability of the alluvial deposits. The aquifer thickness varies from 20 m at the north margin of the
plain and in many overexploited sectors in the centre of the plain, to 120 m at the southern part
where the bottom of the aquifer is deeper and the effects of exploitation are less significant. The
groundwater is presently exploited by more than 20000 pumping wells, withdrawing about 300
to 400 Mm3/year. Consequently, during dry periods, the groundwater surface is lowered by a
rhythm of 1m/year to 3 m/year in the most exploited zones.
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To enhance the irrigation and alleviate the pressure on groundwater, additional surface water
(80 to 180 Mm3/year) is transferred from the hydraulic basin of Oum Er Bia bounding the
Houaz to the East . The transfer is realised by a 120 km long channel, with a remote and automatic regulation.

Figure 4. Groundwater decrease between 1972 and 2008.

DSS ARCHITECTURE

The Decision Support System (DSS) is devoted to integrated management of water resources in
the Haouz-Mejjate plain. Its design answers to the principle of implementing inclusive and
transparent sharing of ideas complemented by tools to structure, quantify and visualise the
collective understanding and data, providing an informed basis of dialogue, exploration and
decision-making (Tidwell, Brink, 2008; Cockerill et al., 2007).

From a technical side, the DSS of the Haouz-Mejjate aims to compare spatially and temporally
sectorial water demands with regards to available surface and groundwater resources, to follow
the evolution of water budgets and to develop scenarios for selecting futures management
policies. Presently it is composed of the following tools:
The GIS of the Haouz-Mejjate which organizes all the collected data and provides the shape
files that are directly used as inputs to the models.

SAMIR (Satellite Monitoring of Irrigation), a tool for the spatialization of the evapotranspiration using remote sensing. For the monthly monitoring of the evapotranspiration, this
tool was modified for processing analogic satellite images (Abourida et al., 2010).

WEAP (Water Evaluation and Planning system) model, a tool for integrated water resources planning. WEAP calculates water demand and supply information to drive mass
balance model. It also evaluates water development and management options and takes
account of multiple and competing uses of water systems.

MODFLOW is the simulation model of groundwater flow. The model restitutes both the
spatial and temporal variations in head charges and allows the calculation of the ground-
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water balance. Through a dynamic linkage with WEAP, the model assesses the impact of
the exploitation and the management options on the groundwater resources.

In the framework of the present project, the models are calibrated within the period 2001–
2008. The data are collected and compiled at monthly time steps. The hydro-climate data consist of the monthly monitoring of 18 rainfall stations, 8 river gauge stations, 2 dams, the surface
water deliveries to modern irrigation perimeters located in the middle of the plain, the surface
water deliveries to traditional irrigation in the piedmont of the High-Atlas. The water demand
data consist of the drinking water supplies and the agricultural water demand over the HaouzMejjate plain. These data will be supplemented by others concerning wastewater reuse of Marrakech and artificial recharge which still under study. Depending on the agricultural activities
and the irrigation water source (surface or groundwater), the study area is divided into land
use sectors that constitute the basic units of water budget calculation. These sectors are modeled currently in WEAP under 5 sub-catchments which are the territorial units for reflections
and decisions on future water polices.
By the dynamic link between Modflow and WEAP, results of one model are transferred as input
data to the other for each monthly time step. Via the WEAP interface the one can manipulate
inputs and evaluate and compare results of various management scenarios.

Figure 5. Modflow model of the Haouz aquifer: boundary conditions and land use zonation.
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Figure 6. Weap model of the Haouz plain: water supplies and demands.

As a direct application, the DSS of the Haouz will be applied in the implementation process of
the groundwater agreement of the Haouz being recently launched. In this framework, the DSS
will be used to quantify and visualise, to the decision makers and stakeholders, the current
status of groundwater exploitation and possible alternative scenarios of the future development.
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