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Abstract 

    The Haouz plain downstream from Marrakesh is characterized by an arid to semi-arid 

climate, by low and irregular rainfall, and by a great variability of recharge of the water table. 

The latter is one of the most exploited and important tablecloths of the Tensift region, has 

become a major priority. However, the protection of this water table requires first a deep 

knowledge of the origin and the different types of pollutants that can affect the quality of this 

water. There are several methods for assessing groundwater vulnerability. The Geographical 

Information Systems are powerful tool par excellence for drawing up the vulnerability map of 

the aquifers studied. The main objective of this study is to develop a vulnerability map of the 

Haouz aquifer in the downstream part of the city of Marrakech, exploiting the functionalities 

offered by the GIS (ArcGIS) and based on the DRASTIC method. The obtained map shows 

that the vulnerability to pollution of this studied region is generally low to medium, with the 

presence of vulnerable areas in the Tensift Oued. 
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Introduction 

   The groundwater of the Haouz water table in Marrakesh plays a very important role in the 

supply of drinking water and in the irrigation of agricultural land. This layer circulates in a 

matrix which is generally alluvial, permeable. The mobility of pollutants is done either 

vertically by the infiltration of surface waters which are rich in pollutants, the latter are 

mainly wastewater that migrates to the groundwater, or horizontally by the circulation of 

groundwater, these waters are loaded with pollutants, in contact with the various crossed 

terrain, of a number of soluble chemical elements, These elements can be of geological origin 

(natural) or anthropogenic and they are able to change the quality of the waters of the aquifer. 

The aim of this study was to develop a map of vulnerability to pollution downstream of the 

city of Marrakech. This study was based on the DRASTIC method [2]; [12]. This work was 

carried out to verify the validity of the standard DRASTIC vulnerability method, Seven 

parameters are considered: the depth of the water, the effective annual recharge of the aquifer, 

the lithology of the aquifer, soil type, topography, vadose impact and hydraulic conductivity 

of the aquifer. There is no absolute method for assessing groundwater vulnerability to 

groundwater, but several methods have been developed to estimate the sensitivity of aquifers 

to pollution [11]. as part of this study. 

   The DRASTIC method, which belongs to the weighted category group, is a system 

developed by [2]; [3] as a means of assessing the intrinsic vulnerability of groundwater to 

pollution. The principle of this method is first to choose the parameters on which the 

vulnerability assessment is based. Each parameter is divided into periods of significant value 

and an incremental numerical score is assigned based on its importance in the weakness. 



 

 

Geographic Framework 

The Haouz aquifer extends over an area of about 6000 km² [1] between the High Atlas chain 

of Marrakech in the South, the Jbilet massif in the North, the hills of Mzoudia in the West and 

the Middle Atlas in the East, the region studied (Fig.2) is part of the Haouz aquifer, it 

corresponds to the northern part of the city of Marrakech between the road that leads to 

Casablanca in the East, the road that leads to Safi in the West and the Oued Tensift in the 

North. 

 
Fig. 2. Geographical location of the study area.

Geological framework of the study area 

    The Haouz of Marrakech is in the form of a 40 km wide depression and stretches from East 

to West for more than 150 km, the Haouz table is characterized by a very unequal distribution 

in the subsoil of the plain going from south to north (from the High Atlas to the Jbilet [1]. 

This aquifer is characterized by the importance of primary-age detritic formations in the 

recent quaternary, it is formed on a primary-age substratum essentially shale and impermeable 

[13]; [14]. This Paleozoic pedestal is surmounted in discordance by the Mesocenozoic age 

cover, which is formed in particular by red sandstones of Permo-trias, silts, clayey, limestones 

and sandstones of the Jurassic, as well as limestones, sandstones and marls of Cretaceous and 

Eocene age. Then detritic formations such as red silt deposits, quaternary clays and pebbles 

and conglomerates and alluviums at the banks of the Tensift Oued, resulting from the 

dismantling of the High Atlas chain [13]; [14] (Fig.1). 



 

 

 
Fig. (2). The simplified geological map of Haouz [13] 

Climatology  

   The temperature data come from the Tensift Hydraulic Basin Agency (ABHT) and 

correspond to the Marrakech airport station, the figures (Fig.3) show that the region is 

characterized by an interannual average temperature, with seasonal and annual variations. The 

warmest months are July and August and the coldest are January and December. The rainfall 

data used (Fig. 3) were recorded at the ABHT airport station, this data shows that the city of 

Marrakech is characterized by low rainfall, also by the existence of a rainy season between 

October and April with a maximum in November where precipitation can reach 27.91 mm, 

and a dry season between May and September where the lowest precipitation is recorded in 

the months of and July (Fig.3). 

Fig.3. Interannual variations of Temperature and Rains in Marrakesh. 



Method for assessing the vulnerability of Haouz resources downstream from Marrakech 

(DARSIC method) 

  The DRASTIC method was developed between 1983 and 1987 by the National Water Well 

Association (NWWA) and the Environmental Protection Agency (EPA) in the United States 

[3]. For the purpose of assessing the map of groundwater vulnerability to contamination [8]; 

[4]; [16]. The vulnerability of a groundwater table to pollution is assessed using seven 

parameters that influence groundwater flow from the surface of the soil to the water table 

(Fig.8). Each parameter is associated with a weight (Tab.2) that corresponds to the importance 

of the latter in the vulnerability of groundwater. The following tables show typical scores for 

each of the seven parameters [2]; [10]. Numerous studies in the United States have been 

conducted using the DRASTIC method [5]; [15] and worldwide [7]; [9]; [17]. 

Table. 1: (A) Classes and notes used for Depth of water (D); (B) Classes and notes used for net 

recharge (R); (C) Classes and notes used for aquifer lithology (A); (D) Classes and notes used for soil 

(S); (E) Classes and notes used for topography (T); (F) Classes and notes used for insaturated zone (I); 

(G) Classes and notes used for permeability (C). 

 

Table 2: DRASTIC model parameters. 
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Results and Discussion  

   Calculation of the DRASTIC Index (ID) under the Arc Gis software. The maps used in the 

calculation were digitized into shape files. This step was followed by the conversion of these 

files into Raster files.   D, A, S, T, I, C: represent the previously defined DRASTIC 

parameters, w; r: weight and the score assigned to each DRASTIC parameter. The calculation 

was done using the Spatial Analyst module then the Raster Calculator option where the 

following calculation equation is introduced: 

𝑰𝑫 = (𝑫𝒘 × 𝑫𝒓) + (𝑹𝒘 × 𝑹𝒓) + (𝑨𝒘 × 𝑨𝒓) + (𝑺𝒘 × 𝑺𝒓) + (𝑻𝒘 × 𝑻𝒓) + (𝑰𝒘 × 𝑰𝒓) + (𝑪𝒘 × 𝑪𝒓) 

Presentation of the maps of the seven parameters  

   The maps used in the assessment of the vulnerability to pollution of the waters of the Haouz 

aquifer downstream from Marrakech, were developed under the software Arc Gis. These 

maps represent the basis for calculating the vulnerability index at the study area level. For 

each of the DRASTIC parameters [2]; [3]; [9] [10], a score is assigned on an entire scale 

ranging from 1 (the least important) to 10 (the most important). For a given parameter, a low 

score implies that the tablecloth concerned is not vulnerable to pollution and vice versa.   

Water depth map The Haouz aquifer downstream of Marrakech (Table 1 et 2) was added to 

the ground based on the existing data, which shows that the depth of this area varies between 

0 and 40 m. The table below shows the class and the note used for the depth parameter by the 

DRASTIC method. 

    Map of recharge of the Haouz aquifer downstream from Marrakech (fig.4A) was made 

using the geological map of Morocco which was published in 1985(1/1000000) this map 

shows that this region and characterized by three facies such as the recent Quaternary in the 

North, Villafranchian, Middle and Upper Devonian take into account the infiltration index of 

each geological formation, the supply of the aquifer from the infiltration of precipitation water 

is very low and does not exceed 25.50 mm/year. The table below shows the class and the note 

used for the Recharging parameter by the DRASTIC method.  

  Map of the lithological nature of the Haouz aquifer downstream from Marrakech (Fig.4B) 

was established based on Sinan data (Sinan 2000). This map shows that this area consists of 

two facies which are alluvial with limestone and marl-limestone passages and heterogeneous 

alluvial (pebble, gravel, sand, clay and marl), these formations promote the transfer of the 

pollutant through the water slide seeping from the surface of the soil to the aquifer. The table 

below shows the class and note used for the parameter of the lithological nature of the Haouz 

aquifer downstream from Marrakech by the DRASTIC method. 

  Map of the soil nature below (fig.4C) has been established from the map of soil types, we 

generally note the abundance of deferential types of silt, and a limestone area corresponds or 

Jbel Gueliz. The table below shows the class and note used for the soil type parameter by the 

DRASTIC method. 

  Map of the slope of the Haouz lands downstream from Marrakech (Fig. 4D) was determined 

from the topographic map of Morocco Marrakech Gueliz (1/50000). The map shows that the 

slope and direction to the northwest of the study area is 395 m (Northwest) to 470 m (Gueliz 

Hill). The table below shows the class and the note used for the topographic slope parameter 

by the DRASTIC method. 
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   Map of the impact of the unsaturated zone below (fig.4E), was developed based on data 

from Sinan [13] this map shows that the unsaturated zone corresponding to 40 m consists of 

alluvial deposits of Plio-quaternary. The table below shows the class and note used for the 

impact parameter of the unsaturated area by the DRASTIC method. 

   Map of the hydraulic conductivity on the ground of the Haouz aquifer downstream from 

Marrakech (Fig. 4F) was drawn up based on the map of the permeability of the Haouz plain 

which was carried out by the Tensift Water Basin Agency, this map shows that the 

permeability of this area varies between 10-5 to 3.10-5 m/s and 3.10-5 to 6.10-5m/s Hydraulic 

conductivity is controlled by the interconnection of empty spaces in the aquifer which can be 

a consequence of inter granular porosity, fractures. The table below shows the class and note 

used for the hydraulic conductivity parameter by the DRASTIC method. 

    The vulnerability map of the Haouz aquifer downstream from Marrakesh (DRASTIC index 

map) below (Fig.4G) shows a trend of vulnerability to pollution Extreme: Low, Very Low, 

Medium, very strong, according to Table 3 which expresses these classes of degree of 

vulnerability according to the different colors. The table below shows The different classes of 

vulnerability were defined according to the value of their index Iv. (Tab.3). 
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Fig. 4: Maps of different DRASTIC parameters. 

 
Fig.5: Vulnerability map of the Haouz aquifer downstream from Marrakech. 
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Table. 3. The vulnerability indices and their degree and color match. 

Color Vulnerability index (Iv) Degree of vulnerability 

 1 
Very Low vulnerability 

 2 

 3 
Low Vulnerable 

 4 

 5 Medium vulnerability 

 6 Very high vulnerability 

Conclusion 

    The area studied is part of the Haouz aquifer of Marrakesh, this region characterized by 

numerous indices indicate a deterioration of the quality of its water, contaminated, in 

particular by elements whose concentration is excessive due to the presence of an 

uncontrolled discharge and wastewater of domestic, industrial and agricultural origin. 

    This work has also shown the vital contribution provided by Geographic Information 

Systems (GIS) for the development of maps of vulnerability to pollution of groundwater. The 

mapping of the vulnerability of the Haouz aquifer downstream of Marrakech was carried out 

by the DRASTIC method under the Arc GIs. The analysis of this map has allowed to 

distinguish five areas with different degrees of vulnerability. These areas can be grouped into 

four classes, each of which forms a very low, low, medium and very high class. The most 

dominant class is low vulnerability. And very high vulnerability along the Oued Tensift due to 

the presence of facies with coarse texture that promotes the infiltration of pollutants. 
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