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INTRODUCTION

Groundwater is an indispensable resource 
in the socio-economic development of arid re-
gions and the stabilization of their populations. 
It constitutes the primary source of drinking 
water supply for its populations as well as the 
main engine for the evolution of its agricultural 
activities (Namous et al. 2021). However, access 
to these waters is often difficult, particularly in 
arid climate regions with crystalline basements, 
because they are characterized by a complexity 
of hydrogeological contexts accompanied by a 

spatiotemporal limitation of precipitation (Yao 
et al. 2016). These geo-climatic conditions com-
plicate the operation of choosing suitable sites 
for water drilling in many regions of the world 
(Venkateswaran & Ayyandurai 2015; Yao et al. 
2016). Hence several boreholes are dry or have 
very low yield rates.

In order to reduce the failure rate and to 
fight against the indiscriminate implementa-
tion of water catchment boreholes, several 
techniques and methods have been devel-
oped to preliminarily assess the groundwa-
ter potential in a given area. Therefore, two 
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methodological and technical approaches are 
widely used: (i) conventional techniques based 
mainly on on-site investigations, such as recon-
naissance drilling, stratigraphic analysis, and 
geophysics which often give suitable results, 
but are costly and time-consuming (Mogaji & 
Omobude 2017; Martín-Loeches et al. 2018), 
(ii) techniques involving modern geospatial 
tools such as GIS and Remote Sensing, which 
are currently considered as fast and less costly 
groundwater potential assessment techniques 
(Magesh et al. 2012; Rajan Girija & Mayappan 
2019; Al-Djazouli et al. 2021), which will also 
be examined in this study. The principle of the 
latter techniques is based on the integration of 
spatial geo-hydrological factors conditioning 
the occurrence of groundwater in probabilistic 
and/or empirical models in order to calculate 
the groundwater potential index, serving as 
a preliminary assessment of the groundwater 
potential in a given region in previous studies 
(Shekhar & Pandey 2015; Ferozur et al. 2019).
Remote sensing has been used for the rapid 
production of geomorphology, slope, linea-
ment and land cover layer in extensive or even 
inaccessible areas (Venkateswaran & Ayyan-
durai 2015; Das & Mukhopadhyay 2020). In 
addition, GIS has offered the advantage of 
storing and managing voluminous spatial data 
useful in the management of groundwater re-
sources (Park et al. 2017) and thus integrating 
them with great flexibility in different types 
of models (Park et al. 2017; Al-Ruzouq et al. 
2019). Recently, several researchers have used 
different probabilistic models for the evalua-
tion of groundwater potential such as certainty 
factor (Razandi et al. 2015), weights of evi-
dence (Ozdemir 2011; Lee et al. 2012; Pour-
taghi & Pourghasemi 2014), index of entropy 
(Al-Abadi et al. 2016), evidential belief func-
tion (Nampak et al. 2014), frequency ratio 
(Al-Abadi et al. 2016) and logistic regression 
model (Oh et al. 2011; Chen et al. 2018). These 
models can find a maximal factorization of the 
joint density of a set of random variables based 
on a set of joint observations of these vari-
ables. The multi-criteria analysis techniques 
are widely used in this research. The analytical 
hierarchy process (AHP) developed by (Saaty 
1980) is one of the most popular models which 
have shown great ability to assess groundwater 
potential in different regions and have provid-
ed the benefit of simplifying the mathematical 

complexity of decision making (Machiwal et 
al. 2011; Rajasekhar et al. 2019). In recent 
years, many researchers have used approaches 
based on the use of remote sensing and GIS in 
combination with the AHP model for the as-
sessment of groundwater potential in various 
arid and semi-arid regions (Arunbose et al. 
2021; Doke et al. 2021; Sapkota et al. 2021; 
Ifediegwu 2022; Sajil Kumar et al. 2022).

Ajay Kumar et al (2020a) demonstrated 
that there is a strong correlation between bore-
hole yields and groundwater potential index 
calculated using a GIS, Remote Sensing, and 
AHP based approach, at the Deccan Maharas-
tra volcanic province level in India. Moreover, 
Al-Djazouli et al (2021b) used the coupling 
of GIS, Remote Sensing, and AHP to delin-
eate potential groundwater areas in the Waddai 
area, Eastern Chad. The results of this research 
showed a great success of this approach,as 
well as its use in areas with arid climates, 
which is highly recommended by the authors. 
Abijith et al (2020a) presented the good ac-
curacy (AUC = 0.75) of an approach that in-
tegrated GIS, remote sensing, and AHP in the 
assessment of groundwater potential in the 
Ponnaniyaru Tamil Nadu catchment in India.
Furthermore, Rahmati et al (2015) developed 
an approach integrating GIS and AHP remote 
sensing to identify potential groundwater areas 
in the semi-arid region of Ghorve-Dehgolan, 
western Iran with an accuracy of 73%. The 
success of this type of approach in the assess-
ment of groundwater potential in different arid 
and semi-arid regions on land has led us to ap-
ply it in the present study area, the region of 
Telmzoun situated in southern Morocco. The 
geo-hydrological factors that were chosen in 
this study are geology, distance to fault, slope, 
geomorphology, proximity to drainage net-
work, drainage density, lineament density, and 
rainfall. This choice was based on an extensive 
literature review (Table 1) and through several 
studies results of hydrogeology experts. The 
main objective of this work is to evaluate the 
groundwater potentiality in the arid Telmzoun 
region, located in the southern part of Moroc-
co, by developing a timely and low-cost pro-
spective approach, using AHP in combination 
with GIS and Remote Sensing techniques, in 
order to orient future conventional prospecting 
campaigns in the study area.
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STUDY AREA

The present study focuses on the rural area 
of Telmzoun which is located in the southwest 
of Morocco, comprising an area of about 20.37 
km2 and situated between longitudes 10° 56’ 
53” and 10° 38’ 53” West and latitudes 28° 
56’50,698” and 28° 26’47,394” North (Figure 1). 
The elevation variation of the area is between 
14 and 740 meters. Hydro-climatologically, the 
study area is located in the Draa watershed, 
which is characterized by an arid climate and 

the average monthly temperature varies be-
tween 20 and 25. In summer and between 15 
and 20 °C in winter with low annual rainfall 
varying between 93 and 110 mm/year, the total 
population of the study area amounted to 2290 
inhabitants in 2014. The main economic activi-
ties are camel breeding and subsistence culti-
vation. The access to groundwater in this area 
by the mainly rural population is limited due 
to its hydrogeological complexity. Therefore, 
the succession of drought years aggravated 
this situation and, consequently, waves of rural 

Table 1. Literature on determining control factors for groundwater potential mapping
References GL DF SL GM DD DSD DSL RA

Ettazarini, 2020 * * *

Arabameri et al. 2020 * * * * * *

Ajay Kumar, 2020 * * * * *

Rajasekhar et al. 2019 * * * *

Çelik 2019 * * * * *

Al-Ruzouq et al. 2019 * * * * * * * *

Khosravi et al. 2018 * * * * *

Boori et al.2018 * * *

Mukesh Singh Boori, 2018 * * * * *

Adeyeye et al 2019 * * * * *

Jenifer and Jha 2017 * * * * *

Thapa et al. 2018 * * * * * *

Ghorbani Nejad et al. 2017 * * * * *

Aouragh et al. 2017 * * * *

Figure 1. Geographical location map of the study area
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exodus occurred. In response to this situation, 
the Moroccan government has launched several 
groundwater prospecting programs, in particu-
lar, the realization of high-cost exploratory sur-
veys with a signifi cant failure rate.

Geological and hydrogeological 
setting of the study area

The study area is located in the extreme 
southwest of the Western Anti-Atlas belt. It cov-
ers the southwestern part of the Low Draa inlier 
(Adiri et al. 2016). The substratum is constituted 
by metamorphic formations (gneiss and mica 
schists) of Paleoproterozoic age and is intruded 
by granitic bodies (El Hasnaoui et al. 2011). The 
latter generally consist of impermeable rocks 
and can only have a circulation of groundwater 

in their fractures or altered sites. This crystalline 
basement is surmounted by: (i) a Neoprotero-
zoic cover, essentially represented by a volcano-
detritic complex, rhyolites, ignimbrites, and an-
desites (Soulaimani et al. 1996), and is generally 
considered as impermeable formations, but may 
contain groundwater in the form of small aqui-
fers located at the fault network and joints (Sou-
laimani et al. 1997), (ii) a sedimentary series of 
Infracambrian age (wine lees series), which in-
cludes limestones and dolomites (Soulaimani et 
al. 1997; El Hasnaoui et al. 2011).These carbon-
ate formations are characterized by a good poros-
ity and present a great hydrogeological interest. 
They constitute a seat of groundwater circulation 
that comes from the infi ltration of rainwater or 
water drained by the rivers (Maloof et al. 2005)
(iii) middle Cambrian outcrops in the south of the 

Figure 2. Photography of the outcropping geological formations in the study area; a) Granitic intrusion of 
Precambrian age; b) Volcano-detrital rocks of Neoproterozoic age; c) Limestone and dolomite of the Infracambrian 
(wine lees series); d) Folded and faulted pelitic series of the middle Cambrian; e) Ordovician sandstones with a 
fault corridor fi lled with clayey materials; h) Flood plain constituted by recent Quaternary alluvium
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Low inilier. They are presented in the form of a 
series of folded sandstone-pelitic rocks that cre-
ate depressions (internal Feija group); these rocks 
are considered to be moderately permeable. The 
formations of the Tabanit group consist of coarse-
grained quartzites of middle Cambrian age that 
occur in a synclinal structure near Tafrouat and 
determine the main morphological ridges (Braun-
er et al. 2020). These formations are known by 
their fracture permeability and represent an im-
portant groundwater reservoir.The drainage of the 
contained water is assured by the rivers in cluses 
cut in its hard benches. (iiii) The Ordovician, es-
sentially detritic, is constituted by the “External 
Feija” shales and crowned by the sandstone and 
quartzite of Jbel Bani. These thick and low per-
meability grounds do not present a significant 
hydro-geological interest. (iiiii) The recent for-
mations of the Quaternary constitute alluvium, 
scree, alluvial cones, and calcareous crusts. Re-
cent alluvial deposits fill the valleys and form al-
luvial aquifers that cover impermeable rocks with 
a significant thickness (Figure 2).

MATERIALS AND METHODS

The delineation of potential groundwater ar-
eas required a well-established approach that ini-
tiates with the collection of data and ends with the 
verification of the resulting map. Figure 3 shows 
the flowchart of the adopted methodology. The 
present study adopted the AHP method, consist-
ing of eight factors that were selected for the geo-
spatial mapping of groundwater after assessing 
many published works. To prepare the groundwa-
ter potential map, the indicators were aggregated 
using relative weights derived from AHP with in-
put key hydrogeology experts.

Description of used data

The used data to prepare the thematic layers 
of the geo-hydrological factors are varied and ex-
tracted from different sources. They consist of the 
data of 41 drillings and 22 wells provided by the 
agency of the hydrological basins of Draa Oued-
Noun and the geological maps of Alyoun Daraa 
and Telmzoun regions with the scale of 1/50 000 
produced by the Direction of Geology at the Min-
istry of Energy and Mines in Morocco. In addi-
tion, the rainfall data for the period 2004–2014 
of 20 meteorological stations were collected from 
the Guelmim Oued-Noun watershed agency.

Then, a set of satellite data have been down-
loaded; it is mainly a time series of annual pre-
cipitation estimates from 2004 to 2014 with 
Geotiff format of the product PERSIANN-CSS-
CDR (Precipitation Estimation from Remotely 
Sensed Information using Artificial Neural Net-
works -Climate Data Record). This data has 
been downloaded from the https://chrsdata.eng.
uci.edu website. Secondly, the Digital Elevation 
Model (ASTER DEM) was downloaded from the 
https://earthexplorer.usgs.gov website. Lastly, the 
Landsat OLI 8 (Operational Land Imager) sat-
ellite image scene acquired on 27-04-2019 was 
downloaded from the https://earthexplorer.usgs.
gov website. Table 2 illustrates the source of the 
data utilized for the creation of the layers for each 
geohydrological Control Factor.

Process for preparing the 
geohydrological control factor layers

The preparation of thematic layers of differ-
ent geohydrological factors requires the process-
ing of the available satellite images, digitization 
of existing conventional maps in the study area, 
and the application of some statistical models. 

Table 2. Geohydrological Control Factors and associated sources of the data set
Name of factor Sources

Geology Geological maps of Alyoun Daraa and Telmzoun regions, Morocco (Scale 1: 50 000)

Distance to faults Geological maps of Alyoun Daraa and Telmzoun regions, Morocco (Scale 1: 50 000)

Slope Prepared from ASTER DEM (USGS) (spatial resolution: 30 m)

Geomorphology Derived from Landsat 8 OLI (spatial Resolution: 30 m) and ASTER DEM (spatial 
Resolution: 30 m).

Distance to the drainage network Prepared from ASTER DEM (spatial Resolution: 30 m )

Drainage density Prepared from ASTER DEM (spatial Resolution: 30 m )

Lineament density Prepared from Landsat 8 OLI (spatial Resolution 30 m)

Rainfall Prepared from a PERSIANN-CSS-CDR time series (0.04 degrees) and data measured at 
20 metrological stations.
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The fi rst step consists in generating the thematic 
layer by digitizing the geological maps. Next, the 
slope, drainage proximity, and density raster lay-
ers have been generated through digital process-
ing applied in ArcGIS 10.2 software on the Digi-
tal Elevation Model (ASTER DEM). The layer 
of Euclidean distance to faults was generated by 
digitizing the faults and shear zones represented 
in the geological maps and by using the Euclidean 
distance algorithm implemented in ArcGIS10.2. 
The lineament density layer was produced in two 
main steps; the fi rst one is the automatic extrac-
tion of geological lineaments from a Landsat 8 
OLI satellite image after applying various prepro-
cessing and processing such as atmospheric cor-
rection by the DOS algorithm (Adiri et al. 2016) 
and geometric correction. The automatic extrac-
tion was applied on the principal component 1 
(Adiri et al. 2017) (PC1), using the PCA Geomat-
ica software. By the end of this step, the resulting 
lineament layer was subjected to a visual analysis 

to eliminate artifacts and was validated by the 
analysis of the directional Rose diagram. There-
fore, the second step was the calculation of the 
lineament density in the Arc GIS 10.2 software. 
The geomorphology layer was produced by inter-
preting the Landsat 8 OLI satellite image and the 
Aster DEM, accompanied by fi eld explorations. 
Subsequently, the annual rainfall layer was gener-
ated by using a polynomial model, which allowed 
estimating the rainfall measured by the satellite 
rainfall data (CCS-CDR PERSIANN), and the 
spatialization of this data was achieved by apply-
ing the Raster calculator algorithm implemented 
on ArcGIS 10.2 software.

Generation of normalized weights of 
geohydrological control factors using AHP

Weighting is the operation that served to 
assign a normalized weight to each geohydro-
logical factor in the function of its infl uence on 

Figure 3. The methodology fl owchart
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groundwater occurrence (Erinjery et al. 2018). 
In our case, this operation was realized using 
the AHP model developed by (Saaty 1980). It 
consists of a matrix of pairwise comparisons 
between all the control factors (Table 3) where 
score 1 represents the equal influence and score 
nine represents the extreme influence of the pa-
rameters. According to the relative importance 
scale proposed by (Saaty 1980) (Table 4), this 
comparison includes opinions of hydrogeolo-
gists. Therefore, after establishing the pairwise 
comparison matrix, the normalized weight value 
of each control factor was calculated by normal-
izing the value of its eigenvector (i.e., dividing 
each eigenvector by their sum (Morjani & Abi-
dine 2002)). In the end, we got eight normalized 
weights whose sum is equal to 1.

The coherence of the generated weights was 
assessed by using the method of Saaty (1980);
this assessment is based on the calculation of a 
consistency ratio (CR). To achieve this task, two 
steps were followed (Shekhar and Pandey 2015):
• Step 1: Calculation of the coherence index 

(CI) by the following equation 1:

ܫܥ =
ݔܽ݉ߣ + ݊
݊ െ 1

CR =
CI

RCI

ܫܹܲܩ = ௅ீܥ) .߱ீ௅) + ஽ிܥ) .߱஽ி) + (௦௣.߱௦௣ܥ) +
ெீܥ)+ .߱ீெ) + ஽஽ܥ) .߱஽ௌ஽) + ஽ௌ஽ܥ) .߱஽ௌ஽) +

஽ௌ௅ܥ)+ .߱஽ௌ௅) + (ோ஺.߱ோ஺ܥ)

GWPM Accuracy(%) =

=
number of agreement samples

total number of water points
× 100

GWPM Accuracy(%) =
30
41

× 100 = 73.17%

(1)

where: n – the number of used factors in the analysis; 
λmax – the maximum eigenvalue of the 
pairwise comparison matrix.

• Step 2: calculation of CR according to the fol-
lowing ratio formula 2: 

ܫܥ =
ݔܽ݉ߣ + ݊
݊ െ 1

CR =
CI

RCI

ܫܹܲܩ = ௅ீܥ) .߱ீ௅) + ஽ிܥ) .߱஽ி) + (௦௣.߱௦௣ܥ) +
ெீܥ)+ .߱ீெ) + ஽஽ܥ) .߱஽ௌ஽) + ஽ௌ஽ܥ) .߱஽ௌ஽) +

஽ௌ௅ܥ)+ .߱஽ௌ௅) + (ோ஺.߱ோ஺ܥ)

GWPM Accuracy(%) =

=
number of agreement samples

total number of water points
× 100

GWPM Accuracy(%) =
30
41

× 100 = 73.17%

(2)

where: RCI is the random consistency index, 
whose values depend on the number of 
criteria selected, and it was obtained from 
the standard Saaty 1980 (Table 5).

If the CR value is lower than or equal to 0.10, 
the consistency of the matrix is considered accept-
able and consequently the continuation of the anal-
ysis is possible. If the CR value is strictly greater 
than 0.10, it is necessary to review the pairwise 
comparison matrix to identify the causes of incon-
sistency and then correct them. If the CR is zero, 
it indicates a perfect level of consistency in the 
pairwise comparison (Fashae et al. 2014). In the 
case of the present study, for n = 8, CR is equal to 
0.034; as this value is strictly lower than 0.10, this 
signified that the consistency level of the pairwise 
comparison matrix is acceptable (Saaty 1980).

Weighted superposition of 
control factors and generation of 
groundwater potential map

Through this step, the selected factors of in-
fluence were classified into ranges of values or 

Table 3. Scale of relative importance developed by Saaty 1980
Control factors GL D.F SL GM D.D DSD DSL RA Weight

Geology 1 1 1 1 2 2 3 5 18.6%

Distance to faults 1 1 1/2 3 2 2 5 17.6%

Slope 1 1 3 1 2 3 16.1%

Geomorphology 1 1 1 1 3 14.9%

Distance to drainage 1 1 1 3 9.3%

Drainage density 1 1 2 10.4%

Lineament density 1 2 9.0%

Rainfall 1 4.2%

Table 4. Matrix of pairwise comparisons between the control factors
Scale 1 2 3 4 5 6 7 8 9

Importance Equal Weak Moderate Moderate 
plus Strong Strong 

plus
Very 

strong
Very, very 

strong Extreme

Table 5. RCI values for different numbers of criteria (Staay 1980)
Number of 
criteria (n) 1 2 3 4 5 6 7 8 9 10

RCI values 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49
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Table 6. Standardization table of geohydrological control factors

No. Control factors Entity/value range Qualifications Score 
attributed Weight

1) Rainfall (mm/an)

93–96 Very low 1

0.042

96–99 Low 2

99–102 Low 3

102–105 Moderate 4

105–109 Very moderate 5

2) Lineaments density 
(km/km²)

0–0.32 Very low 1

0.09

0.32–0.8 Moderate 4

0.8–1.3 Very moderate 6

1.3–2.01 Strong 8

2.01–3.35 Very strong 10

3) Distance to drainage
(m)

0–300 Very strong 10

0.093

300–600 Very moderate 6

600–900 Moderate 4

900–1200 Low 2

> 1200 Very low 1

4) Slope
(degree)

0–5.8 Very strong 10

0.161

5.8 à 11.4 Strong 8

11.4 à 18.3 Moderate 4

18.3 à 27 Low 2

> 27 Very low 1

5) Geomorphology

Denudative hills, residual hills 
(Small) Low 2

0.149

Residual hills (large) Moderate 4

Highly eroded peneplains, 
intermontane valley Very moderate 5

Less eroded peneplains Strong 8

Piedmont / Valley floor Moderate 3

Valley filling / filled valley Very strong 10

Ridge–type structural hills Very low 1

Flood plains, plain Very strong 10

6) Distance to faults
(m)

0–500 Very strong 10

0.176

500–1000 Strong 8

1000–1500 Moderate 4

1500–2000 Low 2

> 2000 Very low 1

7) Drainage Density
(km/km²)

0–0.76 Very strong 10

0.104

0.76–1.5 Strong 9

1.5–2.3 Very moderate 6

2.3–3.0 Moderate 4

> 3.00 Low 2

8) Geology

Alluvium Very strong 10

0.186

Quartzite in large benches, 
Limestone, dolomite and 

conglomerates
Strong 8

Volcanodetritic rocks, pelite Moderate 4

Quartzitic sandstone
Epiclastic rocks and pelite, 

Limestone crusting
Low 2

Shale, volcanic rocks, Acidic 
magmatic rock Very low 1
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particular entities according to their common 
characteristics concerning the occurrence of 
groundwater. Subsequently, a score was attribut-
ed to each class based on their importance in the 
infi ltration and retention process of groundwater. 
A rating scale ranging from 1 to 10 was used 
for this assessment, a score of 10 was assigned 
to classes of “ very strong “ importance, while 
a score of 1 was assigned to classes of “very 
low” importance, and the intermediate values 
were assigned to the intermediate classes as il-
lustrated in Table 6.

The Groundwater Potential Index (GWPI) 
layer was generated by a weighted overlay of 
all standardized infl uence factors using the 
Raster Calculator option of ArcGIS 10.2; this 
overlay is mathematically written by the fol-
lowing equation 3:

ܫܥ =
ݔܽ݉ߣ + ݊
݊ െ 1

CR =
CI

RCI

ܫܹܲܩ = ௅ீܥ) .߱ீ௅) + ஽ிܥ) .߱஽ி) + (௦௣.߱௦௣ܥ) +
ெீܥ)+ .߱ீெ) + ஽஽ܥ) .߱஽ௌ஽) + ஽ௌ஽ܥ) .߱஽ௌ஽) +

஽ௌ௅ܥ)+ .߱஽ௌ௅) + (ோ஺.߱ோ஺ܥ)

GWPM Accuracy(%) =

=
number of agreement samples

total number of water points
× 100

GWPM Accuracy(%) =
30
41

× 100 = 73.17%

(3)

where: CGL is the geology raster layer;   
CDF is the distance to fault raster layer;  
Csp is the slope raster layer;   
CGM is the geomorphology raster layer; 
CDD is the distance to drainage raster layer;
CDSD is the drainage density raster layer;
CDSL is the lineament density raster layer;
CRA is the annual rainfall raster layer; 

ω is the normalized weight associated 
with each factor.

The resulting groundwater potential index 
was classifi ed into fi ve classes: very low, low, 
moderate, high and very high groundwater poten-
tial areas, using the natural breaks method.

Veri� cation of the groundwater 
potential index

The verifi cation of the resulting groundwater 
potentiality index is an essential step for testing 
the performance of the developed approach, as 
well as for quantifying the accuracy of the model 
used. In fact, the use of technical data from exist-
ing boreholes and wells is essential. In this study, 
the data of the performance of 41 water points 
were used, so a statistical summary of the latter is 
presented in Figure 4 and Table 7.

In order to verify the accuracy of the fi nal 
groundwater potential map, the measured yield 
rates of the water points (boreholes) were grouped 
into fi ve classes as shown in Table 8. Then, the 
yield classes of the water points were overlaid on 
GWPI to verify the correspondence between the 
yield class of a water point and the groundwater 
potential class derived from the GWP map.

A remark of ‘agree’ means that there is a con-
cordance between the measured yield class and 
the potentiality class of GWPM. On the other 
hand, a remark of ‘disagree’ means that there is a 

Table 7. Water point yield statistics used for GWP verifi cation

N total

Depth(m) Water yields (l/s)

Mean Mean Standard 
Deviation Sum Minimum Median Maximum

41 88.6 2.34707 3.24144 96.23 0 1.2 13

Figure 4. Histogram and box plot of water point yields used for GWPI verifi cation
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discordance. This method allowed us to quantify 
the accuracy of the resulting potentiality map us-
ing the following formula (4) (Das & Mukhopad-
hyay 2020; Sajil Kumar et al. 2022): 

ܫܥ =
ݔܽ݉ߣ + ݊
݊ െ 1

CR =
CI

RCI

ܫܹܲܩ = ௅ீܥ) .߱ீ௅) + ஽ிܥ) .߱஽ி) + (௦௣.߱௦௣ܥ) +
ெீܥ)+ .߱ீெ) + ஽஽ܥ) .߱஽ௌ஽) + ஽ௌ஽ܥ) .߱஽ௌ஽) +

஽ௌ௅ܥ)+ .߱஽ௌ௅) + (ோ஺.߱ோ஺ܥ)

GWPM Accuracy(%) =

=
number of agreement samples

total number of water points
× 100

GWPM Accuracy(%) =
30
41

× 100 = 73.17%

(4)

A second method of verifi cation is used in 
order to confi rm the accuracy obtained by the 
method described above; it is a frequently used 
method named the ROC curve (Receiver Operat-
ing Characteristic) and the Area Under the (AUC) 
(El Jazouli et al. 2019). The ROC method is widely 
used to estimate the validity of a model since it pre-
dicts the location of the case (occurrence) of a class 
by comparing an image of adequacy, illustrating 

the probability where this class occurs, and a Bool-
ean image showing where this class exists.

RESULTS AND DISCUSSION

Geological map

Geology is considered as the most important 
criterion to assess the groundwater potential, as 
it directly governs the infi ltration process, stor-
age and circulation of groundwater, which de-
pends on the porosity and permeability of the 
rock formation (Aggarwal et al. 2019). The 
geological layer of the study area was derived 
from the conventional geological map of Ayoun 
Daraa and Telmzoun regions with the scale 1/50 
000. Alluvium, quartzite, limestone, dolomite, 
conglomerates, pelite, volcanodetritic rocks, 
shale, volcanic rocks, and acidic magmatic rocks 
are the geological formations that were found in 
the study area (Figure 5). They were classifi ed 
according to their degree of permeability; the 
very strong class was assigned to the Alluvium 
formation, and the very low class was assigned 
to shale, volcanic rocks, and acidic magmatic 
rocks, while the other formations found were 
classifi ed as strong, moderate, and low.

Table 8. Water point yield ranking
Yield interval (l/s) Yield classes

0–0.2 Very low

0.2–0.8 Low

0.8–1.5 Moderate

1.5–4 High

>4 Very high

Figure 5. Geological map of the study area
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Faults proximity map

Faults are geological structures that constitute 
discontinuities in the geological formations, which 
are often fi lled by altered and very permeable ma-
terials with high secondary porosity and assure a 
good infi ltration of rainwater. They could consti-
tute groundwater reservoirs by developing an al-
teration zone around them. Several previous stud-
ies have shown that the yields of boreholes located 
in zones close to faults are signifi cant, and that the 
yield increases with the increasing depth and thick-
ness of the alteration zone (Ettazarini & El Jakani 
2020). Therefore, the mapping of faults and their 
peripheries is very useful in the identifi cation of 
potentially productive regions, as well as in the 
discovery of new reservoirs in fractured zones.

The study area is characterized by the pres-
ence of a system of faults in the Precambrian 
basement of the Low Draa and formations of the 
Middle Cambrian, including sandstone-pelitic 
formations; this system is mainly oriented to the 
north 45° (SOULAIMANI et al. 1996) (Figure 6).

The Euclidean distance layer to faults was cal-
culated using ArcGIS10.2 software to determine 
the areas that are close to the fault network (Fig-
ure 7). 500 meters from the fault system was con-
sidered as an area of high groundwater potential, 
while an area greater than 2000 meters from the 
fault was considered as an area of very low poten-
tial. Five buff er zones were identifi ed, (0 to 500), 

(500 to 1000), (1000 to 1500), (1500 to 2000) and 
(>2000), which cover areas of 4.95 km², 4.04 km², 
3.08 km², 2.4 km² and 5.88 km² respectively.

Slope map

Slope is a topographic parameter that directly 
governs the behavior of surface water fl ow and 
the process of water infi ltration to the subsoil. 
This means that in regions with low slopes, water 
fl ow is very slow, which gives more time to rain-
water to infi ltrate, while regions with steep slopes 
are very favorable for rapid water fl ow, therefore 
leaving less time for rainwater to infi ltrate (Das 
& Mukhopadhyay 2020). In other words, infi ltra-
tion is inversely proportional to the slope degree 
(Rahmati et al. 2015). The resulting slope map 
(Figure 8) shows variates from 0 to 57, which 
led us to classify them into fi ve intervals. Class 
1 (0–5°) corresponds to the class with good in-
fi ltration conditions, constitutes a percentage of 
35% of the total surface of the study area, and is 
considered as an area with good groundwater po-
tentiality. Class 2 (5–10°) represents almost 33% 
of the total area, is described as an areas of good 
infi ltration conditions, and is then automatically 
judged as good in terms of groundwater potential-
ity. Class 3 (10–20°), representing almost 17.8% 
of the study area, is described in terms of ground-
water occurrence as moderate to low. Finally, 
class 4 (20 to 30) and class 5 (>30) indicate high 

Figure 6. Rose diagram of fault orientations in the study area
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Figure 7. Faults proximity map of the study area

Figure 8. Slope map of the study area
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and very high slope areas, which constitute 10% 
and 4.4%, respectively, of the total study area, 
and were considered as low to very low ground-
water potentiality.

Geomorphology map

Geomorphology characterizes the landform 
and its topographic evolution (Ajay Kumar et al. 
2020), which signifi cantly infl uences various hy-
drological and hydrogeological processes, specif-
ically runoff , water infi ltration and the aquifer re-
charge process (Abijith et al. 2020). In this study, 
ten main geomorphological units were identi-
fi ed in (Figure 9); structural hills/ridges, shallow 
weathered peneplains and moderately weathered 
peneplains are the major geomorphic features in 
the study area. 

Drainage proximity map

The distance from the hydrographic network 
is an important parameter in the exploration of 
groundwater because the areas closest to the rivers 
are often characterized by the presence of alluvial 

layers that are very permeable and with suffi  cient 
thickness to store groundwater; these layers are fed 
from both sides during periods of fl ooding, either 
naturally or intensively by the use of weirs on the 
rivers. Several researches have approved that, in 
the buff er zone 300 meters from the drainage net-
work, the probability of existence of small produc-
tive alluvial layers is high (Benjmel et al. 2020).

In this study, the map of proximity to the 
hydrographic network (Figure 10) showed fi ve 
classes of distance: (0 to 300), (300 to 600), 
(600 to 900), (900 to 1200), (1200 to 1500), and 
(1500 to 1800), which cover respectively 47.6%, 
33.3%, 15.4%, 3.3% and 0.4% of the total surface 
of the study area. The areas that are in the range of 
0–300 m are very responsive and are considered 
very good in terms of groundwater potentiality.

Drainage density map

Drainage density is one of the major determi-
nants of groundwater occurrence; it is an inverse 
function of infi ltration (Rahmati et al. 2015). This 
means that an area with low drainage density re-
sults in increased infi ltration and decreased surface 

Figure 9. Geomorphology map of the study area



247

Ecological Engineering & Environmental Technology 2022, 23(5), 234–255

Figure 10. Drainage proximity map of the study area

Figure 11. Drainage density map of the study area
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runoff . So areas with low drainage density are suit-
able for groundwater development (Magesh et al. 
2012). The drainage density in the current study 
is varying from 0 to 3.75 km/km2 (Figure 11); it 
was classifi ed into fi ve intervals: (<0.76 km/km²), 
(0.76–1.50 km/km2), (1.50–2.3 km/km2), (2.3–3 
km/km2), and (>1.00 km/km2), cover respectively 
42.5%, 39%, 15.9%, 2.6%, and 0.2% of the study 
area. Therefore, a higher score was given to lower 
drainage density areas and lower scores were given 
to densely drainage areas (Table 6).

Lineament density map

Lineaments are linear or curvilinear structures 
that correspond to natural objects of tectonic and 
geomorphological origin namely faults, facies 
boundaries, rectilinear drainage zones, valleys, 
and ridges (Adiri et al. 2017; Jellouli et al. 2021); 
these structures are characterized by good perme-
ability. Recently several authors have shown that 
areas of high lineament density generally have a 
high success rate of boreholes (Ajay Kumar et al. 
2020; Sapkota et al. 2021). The lineament density 
layer map of the study area shows an orientation 
identical to that of the faults (North 45°) as shown 
in Figure 12.

The resulting lineament density map (Fig-
ure 13) was classifi ed into fi ve classes, (0–0.32), 
(0.32–0.86), (0.86–1.36), (1.36–2.01) and (>2.01), 
covering a percentage of: 45%, 29.5%, 12.3%, 

9.5 and 3.5%, respectively, of the overall study 
area. The high density of lineament is located at 
the overlapping front between the buttonhole of 
the lower Draa and the sedimentary cover, this 
area is characterized by the outcrop of limestone 
Infracambrian monoclinal layers. Good density is 
also found in the Precambrian terrain; these ar-
eas are generally considered as areas of very high 
groundwater potential. The areas of very low den-
sity correspond to the alluvial plains of low tec-
tonic activity; the latter are considered as areas of 
low groundwater potential from the point of view 
of lineament density.

Rainfall map

Precipitation is the main source of freshwater 
that can be percolated to aquifers, or runoff  into 
streams, depending on the topographic conditions 
of the receiving surface; it is also considered the 
main source of aquifers recharge (Maity & Man-
dal 2019). Numerous previous researches have 
shown that there is a positive correlation between 
rainfall values and the degree of groundwater 
potentiality (Adiat et al. 2012).In this study, the 
annual rainfall map showed fi ve main classes, 
namely 93–96 mm/year, 96–99 mm/year, 99–102 
mm/year, 102–105 mm/year, and 105–109 mm/
year (Figure 14). The areas with an annual av-
erage of 93–96 mm of precipitation are consid-
ered very low for groundwater potential, while 

Figure 12. Rose diagram of the lineaments orientations in the study area
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Figure 13. Lineament density map of the study area

Figure 14. Rainfall map of the study area
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the areas with an annual average of 96–99 mm/
year, 99–102 mm/year, and 102–105 mm/year are 
considered low, and fi nally the areas with a value 
between 105–109 mm/year are considered mod-
erate in terms of groundwater potentiality.

Groundwater potential map (GWPM)

By using the AHP method to fi nd the rela-
tive weight and priority of individually factor, a 
groundwater potential map was prepared over-
laying eight factors. The resulting groundwater 
potential map (Figure 15) discriminated between 
fi ve zones, “very low”, “low”, “moderate”, “ 
high”, and “very high”. The “very low” and “low” 
groundwater potential zones are in the southeast-
ern, southwestern, and northern parts of the study 
area. They cover an area of 2.4 km2 and 4.17 km2

respectively, or 32.4% of study area, and they 
correspond to ridges and domes of steep slopes as 
well as areas of impermeable rocks, where almost 
all conditions that favor runoff  are met.

The “moderate” class covers an area of 6.06 
km2, about 30 % of the study area, and corresponds 
to areas of moderately permeable rocks and slope 
between 5° and 18°, where the density of drainage 

is strong; these conditions are very favorable for 
runoff , but may have small pockets of water that 
is stored within permeable sediments, especially 
in the case of light rainfall. The zones of “high” 
groundwater potential cover an area of 5.53 km2

(27.2%) and correspond mostly to alluvial plains 
and valleys fi lled with very permeable materials 
and low slopes, where infi ltration is very impor-
tant, especially in this area, which is characterized 
by an arid climate and most of the its rainfall has 
been light. The zones of very high potentiality are 
located in the northeastern and northwestern parts 
of the study area; they cover an area of 2.14 km² or 
10.5% of the study area. The “very high” potential 
of groundwater in these areas is mainly due to the 
presence of fault corridors, geological formations 
of high permeability such as Infracambrian lime-
stone in the shallow slope areas, where almost all 
conditions for infi ltration are met.

Validation of the GWPM map of Telmzoun 

The accuracy of GWPM verifi cation is impor-
tant for decision makers. The results of the veri-
fi cation methods are presented below. First of all, 
a scatterplot was drawn by the fl ows of the water 

Figure 15. Groundwater potential map of the Telmzoun area (GWPM)
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points according to the GWPI values and showed 
that there is more or less a non-linear correlation. 
We notice that the most important yields cor-
respond to high values of GWP index, while the 
majority of the dry water points or those having 
low yields correspond to low values of GWP index 
(Figure 16). The accuracy of this map, according to 
the fi rst method described in this paper, is 73.17%, 
with 30 as the number of samples in agreement, 
and 41 as the total number of samples used.

ܫܥ =
ݔܽ݉ߣ + ݊
݊ െ 1

CR =
CI

RCI

ܫܹܲܩ = ௅ீܥ) .߱ீ௅) + ஽ிܥ) .߱஽ி) + (௦௣.߱௦௣ܥ) +
ெீܥ)+ .߱ீெ) + ஽஽ܥ) .߱஽ௌ஽) + ஽ௌ஽ܥ) .߱஽ௌ஽) +

஽ௌ௅ܥ)+ .߱஽ௌ௅) + (ோ஺.߱ோ஺ܥ)

GWPM Accuracy(%) =

=
number of agreement samples

total number of water points
× 100

GWPM Accuracy(%) =
30
41

× 100 = 73.17%

Validation of the GWP map via analytical hi-
erarchy model was done by applying the Receiver 
Operating Characteristics (ROC) curve which has 
been widely used recently by several authors (Aru-
mugam 2016; Dar et al. 2021; Pande et al. 2021).
The area under curve (AUC) value of accuracy was 
0.755; the analysis revealed that the global success 
rate of the groundwater map is 75.5% (Figure 17). 
It can therefore be deduced that the approach used 
in this study showed good accuracy in groundwa-
ter potential mapping (>70%). Many researchers 
also estimated the infl uence of the geomorphologi-
cal, hydrological, lithological and relief factors in

Figure 16. Scatterplot, GWP index values versus measured yields

Figure 17. Receiver operating characteristics (ROC) curve of the GWPM
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the groundwater potential. For instance, Patra et 
al 2018 asserted that geology had the strongest 
influence on groundwater potential in the alluvial 
plains of India. Similarly, for the semi-arid region 

in Botswana, Lentswe & Molwalefhe 2020 re-
vealed that lithology has been the most important 
factor for groundwater potential. Like the present 
study, Das & Pal 2019 compared the frequency 

Table 9. Verification table of the correspondence between the measured borehole yield classes and the estimated 
groundwater potential class

No Locality
Lambert coordinates Total 

depth 
(m)

Borehole 
yield (l/s) Yield class GWP class Correspondence 

remarkx(km) y(km)

1 Aghouinem -25,700 152,600 85 1.5 High High Agree
2 Aouyi -17,700 152,750 80 0.4 Low Low Agree
3 Aoyi -16,900 154,800 72 2.2 High High Agree
4 Tilemzoune Centre -39,240 154,455 80 6.0 Very high High Agree
5 Ouin Mdkour -34,366 170,634 100 0.6 Low High Disagree
6 Tuizemzame -41,900 162,300 100 0.5 Low High Disagree
7 Maarada -39,993 152,743 80 11.25 Very high Very high Agree
8 Tanoulmi -27,700 158,900 82 0.2 Low Moderate Disagree
9 Tiflfal -19,600 164,250 100 1.7 High Low Disagree
10 Tiflfal( aval) -17,468 165,365 90 0.7 Low Very high Disagree
11 Tarmest -24,000 161,600 90 0.03 Very low Very high Disagree
12 Megsem El Fernane -37,800 153,200 100 8.0 Very high Very high Agree
13 Tiflahine -39,871 155,500 71 1.4 Moderate Moderate Agree

14 Lahouid -38,300 155,800 62 13 Very high High Agree

15 Reg Ouin Kora -41,120 156,104 98 1.4 Moderate- 
high High Agree

16 Oued Rtimi -30,356 167,543 100 1.5 High High Agree

17 Tuihricht -39,533 153,939 100 2.2 High High Agree

18 Lahouid -38,920 155,831 120 2.6 High High Agree

19 Lahouid -36,222 159,104 120 4.6 Very high High Agree

20 Khenig ali -21,970 162,660 75 0.05 Very low Very high Disagree

21 lkhalwa -26,068 160,157 60 0.2 Very low Moderate Disagree

22 Tamalihat -19,895 165,810 100 1.4 Moderate Moderate Agree

23 Oued Rtimi -29,217 166,347 120 1.5 Moderate Moderate Agree

24 Tafraout ait oussa -15,425 167,522 66 0 Very low Very low Agree

25 Ouin Mdkour -34,431 171,517 60 0 Very low Low Agree

26 Khenig massoud -34,613 173,799 79 0 Very low Low Agree

27 maarada -27,812 173,561 80 0.2 Very low Low Agree

28 Zaouiat ait oussa -15,327 154,450 100 0.6 Low High Disagree

29 Tafraout -25,691 155,722 75 0 Very low Very low Agree

30 Tafraout -28,610 153,000 60 0 Very low Low Agree

31 Tafraout (AgouinemII) -26,530 155,204 100 0 Very low Very low Agree

32 Aftissat -34,295 168,182 120 8.2 Very high Very high Agree

33 Oum lagliaa -18,055 166,506 80 5.8 Very high Very high Agree

34 Hassi arsen -24,943 166,267 100 1.2 Very high Very high Disagree

35 Aouint ighouman -17,017 163,145 100 0.8 High High Agree

36 Rbyeb -43,142 164,553 70 0 Very low Low Agree

37 Ouin Madkour -33,353 165,496 100 0 Very low Low Agree

38 Tarmest -21,043 164,945 100 0 Very low Moderate Disagree

39 Azogagh -32,817 167,858 90 4.5 Very high Very high Agree

40 Lahouid lahmer -32,948 168,305 71 5.5 Very high High Agree

41 Bettana -33,0796 169,151 100 6.5 Very high Very high Agree
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ratio, AHP, and the influencing factor technique 
for groundwater potential mapping in a Western 
Ghat catchment and presented a satisfactory per-
formance of AHP using AUC-based validation. 
Results of all the studies are concurrent with our 
findings. Therefore, the AHP-based method is the 
most satisfactory and popular one for assessing 
groundwater potential maps worldwide. 

Table 9 shows verification of the corre-
spondence between the measured borehole 
yield classes and the estimated groundwater 
potential class.

CONCLUSIONS

The subject of groundwater potential assess-
ment has long been a concern of Basin Agencies 
responsible for water management and also for 
researchers, especially in areas with arid climates, 
given its importance in the supply of drinking wa-
ter to its mainly rural populations. In this context, 
the present study has developed a rapid approach 
to assess the groundwater potential at the level 
of the arid zone of Telmzoun south of Morocco. 
Based on GIS data and remote sensing, in con-
junction with the AHP, the developed model has 
integrated eight influencing variables of ground-
water potentiality, including factors of geological, 
topographical, hydrological, and climatic origins. 
Its prediction performance has been evaluated us-
ing the existing borehole data coupled with the 
ROC curve technique. The resulting GWP map 
showed that there are five potentiality classes 
“very low”, “low”, “moderate”, “high” and “very 
high”. The “high” and “very high” potentiality 
classes cover a zone of 7.67 km2 or 37.7% of the 
total study area. In fact, these areas can be ex-
plored effectively by conventional methods. The 
AUC value of 75.5% confirms the good accuracy 
of the model in assessing the groundwater poten-
tial in the study area. 

The developed approach can be generalized 
over the entire surface of the Draa and Oued 
Noun watershed, with little or no modifications, 
in order to manage and plan its resources on a 
large scale. This will be very useful for watershed 
agencies, especially in the development of master 
plans for the exploration, exploitation and man-
agement of groundwater resources. The resulting 
maps is also useful to effectively and confidently 
guide the drilling and exploration of groundwater 
resources in the study area.
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