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Abstract 13 

In Gabès region (southeastern Tunisia), given the semi-arid to arid climate conditions, 14 

groundwater is an essential resource to supply the growth needs of the socio-economic 15 

development. To ensure sustainable development and preserve water resources, a careful 16 

estimation of the present day recharge amount and the delineation of the potential zones of 17 

rainfall precipitation are of required for an accurate evaluation of regional water balance. In this 18 

context, this study aims to a preliminary assessment of groundwater recharge in Gabes basin in 19 

regard to the delineation of the potential recharge areas of phreatic aquifers. Thus, a geological 20 

and hydrogeological collected database coupled with remote sensing techniques (RST) were 21 

mailto:abdelbilel92@gmail.com
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used for the determination of the lateral variation of recharging zone ,Treatment by ArcGIS and 22 

Matlab softwares and Kohonen self-organizing maps (K-SOM) approaches. 23 

  The obtained results indicate that five recharge potential areas have been identified and 24 

classified as 27% very low, 23% low, 40% moderate recharge, 7% good and 3 % very good 25 

potential recharge located principally on southern part of the study region .This distribution is 26 

controlled principally by the geomorphological, geologic, and hydrogeologic features of the 27 

region . Reasonable management strategies based on a perennial exploitation of these low 28 

renewable resources are required to optimize the water dependent socio-economic 29 

development. The estimated groundwater potential recharge of Gabès aquifer system using K-30 

SOM and RST is of 11.4 Mm3.y-1. This recharging rate is very low it present 7% of the total 31 

rain, thus it must be ameliorated. K-SOM and RST approach is a useful method for groundwater 32 

potential recharge mapping and is a helpful of wells establishment and groundwater sustainable 33 

management.an isotopic analyses is recommended to ameliorate the decision maker to establish 34 

the adequate strategy. 35 

 36 

Key words: potential recharge, self-organizing maps, arid zones, GIS approach, Gabes. 37 

 38 

1. Introduction  39 

 Groundwater is the lifeblood of arid and semi-arid areas regarding to the lack of surface 40 

water and the rain scarcity. The limited fresh groundwater resources are continuously supplied 41 

to meet the growing demands of expansion economic activities and growing population. These 42 

deep confined and semi-confined aquifers, generally low renewable under present day climate 43 

conditions, have an important impact on ecosystems, well-being, societal growth and economic 44 

development (Hamed et al 2018, Parkinson et al 2020, Agoubi 2021). Under the combined effect 45 



3 

 

of socio- economic conditions, climate variability  and emerging consumption patterns, world 46 

water use has been increasing annually by about 1% since the 1980s (UNESCO, 2019) and 47 

global water demand is expected to continue  increasing to  meet domestic, agricultural and 48 

industrial needs. 49 

The excessive exploitation of groundwater resources has led to many environmental issues 50 

challenging the sustainable use of these reservoirs (Kulmatov et al 2020, Pool et al 2021).  51 

Water withdrawal, aquifer decompression, water quality salinization and chemical evolution, 52 

pollution, are the commonly observed problems in many water-deficit regions, especially in 53 

developing countries, for example in Algeria(Bouderbala et al 2019) , in Iraq (Awadh et al 54 

2021) and in Australia(Akbari et al 2020) .A reasonable management of these limited highly 55 

solicited resources is required. The adopted strategies may rely on a systematic monitoring of 56 

water quality and quantity evolution in the light of the available freshwater amount related to 57 

aquifer characteristics and the local and regional geological and hydrogeological context (Gude 58 

et al 2018, Nadiri et al 2019).Identifying and protecting potential groundwater recharge areas, 59 

and adopting proactive solutions to preserve the collected surface water volume, are the most 60 

feasible low expensive, and easy to implant remediation actions(Nadiri et al 2019). Indeed, 61 

potential recharge areas delineation is of paramount importance for aquifers management 62 

discussed by zones has been a subject of several works under different weather features and 63 

socio-economic conditions (Lee and Jones-Lee 1999; Mishra et al. 2010; Najib et al. 2018; 64 

Singh et al., 2019; Dar et al. 2020; Balamurugan et al., 2017; Yahyaoui et al. 2021).  These 65 

studies confirmed that potential groundwater area mapping is not trivial task due to the large 66 

parameters number influencing the recharge process. In fact, groundwater recharge estimation 67 

is governed by several factors such as geology, precipitation and geomorphology (yeh et al 68 

2016, Suissi et al 2018, Yahyaoui et al 2021).These works have, furthermore, adopted various 69 

methods based on geographic information system (GIS) and remote sensing techniques among 70 
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other techniques to assess and classify potential recharge areas (yeh et al 2016, Nadiri et al 71 

2019). The remote sensing techniques to assess groundwater potential recharge zone are used 72 

in several study all over the world; as example in India case study (Arulbalaji et al. 2019, Singh 73 

et al. 2019), in New Zealand (Dar et al. 2020).Yahyaoui et al., (2021) developed the 74 

groundwater potential recharge Index (GPRI) to identify potential recharge areas and to assess 75 

groundwater recharge in Ghomrassen region in Tunisia. In other side ,many others techniques 76 

have been used digital data processing and artificial intelligence techniques such as artificial 77 

neural network (ANN), random forest model (RFM), tree analysis model (TDM) and linear and 78 

logistic regression (LLR) in several works such as, Lee and Jones Lee (1999) , Portaji and 79 

Borjasimi (2014) and  Golkarian and Rahmaty (2018).The development of informational data 80 

processing technologies contributed rapidly to the use of digital methods which are becoming 81 

more available and commonly used for useful to hydrogeological researchers.This new 82 

techniques have contributed to the adoption of digital applications and to the improvement of 83 

scientific results qualities. Among the various tools that may be used for water resources 84 

mapping, the Kohonen self-organizing maps (K-SOM) (Kohonen 1982) constitutes a useful 85 

approach that consist to result the hydrogeology and hydrology problems by classifying the 86 

environmental and climate data. This mothed has been used in numerous study such as in 87 

ground water salinization and mixing (Agoubi et al 2018), water quality index (Tison et al. 88 

2004; Kangur et al.2007).However, despite the important potential performance of this 89 

approach especially if it is coupled with supervised learning machine techniques, the K-SOM 90 

is still limited for recharge zones mapping (Kangur et al., 2007; Hsu and Li, 2010; Agoubi, 91 

2018), and produced some very useful results. Various studies have evaluated groundwater  92 

recharge  mapping in Tunisia by assigning of  remote sensing tools to identify the pentantial 93 

recharge zones  (Suissi et al 2018, Yahyaoui et al  2021), but there is no study in the literature 94 

that applies a K-SOM method based in remote sensing tool in that context. Thus, the objective 95 
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of this work is to develop an approach for the delineation of potential groundwater recharge 96 

areas in which K-SOM techniques were combined to remote sensing techniques based on 97 

Shuttle Topography Mission (SRTM) data. A geological and hydrogeological database will be 98 

implemented to create a potential groundwater recharge map. Thus the main aims of the 99 

estimation of groundwater recharge were :( 1) characterize the recharge area in the study region 100 

;(2) discuss  the adequate strategy used to valorize the most of groundwater recharging.   101 

2. Study area  102 

This study is carried out in the Gabès region, southeastern Tunisia (Fig. 1). This area is 103 

characterized by a Mediterranean climate in the coastal area with an annual average of 200 104 

mm.year-1, whereas the western part is affected by an arid climate, dry and hot in the summer 105 

and wet and cool in the winter, with an annual precipitations do not exceed 150 mm.year-1 106 

(Ben Alaya et al., 2013; Agoubi, 2018). Gabès region is characterized by no perennial rivers; 107 

however, heavy storms can create surface runoff, which is discharged via wadis such as Oued 108 

El Akarit, Oued jir and Oued El Hamma (Ben Alaya et al 2013, Agoubi et al 2018).  109 

 110 

Fig.1   Location map and geological settings of study area  111 
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 112 

Geological setting 113 

The studied region is located in the eastern boundary of the Tunisian meridional Atlas. From 114 

a geological point of view, the study area characterized by the exposure of cretaceous and 115 

quaternary layers in surface (fig. 1). Tectonically, the study area constitutes a transition zone 116 

between the Dahar plateau from south-western and the jeffara-platform from the coastal zone. 117 

Furthermore, it characterized by the presence of salt depressions (Fejij chotts) (Zargouni 1985; 118 

Bouaziz et al. 2002).in addition ,the tectonic features present a multidirectional faults ; E–W 119 

normal Chotts fault, NW–SE Gafsa made a horsts and graben (Mamou 1990,Zouaghi et 120 

al. 2011). Due to these tectonic deformation, the permo-trassic substratum is brought up to 121 

very near the soil surface. The layers slant in the direction of the Mediterranean and get thicker 122 

elsewhere (Bouaziz, 1995). In the study area, Cretaceous formations were composed by 123 

Turonian and Albian. Thereby, the Barremian, is formed by gypsums, clay and anhydrite (Ben 124 

Hammouda et al., 2013). Whereas, the Albian is represented by dolomite, limestone and marl.  125 

The Turonian crops out southeastern part, and is composed of dolomite. The Mio-Pliocene is 126 

represented by gypsum, clays and sands. Finally, the Quaternary covers the region by clays 127 

with a crust of gypsum (Fig. 2). 128 

Hydrogeological setting 129 

In the Mediterranean coastal area of study area, the hydrogeological system of the area is made 130 

of different aquifers systems. According to the lateral variation and the tectonic accident, those 131 

aquifers are interconnected (lateral and vertical).in addition, the deferent reservoirs which are 132 

exploited in Gabes region are logged in the quaternary alluvium and in the cretaceous deposit.         133 

The shallow aquifer is hosted in the sandy clays of Mio-Pliocene deposits, whereas the 134 

Senonian is composed by two stratigraphic units represented by limestone and marly limestone 135 

https://link.springer.com/article/10.1007/s41207-018-0055-z#ref-CR56
https://link.springer.com/article/10.1007/s41207-018-0055-z#ref-CR11
https://link.springer.com/article/10.1007/s41207-018-0055-z#ref-CR58
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units (Sahli et al., 2013). In the continental western part of study area, the main aquifers were 136 

logged in the cretaceous deposits such as the thermal continental intercalary and the jeffara 137 

aquifer (fig.2). The Senonian aquifer, hosted limestone and thermal continental intercalary (CI) 138 

logged in continental sandstone-clay formations (ben Alaya et al 2013, ben Mahmoud 2015). 139 

In other hand, the jeffara aquifers was formed in the upper cretaceous formations (Makni et al 140 

2012, Agoubi et al 2018).those aquifers faced a dropdown in the Piezometric  level   due to the 141 

low recharge process and the overexploitation of those resources in industry agriculture and 142 

human activities(ben Hammouda et al 2013,ben Mahmoud 2015).        143 

 144 

 145 

Fig. 2 Geological cross section (A-A’) over study area (After Ben Hammouda et al. 2013, 146 

modified) 147 

3. Methodology  148 

3.1.  Factors controlling groundwater recharge  149 
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Topography, lithology, geological features, groundwater depth, widespread cracks, primary 150 

porosity, secondary porosity, slope, drainage , land use and cover, and climate presented some 151 

of the variables that influence the presence and  groundwater flow in a given region. 152 

Hydrogeology experiments and on-site geophysical studies help explain the groundwater 153 

recharge process and assess spatial-temporal differences in study regions (Abdollahi et al., 154 

2015; .Malki et al. 2017).  155 

As shown in figure 3, the methodology used in this study focused on groundwater potential 156 

recharge areas delineation using K-SOM method integrated remote sensing and GIS techniques. 157 

However, in order to delineate groundwater potential recharge areas, a database including 158 

geological, hydrogeological and topographic data was implemented. In this study, eight 159 

parameters were considered to assess groundwater potential areas: soil type, Land cover/use, 160 

slope, runoff, density of lineament, drainage density, lithology and geomorphology. 161 

The lithological map was prepared by assembling, geo-referencing and digitizing local 162 

geological maps. The land-use and cover data were obtained through the Landsat 8 satellite 163 

images processing and then converted into raster format (30-m resolution). 164 

The spatial pattern of the different factors estimated by K-SOM method will be presented with 165 

ArcGIS shown the lateral variations of the different parameters to identify regions in the study 166 

area where potential recharge zone may exist. 167 
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 168 

Fig. 3 Flowchart of groundwater potential index computation and mapping 169 

 170 

3.2. Parameters influencing groundwater recharge 171 

The main parameters influencing groundwater recharge were grouped in into three groups. The 172 

first parameter groups is the physiographic parameters (slope, lineament density, 173 

geomorphology, lithology); the second is the climatic parameters (runoff, drainage density) and 174 

the environmental parameters is the third group involved soil type and land cover-use. All the 175 

parameters considered in this study as well as the role and influence of each parameter on 176 

recharging will be detailed in what follows. 177 

Soil type:  The soil type parameter has an important influence on water infiltration. So, the soil 178 

types will be grouped and classified into numerous classes on the basis of texture, thickness, 179 
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drainage state, and water transmission capacity (Viessman et al., 1989). In recent literature, 180 

soil are classified into three classes such as Sandy and sandy silt, Sandy clay and silt, and Clay, 181 

sandy clay. For each soil class a weight will be assigned. 182 

Land cover -use : This parameter is one of the most important factors infuencing and affect 183 

groundwater recharge. Land cover such as residential areas and vegetation cover controls the 184 

groundwater recharge. Leduc et al., (2001) indicated that groundwater recharge is affected by 185 

land utilization and vegetation cover.  Thereby, land-use classes will be deciphered from 186 

Landsat 8 OLI/TIRS satellite images. 187 

Slope : Groundwater recharge  is affected by slope  (Al Saud et al. 2010; El-Baz, 1995; 188 

Machiwal et al. 2011; Choi et al. 2012). Due to the substantial high accumulation of rainwater, 189 

low slopes promote groundwater recharge. The slope variance is assessed by the slope analysis 190 

function of GIS using data from the Tunisian digital terrain. 191 

Runoff :  Runoff is the unique source  of water recharge in arid and semi- arid aeras. The 192 

runoff assessment depends on outcrop lithology in study area, which provides an important 193 

index of percolation (Trabelssi et al 2009). The runoff is estimated as follow [1]: 194 

R = 0. 0164 P √Ig     [1] 195 

Where, R is the runoff, p: is the mean of precipitation and ig is the slope. 196 

 197 

Lineament density: Lineament density parameter is a critical in groundwater recharge 198 

assessment and delineation. Lineament (Faults, fractures, and discontinuity surfaces) provides 199 

the groundwater flow pathways (Abdalla 2012). The STRM dataset and geological map were 200 

used to produce lineament in the study area using the Geomatica 2015 platform. The density of 201 

lineaments is calculated as follows [2], in which Li is the length of each network portion and A 202 

is its surface. 203 

𝐿𝑑 = ∑ 𝐿𝑖𝑛1𝐴       [2] 204 
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Drainage density: Drainage network factor is an important parameter for groundwater 205 

recharge assessment.  Thus, groundwater infiltration rate is more important in the highest 206 

runoff density region (Huang et al. 2013). Dainage network was generated from the 207 

topographic map using ArcHydro 10.8 software. This factor is computed as follows [3] where 208 

Si is the length of ith drainage network and A is the surface of studied area.  209 

𝐷𝑑 =  ∑ 𝑆𝑖𝑁𝑖=1𝐴       [3] 210 

Lithology:  The lithology affects significantly water infiltration (El-Baz, 1995; Yeh et al. 2009; 211 

Oikonomidis et al. 2015). The geological map 1:100000 of the study area will be used to assess 212 

the lithology variation.    213 

Geomorphology: The geomorphology of the study area plays an important role in water 214 

distribution and availability and helps to identify potential groundwater recharge areas. 215 

Therefore, alluvial plain and low slopes help a great deal in groundwater infiltration due to 216 

their high porosity and permeability. 217 

3.3 Kohonen's self-organizing map analysis 218 

Kohonen's self-organizing map (K-SOM) is an unsupervised artificial neural network 219 

(Cereghino and Park, 2009) designed by Kohonen (1982). Several authors such as (Cereghino 220 

and Park, 2009; Clark, 2018) describe K-SOM as an excellent technique for high-dimensional 221 

data visualization that decreases map dimensions (1 or 2) by grouping related data items 222 

together. The self-organizing map presents one of the most prominent neural network models 223 

(Fig. 4). The K-SOM is an unsupervised learning machine and required a limited amount of 224 

information as input data. It has the property of preserving topology data as well as the distance 225 

between them (Vesanto and Alhoneimi, 2000; Ousmana et al., 2016; Clark, 2018). 226 
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 227 

Fig. 4 Architecture of Kohoneen Self-organizing map neural network 228 

The Kohonen self-organizing map algorithm uses the distance between the best-matching unit 229 

(BMU) and each data point to calculate error .The proportion of data using two BMUs that are 230 

not contiguous is calculated by K-SOM as topographic error (Kohonen 1982). In Kohonen 231 

maps, the neighborhood function hj(k,t) is a continuous Gaussian function (Fig. 5). The 232 

standard deviation is reduced, resulting in a reduction in the size of the neighborhood (t). The 233 

speed of learning is controlled by the learning step (x), whereas the convergence condition is 234 

based on standard deviation (t). (x) and (x) are calculated using the formulas [1] and [2], 235 

respectively. 236 

ε(x) = 𝜀𝑖 ( 𝜀𝑓𝜀𝑖 )1/(𝑡 𝑚𝑎𝑥)
                                                              [1] 237 

σ(x) = 𝜎𝑖 ( 𝜎𝑓𝜎𝑖 )1/(𝑡 𝑚𝑎𝑥)
                                                             [2] 238 

The topological error (Te) and quantization error (Qe) criteria are used to validate the SOM 239 

classification. Te is a criterion for describing how the SOM maintains data topology. The data 240 

percent of the first two non-adjacent BMUs is measured. Qe is the distance between data and 241 

BMU (Kohonen 2001). Qe is computed as follow [3]: 242 
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 Qe = 1𝑁 ∑  ‖𝑋 ͥ − 𝑊(𝑋 ͥ)‖2𝑁𝑖=1                                                [3] 243 

In which N is the number of dataset, i is the ith individual, and w (xi) is the best-matching unit 244 

of the individual. 245 

 246 

Fig. 5 Gaussian function neighborhood used by K-SOM 247 

3.4 Factor’s and rating system  248 

 The infiltration rate is used to assess factors governing groundwater potential recharge. The 249 

chosen parameters were rated and a score from 1 to 10 is assigned for each parameter (Table 250 

1). According to previous studies such as Yeh et al. (2016), Dar et al. (2020), factors namely 251 

slope, lithology, land use, land cover, drainage density, lineaments density, and runoff were 252 

rated from 1 to 8 in terms of their contribution to groundwater recharge. The fusion of these 253 

parameters is represented by the final potential recharge map of the study area. The integration 254 

of different factors and their causality links were taken into account while calculating the 255 

potential recharge used to estimate groundwater recharge as the factor weight is assessed using 256 

inter-parameter relationship effects (Fig. 6). 257 
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          258 

Fig. 6 Relations and effects inter-parameters controlling potential groundwater recharge 259 

(after, Singh et al. 2019) 260 

The major effect is scored 1 and indicates a significant influence, whereas the weight 0.5 is 261 

affected to the minor effect (Table 2), as follow [4]: 262 

 𝑠𝑐𝑜𝑟𝑒 = (Major effect+ Minor effect)∑(Major effect+ Minor effect) ∗ 100          [4] 263 

  264 
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Table 1 weights and rates of factors used for assess groundwater potential recharge 265 

Recharge - factor 
Value ranges Weight Rates 

weighted 

rating Sum Classes 

(V) (w) (R) (w.R) 

Land cover - use 

Dry land 8 2.5 20 47.5 Very good 

Agriculture 6  15  Good 

Bare land 4  10  Moderate 

Urban zone 1   2.5   Poor 

Slope / 

Topography 

<2° 6  15  Very good  

2 tyo 4° 5  12.5 47.5 Good  

4 to 10° 4 
2.5 

10  Moderate  

10 to 15° 3 7.5  Poor 

>15° 1  2.5  Extremely 

Poor  

Aquifer lithology 

Marl and  

limestone 
1   6   

Extremely 

Poor 

Silt and clay 2  8  Medium 

Alluvium  5  20  Good 

Sandy clay to  

sand 
4 

4 
16 88 Moderate 

Sand 6 24   Very good 

Geomorphology 

<110 6  12   Good  

110–660 2 
2 

4 28 Moderate  

Rivers 6 12   Very good  

Drainage density 

<1 2  3  Low  

1 to 1.5 3 
1.5 

4.5  Moderate  

1.5  to 2.5 4 6 22.5 Good  

>2.5 6  9  Excellent 

Soil type  

Sandy and sandy 

silt 
6 

1 

6   Good  

Sandy + clay and 

silt 
2 2 8 Moderate  

Clay, sandy clay 0   0   Poor 

Lineament density 

(km/km2 ) 

>1.5 10 2 20 42 Very good 

1 – 1.5 6  12  Good 

0.5 - 1 4  8  Moderate 

<0.5 1   2   Poor 

Runoff 

<4 % 10   25   Very good  

4 - 20% 8  20  Good  

20 - 35% 5 2.5 12.5 67.5 Moderate  

35 - 50% 3  7.5  Poor 

>50% 1   2.5   
Extremely 

Poor  

 266 
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Table 2. Parameters assigned scores (after, Singh et al. 2019) 267 

Parameter 
Significant 

effect 
slight effect 

Rate 

calculation  
Rate  Score 

Lithology 4 0 (4x1)+(0x0.5) 4 19 

Lineament density (km/km2)  2 0 2+ (0 × 0.5)  2 10 

Geomorphology 2 0 (2x1)+(0x0.5) 2 10 

Slope 2 1 (2x1)+(1x0.5) 2.5 14 

Land cover 1 3 (1x1)+(3x0.5) 2.5 19 

Drainage density 1 1 (1x1)+(1x0.5) 1.5 10 

Runoff 2 1 (2x1)+(1x0.5) 2.5 14 

Soil 1 0 (1x1)+(0x0.5) 1 5 

 268 

4. Results and discussion   269 

Lithology 270 

Groundwater recharge is affected by lateral and vertical changes of strata. It has been pointed 271 

out by several researchers (Yeh et al., 2009) that the lithology of the near surface formations 272 

impact the potential recharge amount of groundwater resources. The physic-chemical 273 

proprieties of these deposits influence furthermore the recharge potential namely porosity and 274 

permeability (Oikonomidis et al. 2015, Welter.2018). This research includes rock variation 275 

that may alter lineages and morphology.  276 

The Gabes district is overlain by alluvium and Quaternary sediments, which account for nearly 277 

70% of the absolute region, according to the lithology map (Fig. 7). In the study area, the 278 

Lower Pleistocene and Pliocene are represented by sands and conglomerates which 279 

characterize by a moderate permeability and porosity important to the recharge phenomena. 280 

The Miocene is composed of coarse sand. Limestone marls and Cretaceous dolomite cover the 281 

reliefs, that variability of lithology layers may can minimize the infiltration rate. The lithology 282 

parameter represents 25% of the potential recharge of the study area. 283 
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 284 

 285 

Fig.7: Lithology map of Gabes region (CRDA.2018)  286 

Geomorphology 287 

It is seen from figure 8 that plains and low landforms dominate the Gabes region’s topography, 288 

with a relief ranging from 165 to 605 meters above sea level. Mountains and high landforms 289 

characterize the southern portion of the research region as well from the north. Based on the 290 

geomorphology study, Gabes region show a plains in the mostly area in which the recharge 291 

phenomena can have a good rate. Furthermore in a wide part of study area, these characteristics 292 

may favorite the composition of wind deposits; floodplain deposits and salt evaporate deposits. 293 

These variation in the geomorphology character proved a lateral contrast in the potential 294 

recharge area.  295 
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 296 

Fig. 8: Geomorphology map of study area 297 

 298 

Soil type’s factor 299 

It is shown from Figure 9 that the study area present a different soil types. The most of the area 300 

are covered by sandy-clay/sandy-silty soils, calcic soils and evaporitic. Thus, that variation 301 

provide the physic characteristic of each type such as permeability and porosity (Ben Baccar 302 

1982, Alaya et al. 2014) .based on those characteristic the recharge rate faces a very important 303 

contrast all over the study region giving a point of view about the potential zone that can be 304 

managed.        305 
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 306 

 307 

Fig. 9. Soil types map of the Gabes region 308 

 309 

 310 

 311 

Land cover  312 

Based on figure 10, the mostly of the study area is exposed land (more than 70% of the study 313 

area), where 10 % of the region is covered by farming lands and sparse vegetation. That 314 

poverty of Greenland have a very important influence on the climate change in the region 315 

(Zheng et al 2019).the vegetation loss has many bad impact such as the raise of  temperature 316 

degree . This later push the evapotranspiration rate minimizing the recharge phenomena. As 317 

presenting in the figure 8 that lateral variation of land cover can create a micro-climate like 318 

the oasis. Those characteristic influence the classification of potential recharge area (yeh et al 319 

2009, Malki et al2017) 320 
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 321 

Fig. 10 Land cover of the Gabes region 322 

 323 

Drainage density     324 

 The drainage network in Gabes region was detonated used the used the SRTM. The most 325 

important flows are located in the south part of the stud region such as the Jir wadis, Segui 326 

wadis and the Zigzaw wadis. In addition, we found as well the Akarit wadis and the Elhamma 327 

wadis in the north part. Those wadis are decomposed in tow category endorhic (Elhamma 328 

wadis) and exoreic (Zigzaw wadis). The density of drainage is varied between [0-3.5 km/km2] 329 

.The Density where they are larger than 1.5 km/km2, presented as a region with excellent 330 

recharge zone .those area present around 30% of the region. The evaluation of drainage density 331 

map is shown in Fig. 11. 332 
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 333 

Fig. 11 Map of Gabes drainage density 334 

Analysis of lineament density 335 

In order the evaluation of the lineaments in Gabes region, the study based on the SRTM data 336 

an geological maps of the study region. The result was verified onsite and by bibliography 337 

(Alaya et al 2014, Zouaghi 2011).  The density map was obtained by ArcGIS10.8. The most 338 

important values is located in the north zone and in the mountainous area, may related the higher 339 

elevation of those area. More than 50% from the cases study present a value, more than 340 

1km/km2.  The lineament density (Fig. 12) for the Gabes area indicates that the relief has a high 341 

lineament density, with values varying from 1 to 1.8 km/km2. The lineaments analyses presents 342 

clearly demonstrate the superiority of a major NNW–SSE lineament course. This correlates to 343 

the general position of deformation stress associated with the Miocene compressive tectonic 344 

process (Zargouni 1985, Dlala 1995).  345 
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 346 

Fig. 12 Lineament density map of the study area 347 

Slope 348 

 The assessment of the slope evolution in the study area was done based on the MNT treated 349 

by GIS tools.  As shown the generated maps (fig.13), the Gabes region was split into three 350 

topographic levels based on the slope diagram. The first level (0–2) is assigned to very good 351 

class which my ameliorate the infiltration ( present the most of the study region ) ;  the second 352 

level  (2–4) are rated as moderate  groundwater recharge, while the  third level is classified as 353 

having an intensity of 4–10, suggesting a poor groundwater potential recharge. 354 
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 355 

Fig.13 slope map of the study area 356 

Runoff 357 

The study area is categorized into five classes on the basis of runoff map (Fig. 14). Very good 358 

groundwater potential recharge is assigned to the first class (<4%). This class is located in flat 359 

terrain; the second category (4–20%), considered as good for groundwater recharge. The third 360 

category (20–35%), is a moderate recharge area. However, the rest of classes exceeding 35% 361 

and considered as poor potential groundwater recharge area. 362 

 363 
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 364 

Fig. 14 Runoff map of the Gabes region 365 

 366 

 367 

Potential groundwater recharges areas assessment 368 

K-SOM has been performed using the various parameter that were indicated above from study 369 

area. Kohonen’s self-organizing map was realized using SOM Matlab toolbox (Vesanto et al. 370 

1999). Learning was realized until the quantization error after each time has been minimized. 371 

The KSOM quantification error (Fig.15a) shows that the error was stabilized in minimum 372 

values after 40 iterations. The k-SOM analysis results of clustered recharge data from the study 373 

area into five classes from very low to very good recharge potential zones. Those five classes 374 

were validated by the principal parameters analysis resulting of K-SOM (Fig. 15.b,c). 375 
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 376 

Fig. 15: K-SOM analysis results of potential groundwater zones in study area. (a) SOM quantification 377 

error after iteration, (b) Principal components, (c) K-SOM maps of obtained classes,(d) spatial 378 

distribution of groundwater potential zones in the study area 379 

 380 

The five groundwater recharge classes were identified was presented as a map shown the lateral 381 

variation of those classes (fig.15, d). The first class is very low recharge and represents 27% of 382 

total surface of study area. The second is a low recharge area and occupies a 23% of study area, 383 

the third is about 40% of the surface and considered as moderate recharge, however the 7% is 384 

a good potential recharge and the fifth class has a very high potential recharge and represent 385 

only 3 % of the total surface of study area. The hydrogeomorphological settings of study area 386 

reveal that the alluvial plain in the central basin has great groundwater potential to promote 387 

water infiltration characterized by lower slope, high permeability, and high infiltration rate. As 388 
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for the mountainous and the hilly sites, located to the southern and western part of the study 389 

area, have limited potential recharge due to the low infiltration rate. The most important feeding 390 

area in the Gabes region is characterized by the interrelation of geological and 391 

geomorphological factors where the low slopes and the intrusion rate are very important, as 392 

well as the presence of ground cover that can enhance recharge rates, Whereas, the northern 393 

mountain chain is a faulted zone showing a very good potential recharge indicator.The most 394 

part of study area is a platform and coastal areas have a moderate recharge index due to the low 395 

lineament density and drainage as well as the influence of the land cover/use which has a bad 396 

impact on the groundwater recharge (table 3). The rest of the region presents the association of 397 

the same factors inducing a low and a very low potential groundwater recharge. 398 

Table 3 Groundwater potential recharge estimation in the study area 399 

Class Very low low moderate Good Very good 

Area (km2) 1933.2 1648.18 2866 501.02 214.88 

Average % 27 23 40 7 3 

Potential recharge 

(m3.y−1 ) 
3093120 2637088 4585600 801632 343808 

Total of recharge 

(m3.y−1 ) 
11461248 

 400 

Quantifying groundwater recharge in southern Tunisia using hydrological and hydrodynamic 401 

models is a difficult task. Baba-Sy (2005) has indicated that infiltration rate varies between 2 402 

and 10% in southern Tunisia. Consequently, infiltration is of 7 to 12 mm/year, which is 403 

estimated to 5 to 8% of annual precipitation. For potential groundwater recharge estimation in 404 

Gabès region, on the basis of Fersi (1979) findings, an infiltration rate of 8% from the annual 405 

precipitation of 200 mm.y-1, potential groundwater recharge is estimated to 11461248 m3.y−1. 406 

For a given hydrogeological system, the identification of the potential recharge zone using the 407 

RST can be used to translate several variables into one basic criterion to determine the proposal 408 
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recharge zone. The RST provided as flexible approach fir adding or changing parameters. This 409 

method are using by several researches (yeh et al 2016, Yahyaoui et al 2021). Suissi et al 2018 410 

was applied that method in same study region integrating a various parameters while reducing 411 

possibility of errors.Varaious are the study that based on the remote sensing technique but use 412 

of RST copulate with K-SOM method was so limited. In according with earlier studies (yeh et 413 

al 2016; Yahyaoui et al . 2017), the RST copulated with the self-organizing maps in this study 414 

used to evaluate the lateral variation of potential recharge zone in arid area specially in Gabes 415 

region . This method is robust and flexible with the criteria, as well it can be applied in many 416 

domain and in another study area .  417 

5. Conclusion and recommendation  418 

In this works, the recharge process was assessed to determine the potential recharge zone in 419 

Gabes region in order to purpose a required strategy to ameliorate the recharge phenomena, 420 

based on RST and K-SOM. This method used to define the weights of different criteria (slope, 421 

lithology, geomorphology, drainage, lineaments, land cover /user...). Groundwater potential 422 

zone is classed in five classes (very good, good, moderate, low and very low). The most part of 423 

the Gabes region are classed as moderate. The results confirmed that the Gabes region has a 424 

medium recharge potential, with 10% of the total area representing a high recharge while the 425 

rest of the region has a medium to very low recharge potential. The estimated potential 426 

groundwater recharge in Gabès region is of 11, 46 Mm3/year. Additionally, a study of the impact 427 

of climate change on the amount and recharge process available in this region associate with an 428 

isotopies study would be a major aid to decision making at the local level.  429 
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