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Abstract 

Modeling Potential Groundwater and Determining Recharge areas in 

the Wadi Qena Basin - Eastern Egypt using Geospatial Techniques 

and AHP Analysis 

Groundwater in the Wadi Qena Basin is a renewable resource, but it is 

declining due to decreased rainfall in recent years and rapid population growth. To 

support social and economic development, there is an increasing demand for this 

valuable resource. This research paper presents a unified methodology for 

identifying potential groundwater zones (GWPZ) by integrating remote sensing 

and geographic information systems techniques with multi-criteria hierarchical 

analysis in determining (15) spatial standards to monitor the presence and 

movement of groundwater in the Wadi Qena Basin. It includes (geological 

formation, slope, density of the drainage network, proximity to water drainage 

lines, levels, density of fracture lines, rainfall, underground reservoirs, vertical 

distance from water drainage lines, land uses/cover, accumulation of water runoff, 

soil groups, closed depressions, Ground moisture index, topographic position 

guide) Using ArcGIS 10.4.2, a raster data model was built for each criterion. 

Relying on the opinions of experts in the discipline and criteria derived from 

literature references, AHP-based expert knowledge was used to prepare a 

groundwater potential index and assign weights to the spatial criteria layers. The 

study classified the region into five regions with varying groundwater potential: 

very high (11.75%), high (29.30%), medium (8.86%), low (47.55%), and very low 

(2.50%). It is clear that the southwestern part of the basin Wadi Qena has a very 

high degree of nutrition and storage. The model was validated by comparing the 

GWPZ map with data from 42 wells within the basin. The validity of the results 

was confirmed by comparing them with the daily productivity of the aquifer in the 

study area, and the analysis revealed that 45.71% of the wells are located in areas 

with high and very high potential, which indicates the reliability of the chosen 

methodology. These results can help in decision-making and planning for 

sustainable use of groundwater in a water-stressed area. The study results can also 

guide decision makers in making informed choices regarding the issue of 

groundwater resource conservation in the study area. The study recommends 

taking advantage of the combination of GIS and AHP technologies to prepare an 

effective and low-cost approach to defining GWPZs, which can also be applied in 

geological and topographic environments similar to the study area. 
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𝑇𝑊𝐼 = 𝐼𝑛 (
(𝐹𝑙𝑜𝑤𝑎𝑐𝑐𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + 1) × 𝑃𝑖𝑥𝑙𝑒𝑠𝑖𝑧𝑒2

"0.00565" − tan⁡(𝑆𝑙𝑜𝑝𝑒(𝑟𝑎𝑑))
) 

kopecký, M., Macek, M., (2021) 
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10- TPI Topographic Position Index 

𝑇𝑃𝐼 =
𝑀0 −∑𝑛−1⁡𝑀𝑛

𝑛
Jenness, J.,2006 
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CR = CI/RCI

(CI)

CI =
ʎ𝑚𝑎𝑥 − 𝑛

𝑛 − 1

ʎmax = ⁡225/15 = 15⁡

n

ʎmax 

ʎmax = (4.07*0.23)+(7.26*0.14)+(7.26*0.08)+(14.25*0.08) +(14.25*0.08) 

+(16.50*0.04)+ )+(16.50*0.04)+ )+(16.50*0.04)+ (16.50*0.04)+ 

)+(16.50*0.04+(16.50*0.04) +(16.50*0.04)+(45.00*0.02)+ (45.00*0.02)+ 

(45.00*0.02)=15.1202 

ʎmax = 15.1202 

𝐶𝐼 = (15.1202 − 15)/(15 − 1) = 0.008 

𝐶𝐼 = 0.008 

Random Index (RI)

. 

151413121110987654321n 

1.581.571.561.481.511.491.451.411.321.241.120.900.580.000.00RI

Random Index for n =15  

CR = CI/RCI
CR = 0.008/1.58
CR = 0.0054 
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2-  Weighted Overlay Analysis 

GWPZ =∑(𝑋𝐴⁡x⁡𝑌𝐵)
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code Factor Domain of effect Gw Prospect Weight (%) Rank 
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Km-Tp  3 
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Q  5 

2  

29.99 - 74.23  

14.23859 
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18.64 - 29.98  4 

10.2 - 18.63  3 

4.076 - 10.19  2 

0 - 4.075  1 
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0 - 0.5573  
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0.5574 - 1.115  2 
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1.673 - 2.229  4 
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7.56374 
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1,835 - 2,751  3 
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944.6 - 1,926  
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675.6 - 944.5  2 

515.6 - 675.5  3 

348.4 - 515.5  4 

72 - 348.3  5 
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0 - 0.3835  

3.85567 
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0.3836 - 0.7671  2 

0.7672 - 1.151  3 

1.152 - 1.534  4 
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3.125 - 12.79  
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12.8 - 16.94  2 

16.95 - 22.46  3 

22.47 - 29.92  4 

29.93 - 38.34  5 
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Basement rocks  

3.85567 

1 

Nubian Aquifer  4 

eocene  2 

Quaternary Aquifer  5 

9  308.46 - 893.81  3.85567 1 
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154.24 - 308.45  2 

70.104 - 154.23  3 

21.032 - 70.103  4 

0 - 21.031  5 

10  

Bare rocks  

3.85567 
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Urban area  2 

Bare rocks with a thin sand 

layer 
 3 

Shallow soil with bare 

rocks 
 3 

Sand formations  4 

Shallow, barren soil  5 

Agricultural Land  5 

Short trees  5 

sediments of the valley 

bottoms 
 5 

Deep soil  5 
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0 - 564,000  

3.85567 
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565,000 - 2,540,000  2 

2,550,000 - 5,150,000  3 

5,160,000 - 7,550,000  4 
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Rocky escarpments  
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Dissected Limstone  2 
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Sandy soils and gravelly  4 

Soil of the valley bottoms  5 
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6.289 - 8.641  2 

8.642 - 11.78  3 
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0.6447 - 6.559  2 

-3.3786  3 

-5.068  4 
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3-  GWPZs Development
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4- Validation 

 ستخراج المياهلاالطاقة الشمسية  استخداممخطط يوضح ( 2صورة)
 بوادى قناحصان  25محرك  بواسطة 
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