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   Abstract: This study used an integrated approach of Remote Sensing, Geographic Information System and Analytical 

Hierarchy Process to identify the potential groundwater locations in semi-arid area in Central Tanzania. Landsat8 data 

was used to produce ten thematic layers of geomorphology, lithology, drainage density, lineament, rainfall, land use and 

land cover, magnetic intensity, slope, soil and watershed. The weights and ranking of the reclassified thematic layers were 

integrated into GIS and Analytical Hierarchy Process (AHP) to generate the groundwater potential map. The result 

shows that 5.1 % of Bahi district has very high potential locations of groundwater which is about 284.048 km2, 

40.4% has good potential which is about 2,229.142 , 43.60% has moderate which is , 0.23% which is  has 

poor and 0.67% which is very poor potential. The final potential groundwater map was validated using 

existing 35 bore holes and showed that 57 percent of the existing bore holes were on poor potential locations while 8.6 

percent were on high potential locations. The identified high potential areas are mainly located towards Sulunga dam 

and towards the downstream in Bahi district. It was finally observed that the integration of remote sensing, GIS, and 

Analytical Hierarchy Process is a powerful approach for identification of potential groundwater locations particularly in 

semi-arid areas. 

      Keywords: Remote Sensing, GIS, AHP and Ground Water Potential Zones. 

 
I. INTRODUCTION 

Water is a crucial resource that hinders the development of mankind in any country if not available. Water for 

socio-economic development is managed by various institutions, but due to the population increase and 

construction of the industries, water is becoming a scarcity resource in many countries. 

 

Different scholars have defined groundwater in different ways but represent the same meaning. Lamas and 

Martinez-Santos [1] define groundwater as the water stored underground and moves through geological 

formation of layers of rocks, soil and sands, [2] defined groundwater as the all waters found beneath the ground 

surface. Groundwater accounts for 26% of global renewable fresh water resources [3]. Salt water (mainly in 

oceans) represents about 97.2% of the global water resources with only 2.8% available as fresh water (ibid). 

Surface water represents about 2.2% out of the 2.8% and 0.6% as groundwater. Water resources in developing 

countries are unevenly distributed both in time and space.  

 

In Tanzania, only 60 percent of Tanzanians living in urban areas have access to an improved water source. 

However, 40 percent of existing water sources were reportedly non-functional which causes the country to fell a 

long way short of reaching its Millennium Development Goal (MDG) targets for water and sanitation [4]. In 

rural areas where 80 % of Tanzania population live, only 53 % have access to safe water (ADB). Ground water 

being the main source of water in rural areas contributes to about 26 percent of the total water supply. Climate 

change has substantially affected the availability of groundwater in many parts of the country and in particularly 

the central part of Tanzania which is categorized as water-stressed area [5]. Apart from climate change, lack of 

inadequate hydrological data and lack of up to date geospatial data to identify the potential locations of 

groundwater causes drilling of bore holes in areas where water availability is poor. Determination of potential 

locations ground water in water stressed areas is an important undertaking but challenging as it provides reliable 

information for bore holes exploration. According to the World Bank Report [6] shows that the average volume 

of freshwater per capita per year in Tanzania has declined by 80 percent. In 1961 the volume was 7,862 m
3
 

while in 2014 it was 1,621 m
3
. It was further revealed that, water resource challenges will continue to increase 

due to increasing agricultural activities and climate change. Groundwater layers are not just a source of water 

supply, but are referred to as vast storage facilities providing great management flexibility at relatively low 

costs. Dodoma region is semi-arid area in central Tanzania where most of its water sources depend mainly on 

groundwater. In the region, groundwater accounts for 60 percent of the total annual water supply for agriculture, 

domestic, and industrial purposes [7]. The Government of Tanzania like many other developing countries is 

searching for various solutions to increase the availability of groundwater to ensure continuous supply to 
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individual households [8]. Although Dodoma region receives rainfall once a year, most of the people face water 

shortages during the dry season. Various factors have contributed to water scarcity in Dodoma region which 

includes climate change, unfavorable topographical conditions, rapid population growth, urbanization and lack 

of better water management practices. Rapid population growth, urbanization, increasing demand from various 

social economic sectors and domestic uses are becoming major issues of concern in Dodoma region and 

particularly in Bahi district. The concerns are mainly caused by uncertainties and high degree of variation in 

aquifer types to explore the groundwater resources in the watershed areas [9].  

 

Determination of potential groundwater locations in semi-arid areas is very challenging. The current approaches 

being adopted by the government has been by trial and error based on geophysical survey and soil behaviors 

[10]. These approaches are time consuming, expensive and not sustainable to determine neither the spatial 

distribution within an area nor take into account the multi factors affecting occurrences of groundwater. In 

addition, these approaches cannot suffice the high demand of water supply for the communities. Therefore, for 

sustainable determination of groundwater locations in semi-arid areas, fast and cost effective approaches are 

required.  The objective of this study is to determine the potential locations of groundwater in semi-arid areas by 

integrating Remote Sensing (RS), Geographic Information System (GIS) and Analytical Hierarchy Process 

(AHP).  

 

Various approaches have been developed to determine groundwater locations using remote sensing and GIS. 

[11] investigated the changes in terrestrial groundwater storage at the high plains aquifer using GRACE satellite. 

They used gravity data acquired from satellite for the period of 10 years. It was revealed that gravity data are 

very important to monitor the groundwater recharge beneath the earth’s crust.[12] delineated the potential 

groundwater zones using SRTM data whereby and used five influencing factors including lineaments, density, 

drainage networks, topographic wetness index (TWI), relief and convergence Index (CI) to determine potential 

groundwater. All five parameters were extracted from DEM and thematic maps. Cumulative effects matrix was 

used to assign weights to each parameter and multi-criteria evaluation computation was carried out within GIS 

environments that enabled determination of groundwater map.[13] used Geographical Information System (GIS) 

and remote sensing to identify the groundwater zones at Mysore taluk-Karnataka in India. Nine parameters 

including land use land cover, lineaments and dykes, rainfall, slope, soil pattern, elevation, geology and 

geomorphology were used. Map layers were produced and given weights according to the respective 

potentiality. GIS and weighted overlay analysis were performed to produce groundwater potential map.[14] 

integrated analytical Hierarchy Process (AHP), GIS and remote sensing to determine groundwater potential 

zones in the Comoro watershed, Timor Leste. The study uses eights factors  including lineaments, slope, rainfall, 

drainage density, soil texture, geology as well as land cover/use to delineate groundwater. It was found that the 

alluvial plain in the northwest along the Comoro River has very high groundwater potential zone which covers 

about 5.4 % (13.5 km
2
) area of the watershed. The study proved the capability of remote sensing and GIS 

techniques towards potential groundwater determinations. [15] Used GIS, remote sensing and Multi Criteria 

Decision Analysis (MCDA) to evaluate groundwater potential areas. Eight contributing factors were used 

including geomorphology, lithology, slope, rainfall, land use land cover (LULC), soil, lineament density and 

drainage density was considered. The data was extracted from thematic map layers and weights were assigned 

according to their influence within GIS environments. 

 

II. STUDY AREA 

Bahi District is one of the districts in Dodoma region. It is situated in central Tanzania and geographically it is 

located at 5° 59' 0" South, 35° 19' 0" East .It lies on the Central plateau of Tanzania in the western direction 

from Dar es Salaam. The district has the total area of 5,518 square kilometers while the arable land is only 

542,844 hectors.  

 

Administratively the district is divided into 4 divisions, 21 wards, and 56 villages. Bahi district is semi- arid area 

with mean annual rainfall of about 40 mm in the lower plain while the potential evaporation reaches 2500mm. 

The annual river runoff, mainly formed in the mountainous area where the mean annual precipitation reaches 

200mm, is about 1.63 billion cubic meters. The district is bounded by four (4) districts which are Manyoni on 

the western part in Singida region, Chemba on the north, Dodoma municipality on the east and Chamwino on 

the south. The main source of water in Bahi district is boreholes pumped with diesel engines. There are 65 

boreholes, 82 shallow wells, 26 rainwater harvesting schemes, 3 springs and 2 dry dams [16]. The drilling depth 
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of bore holes ranges from 60 meters to 120 meters and horizons of striking water ranges from 5 to 100 meters 

[17].  

 

 
Fig 1(A). Location of different Study Area. 

 

III. METHODOLOGY AND MATERIALS 

This study integrated remote sensing, GIS, AHP and field data to determine the potential ground water locations 

in semi-arid area.  

 

A. Data collection 

Data used in this study were collected from Geological Survey of Tanzania (GST), and used to prepare different 

thematic maps such as slope map, magnetic maps, geomorphology map and drainage map.  

B. Preparation of thematic maps 

Preparation of thematic maps was the second stage whereby the maps were projected into WGS_1984_36s and 

then reclassified, rasterized and weighted using Saaty model or commonly known as AHP model (1980) as per 

soil type contribution to groundwater occurrences. Lithological and magnetic intensity maps were prepared by 

first importing these map sheets into tiff format and digitized accordingly. The themes were then projected into 

WGS_1984_36s spatial reference frame and classified according to their potentiality to groundwater zones. 

 

1. Preparation of DEM derivative map layers 

The DEM derivative map layers included drainage density map, slope amount map, geomorphology map and 

watershed map. These map layers were used to locating the most probable locations for the groundwater. The 

drainage network was derived from DEM data using hydrology and conditional tools in spatial analyst tools of 

ArcGIS 10.3.1 software. The drainage density was calculated directly in Arc Map using spatial analyst 

extensions. Pair-wise comparison method was used to assign ranks to each individual class within the drainage 

density classes and then reclassified based on the calculated ranks. 
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2. Watershed map 

The watershed map layer was derived from DEM data. Hydrology and watershed maps were used to analyse 

water locations based on gravity and geomorphological aspects of the land. Flow direction raster layer was used 

as input and integrated to modify DEM raster layer and produce a watershed raster layer. The output was then 

classified according to groundwater potentiality as shown in figure 5. 

 

3. Drainage network map 

The drainage network (figure 8) was derived from DEM data using hydrology and conditional tools in spatial 

analyst tools of ArcGIS 10.3.1 software. The drainage density was calculated directly inArc Map using spatial 

analyst extensions. Pair-wise comparison method was used to assign ranks to each individual class within the 

drainage density classes and then reclassified based on the calculated ranks. 

 

4. Geomorphology map 

The geomorphology map layer was the third derivatives from DEM data. This map layer was generated from 3D 

spatial analyst tool in which the DEM raster data was used to produce the terrain appearance as shown in figure 

8. It should be noted here that geomorphology of the terrain controls the surface and subsurface water flow and 

direction. 

 

5. Slope magnitude map 
Slope is one of the key parameters controlling the infiltration and recharge of groundwater system; thus the 

nature of the slope can provide understanding of the potential groundwater prospecting zone. In low slope areas 

the surface runoff is low allowing more time for infiltration of rainwater, while high slope areas enhances high 

runoff with short residence time for infiltration and recharge. The slope map layer was produced using 3D 

Spatial Analysis Tools. Raster DEM data was used as input into the GIS-Slope based tool and evaluated the 

slope of an area percentage raise in height of respective landforms. The slope magnitude was classified based on 

categories flatness, gentle, moderate, steep and very steep as shown in figure 10. 

 

6.  Land use and Land cover map layer 

Land use/cover map layer from Landsat 8 was prepared using supervised classification using ERDAS Imagine 

2014 so as to land types classes covering the study area. Approximately 53 % of the total area is covered by 

shrubs, and 25 % of the area is covered by bareland,10% covered by forest,9% covered by farm land,7% 

covered by forest,4% un identified features and only  2% water collection. Shrubs and forested area are regarded 

as excellent zones for groundwater occurrences due to good infiltration which is supported by vegetation such as 

trees embedded with grasses. Thus five land cover features were classified as shrub, forest, farm land, bare land 

and water collection. The accuracy assessment of the supervised classification was done and the overall 

Classification Accuracy was 89.00 percent while the overall Kappa Statistics was 0. 8258. The final land 

use/cover maps is shown in figure 14. 

7. Rainfall map layer 

Precipitation is one of the main source of groundwater in the earth and the rainfall data is important in providing 

information on the availability of the groundwater in a certain geographical locations. The rainfall map layer 

was derived by using rainfall data for 30 years which has revealed that the southern part of the district receive 

between 777 and 787mm of rainfall annually. Therefore the higher rainfall amount zones were ranked with 31 

influence factor against 2 influence factor in the zones of lower rainfall. The final rainfall map layer is shown on 

figure 11. 

8. Lineament map layer 

The lineaments and drainage were extracted from the Landsat 8 images of Bahi district. The density of the 

lineaments and the drainage were obtained by dividing the summation of the total lengths of the lineaments and 

drainage by the coverage area of the environment under consideration respectively. The final lineament map 

layer is shown in figure 6. 

 

9. Rainfall distribution map 

The rainfall distribution map layer (figure 11) was derived from monthly data for the period of 30 years from 

eight whether stations namely Zanka, Makanda, Bahi WD & ID, Hombolo agromet, Chinese primary school, 
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Kilimatinde Agriculture, Kinunguru and Dodoma Airport. These data were used to generate rainfall distribution 

map which was one of the controlling factor in the determination of groundwater location. 

 

10. Geomorphology map layer  

Different landforms were observed based on contour and relief of the area. Based on groundwater occurrences 

and exploration, the flat landform support water collection and percolating into the aquifer easily depending on 

the geology of the area. The undulating shape of the land such as complex plateaus and highland have low 

chance to explore groundwater. Therefore the flat land was given high rank than highland with Saaty scale of 9 

for flat and 1 for highland forms. The final derived geomorphological map layer is shown on figure 7. 

 

C.  The analytical hierarchy process (AHP). 

The Analytical Hierarchy Process also commonly known as Saaty model was introduced by [18] has been a 

powerful tool for dealing with complex decision making. This model allows to reduce complex decision into a 

series of complex pair wise comparisons. The advantages of this model is the capability of checking the 

consistency of the decision. The derived ten thematic layer of water controlled factors were integrated into GIS 

and AHP to generate the groundwater potential map. The weights on each factor was determined using a scale 

based on its importance. Ten (10) groundwater influencing factors were ranked using this model. In AHP model, 

there are three main steps used which includes the determination of pair wise comparison matrix A, 

determination of priority vector and determination of consistence index. 

 

1. Determination of pair wise comparison matrix A 

The pair wise comparison matrix A is an m x m matrix where m is the number of evaluation factor considered. 

For each entry element  represents the importance of jth factor as compared to kth factor. If 

 

 then the jth factor is less importance kth factor.  If the importance of jth is the same as kth the values of 

entries a  

.  = 1 …………………………................................................................................................(1) 

Where  = 1 for all j.  

After the pair wise comparison matrix has been developed, the normalized pair wise comparison matrix is 

determined by relating equal to 1 the sum of the entries on each column as expressed in equation 2. 

  =  ……………………………………………………………………………..………….. (2) 

 

2. Determination of consistence index (CI) 

After the root and the weight of each criterion have been calculated the vector value and eigenvalue 

were calculated and used to compute the Consistency Index (CI) and the Consistency Ratio (CR). The 

eigenvalue of each criterion was determined by multiplying a pair wise comparison matrix value with the 

corresponding weight of each element. Then the mean of the eigen values is calculated. The Consistency Index 

(CI) for a pair wise comparison matrix was calculated using Equation 3. 

 

…………………………………………………………………………………….….. …..(3) 

Where the eigenvalue and n is is the number of factors. According to Saaty (1980) a condition to attain a 

best result the CI has to be less than 0.1. In this study, the calculated CI was 0.0942 which is perfect 

consistency. 

 

3. Determination of consistence ratio (CR) 

The Consistence Ratio was computed using equation 4  

CR =  ……………………………………………………………………………………………….(4) 
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The criteria weight vector w is built by averaging the entries on each row of pair wise comparison matrix A as 

expressed in equation 5 

=  …………………………….. 

……………………………………………………………………………………………………...(5) 

Where CI is the Consistence Index and RI is the Random Index. According to Saaty (1980) a condition to attain 

a best result. The CI calculated CR was 0.0942 which is below the AHP model.  Tables 1(a) – (e) shows a pair 

wise comparison matrix, sum of column pair-wise comparison matrix, normalized pair-wise comparison matrix, 

of priority vector (Ranking) and computed Random Index. 
 

TABLE 1(A). Pair-wise comparison matrix 

  LD DD SA MI W G L R S LULC 

Lineament density (LD) 1.000 2.000 3.000 4.000 5.000 6.000 6.000 7.000 8.000 9.000 

Drainage density (DD) 0.500 1.000 2.000 2.000 2.000 3.000 5.000 6.000 7.000 8.000 

Slope amount (SA 0.333 0.500 1.000 3.000 3.000 2.000 3.000 5.000 6.000 7.000 

Magnetic intensity (MI) 0.250 0.333 0.500 1.000 2.000 3.000 2.000 3.000 5.000 6.000 

Watershed (W) 0.200 0.500 0.333 0.500 1.000 2.000 3.000 2.000 3.000 6.000 

Geomorphology (G) 1.670 0.333 0.500 0.333 0.500 1.000 2.000 3.000 2.000 5.000 

Lithology (L) 0.167 0.200 0.333 0.500 0.333 0.500 1.000 2.000 3.000 4.000 

Rainfall (R ) 0.143 0.167 0.200 0.333 0.500 0.333 0.500 1.000 2.000 3.000 

Soil (S) 0.125 0.143 0.167 0.200 0.333 0.500 0.333 0.333 1.000 2.000 

Land use land 

cover(LULC) 0.111 0.125 0.143 0.167 0.200 0.333 0.500 0.500 0.500 1.000 

 
TABLE 1 (B). Sum of column pair-wise comparison matrix 

  LD DD SA MI W G L R S LULC 

Lineament density 

(LD) 1.000 2.000 3.000 4.000 5.000 6.000 6.000 7.000 8.000 9.000 

Drainage density (DD) 0.500 1.000 2.000 2.000 2.000 3.000 5.000 6.000 7.000 8.000 

Slope amount (SA) 0.333 0.500 1.000 3.000 3.000 2.000 3.000 5.000 6.000 7.000 

Magnetic intensity 

(MI) 0.250 0.333 0.500 1.000 2.000 3.000 2.000 3.000 5.000 6.000 

Watershed (W) 0.200 0.500 0.333 0.500 1.000 2.000 3.000 2.000 3.000 6.000 

Geomorphology (G) 1.670 0.333 0.500 0.333 0.500 1.000 2.000 3.000 2.000 5.000 

Lithology (L) 0.167 0.200 0.333 0.500 0.333 0.500 1.000 2.000 3.000 4.000 

Rainfall (R ) 0.143 0.167 0.200 0.333 0.500 0.333 0.500 1.000 2.000 3.000 

Soil (S) 0.125 0.143 0.167 0.200 0.333 0.500 0.333 0.333 1.000 2.000 

Land use land 

cover(LULC) 0.111 0.125 0.143 0.167 0.200 0.333 0.500 0.500 0.500 1.000 

SUM 4.499 5.301 8.176 12.033 14.866 18.666 23.333 29.833 37.500 51.000 
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TABLE 1 (C). Normalized pair-wise comparison matrix 

  LD DD SA MI W G L R S LULC 

Lineament density 
(LD) 0.222 0.377 0.367 0.332 0.336 0.321 0.257 0.235 0.213 0.176 

Drainage density (DD) 0.111 0.189 0.245 0.166 0.135 0.161 0.214 0.201 0.187 0.157 

Slope amount (SA 0.074 0.094 0.122 0.249 0.202 0.107 0.129 0.168 0.160 0.137 

Magnetic intensity 

(MI) 0.056 0.063 0.061 0.083 0.135 0.161 0.086 0.101 0.133 0.118 

Watershed (W) 0.044 0.094 0.041 0.042 0.067 0.107 0.129 0.067 0.080 0.118 

           

Geomorphology (G) 0.371 0.063 0.061 0.028 0.034 0.054 0.086 0.101 0.053 0.098 

Lithology (L) 0.037 0.038 0.041 0.042 0.022 0.027 0.043 0.067 0.080 0.078 

Rainfall (R ) 0.032 0.032 0.024 0.028 0.034 0.018 0.021 0.034 0.053 0.059 

Soil (S) 0.028 0.027 0.020 0.017 0.022 0.027 0.014 0.011 0.027 0.039 

Land use land 

cover(LULC) 0.025 0.024 0.017 0.014 0.013 0.018 0.021 0.017 0.013 0.020 

 
 

TABLE 1 (D). Computing of priority vector (Ranking) 

  LD DD SA MI W G L R S LULC λ λ*100 

Lineament 

density (LD) 0.222 0.377 0.367 0.332 0.336 0.321 0.257 0.235 0.213 0.176 0.28 28 

Drainage density 

(DD) 0.111 0.189 0.245 0.166 0.135 0.161 0.214 0.201 0.187 0.157 0.18 18 

Slope amount 

(SA 0.074 0.094 0.122 0.249 0.202 0.107 0.129 0.168 0.160 0.137 0.14 14 

Magnetic 

intensity (MI) 0.056 0.063 0.061 0.083 0.135 0.161 0.086 0.101 0.133 0.118 0.10 10 

Watershed (W) 0.044 0.094 0.041 0.042 0.067 0.107 0.129 0.067 0.080 0.118 0.09 9 

Geomorphology 

(G) 0.371 0.063 0.061 0.028 0.034 0.054 0.086 0.101 0.053 0.098 0.08 8 

Lithology (L) 0.037 0.038 0.041 0.042 0.022 0.027 0.043 0.067 0.080 0.078 0.05 5 

Rainfall (R ) 0.032 0.032 0.024 0.028 0.034 0.018 0.021 0.034 0.053 0.059 0.04 4 

Soil (S) 0.028 0.027 0.020 0.017 0.022 0.027 0.014 0.011 0.027 0.039 0.02 2 

Land use land 

cover(LULC) 0.025 0.024 0.017 0.014 0.013 0.018 0.021 0.017 0.013 0.020 0.02 2 

CHECK SUM 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 100 

 
 

TABLE 1 (E). Judgements checking 

SUM 4.499 5.301 8.176 12.033 14.866 18.666 23.333 29.833 37.5 51 

Λ 0.28 0.18 0.14 0.1 0.08 0.09 0.05 0.04 0.02 0.02 

λ*SUM 1.2597 0.95418 1.14464 1.2033 1.18928 1.67994 1.16665 0.89499 0.75 1.02 

Λmax 11.263                   

N 10                   

CI 0.1403                   

RI 1.49                   

CR 0.0942          



 

 

 

ISSN: 2319-5967 

ISO 9001:2008 Certified 
International Journal of Engineering Science and Innovative Technology (IJESIT) 

Volume 8, Issue 3, May 2019 

15 
 

 
Fig. 1(B). Groundwater potential zones modelling 

IV. RESULTS AND CONCLUSION 

A. Thematic map layers 

 

Fig.2. Bahi soil distribution map 
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Figures 2-14 shows the results of derived thematic layers based on ten (10) groundwater influencing parameters 

i.e. (2) soil map, (3) watershed map, (4) lineaments map,(5) lineament density, (6) geomorphological map, (7) 

stream network map drainage density map, (8)drainage, (9) slope, (10) rainfall map, (11) lithology map, (12) 

magnetic intensity map, (13) Land use/cover map, (14) groundwater potential map and (15) validated 

groundwater potential map. 

 

Fig.3. Bahi Watershed map 

Fig. 4. Bahi Lineaments map 

 
Fig. 5. Bahi lineament density map 

 
Fig. 6. Bahi Geomorphology map 
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Fig. 7. Bahi stream networks map 

 

 
Fig.8. Bahi drainage density map 

 

 
Fig. 9. Bahi slope map 

 

 
Fig. 10. Rainfall distribution map 
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Fig. 11. Lithology map 

 

 
Fig. 12. Magnetic intensity map 

 

 

 

 
Fig. 13: Land use land cover (LULC) map 

 

 
Fig. 14. Groundwater potential zones map 

 

 

 



 

 

 

ISSN: 2319-5967 

ISO 9001:2008 Certified 
International Journal of Engineering Science and Innovative Technology (IJESIT) 

Volume 8, Issue 3, May 2019 

19 
 

B. Validation of groundwater potential map 

Validation of the groundwater potential map was performed by comparing the existing boreholes drilled by the 

government. The coordinates of 37 boreholes was overlaid on the final ground map (figure 15) to show the 

relationship between the variations in locations of groundwater in the study area. The groundwater potential 

map shows that only 8.6% of the existing bore holes were drilled on very good potential locations and 34% in 

good potential and about 57% in moderate and poor locations. 

 

 
Fig. 15. Validation of groundwater potential Map 

 

V.   CONCLUSION 

The potential groundwater map was produced using ten water contributing factors and shows that 5.1 % of Bahi 

district was produced and shows that 5.1% of Bahi district has very high potential locations of groundwater 

which is about 284.048 km, 40.4 percent has good potential which is 2,229.142km, 43.60 percent has moderate, 

and 10.23 percent has poor and 0.67 percent has very poor potential locations. The final groundwater potential 

map was validated using existing 37 bore holes and found that 57 percent of the drilled bore holes were on poor 

locations due to lack of up-to-date geo-information to guiding the authorities for bore holes exploration. The 

study finally observed that the integration of remote sensing, GIS, and Analytical Hierarchy Process is a 

powerful approach for identification of potential groundwater locations in semi-arid areas. It is recommended 

that, an independent method of recharge estimation should be used to determine the proportionality constant and 

refinement of soil infiltration properties and the distribution of confining layers of the aquifer. 
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