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ABSTRACT 

Climate change, increasing population and other anthropogenic activities are alarming signs that in many 

parts of the world, especially in the developing countries, groundwater resources are being depleted at a 

very fast rate. Therefore, for sustainability, stress should be on groundwater recharge and management 

instead of searching for new groundwater resources. Groundwater occurrence being subsurface 

phenomenon, its identification and location is based on indirect analysis of some directly observable 

terrain features. Therefore, it requires precise quantitative assessment based on rationally valid scientific 

principles. Thus, delineation of groundwater potential zones has acquired great significance. The multiple 

thematic layers of influencing parameters viz. geology, geomorphology, soil, slope, drainage density, 

rainfall and land use are used in the study.  AHP is applied to these factors and potential recharge zones 

are identified. 

The study based on the integrated approach of Remote Sensing, Geographical Information System and 

statistical technique of Multi-criteria evaluation determines the most important contributing factors that 

affect the groundwater resources and delineate the groundwater potential zones in Vishwamitri Watershed 

Region of Gujarat. The result reveals that 16 sq.km. of the total area as a high potential for groundwater 

recharge. 

 

Keywords: Ground Water Potential Zones (GWPZ), Multi Criteria Decision Making (MCDM), Analytical 

Hierarchy Process (AHP), Vishwamitri Watershed, RS and GIS 

 

INTRODUCTION 

Groundwater is one of the most valuable natural resources, and has a substantial control on human 

activities. Rapid population growth and social development creates more demand for water.Since it is 

stable in terms of quantity and quality, when compared with surface water, groundwater is becoming 

more and more important.  However, the incorrect planning and over exploitation of have caused 

problems like depletion of energy and resources and the destruction of the local ecosystem. This calls for 

proper management and planning of groundwater. Recharge process is inadequate in comparison of the 

rate of extraction. As a result of this, shallow aquifers are drying up and drought-like situation is 

happening over large parts of the country during pre-monsoon season. 

Assessment of potential groundwater zone can help in suitable improvement and use of water resources 

for reducing water scarcity. Increasing demands for fresh water in different sectors especially for drinking 

and agriculture purpose warrant identification of the groundwater potential zones (Hoffman, et al., 2006, 

Bhattacharya, 2010, Patel, 2010) 

Several conventional methods such as geological, hydro-geological, geo-physical, and photo-geological 

techniques were employed to delineate groundwater potential zones. However, recently, with the advent 

of powerful and high-speed computers, digital technique is used to integrate various conventional 

methods with satellite image/remote sensing (RS) techniques and geographical information system (GIS) 

technology. 
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GIS is a powerful set of tool for collecting, storing, retrieving, managing and displaying spatial data into 

simplified form. GIS technology has enabled better efficiency in groundwater resource potential 

exploration. In recent years, comparatively cheap availability of remotely sensed data of higher spatial 

and spectral resolution and increasing availability image processing algorithms integrated in GIS has 

enabled better efficiency to identify potential zones.Integration of remote sensing and GIS has proven to 

be an efficient tool  

in groundwater studies (Krishnamurthy, 1996). There is growing interest in incorporating GIS capability 

with multi-criteria decision-making (MCDM) processes. As GIS-based MCDM becomes one of the most 

useful methods for spatial planning and management.. Application of the Analytical Hierarchy Process 

AHP (Saatya, 1977a; Saatya, 1980b) is one of the most popular methods to obtain spatial plan, resource 

allocation etc. The GIS-MCDA research has made considerable contribution to the participatory GI 

Science (Feick et al., 2004). Therefore, the GIS-MCDA support systems have the potential to improve 

collaborative decision-making process by providing a flexible problem-solving environment where those 

involved in collaborative tasks can explore, understand, and redefine a decision problem (Jankowski, 

2001; Kyem, 2001). Recent developments in spatial analysis show that geo-computation (computational 

intelligence) offers new opportunities for GIS-MCDA (Wu, 1998; Xiao, 2002). Geo-computational tools 

can potentially help in modeling and describing complex systems for inference and decision-making. An 

integration of MCDA and geo-computation can enhance the GIS-MCDA capabilities of handling larger 

and more diverse spatial data. The occurrence, rate of infiltration and storage potential of groundwater is 

governed by multiple parameters like geology, geomorphology, slope, drainage density, land use and 

rainfall. Each parameter is assessed based on their importance over the occurrence of groundwater.  

The present study focuses on demarcation of groundwater potential zones using Remote Sensing, GIS and 

Analytical Hierarchy Process (AHP). 

Study area:  

The study area comprises of micro watershed of Vishwamitri River, a major tributary of the Dhadhar 

river basin. Draining in eastern part of Gujarat, river originates from Pavagadh hill at about 22º.28´ N 

latitude and 73º.45´ E longitude at elevation of more than 600 m. The total length of the river from the 

head to its outfall into the Dhadhar is about 80km.Vishwamitri watershed is located in the centre of the 

golden corridor which is  experiencing rapid industrialization, urbanization and shift from primary to 

secondary activity (Fig.1). 

 

 

a) Data Set 

Table 1 : Data Set and Sources 

Thematic layers Data Source 

Geology Geological Survey of India (GSI) 

Geomorphology Bhuvan Portal, Geomorphology Atlas of Gujarat (SAC) 

Soil Data National Bureau Soil Survey (NBSS)  

Land use Land cover Landsat 8  

Drainage Density  SOI sheets 

Slope SRTM- DEM 30m 

Rainfall State Water Data Centre,Gandhinagar 
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Figure 1: Location Map of Study Area 
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b) Methodology 

Derivation of Thematic Layers: 

Development of thematic layers involves digital image processing of remote sensing data, digitization of 

existing maps and field data for extraction of relevant information. To identify the groundwater potential 

zone in the study area, thematic layers of geology, geomorphology, soil, slope, drainage density, rainfall 

and land use were generated and integrated in GIS environment. 

1. Geology: The lithology plays a fundamental role in both the porosity and permeability of aquifer 

materials The total portion of the study area is divided into four types: dominated by basaltic flow and 

partly alluvial, aeolian black cotton  soil. Based  on  the   hydrogeological  characteristics  of  different  

rock  types, weightage  was  assigned  to  various  groundwater  potential  categories  and  are  reclassified  

in  terms  of  their groundwater potential suitability (Fig. 2). 

 

 
 

2. Geomorphology: The landform plays a vital role for the occurrence and distribution of groundwater. 

Geomorphology is a study of earth structures and also depicts the various landforms relating to the 

ground water potential zones and also structural features with affinity for potential zones (Fig.3). 

 

Geomorphology of an area depends upon the structural evolution of geological formation.  The landforms 

present here includes  Pediment- Pediment complex, while  most of the area is covered by  Pedi plain 

followed by moderately dissected hills and valleys, alluvium adjoining river banks, suggesting erosion 

prone area. 

3. Soil: It is the one of the primary factor which controls the amount of groundwater.The movement of 

ground water and infiltration of surface water into ground is based on the porosity and permeability of 

soil. The soil classification has been obtained from the National Bureau of Soil Survey and Land Use 

Planning (NBSS & LUP) and weights have been assigned on the basis of their infiltration rate. 

The study area has four types of major soils texture such as fine sand, loamy, very fine sand, and clay 

loamy. Sandy soil has high infiltration rate, hence given higher priority, while the clayey soil has least 

infiltration rate hence assigned low priority (Fig.4). 
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4. Slope: Slope  has  a  direct  control  on  the  surface  runoff, erosion  and  infiltration processes. 

Infiltration is inversely related to slope; gentle slopes coupled with vegetative cover will have higher   

infiltration and less runoff.  The lower slope values indicate the flat terrain and higher slope values 

correspond to the steepness. The slope value is calculated either in percentage or degrees. The slope map 

of the study area has been prepared from SRTM- DEM 30 m.  

The slope is classified into five classes viz., <3, 3 to 5, 5 to 8, 8-16 and more than 16 degree slopes. 

About 70 % of total area, falls in category of   <3 to 8 degree slope. The area is characterized by plain 

with variation in slope.  (Fig.5) 

5. Drainage Density: The drainage system of an area is determined by the nature and structure of the 

bedrock, kind of vegetation, rainfall absorption capacity of soils, infiltration, and slope gradient. It is an 

inverse function of permeabilityA low-drainage-density region causes more infiltration and decreased 

surface runoff i.e. areas having low drainage density are suitable for groundwater development (Fig.6). 

The suitability of groundwater potential zones is indirectly related to drainage density because of its 

relationship with surface runoff and permeability. With higher the drainage density, there is lesser the 

infiltration of water to the subsurface, which in turn leads to higher runoff and vice versa. 

6. Rainfall: Water table of an area is mainly controlled by variations in groundwater recharge, discharge, 

and rainfall.The watershed receives rainfall during monsoon which is only source of   rechargeto the 

aquifer. An average seasonal rainfall data of 35-year is used to generated rainfall map and is interpolated 

using IDW Rainfall ranges between 780 to 900 mm. (Fig.6) 

7. Land –use and Land cover: Land use/land cover is one of the major controlling factors in groundwater 

recharge processes. The important method to any watershed planning is to identify the present state of 

land use and land cover pattern. Different land use patterns obstruct the run-off, reduce evaporation of 

surface and ground water and hence have an impact on groundwater resources. Land sat data is used for 

land use land cover of the study area and classified into six major classes’ water bodies; Build up, 

Agriculture crop land, Agriculture Fallow, open land and vegetation.  It is observed that the lower portion 

of watershed have more of built up area while the upper portion have more of agriculture land.(Fig.7) 

Also, here are significant changes in Land use which have impact on river as whole (Bhatt et al. 2018). 
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Different land use classes were ranked based on their properties for recharging ground water.. Agriculture 

crop land and fallow were given high ranks then the other land use features since its persistent recharge 

toground, ensued by agriculture crop land only, which pull maximum amounts of water from the deep 

root zone for sustaining, resulting the presence of water below the ground surface.Next is the Built-Up 

land and barren land, but the fallow land is ranked higher than the barren/open land.  

 
 

SATTY’S Analytical Hierarchical Process: 

AHP is used to demarcate the potential groundwater recharge zones and this technique was proposed by 

Saaty (1990). The AHP method allows assessing the geometric mean, followed by allotting a normalized 

weight, to various parameters for finalizing the decision process. AHP generates a weight for each 

evaluation criterion according to the decision maker’s pair wise comparisons of the criteria. The higher 

the weight, moreimportant is the corresponding criterion. Next, for a fixed criterion, the AHP assigns a 

score to each option according to the decision maker’s pair wise comparisons of the options based on that 

criterion. The higher the score, thebetter is the performance of the option with respect to the considered 
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criterion. Finally, the AHP combines the criteria weights and the options scores, thus determining a global 

score for each option, and a consequent ranking. The global score for a given option is a weighted sum of 

the scores it obtained with respect to all the criteria. The table 1 shows the procedure of assigning 

weightages for each parameter and classes with in the parameter based on the importance of it. The value 

9 in the table shows higher important while 1/9 shows the least important while 1 shows the equal weight 

of a parameter or a class. Based on these weightages criteria each parameter in the study has been 

classified. The table 2 shows the weightages assigned for selected nine parameters for the study. 

It provides paired comparisons aijof two alternatives i and j corresponding to a criterion/sub-criterion on a 

ratio scale which is reciprocal, i.e. aji=1/aij (Table 3). 

The principal Eigen value and the corresponding normalized right eigenvector of the comparison matrix 

give the relative importance of the various criteria being compared. 

Table 3: Pair wise Comparison Matrix of layers 

Layers Geomorphology Geology Slope Soil 
Drainage 

Density 
Rainfall LULC 

Geomorphology 1 2/1 3/1 4/1 5/1 6/1 7/1 

Geology 1/2 1 2/1 3/1 4/1 5/1 7/1 

Slope 1/3 1/2 1 2/1 3/1 4/1 5/1 

Soil 1/4 1/3 1/2 1 2/1 3/1 4/1 

Drainage Density 1/5 1/4 1/3 1/2 1 2/1 3/1 

Rainfall 1/7 1/5 1/5 1/3 1/2 1 2/1 

LULC 1/9 1/7 1/4 1/5 1/3 1/2 1 

The elements of the normalizedEigen vector are termed weights with respect to the criteria or sub-criteria 

and ratings with respect to the alternatives (Table 4). 

Table 4 a): Normalized Score Table  

Table 4 b): Calculated Weighted Criteria 

 

Thematic Layer Geomorphology Geology Slope Soil Drainage Density Rainfall LULC 

Geomorphology 0.40 0.45 0.41 0.36 0.32 0.28 0.24 

Geology 0.20 0.23 0.27 0.27 0.25 0.23 0.24 

Slope 0.13 0.11 0.14 0.18 0.19 0.19 0.17 

Soil 0.10 0.07 0.07 0.09 0.13 0.14 0.14 

Drainage Density 0.08 0.06 0.05 0.05 0.06 0.09 0.10 

Rainfall 0.06 0.05 0.03 0.03 0.03 0.05 0.07 

LULC 0.04 0.03 0.03 0.02 0.02 0.02 0.03 

Sum (∑) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Thematic Layer Sum (∑) Weighted Criteria (W) Layer Weight % 

Geomorphology 2.46 0.35 35.10 

Geology 1.70 0.24 24.23 

Slope 1.11 0.16 15.85 

Soil 0.74 0.11 10.52 

Drainage Density 0.49 0.07 6.94 

Rainfall 0.31 0.04 4.45 

LULC 0.20 0.03 2.91 

Sum (∑) 7.00 1.00 100.00 
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The AHP captures the idea of uncertainty in judgments through the principal eigenvalue and the 

consistency index (Saaty, 2004). Principal Eigen value, λ max, is obtained from the summation of 

products between each element of the Eigenvector and the sum of columns of the reciprocal matrix. Saaty 

gave a measure of consistency, called Consistency Index (CI) as deviation or degree of consistency using 

the following equation: 

   
       

   
 

Where ‘λ max’ is the Principal Eigenvalue of the pairwise comparison matrix and ‘n’ is the number of 

classes. Consistency Ratio (CR) is a measure of consistency of the pairwise comparison matrix and is 

given by the equation: 

                                                               
  

  
                         (Where RI is the Ratio Index)  

 

The value of RI for different n values is given in table 5. If the value of CR is smaller or equal to 0.1, the 

inconsistency is acceptable. If CR is greater than 10%, we need to revise the subjective judgment.  

 

Table 5: Calculation of Principal Eigen Value 

Layers SUM (∑) Eigen Vector SUM (∑) *Eigen Vector 

Geomorphology 2.53 0.35 0.89 

Geology 4.42 0.24 1.07 

Slope 7.28 0.16 1.15 

Soil 11.08 0.11 1.17 

Drainage Density 15.83 0.04 0.71 

Rainfall 21.50 0.03 0.63 

LULC 29.00 0.07 2.01 

Principal Eigen Value (λ max) 7.62 

 

The rating of each alternative is multiplied by the weights of the sub-criteria and aggregated to get local 

ratings with respect to each criterion. The local ratings are then multiplied by the weights of the criteria 

and aggregated to get global ratings. 

The AHP produces weight values for each alternative based on the judged importance of one alternative 

over another with respect to a common criterion. 

Further, different units of each theme were assigned a knowledge-based hierarchy of ranking from 1 to 5. 

Based on their significance with reference to groundwater prospects, where 1 denotes poor prospects and 

5 denotes an excellent prospect of groundwater. 

 

Table 6: Rank and Weightages assigned  

Features Types Class Weight % Influence Rank 

Geomorphology     

 Pediment-Pedi plain Complex 32.1 3 

 Moderately Dissected Hills and Valleys 1 

 Active Flood Plain 4 

 Water bodies 4 

 Younger Alluvial Plain 2 

Geology     

 Basaltic Flow 24.23 4 

 Black Cotton Soil, Alluvial and Aeolian Sand 2 

 Limestone, Shale Sandstone, and Conglomerate. 3 

 Rhyolite Flow 1 
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Slope (in degree)   

 <3            Nearly Level 15.85 5 

 3-5.          Very Gentle Sloping 4 

 5- 8.         Gently Sloping 3 

 8-16.        Moderately Sloping 2 

 >16          Strongly Sloping 1 

Rainfall (in mm) 4.45   

  780 1 

  820 2 

  860 3 

  900 4 

  940 5 

Drainage Density    

 (Km/Sqkm) 0-0.3 6.94 5 

 0.3-0.6 4 

 0.6-1.2 3 

 1.2-1.8 2 

 1.8-2.4 1 

 

LULC 

   

 Builtup 2.91 1 

 Cropland 5 

 Current Fallow 3 

 Vegetation 5 

 Open land 2 

 Waterbodies 4 

Soil (texture)    

 Fine Sand 10.52 2 

 Silt loamy 1 

 Loamy 5 

 Clay Loamy 3 

 Very Fine Sand 2 

 Waterbodies 4 

 

Potential Zones for Groundwater Recharge  

In this study, seven parameters are used for evaluation, and weight accumulation was applied AHP to get 

a recharge potential score. The total weights of the differentraster’s in the integrated layer were computed 

using a weighted and ranking method, the following formula use to integrated all layers in using raster 

calculator in ArcGIS 10.1. Each thematic layer consisted of a grid cell. The grid cell in each of the 

thematic layers was categorized, depending on the contribution to groundwater potential  

             

 

   

 

Where Wi is the normalized weight of the thematic layer, Riis the rank value of each class with respect to 

the layer, ‘n’ is the total number of thematic layers. The GWPI for each grid was calculated using Eq. 

below 

GWPI =GmwiGmRi+ GlogywiGlogyRi+ SlpwiSlpRi+Soil wiSoil Ri +RfwiRfRi+DdwiDdRi+LulcwiLulcRi 
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Where, Gm = Geomorphology, Glogy= geology, Slp= slope, Soil= soil, Rf= rainfall, Dd= drainage 

density and Lulc= Landuse Land Cover., While, ‘Wi’ and ‘Ri’indicate the normalized weight of a theme 

obtained through AHP and the normalized weight of the individual features of a theme, respectively.  

 
The GWP  is classified into five classes based on their water potential  as <300, 300 – 325, 325-350, 350-

375 and more than 375 as excellent, good, moderate, poor and very poor potential zone, respectively.  

 

Table 8: Area under Groundwater Potential 

Range  Potentiality Class Area (sqkm) 

< 300 Very Poor 61.79 

300 - 325 Poor 89.03 

325 - 350 Moderate 249.72 

350 - 375 Good 183.13 

> 375 Excellent 16.14 

 

As results suggest, about 150 sq.km have poor suitability, 432.85 sq.km have moderate to good 

potentiality while 16.14 sq.km possess excellent groundwater potential (Table 8). 

The plain surface and gentle slope area in northeast, which are associated with agriculture and on bank of 

the river  is high potential zone for groundwater recharge .The alluvial plain comprised of alluvial 

deposits sand silt and clay,the northeast side of the comprised the loamy and fine sand texture has 

excellent groundwater prospects (Fig.8). Water quality has shown slight improvement but still there are 

some parameters which are higher than prescribed limits (Bhatt and Joshi, 2019). 

The land uselandcover of the area  reflection of the complex physical processes acting upon the surface of 

the earth, the increasing urban area of the Vadodara city comprises poor to very poor groundwater zones, 

whereas continues agriculture practices maintain the groundwater table. Overall result demonstrates that 

the integrated RS & GIS technique and AHP offer powerful tool to study groundwater resource and 

propose a suitable exploration plan for recharge of groundwater in a study area. 

Conclusion 

The integration of RS andGIS provides a quick and inexpensive approach to groundwater surveying and 

play an important role in maintaining sustainable development. Compared to conventional technique of 

groundwater inquiry remote sensing data which provide accurate spatial information can be utilize cost 

effectively. Satty’s AHP is one of the appropriate methods for assigning the weightages for the 

groundwater study. The multi-parameter approach carried out by means of GIS and an AHP technique 

was economical work method. The result can be useful to the concerned engineers, planners and water 

managers for various purposes like recognition of location of artificial recharge structures (check dam, 

water absorption trench and farm pond), location of favorable area for well establishment for the goodwill 
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of the society. Also it is supportive to formulate effective groundwater investigation strategies for the 

study area so as to assure long term sustainability of this vital and fragile resource.  
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