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Abstract 25 

Many regions in India and around the world are currently grappling with or have experienced water crises, primarily 26 

attributed to frequent droughts, expanding agricultural land, and excessive groundwater abstraction. Groundwater 27 

recharge stands out as a crucial method to replenish groundwater resources and mitigate water scarcity. However, not 28 

all areas are conducive to groundwater recharge for various reasons. Therefore, identifying potential Groundwater 29 

Recharge (GWR) zones becomes essential for effective planning and implementation of rainwater harvesting, serving 30 

as a preventive measure against water scarcity. The primary objective of this research study is to map GWR potential 31 

under different scenarios, especially in hard rock-dominated terrains. The approach involves an ensemble of 32 

techniques, combining an integrated Analytic Hierarchy Process (AHP) with Geographic Information System (GIS). 33 

Various hydrogeological and groundwater-controlling factors, including geology, slope, geomorphology, depth to 34 

water level, soil types, NDVI, land use/land cover (LULC), and drainage density, were mapped and assessed using 35 

satellite data and field verification. The methodology was applied in the Chhindwara region, situated in the southern 36 

part of Madhya Pradesh, India, where the geological composition is predominantly hard rock. The analysis clearly 37 

indicates that approximately 23% (770 km2) of the area has very low, 33% (1109 km2) has low, 30% (1119 km2) has 38 

moderate, 8% (266 km2) has high, and 7% (236 km2) has very high prospects for groundwater recharge. This 39 

information is crucial for the development of artificial recharge structures aimed at sustainable groundwater 40 

development and management. The developed model's validity was confirmed by comparing the results with field 41 

bore well yield data, demonstrating consistency with the groundwater prospect zones and geological conditions of the 42 

watershed. The integrated AHP and GIS approach, as revealed by this study, proves to be a highly effective technique 43 

for groundwater studies at both regional and local scales. The outcomes of this research can be utilized for GWR 44 

potential mapping, land use planning, rainwater harvesting, and formulating groundwater development plans. 45 

 46 

Key Words: GIS, AHP, Multi Criteria Analysis, Groundwater recharge, Chhindwara, India. 47 

1. Introduction 48 

Groundwater is a vital natural resource on the earth. Assessment of groundwater conditions is a major concern not 49 

only for domestic, agricultural and industrial requirements but it is also crucial for environmentally balanced economic 50 

development in many countries including India. During the last two decades, several publications reported continuous 51 

depletion of groundwater reserves and decreasing groundwater supply for irrigation and domestic requirements 52 
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globally (Bierkens and Wada, 2019; Konikow and Kendy, 2005; USGS, 2003). In most parts of India, the extraction 53 

of groundwater for domestic, agriculture and industrial purposes has exceeded many folds as compared to natural 54 

groundwater recharging levels (Jat et al. 2005). The increasing dependency on groundwater resources and their over-55 

pumping have been identified as the leading causes of depleting groundwater levels in India between 2007 and 2017 56 

(CGWB, 2018). The increasing human population living in big urban and sub-urban areas mostly depend on 57 

groundwater resources for domestic and irrigation purposes and the availability of potable water in many cities of 58 

India has become a perpetual problem (Singh et al, 2013; Manap et al, 2014; Senanayake et al. 2016). A report of 59 

NITI Aayog (2018) highlighted that many parts of India are facing severe deficiency of potable ground water and its 60 

availability is expected to become the worst by 2030, hence proper measures are need to be taken urgently. It has been 61 

observed during the last two decades that large-scale changes in land use practices and haphazard urban growth has 62 

adversely affected the groundwater recharge potential of the top aquifer formation due to increased surface-runoff and 63 

reduced water infiltration (Verma et al., 2019). In this situation, analyzing aquifer formation for identifying potential 64 

groundwater recharge zones in hard rock terrain is a big challenge for hydrogeologists. The hard rock crystalline 65 

terrains have very low groundwater prospect but in case of secondary porosity, including structures and weathered 66 

thickness of aquifer material, it can provide good prospects of groundwater resources. But, the potential aquifers have 67 

not been demarcated and idealized appropriately in most such areas due to lack of required data and poor 68 

understanding of their hydrogeological characteristics. Assessment of groundwater availability and its management 69 

in an area requires comprehensive information about a number of relevant parameters such as lithology, 70 

hydrogeomorphology, water level, structure, slope gradient, soil texture, drainage characteristics and land use/cover 71 

etc. (Singh et al, 2013; Aydi 2018; Aryonto and Hardiman 2018; Singh et al. 2018; Nag and Kundu 2018; 72 

Devanantham et al., 2020; Nowreen, et al., 2021). However, acquiring the required datasets from a single source at 73 

the same spatial scale and for the same point of time is nearly impossible so the researchers have no option than to 74 

depend on the most appropriate available datasets. 75 

A wide range of research demonstrating the applications of a variety of remotely sensed datasets and advanced 76 

analytical techniques in water resources studies have been published during the last two decades (Singh et al. 2002; 77 

Chaudhuri et al, 2017; Eltarabily and Negam 2018; Aryonto and Hardiman 2018; Singh et al. 2019, Mishra et al. 2019; 78 

Patil et al, 2020). These studies include multi-sensor satellite generated optical, thermal and microwave datasets for 79 
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assessment of groundwater levels, groundwater recharge potential, water quality mapping & monitoring as well as 80 

drought monitoring and flood-water management. A combination of the datasets generated through space borne 81 

technologies with the ground based observations for detailed hydrogeological investigations have emerged as one of 82 

the most applied approaches globally over the last a few decades. Many leading researchers have used Geographical 83 

Information Systems (GIS) for advanced processing and integrated analysis of multiple datasets in order to understand 84 

the occurrence and movement of groundwater (Sener et al, 2005; Singh et al, 2011; Mallick et al, 2014; Ibrahim and 85 

Ahmed, 2016; Olabode,2019; Jena  et al., 2020). The applications of remote sensing and GIS technologies combined 86 

with advanced analytical techniques in groundwater studies have proved highly efficient and cost effective as 87 

compared to the conventional methods used for these purposes. 88 

The Analytic Hierarchy Process (AHP) is an important Multi Criteria Analysis Technique developed by Saaty in 1980. 89 

It is performed by organizing the perceptions/judgments about a complex problem into a multi-level hierarchical 90 

structure of forces that control the decision (Saaty, 1984). In this method, the problem in question is divided into a set 91 

of parameters and the parameters are arranged in a hierarchical structure for making judgments on the relative 92 

importance of each pair of elements and synthesizing the results (Saaty, 1997). Assessment and delineation of 93 

groundwater recharge potential zones in different hydrogeological setup using AHP has been carried by many 94 

researchers and found that the method provides reliable results compared to other techniques (Saidi et al 2017; Pinto 95 

et.al, 2017; Singh et al. 2018, Nair et al., 2019; Singh et al. 2019, Devanantham et al., 2020; Verma et al., 2020; Jena  96 

et al., 2020; Singha, & Pasupuleti, 2020; Tiwari & Kushwaha 2020;  and Chaudhary et al . 2021 ; Doke et. al.2021, 97 

Raqona et al. 2021).  But there is no study known to authors which access the AHP methods in details for particularly 98 

in hard rock dominated terrains for finding potential ground water recharges zone.  99 

The primary aim of this research is to assess diverse scenarios for Groundwater Recharge (GWR) potential mapping, 100 

particularly in hard rock-dominated terrains. This is achieved through an ensemble approach, combining the integrated 101 

Analytic Hierarchy Process (AHP) and Geographic Information System (GIS) with a machine learning algorithm. 102 

Several crucial hydrogeological and groundwater-controlling factors, including geology, slope, geomorphology, depth 103 

to water level, soil types, NDVI, land use/land cover (LULC), and drainage density, were mapped and evaluated 104 

utilizing satellite data and field verification. The application of this methodology was demonstrated in a part of the 105 



Unedite
d ve

rsi
on publish

ed onlin
e on 25/01/2024

 

5 

 

hard rock-dominated terrain in Chhindwara, located in the southern part of Madhya Pradesh, India, where the entire 106 

watershed is geologically characterized by hard rocks. 107 

Another objective of this research is to identify key groundwater-controlling factors to comprehend the terrain and 108 

create maps. Subsequently, these groundwater-contributing thematic layers are utilized to develop a groundwater 109 

recharge model for the area. This model holds significance for future water resources management in hard rock-110 

dominated terrains.  111 

2. Study Area 112 

The study was conducted in part of hard rock dominated terrain of Chhindwara, in the southern part of Madhya 113 

Pradesh, India. The Kanhan River originates in the southern part of Satpura Mountain Range and it is one of 114 

the major tributaries of Godavari river system. The Sausar Block of Chhindwra is the major town comes 115 

under Kanhan Watershed. It flows upto a total distance of about 275 km in two states of India i.e. about 116 

160 km in Madhaya Pradesh and remaining in Maharashtra (Kamble et al, 2014). This study includes the 117 

northern part of Kanhan river watershed extending from 21 45’ and 22 15’ North latitudes and from 78 118 

25’ to 79 10’ East Longitudes. The study area falls in Chhindwara district situated in the southern part of 119 

Madhya Pradesh (Figure 1) and it covers geographical area of about 3400 km2. Geologically Kanhan 120 

watershed is associated with hard rock terrain comprising of granite, basalt, sandstone and alluvial deposits. 121 

The major soil types found in the watershed are sandy loam, clayey loam and loamy skeletal and the main 122 

hydrogeological characteristics are associated with alluvium. The weathered granites/gneisses lower 123 

Gondwana sandstones, weathered-fractured and jointed massive basalts, and vesicular basalts form the 124 

major phreatic aquifers. The weathered and fractured granites are observed as main water-bearing zones at 125 

deeper levels (CGWB, 2013).  126 

The recent alluvium comprises clayey material with intercalated layers of sand and gravels with thickness 127 

varying from 5.00 to 20.00 m.  128 

Geologically watershed have very less prospect for groundwater availability at deeper level due to the 129 

geological and topographical setup and very less number of research activity conducted in the area for 130 
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groundwater management aspect. Most of the studies are on groundwater quality and assessment of fluoride 131 

concentration in the area has been reported in Govt report and studies (Thakur et al. 2013).  132 

The general climatic conditions of Chhindwara are considered to be hot and dry. The maximum temperature 133 

is recorded in May and minimum in December, the averages of which are about 39o C and 10o C 134 

respectively. The average annual rainfall is about 1140 mm, and nearly 85% of this is received during the 135 

southwest monsoon season from June to September (CGWB, 2013, p. 6). 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

Figure 1:  Location of Kanhan Watershed, M.P. India 147 

3. Data  and Methods 148 

3.1 Selection of Parameters for Groundwater Recharge 149 

An interdisciplinary approach has been adopted to assess the groundwater recharge prospects of the hard 150 

rock terrain in Kanhan watershed considering hydrogeological information extracted from remote sensing 151 

data and field observations integrated with GIS techniques. Important parameters governing water 152 

percolation, groundwater storage and its movement have been incorporated in the multi-criteria analyses 153 

which include geology, geomorphology, slope, drainage density, soil types, depth to water level, NDVI and 154 

land use/land cover including secondary data.  Geology, geomorphology and soil texture maps were 155 
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generated from satellite data along with Geological Survey of India (GSI) and National Bureau of Soil 156 

Survey and Land Use Planning (NBSSLUP), India were used for reference. LULC, NDVI and slope were 157 

generated from satellite data and depth to water level maps were prepared from the bore well/tube well data 158 

that are collected from Central Ground Water Board (CGWB) applying spatial interpolation techniques in 159 

GIS software. Slope map of the area prepared using Shuttle Radar Topographic Mission (SRTM) digital 160 

elevation model and used for groundwater recharge selection. The overall data sets used in the present study 161 

shown in Table 1 and systematic methodology applied for analysis was shown in Figure 2. 162 

Land use/land cover (LULC) were prepared using satellite data of Landsat-8 of 2016 using supervised 163 

classification technique. Supervised classification technique requires training sample for each class. In this 164 

method the images are classified into homogenous regions based on neighboring pixels’ spectral and spatial 165 

characteristics (Gao and Liu, 2010). LULC classes were finally classified into agricultural, vegetation, 166 

Built-up/settlement, Forest/Plantation/Orchard, Open land and Water bodies. LULC classes were taken as 167 

important parameters for ground water recharge and management based on the water requirement of each 168 

LULC classes and used for assigning weightage in finalization of Groundwater recharge model. Normalized 169 

Difference Vegetation Index (NDVI) used in the work and derived from  satellite data  using standard 170 

formula (1) using tools in ERDAS imagine (Lillesand and Kiefer 2003). The vegetation density variations 171 

were used to find the prospect of groundwater recharge based on water holding and runoff potential. 172 

All the parameters discussed above were classified on the basis of their water holding and carrying 173 

properties along with field data. After selecting the influencing parameter AHP normalized weightage were 174 

given to the each parameter according their strength and relationship between each parameter.  After 175 

assigning weightage to each parameter and its sub classes, integration of all parameters with their potential 176 

weight is computed using Weighted Overlay Analysis statistical method in GIS environment. 177 

Table 1: Data and Sources 178 

Data type Year Source 

Optical Satellite Images: 

Landsat 8 OLI-TIRS 

14-Oct-2016 United States Geological Survey – 

Earth explorer Platform 
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http://earthexplorer.usgs.gov 

Digital Elevation Model (DEM): 

Shuttle Radar Topography Mission (SRTM) 

23-Sep-2014 United States Geological Survey – 

Earth explorer Platform 

http://earthexplorer.usgs.gov 

Lithology and  Depth of Water Level, Bore Well Yield 

Data 

2015-16 Central Ground Water Board, India 

(CGWB) 

 179 

 180 
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 192 

 193 

        194 

 195 

 196 

Figure 2: Methodology followed for identification of groundwater recharge potential zone 197 

AHP introduced by Thomas L Saaty (1980) and designed for decision maker to deal with complex decision 198 

making problems. AHP considered as a powerful tool for problems that involves interrelated objectives 199 

(Sener et al., 2005). There are various steps involved in AHP- first step includes development of a model 200 
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for decision, in which parameters are divided and arranged in hierarchical structures (Goals, Criteria and 201 

alternatives). 202 

3.2 Pairwise Comparison Matrix 203 

Second step includes, development of Pair wise comparison, in this step importance of criteria is compared 204 

pair wise with respect to desired aim to derive their weights. The pair wise comparison carried out in many 205 

steps- formation of pair wise comparison matrix, computation of the criterion weights and estimation of 206 

consistency ratio. When hierarchy has established, Pair wise-Comparison Matrix (PCM) of each element 207 

within each level is constructed using Saaty’s scale. Saaty’s scale defines the intensity of importance ranges 208 

from 1 to 9, where score 1 represents equal importance between two parameters and score 9 shows the 209 

extreme importance of one parameter to other one (Table 2). Next step in this process is calculating 210 

parameter/criterion weights. In this step the relative importance of each parameter is used to arrive at ratings 211 

in level 2 and weights in level 1. If there are n parameter or criteria then PCM of order n x n can be written 212 

as below: 213 

[
 
 
 
 
 
𝒘𝟏/𝒘𝟏 𝒘𝟏/𝒘𝟐 ⋯ 𝒘𝟏/𝒘𝒏

𝒘𝟐/𝒘𝟏 𝒘𝟐/𝒘𝟐 … 𝒘𝟐/𝒘𝒏

… … … …

𝒘𝒏/𝒘𝟏 𝒘𝒏/𝒘𝟐 ⋯ 𝒘𝒏/𝒘𝒏]
 
 
 
 
 

   X   

[
 
 
 
 
𝒘𝟏

𝒘𝟐

…

𝒘𝒏]
 
 
 
 

   =  

[
 
 
 
 
𝒏𝒘𝟏

𝒏𝒘𝟐

…

𝒏𝒘𝒏]
 
 
 
 

                              (2) 

 214 

It is also written as follows: 215 

[𝑨(𝒊,𝒋)] 𝑿 [𝑾(𝟏,𝒋)] =  [𝒏𝑾(𝟏,𝒋)]        (3) 

 216 

Where A shows n x n PCM in terms of ratio of ratings/weights; 217 

W is rating/weights or it is priority rating / weight of the parameter; and n is the number of order of the 218 

PCM. Pair wise comparison matrix developed for AHP based Groundwater Recharge Potential Zones for 219 

the study area (Table 3).     220 

Table 2 : Saaty’s Scale of AHP 221 
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S.No. 
Intensity of 

Importance 
Definition Explanation 

1 1 Equal Importance Two criteria contribute equally to objective 

2 3 Moderate importance  
Experience and judgment slightly favor one element 

over another 

3 5 Strong Importance  
Experience and judgment strongly favor one element 

over another 

4 7 Very strong importance  
One element is favored very strongly over another, it 

dominance is demonstrated in practice 

5 9 Extreme importance  
The evidence favoring one element over another is of 

the highest possible order of affirmation 

6 2,4,6,8 

can be used to express 

intermediate values, 1.1, 

1.2, etc. for elements that 

are very close in importance 

When compromise is needed 

 222 

After compiling the matrix of pair wise comparison, eigen vector or priority vector (normalized weight) 223 

need to find out. It is necessary to compute because to normalize each column of the matrix.  For normalized 224 

relative weight, sum each column of the reciprocal matrix and then divide each element of the matrix with 225 

the sum of its column should be 1. The normalized Principal Eigen vector can be obtained by averaging 226 

across the rows. Since it is normalized, the sum of all elements in priority/ Eigen vector is 1. Eigen vector 227 

shows relative weights compared among the parameters. The elements of the normalized eigen vector are 228 

weighted with respect to the criteria or sub-criteria and rated with respect to the alternatives (Bhushan and 229 

Rai 2004).  230 

Matrix 

G
eo

lo
g
y
 

S
lo

p
e 

G
eo

m
o

rp
h

o
lo

g
y
 

D
ep

th
 t

o
 W

a
te

r 

S
o
il

 

N
D

V
I 

L
U

L
C

 

D
ra

in
a

g
e 

D
en

si
ty

 

Normalized 

principal 

Eigenvector 

Geology 1     2     2     3     4     5     7     9     33.0% 

Slope  1/2 1     1     3     4     5     7     9     20.3% 

Geomorphology  1/2 1     1     2     3     3     5     7     17.9% 

Depth to Water  1/3  1/3  1/2 1     3     3     5     7     10.7% 

Soil  1/4  1/4  1/3  1/3 1     2     3     4     6.7% 

NDVI  1/5  1/5  1/3  1/3  1/2 1     3     4     5.5% 

LULC  1/7  1/7  1/5  1/5  1/3  1/3 1     3     3.5% 

Drainage 

Density 
 1/9  1/9  1/7  1/7  1/4  1/4  1/3 1     2.5% 

 231 
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Table 3: Pairwise comparison matrix developed for AHP 232 

3.3 Assessing Matrix Consistency 233 

Next important step is to check the consistency of judgment or estimation of consistency ratio. Consistency 234 

ratio describes whether the judgments over the factors are consistent or inconsistent. The pairwise –235 

comparison matrix is strongly consistent if and only if the condition given below is true: 236 

 237 

𝑨𝒊𝒌  𝑿  𝑨𝒌𝒋  =  𝑨𝒊𝒋 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗 (4) 

 238 

The Analytic Hierarchy Process captures the idea of uncertainty in judgment through the principal 239 

eigenvalue and consistency index (Saaty 2004). Saaty given an index which measure deviation of 240 

consistency is called Consistency Index (CI) as given below: 241 

𝑪𝑰 =  
𝝀𝒎𝒂𝒙−𝒏

𝒏−𝟏
          (5) 

In the above formula, N = number of parameters or factors and lambda shows the average value of 242 

consistency vector. Lambda equal to number of factors/ criteria under consideration (n) then the pairwise-243 

comparison is a consistent matrix. 244 

The appropriate Consistency index is known as Random Consistency Index (RI) and Consistency Ratio 245 

(CR) calculated to judge whether the original pair wise matrix values should be revised or not if needed. 246 

The CR is calculated as given below 247 

𝑪𝑹 = 
𝑪𝑰

𝑹𝑰
   (6) 

 248 

Where, RI Random Index, it is depending upon the number of elements being compared. As a set of good 249 

consistent judgment gives a CI of 0 and the CR also be 0. The value of CR should be less than 0.1 then it 250 

is considered as to be acceptable and also indicates the judgment is consistent. If the values is greater than 251 

0.1 then it indicates inconsistent judgment. In this condition when CR > 0.1, the judgment made in 252 
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determining the PCM elements is to be modified so as to remove inconsistency. The modified value of 253 

PCM is determined by the following condition: 254 

PCM element to be corrected = Maximum of (|Aij- Wi / Wj|) for all i.j  

Above steps are repeated again till the CR value comes less than 0.1. 255 

3.4 Development of Groundwater Recharge  256 

When all priorities obtained are combined as in weighted overlay sum (in GIS environment) to take into 257 

account the weight of each criterion the final step is generation of final map.  258 

To delineate groundwater recharge zones, all eight parameters after assigning weight were integrated by 259 

using weighted overlay sum in GIS environment (Table 4). The total normalized weights of different 260 

polygons in the integrated layer resulted from the given equation to calculate groundwater recharge zones 261 

(GWRZ) based on the equation given below. 262 

GWRZ =  (Gw x Gwi) + (Slw x Slwi) +  (GMw x GMwi) + (WLw x WLwi) + (Sw x Swi) + (NDVIw 

x  NDVIwi) (LULCw x LULCwi) +  (Dw x Dwi)                                                

(7) 

 263 

Where, G is Geology, Sl is Slope, GM is geomorphology, WL is Depth to Water level , S is Soil , NDVI 264 

for Normalized Difference Vegetation Index,  LULC for Land use & land cover, DD for drainage density.  265 

Where “w” is a normalized weight of a parameter; “wi” is the normalized weight of the individual features 266 

of a parameter. The total range of GWRZ is divided into four zones from very high to low groundwater 267 

recharge potential zones.  268 

The well recognized GIS-based Multi-Criteria Decision Analysis (MCDA) technique i.e. Saaty’s Analytic 269 

Hierarchy Process (AHP) has been used for assessing groundwater recharge potential. Suitable weights 270 

were according to the field experience of the researchers in this area, extensive literature survey and field 271 

hydrogeological information. Groundwater recharge potential has been calculated by integrating each layer 272 

using Arc GIS 10.2 and Geomatics software 10.  273 

AHP Weight for Groundwater Recharge Potential 

Parameters  Sub parameters  AHP weight  AHP rating  Total AHP weight  

Geology  

  0.33      

Alluvium   0.542 0.179 

Granite/ Gneiss   0.283 0.093 
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Sandstone   0.11 0.036 

Deccan Trap basalt   0.066 0.022 

Slope  

  0.203      

Gentle   0.395 0.080 

Moderate   0.371 0.075 

Steep   0.157 0.032 

Very Steep   0.07 0.014 

Geomorphology  

  0.179      

Alluvial Plain   0.547 0.098 

Pediplain   0.185 0.033 

Structural Hills   0.135 0.024 

Denudational Hills   0.068 0.012 

Pediments   0.064 0.011 

Depth to Water  

  0.107      

< 10   0.388 0.042 

10-15   0.354 0.038 

15-20   0.157 0.017 

> 20   0.101 0.011 

Soil  

  0.067      

Sandy Loamy   0.429 0.029 

Loamy skeletal   0.401 0.027 

Clayey loamy   0.17 0.011 

NDVI  

  0.055      

Water bodies   0.067 0.004 

No vegetation   0.067 0.004 

Low   0.104 0.006 

Moderate   0.189 0.010 

Dense   0.572 0.031 

LULC  

  0.035      

Water bodies    0.375 0.013 

Forest    0.246 0.009 

Agriculture land    0.183 0.006 

Fallow land    0.101 0.004 

Wasteland/ Open land    0.056 0.002 

Built-up    0.039 0.001 

Drainage Density  

  0.025      

Low   0.65 0.016 

Moderate   0.234 0.006 

High   0.116 0.003 

 274 

Table 4: Weights of the parameters and their sub-parameters for groundwater recharge potential zone. 275 

  4. Results  276 

Factors considering for Groundwater Recharge  277 

Generally, the availability and productivity of groundwater in wells control by presence of aquifers its types 278 

and total area in any geographical and geological setup (Verma et al. 2020, Chaudhary et al. 2021).  279 
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Geology of any area has principal control over the occurrence and movement of groundwater as it controls 280 

the infiltration and natural groundwater recharge and given the highest priority in groundwater recharge 281 

potential targeting in hard rock terrains along with other factors such Geology, geomorphology, topography, 282 

vegetation cover, drainage pattern and many other factor as per the complexity of the terrain (Singh et al. 283 

2011, 2013, Mishra et al.2019; Nag and Kundu, 2018). In the present investigation, eight groundwater 284 

influencing factors were evaluated by considering satellite images, geological and hydrogeological 285 

information and field survey such geology, slope, geomorphology, depth to water level, soil types, NDVI, 286 

LULC and drainage density ( Figure 3 a to h).  287 

4.1 Geology  288 

Geologically, the watershed occupied with hard rock formation comprises of Archaeans- mainly granites, 289 

granitic-gneisses intruded by pegmatites and qurtzo-feldspathic veins; Gondwana sandstones; Deccan 290 

basaltic lava; and Quaternaries- black cotton soil and river-alluvium (silty and clayey-loam).  The 291 

groundwater availability in the terrain is very low , however groundwater prospect of watershed is limited 292 

in Alluvium deposits along river side weathered granites/gneisses, lower Gondwana sandstones, weathered, 293 

fractured and jointed massive basalts and vesicular basalts form the major phreatic aquifers; and weathered, 294 

fractured granites are noticed as main water-bearing zones at deeper levels (CGWB ,2013). The 295 

Groundwater recharge prospect of Geological formation has assigned accordingly and given in Table 4 and 296 

geological map (Figure 3a).  297 

4.2 Topography (Slope)  298 

The slope of the watershed considered an important factor, which plays a major role in the groundwater 299 

recharge and percolation of water into the subsurface as low slope areas have minimum surface runoff 300 

compare to high and steep slopes (Singh et al 2013; Anand et al 2021). The slope of the watershed varied 301 

from very gentle (< 4.30 ) to very steep (> 21.190) as depicted in figure 4.  The gentle and moderate slope 302 

of the watershed areas can be considered as good site for development of groundwater recharge site as 303 

surface runoff is less compared to higher slope (Figure 3 b)  304 
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4.3 Geomorphology 305 

Geomorphology of the terrains also taken as important factor to established groundwater recharge and 306 

management studies, the type and extent of geomorphological features control the occurrence and 307 

movement of groundwater. The major geolophological units delineated in watershed are alluvial plains, 308 

pediplain, structural hill, denudational hill and pediments (figure 5). Northwestern part of the watershed 309 

have some structural hill composed of sandstone of Gondwana group with sparse vegetation cover and 310 

moderate slope can be the good site for groundwater recharge structures. Denudational hill in the watershed 311 

mainly associated with granite / Gneiss  have some infiltration in weathered formation in upper level and 312 

dug wells  can be constructed in this formation to control the surface runoff. Pediments are mostly found 313 

in south western part and mainly composed with jointed massive basalts and vesicular basalts and they have 314 

some prospect for groundwater management in the watershed. Alluvial plain also found in the southern part 315 

of the watershed along river course and have gentle slope and high infiltration rate and make the potential 316 

recharge area in the watershed (Figure. 3 c). 317 

4.4 Depth to ground water level  318 

The terrain have very complex topography and groundwater development programs working in the area but 319 

very small scale due to that the data on hydrogeological aspect are limited , however some litholog and 320 

exploratory well data available in the area. Groundwater level data of the selected location has been 321 

collected and used to develop the depth to water level map of the watershed. Based on the water level the 322 

area classify from good to poor zones for groundwater recharge (figure 3 d) 323 

4.5 Soil Texture  324 

Soil textures have important role for infiltration and percolation into the aquifer system and soil map 325 

generated from All India Soil Survey & Land Use Survey (AIS&LUS) data after pre-processing in GIS.  326 

The terrain has undulating topography and soil deposited is limited in the valleys, river deposits and 327 
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weathered zones. The major soil types are sandy loamy, Loamy skeletal and clayey loamy. Among all the 328 

soil sandy loamy considered as good for groundwater recharge due its hydraulic behavior porosity and 329 

permeability. The sandy loamy area could be 330 

considered form groundwater recharge and clayey loamy area is good for open wells and recharge ponds 331 

(figure 3 e)   ( a)                                                                                                    (b)   332 

                              ( c )                                                                                         (d 333 
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4.6 Normalized Difference Vegetation Index (NDVI) 334 

Normalized Difference Vegetation Index (NDVI), the health of the vegetation depends on many 335 

environmental factors, and water availability to the root of the plant and soil moisture is the major 336 

environmental factor for plant growth. Hence NDVI considered as an indicator for the availability of 337 

groundwater below the earth‘s surface and surface runoff. Higher the NDVI values taken as a favorable 338 

zone for groundwater recharge and many hydrological processes (Sellers, 1987; Kondoh and Higuchi, 339 

2001). In the present study, NDVI values categorized into five categories based on vegetation density 340 

present in the area (Figure 8). The NDVI categorized as high vegetation, low vegetation, moderate 341 

vegetation, no vegetation and water bodies. Figure 3 f)  342 

4.7 Land Use/ Land Cover  343 

Land use / land cover considered as one of the important factors for recharging groundwater and estimation 344 

water resources. Based on the groundwater requirements and utilization it’s taken as important input for 345 

selection of groundwater recharge. The present area grouped into six LULC classes Waterbodies, Forest, 346 

Agriculture land, Fallow land, wasteland / open land and built-up area. Water bodies, forest, agriculture 347 

land and fallow land are having excellent capacity to recharge and hold water as compared to the other 348 

classes. Water bodies hold abundant surface water during the monsoon season and help to infiltrate 349 

throughout the year. Built-up area has lowest recharge capacity and high surface runoff. Higher weight has 350 

assigned to the water bodies, forest and agriculture land due to high recharge capacity and built-up has 351 

assigned lowest weight due to its least recharge capacity (Table 4) and (figure 3 g)  352 

4.8 Drainage Density  353 

Drainage density is also one of the important terrain parameters and influencing groundwater recharge 354 

based on its density and pattern. The study area was categorized into three classes based on the geological 355 

and topographical nature. The low drainage density indicates the low surface runoff that means it has 356 
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permeable soil and high infiltration rate, whereas higher drainage density indicates that the low infiltration 357 

and higher surface runoff (Table 4) and figure 3 h. The drainage density was classified as low (0–0.6 358 

km/km2), medium (0.6–0.9 km/km2), and high (> 0.9 km/km2)  359 

 360 

              361 

                               ( e)                                                              362 

( f ) 363 

 364 

 365 
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               (g)                                                                                         (h)  366 

Figure 3: Groundwater Controlling factors (a) Geology (b) Slope (c) Geomorphology (d) Depth to Water 367 

Level (e) Soil Texture (f) NDVI (g) Land use / Land Cover (h)   Drainage Density           368 

 369 

5. Discussion  370 

Groundwater availability in hard rock terrain controlled by secondary structures and they controlled the 371 

infiltration rate and amount of groundwater recharge. The present watershed have major concern about the 372 

availability of good quantity and quality of water for drinking and other use as majority of area covered 373 

under forested and population density is also very low and scattered manner. The important groundwater 374 

contributing factors such as geology, geomorphology, Landuse / Land cover, Slope, Depth to water level , 375 

Soil texture , vegetation density , drainage density on watershed scale is important geospatial database for 376 

understanding the groundwater potential and recharge prospect is a new information of the area. The 377 

integrated groundwater recharge zones are very useful for selecting the important structure for water 378 

conservation such check dab, percolation tank, recharge shaft , Nala bandh and rejuvenation of natural 379 

ponds and water bodies based on various factors discussed in previous sections and their corresponding 380 

important and groundwater recharge potential zones. 381 
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 382 

Figure 4 : Groundwater Recharge Zones of the watershed.  383 

6. Groundwater recharge zones and validity with bore well yield data 384 

The final overlay results, derived from an integration of remote sensing and GIS using the Analytic 385 

Hierarchy Process (AHP) within a Multi-Criteria Decision Analysis (MCDA) framework, were further 386 

classified into five distinct classes representing the groundwater recharge potential across the study area. 387 

The validation has done through the field bore well yield data collected from CGWB and state groundwater 388 

monitoring wells and during the field survey in the area. These classes include: 389 
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1. Very Low (770 km2 - 23%): Signifying areas with minimal potential for groundwater recharge. These 390 

regions are typically characterized by challenging hydrogeological conditions, often associated with the 391 

prevalence of hard rock formations. 392 

2. Low (1109 km2 - 33%): Indicating areas with a relatively limited potential for groundwater recharge. The 393 

predominance of hard rock terrain contributes to the lower capacity for groundwater replenishment in these 394 

regions. 395 

3. Moderate (1019 km2 - 30%): Characterizing regions with a moderate potential for groundwater recharge. 396 

While these areas may have some capacity for replenishment, the prevailing hydrogeological conditions, 397 

including the dominance of hard rock, still constrain recharge potential. 398 

4. High (266 km2 - 8%): Identifying areas with a notable potential for groundwater recharge. These regions 399 

may include alluvial deposits near riverbanks, contributing to a higher likelihood of groundwater 400 

replenishment. 401 

5. Very High (236 km2 - 7%): Representing areas with a substantial potential for groundwater recharge. 402 

Typically, these zones may encompass locations with significant alluvial deposits, weathered and fractured 403 

granites, and other conducive hydrogeological conditions. 404 

The observed distribution reveals that a significant portion of the study area falls within the very low and 405 

low categories, mainly due to the prevalence of hard rock-dominated terrain. However, approximately 15% 406 

of the area exhibits a high to very high potential for groundwater recharge, primarily associated with alluvial 407 

deposits and specific geological formations. Understanding these variations in recharge potential is crucial 408 

for effective water resource management and sustainable groundwater development in the region. 409 

Moreover, it's worth noting that the study emphasizes the need for further detailed investigations, 410 

potentially employing geophysical methods, to explore specific aquifer characteristics and thickness at a 411 

more local scale. While the regional overview provided valuable insights, more focused studies could 412 
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enhance our understanding of subsurface conditions and contribute to informed water management 413 

strategies.  414 

The findings of this study serve as a valuable tool for hydrologists, planners, policymakers, offering 415 

geoscientific data to support sustainable water management practices. 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

7. Conclusion  432 

The integration of remote sensing and GIS through a Multi-Criteria Decision Analysis (MCDA) technique, 433 

specifically the Analytic Hierarchy Process (AHP), has proven to be a potent and efficient method for 434 

delineating groundwater recharge potential. AHP was utilized to assign weights to parameters, considering 435 

S.No.  Class Area (km2) 

1. Very Low 770 

2. Low 1109 

3. Moderate 1019 

4. High 266 

5. Very High 236 
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hydrogeological information in the study area. The resulting groundwater potential map classifies the study 436 

area into categories such as very high, high, moderate, low, and very low. This integrated approach, 437 

combining remotely sensed data with hydrogeological and biophysical parameters, provides a valuable 438 

geoscientific database for assessing groundwater recharge potential, essential for sustainable groundwater 439 

management planning. 440 

The study's findings indicate that only a small portion of the watershed shows potential for groundwater 441 

recharge, primarily in the alluvial formations along the river course and partly in areas covered by 442 

weathered/fractured granite rocks. The study suggests a more detailed investigation, particularly applying 443 

geophysical methods to explore potential aquifers and their thickness at the local scale. Due to the lack of 444 

hydrogeological information on a large scale, the detailed subsurface characteristics could not be explored 445 

extensively. However, the study provides a regional understanding of the terrain. It is recommended that 446 

the results of this study be considered by hydrologists, planners, policymakers, as they can serve as effective 447 

tools for water management in the region. 448 
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