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Water is one of the most essential commodities for mankind and the largest available 

source of fresh water lays underground. Tremendous increase in the agricultural, industrial 

and domestic activities in recent years has increased the demand for good quality water to 

meet the growing needs. Groundwater is mostly preferred to meet this growing demand 

because of its lower level of contamination and wider distribution. The occurrence of 

groundwater is a consequence of the interaction of the climatic, geological, hydrological 

and physiographical factors. The surface hydrological features like topography, 

geomorphology, drainage, surface water bodies, etc. play important role in groundwater 

replenishment. Hence, identification and quantization of these features are important in 

generating groundwater potential model of a particular area. Remote sensing is an 

excellent tool for hydrologists and geologists in understanding the perplexing problems of 

groundwater exploration. In recent years, Satellite remote sensing data has been widely 

used in locating groundwater potential zones. Satellite remote sensing data is not only cost 

effective, reliable and timely but also meets the essential requirements of data in the 

geographical Information System (GIS) domain, which are “current, sufficiently accurate, 

comprehensive and available to a uniform standard”. Integration of the information on the 

controlling parameters is best achieved through GIS which is an effective tool for storage, 

management and retrieval of spatial and non-spatial data. Satellite data have been used to 

prepare various thematic maps, viz., geomorphological, geological, slope, drainage 

density, lineament density map. On the basis of relative contribution of each of these maps 

towards groundwater potential, the weight of each thematic map has been selected. 

Further, within each thematic map ranking has been made for each of the features. All the 

thematic maps have been registered with one another through ground control points and 

integrated step by step using the GIS for computing groundwater potential index. On the 

basis of this final weight and ranking, the ground water potential zones have been 

delineated. The groundwater potential zones are classified into five categories like very 

poor, poor, moderate, good and very good. This groundwater potential information is 

useful for effective identification of suitable locations for extraction of water. Thus, it is 

observed that an integrated approach involving remote sensing and GIS technique can be 

successfully used in identifying potential groundwater zones. 
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Introduction 
 

Water is one of the most essential 

commodities for mankind and the largest 

available source of fresh water lays 

underground. It is one of the most significant 

natural resources which support both human 

needs and economic development. 

Tremendous increase in the agricultural, 

industrial and domestic activities in recent 

years has increased the demand for good 

quality water to meet the growing needs. 

Groundwater is mostly preferred to meet this 

growing demand because of its lower level of 

contamination and wider distribution. 

 

The Annual Replenishable Ground Water 

Resource for the entire country is 433 billion 

cubic metres (bcm). The Annual 

Replenishable Ground Water Resource is 

contributed by two major sources viz. rainfall 

and other sources that include canal seepage 

return flow from irrigation, seepage from 

water bodies and artificial recharge due to 

water conservation structures. The overall 

contribution of rainfall to country‟s annual 

replenishable ground water resource is 67% 

and the share of other sources taken together is 

33%. 

 

The contribution from other sources such as 

canal seepage, return flow from irrigation, 

seepage from water bodies etc in annual 

replenishable resources is more than of 33% in 

the states of Andhra Pradesh, Delhi, Haryana, 

Jammu & Kashmir, Jharkhand, Punjab, Tamil 

Nadu, Uttar Pradesh, Uttaranchal and UT of 

Pondicherry.  

 

South-west monsoon being the most prevalent 

contributor of rainfall in the country, about 

73% of country‟s annual replenishable ground 

water recharge takes place during the kharif 

period of cultivation. Keeping 34 bcm for 

natural discharge, the net ground water 

available for utilization for the entire country 

is 399 bcm. The annual ground water draft is 

231 bcm, out of which 213 bcm is for 

irrigation use and 18 bcm for domestic & 

industrial use.  

 

Why need mapping of groundwater 

potential zone? 

 

Proper groundwater delineation is necessary 

for exploration, proper planning, Sustainable 

utilization and Management of groundwater 

resources. 

 

There is no direct method to facilitate 

observation of water below the surface. 

 

Presence or absence of groundwater can only 

inferred by studying geological and surface 

hydrological parameters. 

 

Surface hydrological features like topography, 

geomorphology, drainage, surface water 

bodies play important role in groundwater 

replenishment. 

 

Hence, identification and quantization of these 

features are important in generating 

groundwater potential model. 

 

Remote sensing and GIS techniques have 

emerged as a very effective and reliable tool in 

the assessment, monitoring and conservation 

of groundwater resources. 

 

The movement of groundwater is controlled 

mainly by porosity and permeability of the 

surface and underlying lithology. The same 

lithology forming different geomorphic units 

will have variable porosity and permeability 

thereby causing changes in the potential of 

groundwater. This is also true for same 

geomorphic units with variable lithology. The 

surface hydrological features like topography, 

geomorphology, drainage, surface water 

bodies, etc. play important role in groundwater 

replenishment. High relief and steep slopes 
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impart higher runoff, while the topographical 

depressions help in an increased infiltration. 

An area of high drainage density also 

increases surface runoff compared to a low 

drainage density area. Surface water bodies 

like rivers, ponds, etc. can act as a recharge 

zones enhancing the groundwater potential in 

the vicinity. Hence, identification and 

quantization of these features are important in 

generating groundwater potential model of a 

particular area. 

 

The occurrence of groundwater at any place 

on the earth is not a matter of chance but a 

consequence of the interaction of the climatic, 

geological, hydrological, physiographical and 

ecological factors. Groundwater exploration 

operation is essentially a hydrogeological and 

geophysical inference operation and is 

dependent on the correct interpretation of the 

hydrological indicators and evidences. 

 

Remote sensing and GIS in water resources 

 

Remote sensing is an excellent tool for 

hydrologists and geologists in understanding 

the “perplexing” problems of groundwater 

exploration. In recent years, Satellite remote 

sensing data has been widely used in locating 

groundwater potential zones. Satellite remote 

sensing data is not only cost effective, reliable 

and timely but also meets the essential 

requirements of data in the geographical 

Information System (GIS) domain, which are 

“current, sufficiently accurate, comprehensive 

and available to a uniform standard”. 

Integration of the information on the 

controlling parameters is best achieved 

through GIS which is an effective tool for 

storage, management and retrieval of spatial 

and non-spatial data as well as for integration 

and analysis of this information for 

meaningful solutions. The technique of 

integration of remote sensing and GIS has 

proved to be extremely useful for groundwater 

studies. 

Satellite remote sensing provides an 

opportunity for better observation and more 

systematic analysis of various geomorphic 

units/landforms/lineaments due to the synoptic 

and multi-spectral coverage of a terrain. 

Investigation of remotely sensed data for 

drainage map, geological, geomorphological 

and lineament characteristics of terrain in an 

integrated way facilitate effective evaluation 

of ground water potential zones. Similar 

attempts have been made in the generation of 

different thematic maps for the delineation of 

groundwater potential zones in different parts 

of the country. Analysis of remotely sensed 

data along with Survey of India Topographical 

and collateral information with necessary 

ground check helps in generating the base line 

information for ground water targeting. 

 

Role of remote sensing and GIS 
 

Spatial, spectral and temporal availability of 

data coverage. 

 

Inaccessible areas can be covered. 

 

Efficient and economic technology for broad 

range. 

 

Assessing, monitoring and conserving 

groundwater resources. 

 

Consistent, routine and global measurement. 

 

GIS is powerful environment for real time 

database development. 

 

Remote sensing and GIS for groundwater 

zoning 
 

Different hydrogeological themes can be used 

to identify the groundwater potential zone. 

Geology, geomorphology, soil, lineament 

density, rainfall and land use/land cover maps 

are used to indicate the occurrence of 

groundwater. 
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High resolution satellite imageries are widely 

used. 

 

RS data with topographical sheets and 

collateral information with ground truth 

verifications help in generating baseline 

information for groundwater targeting. 

 

Overlay analysis by GIS technique is used to 

delineate the groundwater potential zone. 

 

Materials and Methods 

 

Data Required 

 

Topographic maps  

Land use and land cover map 

Lineament map 

Drainage map 

Soil information 

Slope 

Rainfall data  

 

Data collection 

 

Landsat TM data, IRS-IC, LISS-III Digital 

data images and SRTM (DEM) have been 

used. Survey of India (SOI) Toposheet at 

1:50,000 scales have also been used.  

 

Secondary data on hydrology and ground 

water well data have been collected from 

Central Ground Water Board and from the 

field to support mapping.  

 

Geographic Information System and Image 

Processing (ARC VIEW, ARC GIS and 

ERDAS IMAGINE software) have been used 

for analysis and mapping of the individual 

layers as described in the flow chart. 

 

Satellite data analysis 

 

The main task in this stage was to carry out 

analysis and interpretation of satellite data, in 

order to produce thematic maps, such as 

lithology, structural and land use maps. 

Initially, all the images were rectified using 

the SOI Toposheet. This was followed by 

processing the digital images using the various 

processing techniques, viz., enhancement, 

filtering, classification and other GIS 

processes. Subsequently, selective field 

checking was carried out. 

 

Spatial database building 

 

The main task is to bring all the appropriate 

data and other collateral data together into a 

GIS database. All the available spatial data 

was assembled in the digital form and 

properly registered to make sure the spatial 

component overlaps correctly. Digitizing of all 

the maps and collateral data, followed by 

transformation and conversion from raster to 

vector, gridding, buffer analysis, box 

calculation, interpolation and other GIS 

processes were undertaken.  

 

This stage produced derived layers of map 

such as Geomorphology, Drainage, Drainage 

density, Lithology, Lineament density, 

Surface water body, Slope etc. 

 

Spatial data analysis 

 

In this stage, the entire input layers derived 

from stage 2 and 3 were processed to extract 

the spatial features which are relevant to the 

groundwater zone. This stage includes various 

analyses such as table analysis and 

classification, polygon classification and 

weight calculation. Polygons in each of the 

thematic layers were categorized depending 

on the recharge characteristics, and suitable 

weightage have been assigned to them.  

 

Satellite data interpretation 

 

The final stage involved combining all 

thematic layers using the method that are 

modified from DRASTIC model. 
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Generalized Procedure for Potential Groundwater Zone 
 

 

   

  

  

 

  

  

 

  

   

  

  

Data collection 

Mapping of various themes 

Acquisition of satellite data from Remote Sensing center 

Development of matrix for assigning weights to various factors 

Ranking of the hydrogeological unit based on integration of all thematic layers 

Overlay analysis by GIS technique 

Groundwater Potential Map 

Image processing using RS software 

Building of geo-data base 

 
 

This model is used to assess ground water 

pollution vulnerability by Environmental 

Protection Agency of the United State of 

America. The output has been classified into 

five groups such as very high, high, moderate, 

low and very low using the quantile 

classification method. Groundwater potential 

index (GWPI) in the present study has been 

determined by the formula as shown below: 

 

GWPI =  

 

Where, 

 

GWPI = groundwater potential index, 

Wi = weight for each map score, 

Xi = rank of individual map. 

 

Weighting of thematic maps 

 

Reclassification is done in the ArcMap 

according to the importance of each factor. 

 

Reclassification of land use/cover based on 

their character to infiltrate and to hold water. 

 

Drainage density raster is reclassified based 

on the recharge potential. 

 

Pairwise comparison and weight calculation 

for slope. 
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Reclassified map of lineament – areas closer 

to lineaments have high porosity. 

 

Reclassification of lithologies – based on 

susceptibility of the rock to weathering. 

 

Contact density map – act as conduit of 

groundwater movement. 

 

Integration of thematic maps 
 

Different polygons are labelled separately and 

then registered. 

 

Each polygon is designated based on 

groundwater occurrence and weights. 

 

Final thematic layer is decided on the basis of 

probability level of occurrence that is 

assigned to each polygon. 

 

Factors influencing groundwater 

 

Lithology map 

 

Lithology is a very important aspect in 

predicting groundwater potential zones. 

Extraction of geological information from 

satellite data depends on the identification of 

different patterns on an image resulting from 

the spectral arrangement of different tones 

and textures. 

 

Depending on the rock reflectance properties, 

satellite images are used and they play 

important role in rock identifications. A 

lithology map is prepared using the IRS IC 

and Landsat TM Digital Data and 

simultaneously ground check verification is 

done in field. 

 

Geomorphology map 
 

Geomorphological map is prepared based on 

visual interpretation of Landsat TM and IRS 

LISS-III data on 50:000 scales and the 

geohydrology characters of the study area. 

Using the photogeologic elements21, viz., 

tone, texture, shape, size, association etc. the 

various geomorphological units have been 

demarcated. 

 

Slope map 

 

Slope always plays a crucial role in 

groundwater potential mapping. Using the 

SOI Toposheet and SRTM data of the area, a 

slope map of the area is prepared. The area, in 

general is very gentle slope. However, in the 

north-eastern part of the study area, there is an 

increase in slope.  

 

Despite of this very gentle slope, a slope map 

has been prepared according to the following 

class interval. 

 

Surface water body map 

 

Surface water body map is prepared from 

Landsat TM Satellite data. The supervised 

maximum likelihood classification 22 is used 

to delineate the surface water body present in 

different parts of the area.  

 

The study area is covered by many water 

logged bodies, ponds, lakes and rivers. 

 

Drainage map 

 

A surface drainage map is prepared from SOI 

Toposheet at 1:50,000 scale and satellite data. 

The study area is covered by Rushikulya and 

Bahuda River. Mostly the drainage pattern is 

dendritic in nature but locally it exhibits 

structurally controlled area. 

 

Drainage density map 

 

From the above Drainage map, a density map 

is generated. In this density map, the values 

have been assigned depending on the density 

of the drainage pattern. 
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Lineament map 

 

A surface lineament map is prepared from the 

SRTM DEM data. The study area exhibits a 

structurally controlled region. The areas have 

much high altitude hilly structures which are 

linearly aligned. 

 

Integration of thematic layers and 

modeling through GIS 

 

Weighted index overlay model 

 

Depending on the groundwater potentiality, 

each class of the main eight thematic layers 

(geomorphology, lithology, slope, drainage 

density, lineament density and surface water 

body) are qualitatively placed into one of the 

following categories viz., (i) Excellent, (ii) 

Very good, (iii) Good, (iv) Moderate, (v) 

Poor.  

 

Suitable weightage on a scale of „Six‟ has 

been given to each class of a particular 

thematic layer based on their contribution 

towards ground water potentiality. The rank 

of each thematic map is scaled by the weight 

of that theme. All the thematic maps are then 

registered with one another through ground 

control points and integrated step by step 

using normalized aggregation method in GIS 

for computing groundwater potential Index of 

each feature. The weight assigned to different 

classes of all the thematic layers and rank of 

each features are given. All the thematic maps 

have been integrated using GWPI formula in 

GIS. A final groundwater potential map is 

prepared based on the above technique. 

 

Integration of GIS and remote sensing 

techniques provides an excellent tool for 

delineation of potential ground water zones. 

 

Analysis using geospatial tools can be 

undertaken with minimal time, high accuracy 

and lower costs. 

Groundwater zones provide detailed 

hydrogeology and geophysical investigations 

needed for construction of wells and its 

proper management. 

 

Water scarcity of the area can be minimized 

by construction of rain water sheds/tanks, 

reservoir and dams. 

 

Delineated groundwater zones of the area can 

be used for ground water pollution studies, 

recharge sites and groundwater modeling. 
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