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ABSTRACT 
Groundwater is a treasured earth’s resource, which constitutes approximately 98.7 per cent 
of all liquid freshwater on the earth. It is one of our most important natural resources and is 
crucial to mankind. Groundwater has intricate and varied interrelations with the different 
component of environment and hence its intensive and imprudent exploitation results in 
significant environmental problems. Poor knowledge about this resource, because of it 
hidden nature and its occurrence in complex subsurface formation, has been and still a big 
obstacle to the efficient management of this important resource.<br><br> 
In spite of considerable improvement in our knowledge about groundwater dynamic at the 
dawn of the 21<sup>st</sup> century, much more still remains to be understood about 
groundwater in saturated as well as unsaturated subsurface formations. Advance and rapidly 
expanding technologies such as Remote Sensing (RS), Geographic Information System 
(GIS) and Global Positioning System (GPS) holds a great promise to tackle the present 
challenges faced by hydrologist and hydro-geologist. So in present article a review has been 
done about Remote Sensing (RS), Geographic Information System (GIS) application for 
artificial recharge of groundwater. 
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INTRODUCTION 
Leonardo da Vinci termed water as the 

driver of nature. Water is vital to all forms of 
life and fundamentals for environmental 
wealth and management. The importance of 
water varies with space and time.  

Of all the planet’s renewable resources, 
water has an unique place. It is essential for 
sustaining all forms of life, food production, 
economic development, and for general well 
being. It is impossible to substitute for most 
of its uses, difficult to de-pollute, expensive 
to transport, and it is truly an unique gift to 

mankind from nature. Water is also one of 
the most manageable of the natural resources 
as it is capable of diversion, transport, 
storage, and recycling. All these properties 
impart to water its great utility for human 
beings. The surface water and groundwater 
resources of the country play a major role in 
agriculture, hydropower generation, livestock 
production, industrial activities, forestry, 
fisheries, navigation, recreational activities, 
etc. 
Water: A limited natural resource 

At the global level, three fourth of the 
earth's surface is covered with water and the 
total water resources amount to 1385.5 * Author for correspondence 
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million km3 comprising 97.3 per cent as salt 
water and the balance 2.7 per cent as fresh.  
Of the latter, 75.2 per cent occurs in polar ice 
and glaciers, 22.6 per cent as ground water, 0.3 
per cent in lakes and rivers, and 1.9 per cent in 
soil moisture and atmospheric vapour.  Thus, 
very limited water is available for domestic, 
industrial and agricultural use.  Fresh water 
is finite but renewable through continued 
hydrologic cycling. 
Indian Scenario 

India is one of the most well endowed 
countries in terms of annual average rainfall of 
114.9cm and has about 4 per cent of world's 
fresh water sources with 3.29 million km2 
geographical area, which forms 2.4 per cent 
of the world’s land area, it supports over  
15 per cent of the world’s population. The 
population of India as on 1 March 2001 
stood at 1.02 billion.  

In India, groundwater has played the 
pivotal role in fulfilling the demands of 
domestic, industrial and agriculture sectors. 
At present the groundwater in India 
contributes more than 58 per cent for total 
drinking water, 52 per cent for total 
agricultural production and 50 per cent for 
total urban and industrial sectors.  
Indiscriminate development and unscientific 
management of this resource has led to 
multiple problems of decline in groundwater 
level, seawater ingress, in-land salinity, 
groundwater pollution, land of subsidence 
etc.  Groundwater availability depends on 
subsurface conditions.  From the point of 
view of groundwater availability, India is 
broadly divided into three geological regions, 
namely, unconsolidated rocks,  
semi-consolidated rocks, and consolidated 
rocks. 

Groundwater experts have classified 
areas based on groundwater exploitation into 
dark, grey, white and highly dark areas.  
Dark areas are those areas, where the 

groundwater development exceeded 85 per 
cent of available quantity.  Further 
exploitation in these dark blocks will lead to 
more than 100 per cent depletion of 
groundwater which is termed as "highly 
dark" or "over exploited" situation.  Grey and 
white areas are those with the groundwater 
development lying between 65 and 85 per 
cent and less than 65 per cent respectively.  
Out of the total of 4,272 blocks in India, 231 
blocks are classified under "over exploited" 
and 107 under "dark" category1. 
Recharge System 

Recharge is a process, by which the 
ground water reservoir (aquifer) is 
augmented/replenished by process of 
infiltration and percolation of precipitation.  
Any man made feature facilitating the 
process of adding up of water to an aquifer is 
considered as “Artificial recharge system”. 

RESULTS AND DISCUSSION 
Application of RS and GIS 

The Remote Sensing tool has opened 
new paths in water resources studies. Remote 
Sensing provides multi-spectral, multi-
temporal and multi-sensor data of the earth’s 
surface2. One of the greatest advantages of 
using Remote Sensing data for hydrological 
investigations and monitoring is its ability to 
generate information in spatial and temporal 
domain, which is very crucial for successful 
analysis, prediction and validation4.  

Saraf et al.4 developed and tested the 
methodology for the evaluation of 
groundwater resources of Silai watershed, 
Bankura district, West Bengal using remote 
sensing and GIS technique. IRS-LISS-II and 
LISS-III data along with other data sets e.g. 
existing maps and field observation data 
have been utilized to extract information on 
the hydrogeomorphic features of this hard 
rock terrain3. All the information layers have 
been integrated through GIS analysis and the 
criteria for groundwater prospective zones 
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mapping and artificial recharge site selection 
have been defined. Weighted index overlay 
method has been followed to delineate 
groundwater prospective zones and a 
combination of weighted index overlay and 
Boolean logic method has been used for the 
selection of future artificial recharge sites. 
He stated that the methodology developed 
may be applied to similar terrain conditions, 
with some local considerations and 
modifications. Further, incorporation of 
geophysical data can enrich the 
interpretation.  

Amiri et al. (2002) made study on RS 
and GIS application in site selection for 
artificial recharge of ground water tables in 
dry regions of Isfahan (central part of Iran)5. 
In this research the soil, slope, aspect and 
land function maps of research site in south 
Isfahan province were prepared and water 
feeding sited identified using a GIS system. 
They found that the best sites to apply water 
feeding projects are coarse texture soil, 
alluvial sites, stony texture soil, small river 
and streams with sandy beds and temporary 
spring streams. The result indicated that the 
feeding sites identified were the best sites to 
feed the water tables in practice. 

Ramalingam M. and Santhakumar A.R. 
(2002) carried out block wise analysis for 
entire state of Tamil Nadu using RS and GIS 
technique6. The various thematic maps such 
as Geomorphology, Geology, Soil, Slope, 
Land use, Drainage, Drainage density, 
Lineament density, Runoff isolines, Depth to 
weathered zone, Depth to basement, 
Groundwater level fluctuations and water 
quality were used in the analysis. The above 
maps were prepared using IRS 1C LISS III 
satellite data and other collateral information 
collected from field and digitized. Criterion 
tables were generated considering the 
importance of different themes and necessary 
ranks and weights were assigned to each 

theme. Using ARCINFO GIS software, the 
above themes have been integrated and the 
areas suitable for artificial recharge have 
been identified. Results obtained from this 
study fulfill some requirements of selecting 
suitable artificial recharge structures. The 
recharge structures such as nala bund, contour 
trench, percolation pond, check dams, recharge 
pit etc. were suggested wherever feasible. 
Desiliting of tanks were also suggested in some 
blocks.  

Jothiprakash et al. (2003) delineated 
potential zones for artificial recharge using 
RS and GIS in Agniar-Ambuliar-Southellar 
river basins in Tamil Nadu, India7. Thematic 
maps pertaining to geology, permeability, 
effective soil depth, drainge intensity, soil 
texture, water holding capacity and 
physiography were prepared on 1:2,50,000 
scale using conventional methods. These 
maps were scanned and registered with 
reference to a base map and were prepared as 
separate layers or coverage’s using ArcView. 
GIS has been used foe the integration of 
various thematic maps to delineate the 
potential zones foe artificial recharge. Each 
theme was assigned a weightage depending 
on its influence on groundwater recharge. 
Each class or unit in the map was assigned a 
knowledge based ranking from one to four 
depending on its significance in storage and 
transmittance of groundwater. The final map 
has been prepared showing four different 
categories of potential zones as very highly 
favorable for artificial recharge, highly 
favorable, moderately favorable and poor 
favorable for artificial recharge. 

Singh A.K. and Prakash S.R. (2003) 
demonstrated the capability of RS, 
geoelectrical and GIS technique to evaluate 
groundwater potentiality of Ojhala sub 
watershed, Mirzapur district of U.P., India8. 
Hydrogeomorphological and lineament maps 
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have been prepared using IRS 1C LISS III 
data by visual interpretation. Topographic 
information has been collected from SOI 
toposheet at 1:50,000 scale and TIN has been 
generated from elevation contour at 20m 
interval and spot elevation. Slope map has 
been prepared from TIN. Surface drainage 
map has been prepared from SOI toposheet 
and satellite data on 1:50,000 scale. 
Hydrogeomorphologically, the entire area 
comes under valley fill (VF), moderately 
weathered buried pediplain (BPP-M), 
shallow weathered buried pediplain (BPP-S), 
ravine (RA), pediment on plateau P(PT) and 
dissected plateau (DPT) categories. The 
drainage pattern is mainly dentric but locally 
exhibits structural controlled. Criteria for 
GIS analysis have been defined on the basis 
of groundwater condition and appropriate 
weightage has been assigned to each 
information layer according to relative 
contribution towards the desired output. The 
groundwater potential zone map generated 
through this model was verified with the well 
yield data to ascertain the validity of the 
model developed the verification showed that 
the groundwater potential zones demarcated 
through the model were in agreement with 
the bore well yield data. 

Goyal R. and Arora A. N.  (2003) 
studied the use of Remote Sensing in ground 
water modeling in Hanumangarh and 
Sriganganagar districts of northwestern 
Rajasthan9. Pre and post monsoon images of 
IRS IC LISS III were used to generate 
waterlogged area and land use/cover maps of 
the study area. 

On the basis of this study they concluded that 

1. A rapid and accurate assessment of 
the waterlogged area can be made by 
the use of remotely sensed data. Low 

lying lands which were not indicated 
by the water table observations as 
waterlogged could be identified on 
the IRS imagery. 

2. Groundwater modeling requires 
limited landuse/landcover 
classification, which can be done 
with the help of remote sensing data 
using unsupervised classification 
which is then refined on the basis of 
ground truth 

3. The integrated use of GIS and 
remote sensing techniques can be 
successfully used  to develop 
conceptual groundwater model, 
which can then be converted into 
mathematical finite difference 
groundwater flow model of the area. 

Singh A. K. and Prakash S. R.  (2004) 
studied the integration of thematic maps 
through GIS for identification of 
groundwater potential zones10. They stated 
that the remote sensing and geo-electrical 
data combined with Geographical 
Information System (GIS) technique has 
proved to be very efficient in assessing the 
groundwater potential of any area. Here IRS-
1C, LISS-III data, geo-electrical data and 
litho-log data have been used to identify the 
groundwater potential zones by integrating 
various thematic maps generated on 1: 
50,000 scale. These maps were integrated 
after assigning weight factors to the 
identified features in each thematic map 
depending upon their infiltration 
characteristics and the groundwater potential 
zones in Nagar block of Mirzapur district, 
Uttar Pradesh were demarcated. The area of 
investigation had been classified into eight 
categories of groundwater potentiality. The 
results show that integration of all attributes 
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provides more accurate results in 
identification of groundwater potential zones. 

Sameena et al. (2005) carried out 
groundwater prospective zone mapping 
through RS and GIS for the Bhadra river 
basin in Shimoga and Chikamagalur districts 
of Karnataka, India11. Various thematic maps 
were prepared on 1:1,25,000 scale and 
integrated in GIS domain using ARCINFO 
with the help of suitable model to study the 
area. Here only five layer named geology, 
landforms, land use/cover, soil, surface water 
could be used. The groundwater prospective 
zone map generated through the model was 
verified with bore well yield data to ascertain 
the validity of model developed and found 
that it matches with the yield data collected 
from the field. 

Manonmani et al. (2007) did 
groundwater potential mapping in Dindigul 
district using RS and GIS. In order to predict 
the groundwater potential zones, in general, 
different thematic layers via: 
geomorphology, lineaments, and slope, were 
used to be integrated without considering 
subsurface lithology12. Geomorphological 
and lineament maps have been prepared 
using Satellite data by visual interpretation. 
Thematic layers were prepared using a model 
developed through GIS technique provides a 
broad idea about the groundwater potentiality 
The groundwater potential zones map 
generated through this model was verified 
with the rainfall data, groundwater level data, 
groundwater quality data and bore wells 
yield data. This illustrates that the approach 
outlined has merits and can be successfully 
used elsewhere with appropriate 
modifications. 

Ghayoumian et al. (2007) considered the 
factors such as: slope, infiltration rate, depth 
to groundwater, quality of alluvial sediments 
and land use, to determine the areas most 
suitable for groundwater recharge in a costal 
aquifer in the Gavbandi Drainage Basin in 
the Southern part of the Iran13. Thematic 
layers for the above parameters were 
prepared, classified, weighted and integrated 
in a GIS environment by the means of 
Boolean and Fuzzy logic. To determine the 
relationship between geomorphological units 
and the appropriate sites for artificial 
groundwater recharge, land use/cover and 
geomorphological maps were developed 
from satellite images. Tthe result of study 
indicate that about 12 per cent of the study area 
is considered as appropriate and 8 per cent 
moderately appropriate sites for artificial 
groundwater recharge. The relationship 
between geomorphology and appropriate 
areas for groundwater recharge indicate that 
the majority of these areas are located on 
alluvial planes and pediment units. At the 
reconnaissance stage these geomorphological 
units cam be considered as appropriate sites 
for artificial recharge in regions with similar 
characteristics. 

The methodology adopted by researchers 
for the identification of groundwater 
potential zones and for the selection of 
suitable artificial recharge sites or rainwater 
harvesting sites using Remote Sensing and 
GIS is illustrated in flowchart (Fig. 1). 
Generally it is not that so, one should follow 
the entire steps. Because of the lack of 
appropriate field data, one may omit any step 
in the analysis. 
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    Exiting Maps Remote Sensing Data 

 
 
 

           Satellite Imagery 
 
 
 
            

           Image Enhancement 
 
 
 
 

             Image Interpretation 
 
 
 

Ground Truthing Preparation of Various Thematic Maps 
 
 
 
 

       Integration of Various Thematic Maps into GIS Environment 
 
 
 

 
      Assigning Weights for Identifying    Assigning Weights for Identifying Sites 

  Groundwater Potential zones  for Artificial Recharge or Rainwater Harvesting 
 
 
 

       Modeling for Identification of       Modeling for Identifying Sites for Artificial 
        Groundwater Potential zones       Recharge or Rainwater Harvesting 

 
 
 

Preparation of Maps for    Preparation of Maps for Suitable Artificial 
Groundwater Potential Zones   Recharge Sites or Rainwater Harvesting Sites 

 
 
 
 
 

Validation of the Created Maps with Field Data 
 

Fig. 1 : Flowchart for evaluating groundwater resources using remote sensing and geographic 
information system 
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CONCLUSION 
Integration of the remotely sensed 

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 
techniques of RS and GIS had proved to be 
extremely useful for groundwater studies. 
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