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Abstract

Water is one of the most important natural resources and a physiological necessity to humankind. Freshwater is one of the necessities for
the sustenance of life. The use and development of water resources in a sustainable manner is essential in the modern age due to the regular
increase in water crises. Remote sensing and GIS techniques are powerful tools for analyzing and manipulating water resource development
and management data. GIS technology provides suitable alternatives for the efficient management of large and complex databases. The
most significant advantage of using Remote Sensing data for hydrological modeling and monitoring is its ability to generate information in
the spatial and temporal domain. Remote sensing and GIS techniques are found efficient to minimize the time, labor, and money and make
quick decisions for Sustainable water resources management. Remotely sensed data are most valuable when combined with numerical
modeling, geographic information systems, and ground-based information. In short, both these techniques play a significant role in hydrology
for water resources development and management. The remote sensing data helps in fairly accurate hydro geomorphological analysis and
identification and delineation of land features. The review paper highlights Remote Sensing and GIS techniques and presents a brief review
on the application of these two emerging techniques for groundwater resource management and development. Thus, surface investigation
of groundwater has proved to be more accessible, time consistent, and cheaper using geomatics technologies.
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1. Introduction geophysical methods, ground-based survey, and exploratory
drilling) are uneconomical and time-consuming and require
large data sets (Nampak et al., 2014; Singh and Prakash,
2002). However, an integrated GIS and remote sensing study
can provide the appropriate platform for the convergent
analysis of large volumes of data and quite decision-making
techniques for groundwater exploration. Remote sensing data
that are a wide-range scale of the space-time distribution
provide good opportunities to current science in improving
the understanding of the hydrological system (Hoffmann and
Sander, 2007). Besides of its scale, remote sensing provides
information on inaccessible areas (Sener et al., 2005) and
saves time and money as well (Murthy, 2010; Solomon
and Quiel, 2006; Tweed et al., 2007). Thus, remote sensing
and GIS are being increasingly used for the identification of
groundwater potential zones (Andualem and Demeke, 2019)
as well as ground water recharge and discharge zones (Chenini
et al., 2010; Russo et al., 2015). GIS has also been used for
processing and interpretation of groundwater quality data
Most groundwater potential investigation techniques (i.e., (Srinivasan and Jugran, 2003). Moreover, researchers have

Groundwater is the primary source of domestic, agricultural,
and industrial use in many regions of the world (Burke and
Moench, 2000; Hosseinifard and Mirzaei Aminiyan, 2015).
Groundwater has been found to be a more preferred resource
due to its less susceptible contamination than surface water
(Naghibi et al., 2017). It can be considered as the largest single
fresh water source in many parts of the world, especially
during prolonged dry periods (Assaf and Saadeh, 2008).
The utility of water is continuously growing and causes
groundwater resource stress predictably (Vaux, 2011). In
developing countries like Ethiopia, the unregulated growth
of population and improper management resources affected
directly and/or indirectly both the quality and quantity of
groundwater. Hence, unscientific exploitation and improper
use of water policy are also possible factors. Therefore, the
assessment of groundwater resources is critical for sustainable
management.
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been used an integrated approach using remote sensing, GIS,
and geophysical techniques to assess groundwater resources
(Srivastava and Bhattacharya, 2006).

Recently, several studies have been applied using weighted
overlay analysis for assessing groundwater potential zones
(Andualem and Demeke, 2019; Das et al., 2019; Hussein et
al., 2016; Ibrahim-Bathis and Ahmed, 2016; Kumar et al.,
2016; Magesh et al., 2012; Rahmati et al., 2014). Among
many determinant factors of the occurrence and movement
of groundwater, topography, geomorphology, lithology,
geological structures, lineaments, porosity, slope, drainage
patterns, rainfall, LULC, water quality, depth to water, net
groundwater recharge, and climate can be listed as examples
(Andualem and Demeke, 2019; Elewa and Qaddah, 2011;
Jaiswal et al., 2003; Jha et al., 2007; Murthy and Mamo, 2009).
Hence, the factors used are different per researches, and
consequently, the results vary (Magesh et al., 2012).

The practical development of the groundwater resources
will have a significant effect on the improvement of the
community livelihood. In fact, generating groundwater
potential map has a significant effect to enhance sustainable
management of groundwater resources in the study area
as well as in the country. Thus, a detailed study has been
performed to identify the potential areas of groundwater
resources for better utility. Accordingly, this paper contributes
by providing delineated groundwater potential zones through
implementing remote sensing techniques and GIS tools to
have proper administration, management, and sustainable
use of groundwater resources in the sub-basin. Seven
determinant factors, namely, lithology, slope, LULC, rainfall,
lineaments, and drainage density, were accounted for in the
study.

2. Historical Background

In the semi-arid region of Tamilnadu’s Dharmapuri district,
Shrinivasan (1978) conducted a thorough study on the
application of remote sensing techniques for groundwater
studies. The visual interpretation was first used to delineate
primary geomorphological zonation and structural features
of interest, which are manifested as lineaments in Landsat
imageries were picked up. The land sat black and white
imageries of 1:50000 scale, and a false-color composite of
1:1000000 scale was used.

According to Lerner et al. (1990), the choice of methods
to investigate groundwater recharge is dependent on the
objectives and the study area characteristics (including
the flow mechanisms within the study area leading to the
recharge), which determine the adequacy of the methods
and the investigation time step.

For permanent yearly recharge predictions and comparison of
estimates for aquifers with comparable physical and climatic
parameters, Lerner et al. (1990) offered further strategies
to reduce uncertainty in estimating methodologies. Indeed,
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groundwater recharge estimation according to the temporal
variability of the components should never be done only once
but in a continuing iterative process to update estimates and
adjust management.

In 1994, Rango evaluated the application of remote sensing
to hydrology. Still, it did not list groundwater among its
operational applications, possibly because “most approaches
use surface indicators of the underlying groundwater reservoir
and require considerable skill and knowledge on the part
of the interpreter”. This is true, but it does not prevent
operational use by many hydrogeologists in certain types of
shallow groundwater systems.

Using remote sensing and GIS techniques, Chaudhary et al.
(1996) created an HGM (Hydro geomorphological) map that
illustrates the groundwater potential zones of the Sohna block
in Gurgaon, Haryana. Various thematic maps were prepared
by visual interpretation of satellite data, stereoscopic
interpretation of panchromatic B/W aerial photographs,
and information extracted from digital image processing of
satellite data. The maps were further supplemented with
selected group checks. Maps were digitized and integrated
into IDRISI Geographic Environment to prepare final map
showing prospective groundwater areas.

In the Raisen District of M.P. and surrounding regions,
Shukla (1997) explored structural and geomorphological
controls on groundwater occurrence. His study was focused
on the management of water resources using integrated
Remote Sensing techniques. He suggested stopping dams,
checking dams, and recharge structures for water resource
management.

A mathematical model created by Gert A. Schultz in 1997
establishes a link between data derived from satellite
(Meteosat) photography and the actual situation on the
ground. The parameters of the nonlinear mathematical model
are calibrated based on short-term simultaneous satellite
and ground truth data. Runoff time series it is possible to
estimate the expected future performance of the intended
water project. The model was applied to the Tano River basin
(16 000 km?) in Ghana, West Africa.

In a region of The Netherlands with unconsolidated rocks for
which a systematic inventory of flow systems was performed,
Peters and Stuurman (1989) used thematic Mapper (TM)
imagery for a precise cover-type classification.

The significance of the spatial and temporal scales of the
recharge estimation in directing the selection of groundwater
recharge methods and techniques was emphasized by Bridget
Scanlon et al., 2002. In addition, subsidiary factors like
the methods, costs of remote sensing techniques, and the
required duration for deriving the parameters in the recharge
estimation are also restrictive when selecting a process.

Schmugge et al. (2002) worked on remote sensing in
hydrology. In that study, they use satellite data for various
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purposes like land surface temperature from thermal infrared
data, surface soil moisture from passive microwave data, snow
cover using both visible and microwave data, water quality
using visible and near-infrared data, and estimating landscape
surface roughness using lidar. Using these state variables,
methods for estimating the hydrometeorological fluxes,
evapotranspiration, and snowmelt runoff are also described.

In the Dhanbad district of Jharkhand state’s Jharia and
Raniganj coalfields, Basudeo Rai et al. (2005) identified
groundwater potential zones. In the study, they used MSS
sensor data of Land- sat. Using visual Image interpretation
elements like shape, size, tone, texture, and pattern, the study
area various hydro-geomorphological units like linear ridge
(dyke), residual hills, peneplain, buried pediment, dissected
buried pediment, and lineament identified. Subsequently,
the prospective groundwater zones were tested by using
geoelectrical methods.

Techniques for aquifer characterisation were reported by Puri
et al., 2006. They quoted the use of digital satellite images,
including multi-spectral data from Landsat thematic mapper
and Radar images from the Spaceborne Imaging Radar to map
the eastern Sahara groundwater basins. Besides the variety
of methods aforementioned in the recharge estimation,
none alone has enough accuracy to provide reliable
recharge estimates. It is partly due to the hidden nature of
groundwater resources, which implies that calculations be at
best approximate based on consistent assumptions on the
components governing the resource occurrence as aquifer and
known to be temporally and spatially variable and therefore
likely to induce inaccuracies in the evaluation.

Rokde et al. (2007) used GIS and remote sensing approaches
to model groundwater potential. They did their study in Rajura
Taluka, Chandrapur District of Maharashtra. Using satellite
data, they created geology, geomorphology, structural, etc.,
maps, found suitable recharge conditions, and delineated
Groundwater potential maps.

A thorough analysis of the RS and GIS technologies’
applications to groundwater hydrology is provided by Jha et
al. (2007). A detailed survey of literature revealed significant
areas of RS and GIS applications in groundwater hydrology:
exploration and assessment of groundwater resources;
selection of artificial recharge sites; GIS-based sub-surface
flow and pollution modeling; groundwater- pollution hazard
assessment and protection planning; estimation of natural
recharge distribution and hydrogeological data analysis and
process monitoring.

Mukherjee (2008) worked on the role of satellite sensors in
groundwater exploration. The study found that IRS 1D-LISS
data with a 23.5-meter resolution has produced excellent
results in delineating interconnected lineaments over buried
pediment plains as vegetation anomalies when merged with
the panchromatic data. Further, the impact of urbanization on
groundwater recharge in the terrain was studied by generating
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a Normalized difference Vegetation Index (NDVI) map, which
was possible to develop by using the LISS-IIl sensor of IRS-1D
satellite.

With the aid of RS and GIS, Chowdary et al. (2008) implemented
their integrated water resource development plan for the
sustainable management of India’s Mayurakshi Watershed.
This approach involves the preparation of different thematic
maps (resource maps) by using remote sensing data and by
conventional sources. The critical analysis of thematic maps
derived from satellite data interpretation and other collateral
data leads to the identification of problems and potentials of
each of the thematic information in terms of its availability,
sensitivity, severity, and criticality of the resources for the
optimum utilization of the resources. Combining these
thematic layers under a GIS environment using a set of logical
conditions, an integrated water resource development map
for each watershed was generated and identified suitable
areas for the development of groundwater and the location
of recharge sites depending on the terrain. Boolean logic is
used for the selection of artificial recharge sites.

Using Terra-1 MODIC data, Shreenivas et al. (2010)
investigated the detection of sub-surface waterlogging. The
study was taken up to evaluate the potential of near-IR,
short-wave IR (SWIR), and thermal-IR data from Moderate
Resolution Imaging Spectrometer (MODIC) aboard terra-1
acquired during day and night time post-monsoon data for
detection of subsurface waterlogging.

Using GIS modelling, Kumar (2010) investigated the evaluation
of groundwater quality in shallow and deep aquifers in the U.P.
state of Dhampur. The main aim of this study is to evaluate
the groundwater quality for drinking and irrigation regarding
recommended standards prescribed by WHO. This study had
two main objectives to assess the concentration of some of the
significant constituents of groundwater such as pH, EC, TDS,
Fluoride, Chloride, and Total Iron in shallow and deep aquifers.

Using a geographic information system (GIS), Balakrishnan
et al. (2011) mapped the groundwater quality in Gulbarga
City, Karnataka, India. In his study, they analyzed for
Physico-chemical parameters like TDS, TH, Cl, and NO,, using
standard techniques in the laboratory and compared with
the standards. The groundwater quality information maps of
the entire study area have been prepared using GIS spatial
interpolation technique for all the above parameters. The
final map shows potable and non-potable zones in terms of
water quality.

In the Dhanbad district of Jharkhand, India, Srivastava et al.
(2012) investigated the mapping of groundwater prospects
utilizing remote sensing, GIS, and geoelectrical resistivity
techniques. The groundwater resources have been reviewed
by analyzing IRS LISS -1l multi-band remote sensing data along
with geological as well as geophysical resistivity sounding
data carried out at places in the GIS environment. Finally, the
groundwater resource prospect map of the area has been
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prepared based on the integrated thematic maps, weighted
analysis in Arc-GIS environment.

In the Palleru sub-basin, which includes the Andhra Pradesh
districts of Warangal, Nalgonda, and Khammam, Sarala
(2012) discovered groundwater potential zones using remote
sensing and GIS techniques. Her work involves creating a
database, both spatial and non-spatial, with the help of Survey
of India toposheets and Remote Sensing Imagery. Various
thematic maps like drainage, contour, slope, soil, hydro-
geomorphology, and lineament maps were prepared using
Survey of India topo sheets. After integrating all thematic
maps using the weighted overlay analysis tool, groundwater
prospects maps were generated.

Using remote sensing, GIS, and MIF approaches, Magesh et
al. (2012) identified probable groundwater zones in the Theni
district of Tamil Nadu. MIF includes seven influencing factors:
lithology, slope, land use, lineament, drainage, soil, and
rainfall, identified to delineate potential groundwater zones.
The interrelationship between these factors and their effects
is weighted according to their strength. The representative
weight of a characteristic of the potential zone is the sum of
all weights from each element. A factor with a higher weight
value shows a more significant impact, and a factor with a
lower weight value shows a more negligible effect on potential
groundwater zones. Integration of these factors with their
potential weights is computed through weighted overlay
analysis in ArcGlS.

The Groundwater Quality Assessment of Gangavalli Taluk,
Salem District, Tamil Nadu, India was a 2013 project for
Florence and Paul Raj. They used multivariate statistical
techniques for this purpose. Groundwater samples collected
from open wells, bore wells, and hand pumps for the Pre-
Monsoon and Post-Monsoon periods were analyzed for
their physicochemical characteristics. Each parameter
was compared with the standard permissible limit of the
parameter as prescribed by World Health Organization
(WHO). The multivariate statistical tools such as Correlation
Coefficient Analysis (CCA), Factor Analysis (FA), and Cluster
Analysis (CA) were also used for the interpretation of water
quality data and its spatial variations.

In order to analyse groundwater vulnerability in Coimbatore
South Taluk, Tamilnadu, India, Murali et al. (2013) took a
severe method. The study developed an empirical model
DRASTIC to identify the vulnerability index owing to
groundwater contamination with increasing population,
industrialization, and agricultural activities. The most
important factors for mapping that control the groundwater
potential are depth of water, net recharge, aquifer media, soil
media, topography, the impact of the vadose zone, and the
hydraulic conductivity of the aquifer. Estimating the DRASTIC
Index involves multiplying each parameter weight by its rating
corresponding to its study area and summing the total. Based
on DRASTICindex values, they observed that the vulnerability
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class in the study area falls between low vulnerability to high
vulnerability. The results provided important information
for the local authorities and decision-making personals to
effectively manage groundwater resources.

In the Parbhani district of Maharashtra, Waikar et al. (2014)
used remote sensing and GIS techniques to identify the
groundwater potential zone. The information obtained from
the parameters considered for identifying the potential
groundwater zone such as geology, slope, drainage density,
geomorphic units, and lineament density was generated
using the satellite data and survey of India (SOI) toposheets
scale 1:50000. It is then integrated with weighted overlay
in ArcGIS. Suitable ranks are assigned for each category of
these parameters.

In the Lekkur sub-basin of the Mangalur Block, Cuddalore
district, Tamil Nadu, South India, Senthil Kumar et al. (2014)
used GIS to analyse groundwater potential zones. All the
thematic maps were such as geology, geomorphology, soil
hydrological group, land use/land cover, and drainage map
were prepared and converted into the grid (raster format)
and superimposed by weighted overlay method (rank and
weightage wise thematic maps). From the analysis, the
groundwater potential zones with excellent, very good, good,
moderate, and poor prospects.

Verma et al. (2013) assess the quality of the Lucknow, U.P.,
ground water using IRS-P6 and LISS-Ill to produce a map of
land use and urban settlement. The ground water samples
were collected from the selected locations and were analyzed
for different physico-chemical analysis and a water quality
index was prepared. Water quality index (WQl) was then
calculated on the basis of WHO standards to classify suitability
for drinking water. The WQI map was interpolated using
inverse distance weight (IDW) method on GIS for spatial
variation and suitability of quality assessment.

Murry (2013) used LISS-11l data to create thematic maps
and prepare groundwater prospect maps. In addition,
Groundwater recharge was estimated using lumped Water
Balance approach (GEC, 1997) and a distributed physical,
hydrological model (VIC). Interpolation techniques such as
IDW (Inverse Distance Weighting) and kriging were tested to
obtain groundwater quality parameters.

A location for artificial recharge was found by Balachandar
et al. Using Landsat data, drainage, lineament density,
geomorphology, land use, and land cover were constructed for
this purpose. Using digital image processing, the supervised,
unsupervised Classification, band rationing, filtering, and NDVI
Techniques for updating the all-thematic maps.

The IRS-P6 Image was utilized by Nag and Lahiri, 2011. to
identify various hydro geomorphological units and a map of
lineaments. Created DEM and by GIS overlay find suitable
zones for groundwater potential.

LISS-I1l and PAN of IRS-1D were utilised by Prajit et al. (2013)
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to determine ground water recharge by water harvesting
structures.

Using remote sensing, GIS, and geoelectrical resistivity
techniques, Srivastava et al. (2012) identified groundwater
potential in the Dhanbad area of Jharkhand. Analyzing IRS
LISS-Il multi-band remote sensing data along with geological
and geophysical resistivity sounding data carried out at places
in the GIS environment.

Using RS and GIS methods, Sharma et al. (2012) discovered
groundwater prospect zones in and around Gola block,
Ramgarh district, Jharkhand, India.

IRS-IC, LISS-II, Landsat TM digital, and SRTM data were used
by Biswas et al. (2012) for the delineation of groundwater
potential zones in the Ganjam district of Orissa, India. Landsat
ETM+ image was utilised by Jawad et al. to investigate
groundwater.

The likelihood of groundwater was shown on a map by
Oikonomidis et al. (2015) using five classifications that range
from extremely high to very low in terms of groundwater
potentiality. The extraction of this map is based on the study
of input data such as rainfall, potential recharge, lithology,
lineament density, slope, drainage density, and depth to
groundwater. Weights were assigned to all these factors
according to their relevance to groundwater potential, and
eventually, a map based on a weighted spatial modeling
system was created. Furthermore, a groundwater quality
suitability map was illustrated by overlaying the groundwater
potentiality map, showing the potential zones for drinking
groundwater in the study area. The results provide essential
information, and local authorities could use the maps for
groundwater exploitation and management.

In their 2019 study, Nigam and Tripathi concentrated on
finding prospective groundwater potential zones and a
groundwater quality score that considered both quantity and
quality. The Analytic Hierarchy Approach is utilized to identify
the potential groundwater zones. Conclusively, 27.1% area
falls under the low— medium groundwater potential zone,
and 9.3% area falls under the permissible water quality limit.
In total, 240 suitable water harvesting structures, namely
storage tank (120 nos.), percolation tank (70 nos.), stop dam
(34 nos.), and check dam (16 nos.) with their sites, were
identified and suggested for water harvesting to enhance
the groundwater conditions to meet the scarcity of water
resources in agriculture and domestic use.

3. Remote Sensing and GIS Application for Water Resource
Management

“Remote sensing (RS) is the science and art of obtaining
information about an object, area, or phenomenon through
the analysis of data acquired by a device that is not in contact
with the object area, or phenomenon under investigation”
(Lillesand et al., 2004) . Remote sensing is the science of
acquiring information about the Earth’s surface without
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actually contacting it. It is done by sensing and recording
reflected or emitted energy and processing, analyzing, and
applying that information” (Canada Centre for Remote Sensing
Tutorial).

The radiation emitted or reflected from various objects
are of a different amount. Same the emitted or reflected
radiations are recorded by multiple sensors. Multiple sensors
have other type of bands which records specific ranges of
electromagnetic radiation (EMR). Every radiation or light is
made of Electromagnetic energy and reflected according to
the surface or object interacted with. Generally, a smooth
surface reflects more radiations; that’s why the tones
recorded by the sensors are light. In the case of surface
water, most of the radiations are transmitted through water,
so they provide a generally dark tone. For the management
and development of water resources, re- mote sensing
data provides a platform for doing an initial and fast survey.
Although very few remotely sensed data can be directly
applied in hydrology, such information is of great value since
many hydrological relevant data can be derived from remote
sensing information. However, RS technology involves a large
amount of spatial data management and requires an efficient
system to handle such data. From the groundwater point of
view, the occurrence and movement of groundwater are
mainly controlled by many factors such as rock type, landform,
geological structures, soil, land use, rainfall, etc. Remote
sensing-based groundwater prospect zone map is a base for
further exploration using hydrogeological and geophysical
methods to locate well sites.

Remote Sensing data and GIS play a rapidly increasing role
in hydrology and water resources development (Seth et
al., 1999). Remotely sensed data are most useful when
combined with numerical modeling, geographic information
systems, and ground-based information (Becker, 2006). The
selection of suitable sensors has a cutting edge on natural
resource exploration and management, including groundwater
(Mukherjee, 2008). Parameters relevant for hydrogeology
are spatially distributed and may show significant temporal
variability. Earth Observation (EO) data, when used jointly
with in situ data, can provide an essential contribution for
the creation of inventories of surface water resources, the
extraction of thematic maps relevant for hydrogeological
studies and models (land cover, surface geology, lineaments,
geomorphology) or the retrieval of geophysical parameters;
water quality, temperature, soil moisture, etc. (Gert et al.,
2000). The concentration of drainage density and lineament
density also help the infiltration ability of the groundwater
system. Remote sensing, GIS, and MIF techniques are
found efficient to minimize the time, labor, and money
and thereby enable quick decision-making for Sustainable
water resources management (Magesh et al., 2012). In the
physical applications of imaging sensors, long-wave radar
can sometimes detect groundwater levels at depths of a
few meters and other subsurface features, such as buried
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channels (McCauley et al., 1982), but only if all conditions
are suitable, i.e., coarse-grained deposits, a dry vadose zone
without vegetation and some a priori knowledge of geology.
Radar imagery has its general use in hydrogeology for the
interpretation of geological structures (Koopmans, 1983;
Drury, 1993).

4. Geographic Information System (GIS)

“A GIS is an organized collection of computer hardware,
software, geographic data, and personnel designed to
efficiently capture, store, update, manipulate, analyze, and
display all forms of geographically referenced information.”
(Redlands, CA: Environmental System Research Institute,
1990). Geographic Information System is Computer hardware
and software-based technology that collects, stores, analyzes,
and displays spatial and non-spatial data and generalizes data
for users.

GISis arelatively new branch of technology. Land Information
System (LIS) is a similar system. In 1960 Canadian Geographic
information System (CGIS) was developed. In 1973 the United
States geological society started the development of the
geographical information retrieval and analysis system (Gl-
RAS) to handle and analyze land use and land cover data.
With the growth in the application of topology for analyzing
spatial data, GIS became a more useful tool. In 1982, the
Environmental System Research Institute (ESRI) released
the popular GIS software Arc Info. The advancement in the
operating system, computer graphics, DBMS, computer-
human interaction, and graphical user interface design. GIS
has now become versatile, sophisticated, and user-friendly
software.

GIS hydrological modeling was analyzed by Jenson S. K. and J.
0. Domingue 1988, while Eli Robert N, 2000, gives a detailed
analysis of the current state of the art and proposes a new
algorithm based on relaxation processes. The interesting of
all such work is that the basic information needed to begin
with is the terrain surface represented by a digital elevation
model (DEM).

Various GIS components are people, data, hardware,
software, and methods. People are an essential component
in a GIS; they must develop the procedures and define the
task of the GIS. They can often overcome shortcomings in
other components of the GIS, but the best software and
computers in the world cannot compensate for the people’s
incompetency. The availability and accuracy of data can affect
the results of any query or analysis. Hardware capabilities
affect processing speed, ease of use, and the type of output
available. The software includes existing GIS software and
various databases, drawing, statistical, imaging, or other
software. Analysis requires well-defined, consistent methods
to produce accurate, reproducible results. Capturing of
data (Digital format, Hard- copy, GPS, Vector and Raster
formats), Querying data (ldentifying specific features based
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on conditions), Analyzing data (Proximity, Overlay, Network),
Displaying data (Maps, Graphs, and Reports), Output (Paper
Maps, Images, Documents) are the function of GIS. Terrain
modeling, hydrological modeling for quantity and quality,
hydrodynamic modeling for flow simulation, the study
of spatiotemporal variation, and providing management
strategy in map form are techniques for acquiring topographic
information of inaccessible areas.

The hydrologic modeling functions in ArcGIS Spatial Analyst
provide methods for describing the physical components
of a surface. The hydrologic tools allow identifying sinks,
determining flow direction, calculating flow accumulation,
delineating watersheds, and creating stream networks. Using
an elevation raster or digital elevation model (DEM) as input,
it is possible to delineate a drainage system and quantify its
characteristics automatically.

Using the DEM as input into the flow direction tool, the
direction in which water would flow out of each cell could
be determined. With the Sink function, any sinks in the
original DEM are identified. To ensure proper drainage
mapping, these depressions can be filled using the Fill tool.
Using the Watershed tool, the watersheds are delineated for
specified locations. To create a stream network, use the flow
accumulation tool to calculate the number of upslope cells
flowing to a location. The output of the flow direction tool
from above is used as input. A threshold can be specified on
the raster derived from the flow accumulation tool; the initial
stage defines the stream network system. This task can be
accomplished with the con tool or using map algebra. Apply
the stream order tool to represent the order of each of the
segments in a network. The available methods for ordering are
the Shreve and Strahler techniques. Using the flow length tool,
the length of the flow path, either upslope or downslope, from
each cell within a given watershed can be determined. It helps
calculate the travel time of water through a watershed (ESRI).

5. Conclusion

Groundwater occurrence being subsurface phenomenon,
its identification and location are based on indirect analysis
of directly observed terrain features like geological and
geomorphic features and their hydrologic characters of
lithology, hydrogeomorphology, lineament have been taken
up. Remote sensing provides an opportunity for better
observation and systematic analysis of geomorphic units,
lineament features, the integration with the help of GIS
to demarcate potential groundwater zones. Furthermore,
monitoring water quality can be achieved with remote sensing
techniques, at least to certain extent.

6. References

Andualem, T.G., Demeke, G.G., 2019. Groundwater potential
assessment using GIS and remote sensing: A case study
of Guna tana landscape, upper Blue Nile Basin, Ethiopia.

088



International Journal of Economic Plants 2023, 10(2):083-091

Journal of Hydrology: Regional Studies 24, 100610.

Anonymous, 2012. Australian groundwater modelling
guidelines, Sinclair Knight Merz and National Centre for
Groundwater Research and Training. Waterlines Report
Series No. 82.

Assaf, H., Saadeh, M., 2008. Geostatistical assessment of
groundwater nitrate contamination with reflection on
DRASTIC vulnerability assessment: The case of the upper
Litani Basin, Lebanon. Water Resources Management
23(4), 775-796.

Balachandar, D., Alaguraja, P., Sundaraj, P., Rutharvelmurthy,
K., Kumaraswamy, K., 2010. Application of remote
Sensing and GIS for artificial recharge Zone in Siva-
ganga District, Tamilnadu, India. International journal
of genetics and Geosciences 1 (1), 84-97.

Balakrishnan, P., Abdul, S., Mallikarjun, N.D., 2011.
Groundwater quality mapping using geographic
information system (GIS): A case study of Gulbarga
City, Karnataka, India. African Journal of Environmental
Science and Technology 5(12), 1069-1084.

Basudeo, R., Tiwari, A., Dubey, V.S., 2005. Identification
of groundwater prospective zones by using remote
sensing and geoelectrical methods in Jharia and Raniganj
coalfields, Dhanbad district, Jharkhand. Journal of Earth
System Science 114(5), 515-522.

Bhasvsar, P.D., 1980. Demonstrated application in india of
earth resources survey by remote sensing. Proceedings
of the Indian National Science Academy A, 3, 275-285.

Biswas, A., Adarsa, J., Prakash, S.S., 2012. Delineation of
groundwater potential zones using satellite remote
sensing and geographic information system techniques:
a case study from Ganjam district, Orissa, India. Research
Journal of Recent Sciences 1(9), 59-66, ISSN 2277-2502.

Brian, J.W., Steven, M.G., 1987. Optimal groundwater quality
management under parameter un- certainty. Water
Resources Research 23(7), 1162-1174.

Bridget, R.S., Kelley, E.K., Alan, L.F., Lor-raine, E.F., Cheikh
B.G., Michael, EW., lan, S., 2006. Global synthesis of
groundwater recharge in semiarid and arid regions.
Hydrological Process 20, 3335-3370, Published online in
Wiley Inter Science (www.interscience.wiley.com) DOI:
10.1002/hyp.6335.

Burke, J.J., Moench, M.H., 2000. Groundwater and society:
Resources, tensions and opportunities. Themes in
groundwater management for the twenty-first century.
United Nations, New York: Department of International
Economic and Social Affairs, Statistical Office, United
Nations.

Canada Centre for Remote Sensing Tutorial, Fundamentals
of Remote Sensing.

Chaudhary, B.S., Kumar, M., Roy, A.K., Rahul, D.S., 1996.
Application of remote sensing and geographic
information system in ground water investigation
in Sohana block, gurgaon district, Haryana (INDIA).

»
&, © 2023 PP House

International Archive of Photogrammerty and Remote
Sensing Vol. XXXI, Part B6. Vienna 1996, 18-23.

Chenini, I., Mammou, A.B., Elmay, M., 2010. Groundwater
recharge zone mapping using GIS-based multi-criteria
analysis: A case study in central Tunisia (Maknassy
Basin). Water Resources Management 24(5), 921-939.

Chowdary, V.M., Ramakrishnan, D., Srivastava, Y.K., Chandran,
Vinu., Jeyaram, A., 2008. Integrated water resource
development plan for sustainable management of
mayurakshi watershed, india using remote sensing and
GIS. Water Resources Management 23, 1581-1602. DOI
10.1007/511269-008-9342-9.

Das, B., Pal, S.C., Malik, S., Chakrabortty, R., 2019. Modeling
groundwater potential zones of Puruliya district, West
Bengal, India using remote sensing and GIS techniques.
Geology, Ecology, and Landscapes 3(3), 223-237.

Drury, S.A., 1993. Image Interpretation in Geology. Chapman
& Hall, UK. ESRI, ArcGIS desktop help manual.

Elewa, H.H., Qaddah, A.A., 2011. Groundwater potentiality
mapping in the Sinai Peninsula, Egypt, using remote
sensing and GIS-watershed-based modeling.
Hydrogeology Journal 19(3), 613—-628.

Eli, R.N., 2000. Distributed watershed modeling within
geographic information systems, proceedings (on CD)
of the ASPRS 2000 Annual Conference, Washington DC.

Gert, A.S., 1997. Use of remote sensing data in a GIS
environment for water resources management, Re-
mote Sensing and Geographic Information Systems for
Design and Operation of Water Resources Systems.
Proceedings of Rabat Symposium S3, April 1997. IAHS
Publ. no. 242, 1997.

Ground water quality in shallow aquifers of India, Report.,
2010. Central ground water board, ministry of water
resources, Government of India, Faridabad.

Hoffmann, J., Sander, P., 2007. Remote sensing and GIS in
Hydrogeology. Hydrogeology Journal 15, 1-3.

Hosseinifard, S.J., Mirzaei Aminiyan, M., 2015. Hydrochemical
characterization of groundwater quality for drinking and
agricultural purposes: A case study in Rafsanjan Plain,
Iran. Water Quality, Exposure, and Health 7(4), 531-544.

Hussein, A., Govindu, V., Nigusse, A.G.M., 2016. Evaluation
of groundwater potential using geospatial techniques.
Applied Water Science 7(5), 2447-2461. FOLLOW THIS
FORMAT

Ibrahim-Bathis, K., Ahmed, S.A., 2016. Geospatial technology
for delineating groundwater potential zones in
Doddahalla watershed of Chitradurga district. India. The
Egyptian Journal of Remote Sensing and Space Sciences
19(2), 223-234.

Jaiswal, R.K., Mukherjee, S., Krishnamurthy, J., Saxena, R.,
2003. Role of remote sensing and GIS techniques for
generation of groundwater prospect zones towards
rural development —An approach. International Journal
of Remote Sensing 24(5), 993-1008.

089



Shinde et al,, 2023

Jawad, T.A.B., Yahya, Y.A.J., 2013. Application of GIS and
remote sensing to groundwater exploration in al-
wala basin in Jordan. Journal of Water Resource and
Protection, 5,962-971. http://dx.doi.org/10.4236/jwarp.
2013.510099 Published Online October 2013.

Jeson, S.K., Domingue, 1988. Extracting topographic structure
from digital elevation model data for geographical
Information system analysis. Photographic Engineering
and remote sensing 54(11), 1593-1600.

Jha, M.K., Chowdhury, A., Chowdary, V.M., Peiffer, S., 2007.
Groundwater management and development by
integrated remote sensing and geographic information
systems: Prospects and constraints. Water Resources
Management 21, 427-467.

John, N.H., 2012. Director of RSLUA, Geo- graphic information
systems (GIS) in water management. Proceedings of the
3™|nternational Forum “Integrated Water Management:
The key to Sustainable Water Resources”.

Koopmans, B.N., 1983. Side looking radar, a tool for geological
surveys. Remote Sensing Reviews 1, 19-69.

Kumar, P., Herath, S., Avtar, R., Takeuchi, K., 2016. Mapping of
groundwater potential zones in Killinochi area, Sri Lanka,
using GIS and remote sensing techniques. Sustainable
Water Resources Management 2(4), 419-430.

Lerner, D.N., Issar, A.S., Simmers, |., 1990. Groundwater
recharge, aguide to understanding and estimating natural
recharge. International Association of Hydrogeologists,
International Contribution to Hydrogeology, Hannover.

Lillesand, T., Kiefer, R.W., Chipman, J.W., 2004. Remote sensing
and image interpretation, Fifth Edition, International,
Edition, John Wiley & Sons, New York, 2004.

Lilly, F.P., Paul, R.A., 2013. Ground water quality assessment of
Gangavalli Taluk, Salem District, Tamil Nadu, India using
multivariate statistical techniques. An International
Journal (ESTUJ) 3(1), 2250-3498.

Magesh, N.S., Chandrasekar, N., Soundranayagam, J.P., 2012.
Delineation of groundwater potential zones in Theni
district, Tamil Nadu, using remote sensing, GIS and MIF
techniques. Geoscience Frontiers 3(2), 189-196.

McCauley, J., Schaber, F., Breed, C.S., Grolier, M.J., Haynes,
C.V., Issawa, B., Elachi, C., Blom, R., 1982. Subsurface
valleys and geoarchaeology of the eastern Sahara
revealed by Shuttle radar. Science 318, 1004-1020.

Murali, K., Elangovan, R., 2013. Assessment of groundwater
vulnerability in Coimbatore South Taluk, Tamilnadu,
India using drastic approach. International Journal of
Scientific and Research Publications 3(6), 2250-3153.

Murry, Y.B., 2013. Geospatial modeling for assessing ground
water resources: a study in dimapur area, ne india. thesis
submitted to the Andhra University for the award of
Master of Technology in Remote Sensing and Geographic
Information System.

Murthy, K.S.R., Mamo, A.G., 2009. Multi-criteria deci sion
evaluation in groundwater zones identification in

»
&, © 2023 PP House

Moyale-Teltele subbasin, South Ethiopia. International
Journal of Remote Sensing, 30(11), 2729-2740.

Murthy, K.S.R., 2010. Groundwater potential in a semi-arid
region of Andhra Pradesh geographical infor mation
system approach. International Journal of Remote
Sensing 21(9), 1867-1884.

Mukherjee, S., 2008. Role of satellite sensors in groundwater
exploration. Sensors, 8, 2006-2016. ISSN 1424-8220.
www.mdpi.org/ sensors.

Nag, S.K., Lahiri, A., 2011. Integrated approach using Remote
Sensing and GIS techniques for delineating groundwater
potential zones in Dwarakeswar watershed, Bankura
distict, West Bengal. International journal of geomatics
and geosciences 2(2), 0976—4380.

Naghibi, S.A., Moghaddam, D.D., Kalantar, B., Pradhan, B.,
Kisi, O., 2017. A comparative assessment of GIS-based
data mining models and a novel ensemble model
in groundwater well potential mapping. Journal of
Hydrology 548, 471-483.

Nampak, H., Pradhan, B., Manap, M.A., 2014. Application of
GIS based data driven evidential belief function model
to predict groundwater potential zonation. Journal of
Hydrology 513, 283-300.

Narayana, L.R.A., 1999. Remote sensing and its applications.
Universities Press (India) Ltd., Hyderabad, 215.

Kumar, N., 2010. Sustainable management of Ground Water
resources considering the impact of climate change and
land use change in kharun sub-basin. Report and Opinion
2(9), 75—-87. (ISSN: 1553- 9873).

Nigam, G.K., Tripathi, M.P., 2019. Generation of groundwater
zones for selection of prospective suitable water
harvesting structure sites for sustainable water supply
towards the agricultural development. Agricultural
Research 9, 148-160, https://doi.org/10.1007/s40003-
019-00430-w.

Oikonomidis, D., Dimogianni, S., Kazakis, N., Voudouris, K.,
2015. A GIS/Remote sensing-based methodology for
groundwater potentiality assessment in Tirnavos area,
Greece, Journal of Hydrology 525, 197-208.

Peters, S.W.M., Stuurman, R.J., 1989. Practische toepas-
singen van GIS and Remote Sensing voor grondwateron
derzoek enbeheer. 47" Meeting Waterbeheeren RS,
CHO/TNO. Also in: TNO/DGV Rep. 0S 90-22-A.

Prajit, C.P., Sharad, R.G., 2013. Assessment of ground water
recharge by water harvesting structures using remote
sensing and GIS. A Study of Jamka Village. Indian journal
of research 2(4), 2250-1991.

Puri, S., Margat, J., Yurtsever, Y., Wallin, B., 2006. Aquifer
characterisation techniques.

Rahmati, O., Samani, A.N., Mahdavi, M., Pourghasemi, H.R.,
Zeinivand, H., 2014. Groundwater potential mapping
at Kurdistan region of Iran using analytic hierarchy
process and GIS. Arabian Journal of Geosciences 8(9),
7059-7071.

090


http://dx.doi.org/10.4236/jwarp
http://www.mdpi.org/%20sensors
https://link.springer.com/journal/40003
https://link.springer.com/journal/40003
https://doi.org/10.1007/s40003-019-00430-w
https://doi.org/10.1007/s40003-019-00430-w

International Journal of Economic Plants 2023, 10(2):083-091

Rango, A., 1994. Application of remote sensing methods to
hydrology and water resources. Hydrological Sciences
Journal 39, 309-319.

Redlands, CA: Environmental Systems Research Institute.
http://www.ciesin.org/docs/005-331/005-331.html.

Rokde, V.M., Kundal, P., Joshi, A.K., 2007. Ground water
potential modelling through remote sensing ang
GIS techniques. A case Study from Rajura Taluka,
Chandrapur District, Maharashtra. Journal Geological
Society of India 69, 943-948.

Russo, T.A., Fisher, A.T., Lockwood, B.S., 2015. Assessment
of managed aquifer recharge site suitability using a GIS
and modeling. Groundwater 53(3), 389—-400.

Sarala, C., 2012. Identification of groundwater prospects for
Palleru sub basin using remote sensing and GIS. Inter-
national journal of engineering, science & advanced
technology 2(5), 1454-1460. www.ijesat.org .

Schmugge, T.J., William, P.K., Jerry, C.R., Thomas, J.J., Rango,
A., 2002. Remote sensing in hydrology. Advances in
Water Resources 25, 1367-1385. www.elsevier.com/
locate/advwatres.

Sener, E., Davraz, A., Ozcelik, M., 2005. An integration of GIS
and remote sensing in groundwater investigations: A
case study in Burdur, Turkey. Hydrogeology Journal
13(5-6), 826—834.

Senthil, Kumar, G.R., Shankar, K., 2014. Assessment of
groundwater potential zones using GIS. Frontiers in
Geosciences, FG 2(1), 1-10.

Seth, S.M.,, Jain, S.K., Jain, M.K., 1999. Remote sensing and GIS
application studies at National Institute of Hydrology,
Roorkee, India.

Sharma, M.P., Kujur, A., Sharma, U., 2012. Identification of
groundwater prospecting zones using Remote Sensing
and GIS techniques in and around Gola block, Ramgargh
district, Jharkhand, India. International Journal of
Scientific & Engineering Research 3 (3), ISSN 2229-5518
1JSER © 2012 http://www.ijser.org.

Shreenivas, K., Dwivedi, R.S., Singh, A.N., Raviprakash, S.,
2010. Detection of sub-surface water logging using
Terra-1 MODIC data. Indian Society of Remote Sensing
38, 119-132.

Shriniwasan, C.A., 1978. Use of remote sensing techniques
for ground water studies in semi-arid regions of
Dharampuri district of Tamilnadu. Proc. Symp. Study and
Management of Water Resources in Arid and Semi- arid
regions, 5-8 April, Aheedabad.

Shukla, J.P., 1997. Studies on structural and geomorphological
controls on occurrence and movement of Ground Water
in Raisen District of M.P. and adjoining areas with special
reference to water resource management.

»
&, © 2023 PP House

Singh, A.K., Prakash, S.R., 2002. An integrated approach of
remote sensing, geophysics and GIS to evaluation of
groundwater potentiality of Ojhala sub-watershed,
Mirzapur district, UP, India. In Proceedings of the First
Asian Conference on GIS, GPS, Aerial Photography and
Remote Sensing, Bangkok, Thailand.

Solomon, S., Quiel, F., 2006. Groundwater study using remote
sensing and geographic information systems (GIS) in
the central highlands of Eritrea. Hydrogeology Journal,
14(6), 1029-1041.

Srinivasan, R.Y., Jugran, K.D., 2003. Delineation of ground
water potential zones and zones of groundwater quality
suitable for domestic purposes using remote sensing
and GIS. Hydrological Sciences Journal 48(5), 821-833.

Srivastava, P.K., Bhattacharya, A.K., 2006. Groundwater
assessment through an integrated approach using
remote sensing, using remote sensing, GIS and
resistivity techniques: A case study from a hard rock
terrain. International Journal of Remote Sensing 27(20),
4599-4620.

Srivastava, V.K., Devendra, N.G., Bharadwaj, P., 2012. Study
and mapping of ground water pros- pect using remote
sensing, GIS and geoelectrical resis- tivity techniques —
a case study of Dhanbad district, Jharkhand. Journal of
Indian Geophysical Union 16(2), 55-63.

Subramanian, S.K., Seshadri, K., 2010. Remote Sensing
Application, NRSC, Hyderabad, India, 203-216.

Tweed, S.0., Leblanc, M., Webb, J.A., Lubczynski, M.W.,
2007. Remote sensing and GIS for mapping ground
water recharge and discharge areas in salinity prone
catchments, southeastern Australia. Hydrogeology
Journal 15(1), 75-96.

Unland, N.P., Cartwright, I., Andersen, M.S., Rau, G.C., Reed,
J., Gilfedder, B.S., Atkinson, A.P., Hofmann, H., 2013.
Hydrology and earth system sciences 10, 3795-3842.
www.hydrol-earth-syst-sci- discuss.net/10/3795/2013.

Verma, A., Thakur, B., Shashwat, K., Singh, D., Rai, M.,
2013. Evaluation of ground water quality in Lucknow,
Uttar Pradesh using remote sensing and geographic
information systems (GIS). International Journal of
Water Resources and Environmental Engineering 5(2),
67-76.

Waikar, M.L., Aditya, P.N., 2014. Identification of groundwater
potential zone using remote sensing and GIS technique
Parbhani district of Maharashtra. International Journal
of Innovative Research in Science, Engineering and
Technology (An ISO 3297: 2007 Certified Organization)
3 (5), 23198753,

091


http://www.ciesin.org/docs/005-331/005-331.html
http://www.ijesat.org/
http://www.elsevier.com/locate/advwatres
http://www.elsevier.com/locate/advwatres
http://www.ijser.org/
http://www.hydrol-earth-syst-sci-
http://www.hydrol-earth-syst-sci-discuss.net/10/3795/2013

