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ABSTRACT

In this paper, an endeavour has been made to assess the potential groundwater areas by
integrating the geospatial model with Multi Influencing Factor (MIF) technique. Groundwater
potential areas are of prime importance in maintenance as well as conservation of available
resources of water. Groundwater being the primary source of fresh water, is in great demand
due to the increase in agricultural, industrial, population and domestic action. As a result, the
groundwater table drops, causing water scarcity and resource deterioration. As a result,
evaluating this irreplaceable resource is critical for the long-term sustainability of
groundwater resources. In this paper, the prime focus is to find the groundwater potential zone
using the MIF technique, which is a decision-making technique widely used in various sectors
nowadays. It is a multi-criteria decision-making strategy in which the MIF technique assigns a
defined rating and weight to raster layouts of all the subsurface water influencing
characteristics. The prospective groundwater zones are then estimated statistically using
graded thematic layers. Hence, the researchers and decision-making authorities can
collaborate for some systematic exploration plan & the harvesting of zones done for future
events. Protective & preservative measures can be taken by knowing potential groundwater

zones to lower groundwater levels.
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INTRODUCTION

Groundwater is the water contained in the earth's crust and is a replenishable element

crevices of geological formations under the of the water cycle. It is the largest available

1|Page



SGVU J CLIM CHANGE WATER

VOL. 8, 2021 pp 01-13

ISSN: 2347-7741

freshwater source in the world. Most of the

people in India depend on groundwater for
their basic needs. Rapid industrialization,
increasing agricultural production, poor
management and unplanned exploration of
groundwater resources are the causes of the
water crisis. The groundwater potential of a
region depends on different facts & it
varies from place to place according to its
change. Groundwater prospective zones
must be defined in order to develop
artificial

recharge  programmes  to

counteract groundwater loss.  Several
different conventional methods have been
using to provide statistics about the
potential of groundwater in various
locations with climatic and geographic
conditions. Remote sensing (RS) and
Geographic Information System (GIS) have
emerged as efficient tools in evaluating and
estimating potential groundwater zones.
Groundwater Potential Index (GWPI) is a
dimensionless quantification index method,
designed to process groundwater potential
scores for various places by amalgamating
thematic maps (Pandey et al., 2010; Pandey
et al., 2013; Singh and Pandey, 2014; Bhatt
et al., 2017; Sharma and Kanga 2020). The
core objective of the present study focused
on the Ground Water Potential (GWP)
zones by combining MIF with RS and GIS

techniques.
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Ahmed et al. (2021) integrated Multicriteria
Decision-Making (MCDM) techniques like
Analytical Hierarchy Process (AHP),
(MIF), and
probabilistic model such as fraction ratio
(FR) method with RS and GIS to delineate
groundwater potential zones in Willochra

Multi-influencing  factor

Basin, South Australia. They attempted to
develop a geographical model based on
parameters like precipitation, lithology,
drainage and lineament density, gradient,
soil type, land cover, etc. to determine
groundwater possibility in the area (Singh
et al., 2017b; Kanga et al. 2020a, b). To
produce prospective maps, GIS software
was used to combine the characteristics and
their given weights. The findings revealed
that the southern portions of basin had a
higher potential. FR model generated the
most efficient map (84%) followed by MIF
model (70%) and finally AHP approach
(62%). The area under the curve technique
was used to validate the final maps. Abijith
et al. (2020) attempted the demarcation of
groundwater prospects employing decision-
making methods assaying the weights for
controlling  variables in  Ponnaniyaru
watershed, Tamil Nadu. The study of the
possible subsurface zones was conducted
via weighted linear overlays. The validation
of results showed that the AHP has a
relatively strong predictive precision of
75% and MIF has 71%. The reliability of
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the methods is

determined by the
classification standard, average ranks, and
weights applied to the input variables,
according to the researchers. MIF approach
produced acceptable results but had a
significant impact on the accuracy with
22% lower accuracy comparing AHP.
Anbarasu et al. (2019) focused their study
on identification of prospective areas in the
Mainly, The Multi-

influencing factor (MIF) method was

Chinnar  basin.

combined with GIS and implemented to
workout possible potential zones for
groundwater. Toposheets and landsat
images were utilised to draw up several
thematic maps coupling weighted overlay
approach for demarcating groundwater
potential zones. In order to determine
weights for all different layers, MIF
procedure was utilised and rankings were
allocated based on existing body of
knowledge. The study indicated that
gradient and geomorphology have a key
influence in  regulating groundwater
attainability in  more than 50% of the
studied region. The variation of subsurface
water levels caused by precipitation and
geological strata was utilised to validate the
prospective map. Etikala et al. (2019)
assessed groundwater potential zones using
eight influential thematic layers in hard
rock area of Tirupati, Andhra Pradesh.
Using the MIF approach, layers were
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created and allocated fixed ranking and
weights based on their ability to store water
(Bera et al., 2021; Tomar et al., 2021; Joy
et al., 2021; Chandel et al., 2021; Kanga et
al.,, 2021). The findings divided the
research region into four zones with a
maximum contribution of nearly 47% of
total area from a moderate zone. This work
provided reliable preliminary information
on groundwater resources cost-effectively
than conventional invasive methods.
Fagbohun (2018) integrated the multi-
influencing factor (MIF) technique with
GIS for detection and mapping potential
groundwater recharge zones in a hardrock
geologic terrain, south-western Nigeria.
Lineament, outflow, lithology, gradient,
land cover, precipitation, and earth material
were categorised and merged on the basis
of weight calculated using the MIF
approach. The combination of these criteria
resulted in the creation of a prospective
recharge zonation map that was divided
into four categories. They established
that portions of homogeneous migmatite-
gneiss surrounding the severely fragmented
had the

potential contributing nearly 15% of 2837

quartzite highest  recharging
km? area. In Bengal's Birbhum region,
Thapa et al. (2017) sought to bound
potential aquifer spots. They converted
eleven data layers including fault density

into raster form and used MIF approach, in
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which factors were given scores and

weights for statistic calculation. Validation
was done and Groundwater potential index
(GWPI) is obtained. Finally, zones were
divided into four categories including
extremely high. They discovered that the
high potential zone comprises 35% of the
research area and low & medium
subsurface water potential zones cover
52.51% of 454500 hectares area. Using
spatial information and traditional layouts
in GIS environment, Das et al. (2017)
delineated potential subsurface areas in
district, ~ Maharashtra.  The

MIF approach was used to give ratings to

Hingoli

eight parameters including soil type and
precipitation patterns. Prospective zones
for groundwater were classified as good,
intermediate, low and extremely low. They
observed that key sites were majorly in
good zones due to alluvial soil accessibility
in a large agricultural land having excellent
penetration and all regions having
structural hills were classified as low
potential zones. Bhuvaneswaran et al.
(2015) conducted study in the Cauvery
basin to estimate potential subsurface water
GlSand MIF

Significantly thematic layers were set and

zones using methods.
each majorly and minorly effective factor
was given an impact of x times and 0.5x
times respectively. The relative scores were
calculated using the total weightage of
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factors. The following algorithm is then
used to determine the grade of each
affecting factor and later integrated using
weighted overlay analysis,
(R+S)*100/Z (R+S)

where R is the primary connection between
two parameters and Sis the minor
interdependence between two parameters.
Each reclassified parameter received an
equal share of the relevant score. They
established that good subsurface water
potential was owing to degraded pediplains
and agricultural areas with strong
infiltration capacity. Gradual grade, clayey
soil and farm land with adequate infiltration
contributed to moderate water potential.
Arkoprovo et al. (2013) reported a
research, where they used spatial data and
applied several affecting parameters
to categorise potential aquifers in coastal
section of Orissa. Initially, the data of
effecting parameters like lithology, slope,
geomorphology, lineament density,
drainage density and land use were derived
from the spatial geo-database.
The weightage and fixed score is assigned
to each thematic layer afterwards
normalized aggregation method is applied
in GIS for

potential index. They elucidated four types

computing  groundwater

of potential phreatic water zones based on

remote sensing and GIS technique. The
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results  displayed

excellent  recharge
potential close to the shoreline, while the
majority of the land had a good potential.
Poor recharge potential was primarily
restricted to steep slopes and populated
areas. This research and the accuracy of the
derived groundwater potential prediction
map, it can be concluded that the applied
methodology, together with the used
indices, is a useful background for the
quick assessment of groundwater potential
areas. Magesh et al. (2012) carried out the
research work focused on the identification
of subsurface water recharge areas in Theni
district, Tamil Nadu. They mainly used the
weighted overlay approach in seven multi
influencing parameters, viz. lithology,
slope, lineament, soil type, land use,
drainage density and rainfall, and
considered the effect of each implemented
to workout possible potential zones for
groundwater. The ranking was given by
allocating a fixed value and rate of each
parameter and categorised in very poor,
poor, good and very good zones. They
discovered that the high potential zone was
confined tothe wupperregions of the
research area due to the high moisture
gripping ability of the land having alluvial

soil.
Factors affecting groundwater:

The availability and productivity of
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groundwater in any aquifer depends upon
numerous factors. For any study area, the
influencing parameters considered totally
depends on the availability of the data. The
climatic,

topographic, hydrogeological

factors alongwith soil types, lineament

geology,
drainage density can be considered as

density, geomorphology and
influencing parameters. These influencing
parameters give a strong dependable set of
data base effective groundwater potential
prediction of the study area in GIS

framework.

Hydrogeological factors:

The depths to water level and aquifer
thickness are the factors that influence the
availability of groundwater in any study
area. The depth to water level signifies the
hydraulic gradient of any point which can
be accessed from the India Water

Resources Information System, is a
valuable parameter in locating an area with
significant potential subsurface water. The
most significant hydrogeological elements
for identifying groundwater quality is
aquifer thickness and type. The data can be
accessed Central Groundwater Board of

India.

Drainage density is significantly important
for the groundwater prospect in an area.
The drainage system of an area is

determined by the natural and structure
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formation in the area, the streamline and

rainfall absorption capacity of soils,
vegetation type, and infiltration rate and
slope angle. A high drainage density causes
lower infiltration and improved surface

runoff.

Topographic factors:

The elevation, slope angle and aspect can
reflect the availability of groundwater as
higher the elevation and slope, lower the
availability of groundwater. The digital
elevation model (DEM) can be used to get
the elevation, slope and aspect.

Climatic factors:

The annual precipitation is considered as
most important climatic factor which is
influencing the water level of any study
area. The higher the rainfall, the higher will
be the groundwater potential. India
Meteorological Department (IMD) data can
be used to get the database of the annual

rainfall.

Geology, geomorphology, soil types and
lithology:

The geology, geomorphology and soil types
are influencing parameters to the
groundwater prospect. Various sub-type of
geology, geomorphology and soil types are
having the different capacity to retain the

water. Lithology plays an essential role in
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both the porosity and permeability of
aquifer materials. Lineament is directly
related to the availability and movement of
groundwater beneath the surface.

All the factors cumulatively help to access
the availability of groundwater in any study

area.
Multi-Influencing Factor (MIF):

Multi-Influencing Factor (MIF) is an
elementary technique to execute MCDM
based on existing knowledge of the relative
importance of different factors. This
method is extensively used to delineate
groundwater  potential  regions  and
sustainable watershed management in all
parts of the world. MIF method combined
with spatial database helps in effectively
reducing time, manpower and cost, leading
to rapid prioritisation for long-term water
resource administration.

MIF is considered as one of the best
approaches for the assessment of
Groundwater potential and depends on user
evaluation for weightage of the factors and
this dependency can directly affect the final
results (Kanga et al., 2017a, b; Rather et al.,
2018; Hassanin et al., 2020; Kanga et al.,

2021). It consists of the following steps:

Step 1: Selection of spatial scale: Initially,
The study area for which the groundwater

assessment should be done is selected. It can
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be carried out at different spatial scales, i.e.,

micro scale (village or household level) or

macro scale (district or state level).

Step 2: Identification & selection of
Influencing Parameters (IP) : The second
step is to identify the impacting
characteristics engaged in the demarcation
of aquifer potentiality based on theoretical
framework. Commonly used parameters
include geology, soil, lineaments, aspect,
gradient, drainage density, precipitation,

land use/land cover, and elevation.

Step 3: Quantification and measurement of
influencing  parameters:  Third phase
involves awarding a rating to designated
factors sub-groups and standardisation. An
appropriate rating is provided when each
factors subclasses are examined for their
efficacy in subsurface water recharging.
The impact of IPs with awarded rates
is depicted in a table.
Aquifer recharge subgroups with a strong
impact (R) are given a value of 1, whereas
subgroups with a weak effect (S) are given
a value of 0.5. The subgroups that aren't
useful are given zero value. The following
algorithm is then used to determine the
grade of each affecting factor and later
integrated using weighted overlay analysis,
(R+S)*100/Z (R+S)

where R is the primary connection between
two parameters and Sis the minor
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interdependence between two parameters.
After that, weights are awarded to specified
parameter subgroups. Each factors weight
is evenly split and a score is allocated to
each subgroup. Each factors subgroups and
score are then represented as tables
or charts. Data, in quantifiable units are
required for estimating groundwater
potential index. Groundwater potential
index (GWPI) is calculated by formula

given below.

GWPI = 7L, i1 (Wj * Wi)

where, Wi and Wj are the normalised
weights of the i™ and j™ classes of thematic
layers, m represents the count of the total
thematic layer and n represents the count of

whole classes in each thematic layer.

Step 4: Rasterization and reclassification of
influencing parameters: With the aid of GIS
program, the fourth stage entails rasterizing
and reclassifying factors levels as well as

the derived score.

Step 5:

potential zones: The groundwater potential

Assessment of groundwater

map (GPM) of the research region is
generated by combining all thematic levels
of impacting elements using ArcGIS in this
step. The result of the significant primary
impacting element and the subgroup
score of each impacting element yields the
resulting GPM.
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Step 6: Representation of groundwater

potential zones, spatial maps of influencing
parameters, charts of interrelationship
between parameters and tables of weight
and rank: Finally, the obtained groundwater
potential index value can be represented

with the help of tables, charts and maps.

CONCLUSION

The integration of the remote sensing and
GIS with decision making MIF technique
comes out as a powerful tool to access the
availability of groundwater in any study
area. In MIF technique, unlike expert based
methods weightage and ranking is given
based on the interrelationship between
factors which is liable to give more
accurate assessment for the availability of
the groundwater prospect. Studies have also
shown the excellent efficiency of MIF
technique in delineating ground water
potential zones. Influencing parameters
play a crucial role as outcome is highly
dependent on these factors. This approach
may be used in appropriate sites across a
broad region having craggy terrain. Various
groundwater recharge structures like
boulder dams, check dams, percolation
tanks, recharge pits etc., can be suggested
in appropriate locations according to the
derived results. The use of geoinformatics
is of utmost for reducing time, manpower
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and cost, leading to rapid prioritisation for

Iong-term water resource management.

ACKNOWLEDGEMENT

The author is highly thankful to Dr. Suraj
Kumar Singh (Associate Professor, Centre
for Climate Change and Water Research,
SGVU) and Dr. Shruti Kanga (Associate
Professor and Coordinator, Centre for
Climate Change and Water Research,
SGVU) for their endless support and

esteemed guidance.
REFERENCES

Abijith, D., Subbarayan Saravanan, S.,
Singh, L., Jennifer, J.J., Saranya,T., &
Parthasarathy, K.S.S. (2020). GIS-
based multi-criteria  analysis  for

identification of potential groundwater

recharge zones - a case study from

Ponnaniyaru watershed, Tamil Nadu,

India. HydroResearch, 3, 1-14.

Ahmed, A., Ranasinghe-Arachchilage, C.,
Alrajhi, A., & Hewa, G. (2021).
Comparison of Multicriteria Decision-
Making Techniques for Groundwater
Recharge Potential Zonation: Case
Study of theWillochra Basin, South
Australia. Water, 13, 525.

Anbarasu, S., Brindha, K., & Elango, L.
(2019).

method for delineation of groundwater

Multi-influencing  factor



SGVU J CLIM CHANGE WATER
VOL. 8, 2021 pp 01-13
ISSN: 2347-7741

SGVU J CLIM CHANGE WATER
VOL 8, 01-13

Sud, A.

Arkoprovo, B.,

Bhatt,

potential zones using remote sensing
and GIS techniques in the western part
of Perambalur district, southern India.
Earth
https://doi.org/10.1007/s12145-019-
00426-8

Science Informatics,

Jana Adarsa, J., &
Animesh, M. (2013). Application of
GIS and MIF

Elucidation of

Remote  Sensing,
technique  for
Groundwater Potential Zones from a
part of Orissa coastal tract, Eastern
India. Research Journal of Recent
Sciences, 2(11), 42-49.

Arunkumar, S. L., Chandrakantha, G., &

Sandhya, S.K. (2014). Deciphering

Groundwater Potential Zones in
Dandavathiriver Basin of Sorab Taluk,
Shivamogga District Using Remote
Gis.
Journal of Engineering Research &

Technology (IJERT), 3(8), 280-291.

Sensing  and International

Bera, A., Taloor, A. K., Meraj, G., Kanga,

S., Singh, S. K., Purin, B., & Anand,
S. (2021). Climate vulnerability and
economic determinants: Linkages and
risk reduction in Sagar Island, India; A
geospatial
Science Advances, 100038.

approach.  Quaternary

C. M,
assessment of the catastrophic Jhelum
floods of September 2014, Jammu &

et al. "Satellite-based

9|Page

Bhattacharya, S.,

Bhuvaneswaran, C.,

Kashmir, India." Geomatics, Natural
Hazards and Risk 8.2 (2017): 309-
327.

Das, S., Das, S,
Kalashetty, M., & Warghat, S. (2020).
An integrated approach for mapping

applying
geospatial and MIF techniques in the

groundwater  potential

semiarid region. Environment
Development and Sustainability. doi:

10.1007/s10668-020-00593-5

Ganesh, A, &
Nevedita, S. (2015). Spatial analysis
of groundwater potential zones using
GIS and MIF

Uppar odai

Remote sensing,

techniques in sub-
watershed, Nandiyar, Cauvery basin,
Tamil nadu. International Journal of
7(9), .20765-

Current Research,

20774.

Chandel, R. S., Kanga, S., & Singh, S. K.

(2021). Impact of COVID-19 on
tourism sector: a case study of
Rajasthan, India. Aims Geosciences,

7(2), 224-243.

Das, S., Gupta, A., & Ghosh, S. (2017).

Exploring groundwater potential zones
using MIF technique in semi-arid
region: a case study of Hingoli district,
Information

Maharashtra. ~ Spatial

Research, 25 (6), 749-756.


https://doi.org/10.1007/s12145-019-00426-8
https://doi.org/10.1007/s12145-019-00426-8

SGVU J CLIM CHANGE WATER Sud, A. SGVU J CLIM CHANGE WATER
VOL. 8, 2021 pp 01-13 VOL 8, 01-13

ISSN: 2347-7741
Etikala, B., Golla, V., Peiyue Li, P., & Joy, J.,, Kanga, S., Singh, S. K, &

Renati, S.R.  (2019). Deciphering Sudhanshu, S. (2021). Cadastral level
groundwater potential zones using Soil and Water conservation Priority
MIF technique and GIS: A study from Zonation using Geospatial technology.
Tirupati area, Chittoor District, International Journal of Agriculture
Andhra Pradesh, India. System, 9(1), 10-26.

HydroResearch, 1, 1-7. Kanga, S., Meraj, G. Faroogq, M.,

Fagbohun, B. J. (2018). Integrating GIS Nathawat, M. S., & Singh, S. K.
and multi-influencing factor technique (2021). Analyzing the risk to
for delineation of potential COVID-19 infection using remote
groundwater recharge zones in parts of sensing and GIS. Risk Analysis, 41(5),
Ilesha schist belt, southwestern 801-813.

Nigeria. Environmental Earth Kanga, S., Rather, M. A., Faroog, M., &

Sciences, 77. Singh, S. K. (2021). GIS Based Forest
HASSANIN, M., KANGA, S., FAROOQ, Fire Vulnerability Assessment and its
M., & SINGH, S. K. (2020). Mapping Validation using field and MODIS
of Trees outside Forest (ToF) From Data: A Case Study of Bhaderwah
Sentinel-2 MSI Satellite Data using Forest Division, Jammu and Kashmir
Object-Based Image Analysis. Gujarat (India). Indian Forester, 147(2), 120-
Agricultural  Universities Research 136.
Journal, 207. Kanga, S., Sheikh, A. J., & Godara, U.
Jhariya, D. C., Khan, R., Mondal, K. C., (2020b). Glscience for Groundwater
Kumar, T., Indhulekha, K., & Singh Prospect Zonation. Journal of Critical
V.K.  (2021). Assessment  of Reviews, 7(18), 697-709.
groundwater potential zone using GIS- Kanga, S., Singh S. K., Sudhanshu., 2017a.

based multi-influencing factor (MIF), “Delineation of Urban Built-Up and

multi-criteria decision analysis
(MCDA) and electrical resistivity

Change Detection Analysis using
Multi-Temporal  Satellite  Images."
survey techniques in Raipur city, International ~ Journal  of  Recent
Chhattisgarh, India. AQUA — Water Research Aspects 4.3: 1-9.
Infrastructure, Ecosystems and

Society, 70(3), 375-400.

10| Page



SGVU J CLIM CHANGE WATER Sud, A.
VOL. 8, 2021 pp 01-13

ISSN: 2347-7741

Kanga, Shruti, et al. "Modeling the Spatial

Pattern of Sediment Flow in Lower
Hugli Estuary, West Bengal, India by
Quantifying  Suspended  Sediment
Concentration (SSC) and Depth
Conditions using Geoinformatics."”
Applied Computing and Geosciences
(2020a): 100043.

Kanga, Shruti, Sumit Kumar, and Suraj
Kumar Singh. "Climate induced
variation in forest fire using Remote
Sensing and GIS in Bilaspur District
of Himachal Pradesh.” International
Journal of Engineering and Computer
Science 6.6 (2017b): 21695-21702.

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.

Nag, S.K., & Ray, S. (2015). Deciphering
Groundwater Potential Zones Using
Geospatial Technology: A Study in
Bankura Block | and Block I,
Bankura District, West Bengal.
Arabian Journal for Science and
Engineering, 40(1), 205-214.

Nasir, M.J., Khan, S., Ayaz, T., Khan,
A.Z., Ahmad, W., & Lei, M. (2021).
Integrated Geospatial Multi Infuencing

11| Page

SGVU J CLIM CHANGE WATER

VOL 8, 01-13
Factor Approach to Delineate and
Identify Groundwater Potential Zones
in  Kabul Province, Afghanistan.
Research Square,
https://doi.org/10.21203/rs.3.rs-
211720/v1

Pandey, A. C., Singh, S. K., & Nathawat,

M. S. (2010). Waterlogging and flood
hazards  vulnerability —and  risk
assessment  in  Indo  Gangetic
plain. Natural hazards, 55(2), 273-
289.

Pandey, A. C., Singh, S. K., Nathawat, M.

S., & Saha, D. (2013). Assessment of
surface and subsurface waterlogging,
water  level  fluctuations, and
lithological variations for evaluating
groundwater resources in Ganga
Plains. International ~ Journal  of
Digital Earth, 6(3), 276-296.

Rahman, M.A., Rusteberg, B., Gogu, R.C.,

Ferreira, J. P. L., & Sauter, M. (2012).
A new spatial multi-criteria decision
support tool for site selection for
implementation of managed aquifer
recharge. Journal of Environmental
Management, 99, 61-75.

Raju, R.S., Raju, G.S., & Rajasekhar, M.

(2019).Identification of groundwater
potential zones in Mandavi River

basin, Andhra Pradesh, India using


https://doi.org/10.21203/rs.3.rs-211720/v1
https://doi.org/10.21203/rs.3.rs-211720/v1

SGVU J CLIM CHANGE WATER
VOL. 8, 2021 pp 01-13
ISSN: 2347-7741
remote sensing, GIS and MIF

techniques. HydroResearch, 2, 1-11.

Rather, M. A., et al. "Remote sensing and
GIS based forest fire vulnerability
assessment in Dachigam National
park, North Western Himalaya." Asian
Journal of Applied Sciences 11.2
(2018): 98-114.

Raviraj, A., Kuruppath, N., & Kannan, B.
(2017). Identification of Potential
Groundwater Recharge Zones Using
Remote Sensing and Geographical
Information System in Amaravathy
Basin. Journal of Remote Sensing &
GIS, 6(4).

Sarwar, A., Ahmad, S.R., Rehmani, M.l.A,,
Asif Javid, M., Gulzar, S., Shehzad,
M.A., Dar, J. S., Baazeem, A., Igbal,
M.A., Rahman, M.H.U., et al. (2021).
Mapping Groundwater Potential for
Irrigation, by Geographical
Information System and Remote
Sensing Techniques: A Case Study of
District  Lower  Dir,  Pakistan.
Atmosphere, 12, 6609.

Selvam, S, Magesh, N.S.,
Sivasubramanian, P,
Soundranayagam, J.P., Manimaran,
G., & Seshunarayana, T. (2014).
Deciphering of Groundwater Potential
Zones in Tuticorin, Tamil Nadu, using

Remote Sensing and GIS Techniques.

12| Page

SGVU J CLIM CHANGE WATER
VOL 8, 01-13

Journal Geological Society of India
,84, 597-608.

Selvarani, A.G., Elangovan, K., & Kumar,

C.S. (2016). Evaluation of
groundwater potential zones using
electrical resistivity and GIS in
Noyyal River basin, Tamil Nadu.
Journal Geological Society of India,
87(5), 573-582.

Sener, E., Sener, S., & Davraz, A. (2018).

Groundwater potential mapping by
combining fuzzyanalytic hierarchy
process and GIS in Beysehir Lake
Basin, Turkey. Arabian Journal of
Geociences,
https://doi.org/10.1007/s12517-018-
3510-x

Senthilkumar, M., Gnanasundar, D., &

Arumugam, R. (2019). Identifying
groundwater recharge zones using
remote sensing & GIS techniques in
Amaravathi aquifer system, Tamil
Nadu, South India. Sustainable

Environment Research, 29(15).

Sharma, A., & Kanga, S. (2020). Surface

Runoff Estimation Of Sind River
Basin Using SCS-CN Method And
GIS Technology.

Singh, S. K., & Pandey, A. C. (2014).

Geomorphology and the controls of

geohydrology on waterlogging in


https://doi.org/10.1007/s12517-018-3510-x
https://doi.org/10.1007/s12517-018-3510-x

SGVU J CLIM CHANGE WATER
VOL. 8, 2021 pp 01-13
ISSN: 2347-7741

Gangetic  Plains, North  Bihar,
India. Environmental earth

sciences, 71(4), 1561-1579.

Singh, S. K., Kanga, S., & Mishra, S. K.
(2017). Delineation of Groundwater
Potential Zone Using Geospatial

Techniques for Shimla City, Himachal

Pradesh (India). 1JSRD - International

Journal for Scientific Research &

Development, 5(4), 225-234.

Singh, S. K., S. K. Mishra, and S. Kanga.
"Delineation of groundwater potential
zone using geospatial techniques for
Shimla city, Himachal Pradesh

(India).” International Journal for

Scientific Research and Development

5.4 (2017b): 225-234

Thapa, R., Gupta, S., Guin, S., & Kaur, H.
(2017). Assessment of groundwater
potential  zones  using  multi-

influencing factor (MIF) and GIS: a

case study from Birbhum district,

West Bengal. Applied Water Science,

7,4117-4131.

Tomar, J. S., Kranj¢i¢, N., Purin, B.,
Kanga, S., & Singh, S. K. (2021).
Forest Fire Hazards Vulnerability and
Risk Assessment in Sirmaur District
Forest of Himachal Pradesh (India): A

ISPRS

Journal of Geo-

Geospatial Approach.
International

Information, 10(7), 447.

13| Page

SGVU J CLIM CHANGE WATER
VOL 8, 01-13

Yeh, H.F., Cheng, Y.S., Lin, H.l., & Lee,
C.H. (2016). Mapping groundwater
recharge potential zone using a GIS
approach in Hualian River, Taiwan.
Sustainable Environment Research,
26, 33-43.

Zghibi, A., Mirchi, A., Msaddek, M. H.,
Merzougui, A., Zouhri, L., Taupin, J.
D., Chekirbane, A., Chenini, I., &
Tarhouni, J. (2020). Using Analytical
Multi-

Factors to  Map

Hierarchy  Process and
Influencing
Groundwater Recharge Zones in a
Semi-Arid

Aquifer. Water, 12, 2525.

Mediterranean  Coastal



