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Abstract
Sustainable use of groundwater is essential in any region to increase long-term agricultural sustainability as well as to maintain
the pace of socio-economic development of the region. Groundwater is a most vital and valuable natural resource for ecosystems
and communities in the drought-prone western part ofWest Bengal, India. The intensity of agriculture in drought-prone areas has
resulted in the expansion of groundwater. The current study has been conducted in a semi-arid upper Dwarakeshwar River basin
which is basically a meteorological as well as agricultural drought-prone and agro-economy-based region. The current paper
attempts to illustrate the areas of groundwater potentiality by using Analytical Hierarchy Process (AHP) and Geographic
Information System (GIS). Appropriate weight has been determined for each factor and their subclasses on the basis of their
relative importance by using the AHP technique. The final output map has been integrated by using total twelve sets of
groundwater influencing thematic layers, namely: aquifer media, mean annual groundwater level, lithology, land use and land
cover, rainfall, drainage density, soil drainage, soil texture, Normalized Difference Vegetation Index (NDVI), elevation, curva-
ture, and slope. It has been classified into five zones: very poor, poor, moderate, well, and excellent covering an area of 256.87
km2 (13.38%), 581.79 km2 (30.30%), 607.91 km2 (31.66%), 381.58 km2 (19.87%), and 91.36 km2 (4.76%), respectively, and
finally, results have been validated with the help of mean annual groundwater level data of 50 dug wells through the Receiver
Operating Characteristic (ROC) curve. The result of Area Under Curve (AUC) value is 0.871 that indicates 87.1% accuracy and
reliability for better planning, management, and resource development in an effective way.
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Introduction

Groundwater is a common and most significant source of
drinking water, which also provides for irrigation worldwide
(Gleick 1993; Hellegers et al. 2001; Wang et al. 2012;
Mukherjee et al. 2012; Pfeiffer and Lin 2014; Kolanuvada
et al. 2019; Jasrotia et al. 2019; Kadam et al. 2020).

Approximately 1.5 billion people are dependent on ground-
water, and a population of 2.53 billion are living in highly
water-stressed parts of the world (Shen et al. 2008; Shen
et al. 2014). In arid and semi-arid regions, groundwater is
one of the most essential and valuable natural resources
(Razandi et al. 2015; Mukherjee et al. 2012). Groundwater is
the only source of long-lived water supply in dry, drought-
prone areas of the world, and nowadays, groundwater is being
increasingly exploited for public supply of drinking and agri-
cultural purposes (Calow et al. 1997; Peters et al. 2005).
During drought, the performance of groundwater becomes
increasingly significant (White et al. 1999; Peters et al.
2005). It has been shown that the characteristics of the ground-
water systems change in drought-prone regions due to the
excessive use of groundwater (Peters et al. 2003). In develop-
ing countries such as India, groundwater plays a key role in
turning the wheel of development, especially in the agrarian
economy (Bhunia et al. 2012). According to the National
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Institute of Hydrology (NIH), India is the world’s largest
groundwater user (Kumar and Krishna 2016). In India, more
than 90% of rural and more than 30% of the urban population
are dependent on groundwater for their livelihood (Agarwal
and Garg 2016; Patra et al. 2018). Another research shows that
currently 85% of India’s rural population meet their drinking
and domestic water needs from groundwater (Kadam et al.
2020). Currently, many states of India are suffering from se-
vere groundwater crisis due to the rapidly growing population
and increasing inhabitants’ area, agriculture, and rapid indus-
trialization. So it has resulted in continued abstraction, degra-
dation, and depletion of groundwater (Pande et al. 2017; Patra
et al. 2018; Das and Mukhopadhyay 2018; Kadam et al.
2020). The total annual groundwater availability of West
Bengal is 22.56 Billion Cubic Meter (BCM) and the gross
draft used is 10.91 BCM (Rudra et al. 2017). The availability
of groundwater is limited in hard cliffs like the Red and Lattic
zones (Chowdhury et al. 2009; Thivya et al. 2014; Shekhar
and Pandey 2015).

The western districts of West Bengal, mainly Purulia,
Bankura, Jhargram, Paschim Midnapore, and Brihbhum are
recurrently facing an irregular deficit of annual rainfall, thus
being repeatedly affected by drought. During the summer
months, most surface water sources such as ponds and streams
dry up completely and stand as the only alternative to the
groundwater supply (Thapa et al. 2017; Ghosh and Jana
2017; Roy et al. 2020). The study area falls between Purulia
and Bankura districts. This region is recognized as a histori-
cally drought-prone region due to its undulating terrain
capped which generates huge runoff, followed by a quick
return of water into the atmosphere owing to higher evapora-
tion rate (Mukherjee and Singh 2020). Though this region
receives high amount of rainfall (1400 mm), 90% of rainfall
happens in the months of June to September (Ghosh and Jana
2017). Acute water shortage has been observed in this region
mainly during the summer season (pre-monsoon season). As
the district is drought-prone, farmers are dependent on rainfall
during the monsoon for their agricultural activities. This study
area faced severe meteorological as well as agricultural
drought several times in the recent decade (Das et al. 2013;
Palchaudhuri and Biswas 2020; Bhunia et al. 2020). In recent
years (2000–2016), this region experienced agricultural
drought conditions in 2002, 2010, and 2015 (Palchaudhuri
and Biswas 2020).

Different strategies which have been adopted by researchers
to tackle these issues are Multi-Influencing Factor (MIF)
(Magesh et al. 2012), frequency ratio (Elmahdy and Mohamed
2015; Guru et al. 2017), GIS-based Influencing Factor (IF) and
Frequency Ratio (FR) techniques (Das and Pardeshi 2018), GIS-
based Dempster-Shafer model (Mogaji et al. 2015), Logistic
Regression (LR) (Pourtaghi and Pourghasemi 2014), Certainty
Factor (CF) (Razandi et al. 2015), Weights-Of-Evidence (WOE)
(Al-Abadi 2015; Tahmassebipoor et al. 2016; Ghorbani Nejad

et al. 2017), Evidential Belief Function (EBF) (Pourghasemi and
Beheshtirad 2015), Maximum Entropy (ME) (Rahmati et al.
2014), fuzzy logic (Ghayoumian et al. 2007), machine learning
models like Artificial Neural Network (ANN) (Lee et al. 2012;
Lee et al. 2018), Classification And Regression Tree (CART)
and Boosted Regression Tree (BRT) (Naghibi and
Pourghasemi 2015), numerical modeling and Decision Tree
(DT) (Saghebian et al. 2014; Lee and Lee 2015), random forest
model (Naghibi et al. 2016), multivariate adaptive regression
spline model (Zabihi et al. 2016) etc. Groundwater is an unex-
posed and valuable natural resource, and therefore, it cannot be
directly identified. Although various sets of methods are used to
search for groundwater, its mapping is an extremely challenging
task. Stratigraphy investigation, drilling test, and boring are the
most commonly used methods for determining the groundwater
level and the thickness of the aquifers, and for estimating the
volume of present groundwater (Jha et al. 2010; Bera et al.
2021). However, these methods rely on heavy materials and
are expensive and time-consuming in determining the availabil-
ity of groundwater resources in an area (Patra et al. 2018).

Lithologically, Purulia and some parts of Bankura district are
a hard rock terrain, and as a consequence of this, they have low
primary porosity and permeability. The layer of soil overlying the
hard rock terrain shows a maximum depth of 25 m and the
retaining capacity of soil ranges from medium to low (Bera
and Das 2021). Deep aquifer is rarely found in the entire
Purulia district. In western part of Bankura, weathered residuum
and fractures of granite are the main source of ground water with
a depth of 30–60 m below ground level (Bhunia et al. 2020). In
hard rock regions, the lack of reliable information and the com-
plexity of the highly variable nature of the geological environ-
ment make it a relatively complex task (Guru et al. 2017). Over
the past few decades, several studies have been conducted
around the world to identify potential areas of groundwater using
remote sensing andGIS (Ahmed II andMansor 2018; Patra et al.
2018;Mageshkumar et al. 2019; Rehman et al. 2019; Rajasekhar
et al. 2020; Bera et al. 2020). Remote sensing and GIS strategies
plays an important role in identifying suitable sites for sustainable
groundwater management. In this context, for the integration of
GIS, RS method can be cited as an example of a process that
converts and integrates geographic data and weight rankings for
decision-making with AHP techniques (Sargaonkar et al. 2011).

In the present days, AHP multi-criteria techniques have
been considered a standardized system to assess groundwater
potentiality and has been applied by several researchers
(Ferozu et al. 2018; Patra et al. 2018; Nithya et al. 2019;
Rajasekhar et al. 2019; Arefin 2020a, b; Mukherjee and
Singh 2020). The AHP method is a well-renowned tool large-
ly used in multi-criteria technique which has been incorporat-
ed into the GIS-based suitability procedures, and the accuracy
of this model is remarkably high (Bera et al. 2020; Biswas
et al. 2020). The present study focuses on the identification of
groundwater potential zone in the upper Dwarakeshwar River
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basin, West Bengal, using AHP and GIS techniques for the
management and planning of groundwater resources. It also
helps to select the most suitable drilling location of new
groundwater exploration wells. In addition, this method can
widely be used for sustainable water resource management,
groundwater exploration, and artificial recharge zone identifi-
cation in different parts of the world, where similar kind of
physio-climatic conditions are observed.

Study area

The upper part of the Dwarakeshwar River basin is situated in
the central part of Purulia and Bankura districts.
Geomorphologically, this river basin is a part of the
“Chotanagpur Plateau” region. This river is rain-fed and flows
from northwest to southeast (Roy et al. 2020). It is situated
between 23° 08′ 58.80″ and 23° 31′ 55.88″ north latitudes
and between 86° 30′ 52.43″ and 87° 09′ 13.34″ east longitudes

(Fig. 1). It has an area of 1934 km2. The average temperature of
this subtropical semi-arid region is 40–46°C in summer and
about 7–11°C in winter. The recorded annual rainfall is around
1200–1400 mm. Eighty percent of the total rainfall occurs dur-
ing the monsoon season and the rest of the twenty percent is
raining during the pre and post-monsoon seasons. The terrain is
characterized by hard rock plateaus, enclosing laterites, and flat
sedimentary fields (Nag and Kundu 2016). Agriculture is the
main source of livelihood in this drought-prone study area. Aus
and aman paddy, pulses, mustard, and potato are the main crops
of the study area.

Materials and methods

The potential groundwater mapping of upper Dwarakeshwar
River basin consists of four main parts—(1) Spatial data have
been collected which are directly or indirectly related to

Fig. 1 Location map of the study
area. a India. b West Bengal
(Bankura district is shown in
yellow and Purulia district shown
in blue color). c Spatial
distribution of dug well and
rainfall station of upper
Dwarakeshwar River basin
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groundwater potential.The description of these data and their
main sources are shown in Table 1. (2) The collected data sets
have been converted into thematic maps, using GIS software.
The pixel sizes of all thematic layers have been resampled to
30 m. (3) The weights are calculated for related factors and
their subclasses through AHP comparison matrix. (4) Finally,
the groundwater potential map is prepared using the weighted
overlay analysis method and it is further validated with
the help of Receiver Operating Characteristic (ROC) curve.

Themethodological flowchart in this study has been presented
in Fig. 2 .

Preparation of thematic layers

The potential groundwater mapping of the upper Dwarakeshwar
River basin has been determined using 12 thematic layers. The
aquifer map was collected from the Central Ground Water
Board (CGWB), Ministry of water Resources, Government of

Table 1 Data sources used for
thematic layer preparation Data Source

Aquifer systems of India (scale—
1:50,000)

Central Ground Water Board (CGWB), Ministry of water Resources,
Government of India

Ground water data Central Ground Water Board (CGWB), India, http://cgwb.gov.in/

Lithology (scale—1:50,000) Geological Survey of India (GSI)

LANDSAT 8 (spatial resolution 30
m)

USGS earth explorer

(LC08_L1TP_139044_20181220_20181227_01_T1)

SRTMDEM (spatial resolution 30m) USGS earth explorer

(n23_e086_1arc_v3, n23_e087_1arc_v3)

Rainfall data India Meteorological Department (IMD), Pune

Soil texture and drainage map
(scale—1:50,000)

National Bureau of Soil Survey and Land Use planning (NBSS &
LUP)

Fig. 2 Methodological flowchart
of groundwater potential zone
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India. The lithology map was collected from the Geological
Survey of India (GSI). The soil drainage and soil texture maps
were obtained from theNational Bureau of Soil Survey and Land
Use Planning (NBSS & LUP). These maps were scanned and
georeferenced using WGS 84 datum, UTM zone 45 N projec-
tion. The ArcGIS 10.3 software has been employed to digitize
themaps intended for further analysis. TheAverage groundwater
level map is prepared by the Inverse Distance-Weighted (IDW)
interpolation method using seasonal point data, collected from
the Central GroundWater Board (CGWB). The rainfall data has
been collected from India Meteorological Department (IMD),
Pune, and the rainfall map is prepared by the IDW interpolation
method. The elevation, curvature, and slope, mapswere prepared
from the Shuttle Radar Topographic Mission (SRTM) Digital
Elevation Model (DEM) having a resolution of 30 m. In ARC
GIS 10.3 environment using the spatial analyst tools, firstly, the
flow directionmap followed by the flow accumulationmapwere
performed, and finally, the streams are generated. Using line
density tool, the drainage map is prepared. In this study,
Normalized Difference Vegetation Index (NDVI) maps were
prepared from Landsat 8 data. The NDVI is calculated using
the following formula (Rouse et al. 1974):

NDVI ¼ NIR BAND−RED BANDð Þ
NIR BANDþ RED BANDð Þ

The land use and land cover map has been prepared from
Landsat 8 OLI satellite imagery from earth explorer (https://
earthexplorer.usgs.gov/) which further cross checked by field
verification. It was pre-processed for noise and haze correc-
tion, and then, all bands were made composite. Classifications
were created using the supervised classification method under
the maximum likelihood classification tool of Arc GIS 10.3
software.

Analytical Hierarchy Process (AHP)

Analytical Hierarchy Process (AHP) is simple and widely
used for multiple purposes, and it has a worldwide accep-
tance in multi-criterion decadence making that was first in-
troduced by Saaty (1980). The AHP method enables the
estimate of percentage distribution in result judgment points
with conditioning factors that affect the result. This method
conducts a comparison matrix for the discretion of a deci-
sion sequence. Significant differences are disclosed in terms
of percentage distribution in decision points (Nefeslioglu
et al. 2013). The adoption of AHP, particularly for

qualitative performance data, is due to the fact that qualita-
tive factors are often complicated and inconsistent. In addi-
tion, when compared to other multi-attribute decision
methods, the user acceptability and consistency in the anal-
ysis given by the AHP methodology is strong, and precise
calculations are carried out in the expert choice process, and
it can be understood and measured very easily (Kumru and
Kumru 2014). The AHP provides a framework for subjec-
tive decision-making processes, serves as a consistency
checker and makes predictions about the implicit weights
of assessment criteria, and enhances clarity and engagement
among members of the decision-making team, resulting in a
commitment to the preferred alternative (Kumru and Kumru
2014; Horňáková et al. 2019).

In the basin-scale study, potential areas of groundwater in
the study area have been identified based on a total of twelve
thematic layers with factors such as aquifer, average groundwa-
ter level, lithology, Land Use and Land Cover (LULC), rainfall,
drainage density, soil drainage, soil texture, NDVI, elevation,
curvature, and, slope. Then, weights are allocated to the themat-
ic layers, based on their relative importance and influencing
capacity in considering the probability of groundwater potenti-
ality. The weightage is given on each parameter according to its
relative importance. The Satty relative scale ranges from 1 to 9,
where 1 denotes the trivial or equal significance and 9 denotes
final choice or absolute significance which is used for the ana-
lytical decision-making, as shown in Table 2. The decision
hierarchy is assigned as an off-diagonal relation of one-half of
the value of each matrix in the even comparison matrix. The
role of each factor independently evaluates on this pairwise
comparison matrix (Table 3). Then, the normalized matrix of
GWPZ is calculated (Table 4). The subclasses of each individ-
ual thematic raster layers have been given weights by using the
pairwise comparison matrix and a relative rating of each sub-
class (Table 5). Consistency Ratio (CR) checked to determining
either pairwise comparisons has been consistent or not. If CR is
< 0.10, it indicates acceptability of continuity, for recognizing
the class weights. Otherwise, re-assessment of the concerning
weights is done to avoid inconsistencies (Agarwal and Garg
2016; Bera et al. 2019). CR has been calculated from this fol-
lowing equation:

CR ¼ CI

RCI

where CR = consistency ratio; CI = consistency index; RCI =
random consistency index, and CI = consistency indexes have

Table 2 The Satty 9-point relative scale

Scale’s 1 2 3 4 5 6 7 8 9

Degree of importance Equal Weak Slight Moderate Quite Very strong Extreme Very strongly extreme Absolute
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been calculated from the following equation (Kumar and
Krishna 2016).

CI ¼ λmax−n
n−1

where CI is the consistency index; λmax is the principal eigen-
value of the decisionmatrix, and n is the total number of factors.
The principal eigenvalue (λ) has been calculated from the

equation given below (Agarwal and Garg 2016; Kumar and
Krishna 2016).

λmax ¼ 1

n
∑
n

wi

AWð Þi
wi

where λmax is the principal eigenvalue; W is eigenvector of
λmax; and wi is the eigenvalue of weight value for ranking i.
The value of the random consistency index (RCI) was obtained

Table 3 Pairwise comparison
matrix for all parameters Parameter AQ MAGL LI LULC RA DD SD ST NDVI EL CU SL

Aquifer 1 2 3 4 5 5 6 6 7 8 8 9

Mean annual
groundwater
level

1/2 1 2 3 4 5 5 6 6 7 8 9

Lithology 1/3 1/2 1 2 3 4 5 5 6 6 7 8

Land use and
land cover

1/4 1/3 1/2 1 2 3 4 5 5 6 6 7

Rainfall 1/5 1/4 1/3 1/2 1 2 3 4 5 6 6 7

Drainage density 1/5 1/5 1/4 1/3 1/2 1 2 3 4 5 5 6

Soil drainage 1/6 1/5 1/5 1/4 1/3 1/2 1 2 3 4 5 5

Soil texture 1/6 1/6 1/5 1/5 1/4 1/3 1/2 1 2 1 1 5

NDVI 1/7 1/6 1/6 1/5 1/5 1/4 1/3 1/2 1 2 3 4

Elevation 1/8 1/7 1/6 1/6 1/6 1/5 1/4 1 1/2 1 2 3

Curvature 1/8 1/8 1/7 1/6 1/6 1/5 1/5 1 1/3 1/2 1 2

Slope 1/9 1/9 1/8 1/7 1/7 1/6 1/5 1/5 1/4 1/3 1/2 1

Table 4 Normalized matrix of for all parameters

Parameter Aquifer Mean annual
groundwater
level

Lithology Land
use
and
land
cover

Rainfall Drainage
density

Soil
drainage

Soil
texture

NDVI Elevation Curvature Slope Weights

Aquifer 0.3011 0.3849 0.3711 0.3345 0.2983 0.2309 0.2183 0.1729 0.1746 0.1708 0.1524 0.1364 0.2455

Mean annual
ground-
water
level

0.1506 0.1925 0.2474 0.2508 0.2387 0.2309 0.1819 0.1729 0.1497 0.1495 0.1524 0.1364 0.1878

Lithology 0.1004 0.0962 0.1237 0.1672 0.179 0.1848 0.1819 0.1441 0.1497 0.1281 0.1333 0.1212 0.1425

Land use and
land cover

0.0753 0.0642 0.0618 0.0836 0.1193 0.1386 0.1455 0.1441 0.1247 0.1281 0.1143 0.1061 0.1088

Rainfall 0.0602 0.0481 0.0412 0.0418 0.0597 0.0924 0.1092 0.1153 0.1247 0.1281 0.1143 0.1061 0.0868

Drainage
density

0.0602 0.0385 0.0309 0.0279 0.0298 0.0462 0.0728 0.0865 0.0998 0.1068 0.0952 0.0909 0.0655

Soil drainage 0.0502 0.0385 0.0247 0.0209 0.0199 0.0231 0.0364 0.0576 0.0748 0.0854 0.0952 0.0758 0.0502

Soil texture 0.0502 0.0321 0.0247 0.0167 0.0149 0.0154 0.0182 0.0288 0.0499 0.0214 0.019 0.0758 0.0306

NDVI 0.043 0.0321 0.0206 0.0167 0.0119 0.0115 0.0121 0.0144 0.0249 0.0427 0.0571 0.0606 0.029

Elevation 0.0376 0.0275 0.0206 0.0139 0.0099 0.0092 0.0091 0.0288 0.0125 0.0214 0.0381 0.0455 0.0228

Curvature 0.0376 0.0241 0.0177 0.0139 0.0099 0.0092 0.0073 0.0288 0.0083 0.0107 0.019 0.0303 0.0181

Slope 0.0335 0.0214 0.0155 0.0119 0.0085 0.0077 0.0073 0.0058 0.0062 0.0071 0.0095 0.0152 0.0125

Principal eigenvalue = 13.047306; consistency ratio (CR) = 0.062017
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Table 5 Normalize weight assignments for all subcategories by AHP techniques.

Parameter Subclasses 1 2 3 4 5 6 7 CR Weights

Aquifer Older alluvium 1 2 3 5 7 9 0.009261 0.414789

Older alluvium, sand, and silt 1/2 1 2 3 5 7 0.254692

Laterite 1/3 1/2 1 2 3 5 0.153233

Schist 1/5 1/3 1/2 1 2 3 0.089637

Banded Gneissic Complex 1/7 1/5 1/3 1/2 1 2 0.054036

Basic intrusives 1/9 1/7 1/5 1/3 1/2 1 0.033613

Mean annual groundwater level 2.13–3.92 1 3 5 7 9 0.052763 0.512808

3.93–4.45 1/3 1 3 5 7 0.261513

4.46–4.97 1/5 1/3 1 3 5 0.128978

4.98–6.05 1/7 1/5 1/3 1 3 0.063371

6.05–8.82 1/9 1/7 1/5 1/3 1 0.033331

Lithology Tertiary to Quarternary 1 2 3 4 0.011357 0.467295

Pleistocene to Recent 1/2 1 2 3 0.277181

Paleozoic to Jurassic 1/3 1/2 1 2 0.160089

Archaean to Tertiary 1/4 1/3 1/2 1 0.095435

Land use and land cover Water bodies 1 2 3 4 5 0.01514 0.418534

Natural vegetation 1/2 1 2 3 4 0.262519

Agricultural land 1/3 1/2 1 2 3 0.159926

Fallow land 1/4 1/3 1/2 1 2 0.097255

Settlement 1/5 1/4 1/3 1/2 1 0.061766

Rainfall 1585–1631 1 3 4 6 7 0.057679 0.485101

1540–1584 1/3 1 3 4 6 0.261929

1499–1539 1/4 1/3 1 3 4 0.138849

1454–1498 1/6 1/4 1/3 1 3 0.073692

1398–1453 1/7 1/6 1/4 1/3 1 0.04043

Drainage density 0.0021–0.72 1 2 4 5 7 0.016312 0.457232

0.73–1.1 1/2 1 2 4 5 0.266641

1.2–1.4 1/4 1/2 1 2 4 0.147535

1.5–1.9 1/5 1/4 1/2 1 2 0.080526

2–3.6 1/7 1/5 1/4 1/2 1 0.048066

Soil drainage Excessive 1 2 3 5 7 8 9 0.019654 0.382138

Somewhat excessive 1/2 1 2 3 5 7 8 0.247937

Well 1/3 1/2 1 2 3 5 7 0.157006

Mod. well 1/5 1/3 1/2 1 2 3 5 0.094868

Imperfect well 1/7 1/5 1/3 1/2 1 2 3 0.056972

Imperfect mod 1/8 1/7 1/5 1/3 1/2 1 2 0.03639

Imperfect 1/9 1/8 1/7 1/5 1/3 1/2 1 0.02469

Soil texture Sandy-loamy group 1 2 3 5 7 0.006237 0.444648

Sandy-clay group 1/2 1 2 3 5 0.261921

Loamy group 1/3 1/2 1 2 3 0.152359

Gravelly group 1/5 1/3 1/2 1 2 0.08868

Clay group 1/7 1/5 1/3 1/2 1 0.052392

NDVI 0.201 to 0.387 1 3 5 7 0.025134 0.569273

0.101 to 0.2 1/3 1 3 5 0.264284

0.001 to 0.1 1/5 1/3 1 2 0.105522

− 0.134 to 0 1/7 1/5 1/2 1 0.060921

Elevation 69–112 1 2 3 4 5 0.01514 0.418534

113–140 1/2 1 2 3 4 0.262519

141–168 1/3 1/2 1 2 3 0.159926

Page 7 of 22     960Arab J Geosci (2021) 14: 960



from a sample of the Saaty matrices (Saaty 1990; Arulbalaji
et al. 2019), which are shown in Table 6. In this current study,
the calculated CR is 0.062017, indicating that the feature com-
parison was very consistent and the weights are applicable for
the potential groundwater models. In order to determine poten-
tial areas of groundwater, the weighted linear combination
(WLC) strategy is used.

BPGWI ¼ ∑
m

w¼1
∑
n

r¼1
FW � Frð Þ

where Fw performs the normalized weight of the w thematic
layer; Fr performs the relative rating of the r thematic layer; m
performs the total amount of thematic layers; and n performs
the total amount of subclasses in the thematic layers (Shekhar
and Pandey 2015; Agarwal andGarg 2016; Kumar andKrishna
2016).

Result and discussion

Aquifer

The aquifer determines the recharge capacity as well as the
storage capacity of the groundwater. The greater thickness of
the aquifer represents the greater storage capacity of ground-
water, and vice versa (Das and Mukhopadhyay 2018). The
aquifer system of a region is considered to be a necessary
parameter in describing the potentiality of groundwater in that
region. This selected factor represents a wide range of geolog-
ical and meteorological conditions of the given study area. It is

not easy to determine the amount of groundwater recharge in
aquifers located in drought-prone semi-arid areas. There are
six types of principal aquifer systems in this basin (Fig. 3).
They are (a) older alluvium covering an area of 41 km2 shar-
ing 2.11%, (b) older alluvium sand and silt covering an area of
30.92 km2 sharing 1.60%, (c) laterite covering an area of
555.22 km2 sharing 28.71%, (d) schist (342.71 km2,
17.52%), (e) Banded Gneissic Complex (903.48 km2,
46.72%), and (f) basic intrusive, covering an area 60.59 km2

sharing 3.13%. According to the CGWB, the annual replen-
ishable recharge capacity of these aquifer systems is 0.89,
0.80, 0.77, 0.71, 0.63, and 0.33 (months/year), respectively.
Higher annual replenishable recharge capacity values of the
aquifer systems denoted higher groundwater potentiality and
vice versa.

Mean annual groundwater level

Mean annual groundwater level means the yearly mean of pre-
monsoon, post-monsoon, and monsoon seasons, which helps
us the overall groundwater scenario of this study area. It is an
important parameter which can be used to easily assess the
groundwater condition of any region. The temporal and dy-
namic nature of groundwater level data shows the spatiotem-
poral difference between the monsoon and post-monsoon
groundwater levels for different years (Patra et al. 2018).
Here, groundwater data has been collected from the CGWB,
India. Then the average ground water levels has been calcu-
lated with the help of pre-monsoon, post-monsoon (Rabi), and
monsoon data. Point data is converted into thematic layer with

Table 5 (continued)

Parameter Subclasses 1 2 3 4 5 6 7 CR Weights

169–201 1/4 1/3 1/2 1 2 0.097255

202–255 1/5 1/4 1/3 1/2 1 0.061766

Curvature Concave 1 3 5 0.040191 0.636982

Flat 1/3 1 3 0.25829

Convex 1/5 1/3 1 0.104729

Slope 0–1 1 2 4 7 9 0.007106 0.482633

1.1–3 1/2 1 2 4 7 0.268298

3.1–5 1/4 1/2 1 2 4 0.138139

5.1–7 1/7 1/4 1/2 1 2 0.070782

> 7 1/9 1/7 1/4 1/2 1 0.040149

Table 6 Saaty’s Random consistency index (RCI) value. Source: Arulbalaji et al. (2019)

n 1 2 3 4 5 6 7 8 9 10 11 12

RI 0.0 0.0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48
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the help of interpolation (IDW) method in ArcGIS environ-
ment. Shallow depth of the groundwater table is compatible
for groundwater recharge and vice versa. Relation between
groundwater and groundwater potentiality is highly positive
which means that the area has a high potential for groundwa-
ter, and that the ground water level is nearer to the surface in
this area. Here, the average depth value of the groundwater
table ranges from 2.13 to 8.82 mbgl. The average under-
ground map is classified into five categories, viz., very low
(6.05–8.82 mbgl), which comprises 8.58 km2 (0.44%) area,
low (4.97–6.05 mbgl) comprising 240.57 km2 (12.44%) area,
medium (4.46–4.97 mbgl) which comprises 583.18 km2

(30.15%) area, high (3.93–4.45 mbgl) which encompasses

561.96 km2 (29.05%) area, and very high (2.13–3.92 mbgl)
comprising 540.29 km2 (27.93%) area (Fig. 4). The depth of
the groundwater water table illustrates the interaction between
recharge and discharge, which depends on many natural and
anthropogenic activities (Arefin 2020a, b).

Lithology

Lithological property is a necessary element for determining
the porosity and movement of groundwater (Jhariya et al.
2016). Permeability and porosity are the influencing factors
for groundwater recharge and development (Akinlalu et al.
2017). Surface lithology is significant for soil conditions

Fig. 3 Aquifer map of the study
area

Fig. 4 Mean annual groundwater
level map of the study area
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which in turn is related to the structure, adhesion, porosity,
and consistency of the soil characters (Arefin 2020a, b). The
geological structure of the region includes pink granite, bio-
tite, gneiss, migmatite, mica-schist, ferruginous, gritty, sand-
stone, grabbro, sand, silt, and clay associated with faulted
structures, joints, open joints, bedding, and foliation. The phe-
nomenon of groundwater depends largely on the geological
structure (Hachem et al. 2015). It can be seen that the field of
study is usually covered by formations from four types of
geological age (Fig. 5). Tertiary to Quaternary (covers
43.6338 km2 area), Pleistocene to Recent (covers
772.297 km2 area), Paleozoic to Jurassic (covers
85.5432 km2 area), and Archaean to Tertiary (covers

1032.52 km2 area). These categories covered 2.26, 39.93,
4.42, and 53.39% of the study area, respectively.

Land use and land cover

Land Use and Land Cover (LULC) affects the rate of soil
moisture, surface runoff, infiltration, rate of surface run-
off, groundwater, and surface water use (Ibrahim-Bathis
and Ahmed 2016; Yeh et al. 2016). Five types of land use
and land cover classes have been observed in study area:
water body, natural vegetation, agricultural land, fallow
land, and settlement (Fig. 6). The water body consists of
1.36% area, natural vegetation consists of 16.81% area,

Fig. 5 Lithology map of the study
area

Fig. 6 Land use and land cover
map of the study area
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agricultural land consists of 74.23% area, fallow land con-
sists of 4.98%, and settlement consists of 6% area. These
categories cover 26.33, 325.04, 1435.52, 50.90, and 96.25
km2 of the study area, respectively. An accurate assess-
ment of the LULC map have been measured on the basis
of ground reality information verification of 126 sample
points. It has been prepared by using the following ma-
trix, which is shown in Table 7, and was calculated to
96% total accuracy with kappa coefficient (k) as
0.94889. Waterbody and the natural vegetation areas are
conducive which affected the recharge of groundwater by
preventing water loss through water absorption (Shaban
et al. 2006; Thapa et al. 2017). Natural vegetation areas
have been given moderately high weight as they gradually
reduce surface flow and increase penetration rate
(Bhattacharya et al. 2020). Agricultural lands also have
good potentiality for groundwater recharge (Patra et al.
2018; Biswas et al. 2020). Fallow land has been assigned
moderately low weight, because it rapidly reduces surface
flow and penetration rates. The low probability of ground-
water is allocated to the settlement areas for its low rate of
infiltration, thus making settlements less important areas
for groundwater recharge.

Rainfall

Rainfall is the most important input factor for groundwater
recharge and an essential component of the hydrological cycle
(Das and Mukhopadhyay 2018). Spatiotemporal distribution
of rainfall amount, duration, and intensity are largely influ-
enced by hydrogeological conditions ((Patra et al. 2018).
The rainfall duration and intensity are affected by the penetra-
tion rate (Arefin 2020a, b). Short duration intense precipita-
tion affects high surface runoff and low penetration, long-term
low-precipitation affects higher penetration than runoff. Total
average annual rainfall also influences the groundwater re-
charge. Higher rainfall indicates a higher probability of
groundwater and lower rainfall denotes the lower probability
of groundwater (Patra et al. 2018; Kadam et al. 2020; Biswas
et al. 2020). The rainfall distribution map for the year 2017

was prepared using the average rainfall data collected from the
IMD and with the help of ArcGIS 10.3, using the IDW inter-
polation method. The rain gauge stations are situated at
Bankura, Central Water Commission (CWC), Kadamdeli,
Phulberia, and Kashipur. Rainfall of the study area mainly
depends on south-western monsoon and 80% rainfall occurred
between June and September months. Based on the distribu-
tion of average annual rainfall, the entire study area has been
divided into five sections, viz., very low (1398–1453 mm),
low (1454–1498 mm), medium (1499–1539 mm), high
(1540–1539 mm), and very high (1585–1631 mm), which
cover about 282 km2 (15%), 390 km2 (20%), 538 km2

(28%), 385 km2 (20%), and 339 km2 (17%) areas, respective-
ly. The amount of average rainfall is higher in the eastern part
than the western part (Fig. 7).

Drainage density

Drainage density is the total length of streams per unit area in the
watershed region, and it indicates the proximity of the channel
spacing (Das and Mukhopadhyay 2018; Nithya et al. 2019).
Drainage density relies on the degree of fluvial isolation and is
influenced by a number of factors including resistance to erosion,
the structure of rocks (lithology), penetration capacity, plant cov-
er, surface roughness, and runoff intensity indicators, and higher
levels of climatic conditions (Kanagaraj et al. 2018; Patra et al.
2018; Arefin 2020a, b). Areas with high drainage density will
have restricted penetration, exacerbate sufficient runoff, and vice
versa. Thus, lower density values are more helpful for higher
groundwater recharge and higher weights are imposed (Das
and Mukhopadhyay 2018; Patra et al. 2018; Nithya et al. 2019;
Arulbalaji et al. 2019; Biswas et al. 2020; Arefin 2020a, b).
According to drainage density, the field of study is divided into
five subclasses, namely “very good” (2–3.6 km/km2), “good”
(1.5–1.9 km/km2), “medium” (1.2–1.4 km/km2), “poor” (0.73–
1.1 km/km2), and “very poor” (0.0021–0.72 km/km2) covering
an area of 105.677, 356.796, 540.264, 603.442, and 327.831
km2 accounting for 5.46, 18.45, 27.94, 31.20, and 16.95%, re-
spectively, of the total area (Fig. 8).

Table 7 Land use and land cover matrix

Natural vegetation Water bodies Settlement Fallow land Agricultural land Total (user) Users accuracy Producer accuracy

Natural vegetation 33 0 0 0 0 33 100 100

Water bodies 0 16 0 0 0 16 100 100

Settlement 0 0 19 1 0 20 95 100

Fallow land 0 0 0 17 2 19 89.47368 85

Agricultural land 0 0 0 2 36 38 94.73684 94.73684

Total (producer) 33 16 19 20 38 126

Overall accuracy= 96.03175; Kappa coefficient = 94.88927
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Soil drainage

Soil drainage is a physical component of the global hydroelec-
tric cycle. This natural process provides water that supports soil
moisture, springs, seeps, stream base flow, aquifer recharge,
and recharge of some effluent streams (Fausey 2005; Tabor
et al. 2017). The combinations of soil drainage concepts with
other soil properties, for example, soil moisture, depth to bed-
rock, texture, and organic-matter content, affect long-term wet-
ness which directly affects the recharge of groundwater. Here
the relation between soil drainage and groundwater is directly
proportional to the infiltration. A high soil drainage area in-
creases the high infiltration rate and vice versa. So, usually,
the depth of the water table is related to soil drainage class
concept. That is shown in Table 8. The field of study is basi-
cally covered by ten classes (Fig. 9), and the map was further
reclassified into seven groups: excessively drained (172.951

km2, 65.31%), somewhat excessively drained (718.65 km2,
37.20%), well-drained (321.27 km2, 16.63%), mod. well-
drained (52.93 km2, 2.74%), imperfectly well-drained (399.03
km2, 20.65%), imperfectly moderately drained (124.10 km2,
6.42%), and imperfect drained (143.15 km2, 7.41%).

Soil texture

Soil texture is an essential factor for assessing the physical
condition of soil and is directly related to soil porosity, adhe-
sion, and consistency (Patra et al. 2018). The penetration and
permeability of water depends on the soil texture, and there-
fore, the soil texture affects the percolation rate and ground-
water recharge (Kumar and Krishna 2016; Das and
Mukhopadhyay 2018; Patra et al. 2018). The finer soil texture
indicates the low infiltration capacity and as a result, the less
groundwater will be recharged and vice versa (Doll and

Fig. 8 Drainage density map of
the study area

Fig. 7 Rainfall map of the study
area
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Fiedler 2008). Sandy soil textures have a higher infiltration
rate and a lower runoff potential. therefore, it is given a higher
weight. The texture of the clay with the lowest infiltration rate
and the highest runoff potential is given less priority (Kumar
and Krishna 2016). Here, sandy mixed soil texture has
been given relatively higher weights. The loamy soil texture
was given medium priority because it consolidates sand, silt,
and clay particles so that soils have a moderate penetration
rate, while the gravelly texture with moderately low infiltra-
tion rate then has been given moderately lower priority after
the clayey soil texture. Based on soil texture data, the study
area is divided into eighteen types of soil texture classes (Fig.
10), and then, the thematic data has been reclassified into five
soil texture groups, namely clay groups, gravelly groups,
loamy groups, sandy-clay groups, and sandy-loam groups.
These categories cover 420.19 km2 (21.76%), 246.65 km2

(12.75%), 528.67 km2 (27.34%), 285.103 km2 (14.74%),
and 453.34 km2 (23.44 %) of the study area, respectively.

NDVI

NDVI (normalized difference vegetation index) is a remote
sensing–based vegetation index that can monitor vegetation
condition. NDVImeans the normal difference between the red
and near-infrared bands from an image. The NDVI range
varies from − 1 to + 1. NDVI value of (− 1 to 0) zero or less

indicates snow, water, sand, and cloud. The value 0 to 0.1
indicates bear rock, barren land, or built-up area, 0.1 to 0.2
value indicates shrub and grassland, 0.2 to 0.4 value shows
sparse vegetation or senescing crops, 0.4 to 0.8 denotes dense
vegetation, and 0.8 to 1 indicates very healthy dense vegeta-
tion (Akbar et al. 2019; Parmar et al. 2019). The healthy and
dense vegetation in an area often seems to be associated with
good groundwater recharge. Therefore, the higher the value,
the more weight is assigned, and sparse vegetation, shrub, and
grassland are assigned moderated weight, but the value (0 to −
1) showing waterbodies has been assigned high weight (Patra
et al. 2018). The NDVI map of the study area has been clas-
sified into the following five zones: very low (− 0.134 to 0),
low (0.001 to 0.1), moderate (0.101 to 0.2), high (0.201 to
0.387) (Fig. 11). These categories covered 7.97 km2

(0.41%), 135.16 km2 (6.99%), 1634.25 km2 (84.50%), and
156.63 km2 (8.10%) of area respectively.

Elevation

The elevation map of the field of study directly reflects the
roughness of the terrain. Elevation is directly proportional to
the runoff rate and inversely proportional to infiltration. That
means high elevation areas will have limited penetration and
rapid runoff. Thus, the lower elevation is more suitable for
higher groundwater availability (Godebo 2005; Patra et al.

Table 8 Generalized relations between soil drainage classes and depth of water table. Source—Schaetzl (2013)

Soil drainage class Excessively
drained

Somewhat excessively
drained

Well-
drained

Mod. well-
drained

Imperfectly well-
drained

Imperfectly mod
drained

Imperfectly
drained

Typical depth to water
table (cm)

> 150 > 150 100–150 75–125 30–75 < 30–50 0–15

Fig. 9 Soil drainage map of the
study area
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2018). The regions having a higher elevation (dissected pla-
teau region) has a higher probability of high flow rate, and
decreased rate of infiltration. Therefore, this class has been
assigned low weight. And a low elevation flat region with a
limited runoff rate retains water by inducing further infiltration
of water recharge, so this class has been assigned high weight.
The weight of the rest of the classes is determined based on the
relationship between runoff and penetration rate. The study
area is divided into five classes, which are as follows: terrain
height (Fig. 12), very low (69–112 m), low (113–140 m),
moderate (141–168 m), high (169–201 m), and very high
(202–255 m). These classes have covered 318.379 km2 area
(16.46%), 538.565 km2 area (27.85%), 537.069 km2 area

(27.75%), 376.264 km2 area (19.46%), and 163.734 km2 area
(8.47%), respectively. Generally, the three main natural divi-
sions of this terrain are the undulating plateau region, the
uplands, and the plains. In this area, some separately dissected
monadnocks are located. The elevation of the study area de-
creases towards the west to east.

Curvature

Curvature is a vital quantitative interpretation of the character
of the earth’s surface (Nair et al. 2017). The curvature values
represent the morphometrics of the topography of any region
and it may be concave, flat, or convex (Arulbalaji et al. 2019).

Fig. 10 Soil texture map of the
study area

Fig. 11 NDVI map of the study
area
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The convex part has more runoff and less infiltration resulting
in less groundwater recharge. The opposite is true for the
concave regions (Nair et al. 2017; Biswas et al. 2020).
When curvature value is positive, it indicates the surface is
convex. Zero value indicates plain surface and a negative val-
ue indicates a surface that is concave (Biswas et al. 2020).
Here the convex surface has been given less weight, the flat
surface is given medium weight, and the concave surface is
given more weight depending on their topographic condition
and infiltration rate. The field of study is basically covered by
three categories, namely: convex (0.001 to 7), flat (− 0.000899
to 0), and concave (− 3.67 to − 0.0009). Most of the study area
falls under the concave area which is 798 km2 (41.26%). Total
729-km2 (37.69%) and 407 km2 (21.05%) of the study area is
covered with convex and flat area, respectively (Fig. 13).

Slope

Slope is another significant topographical indicator for de-
termining the potential zone of groundwater. Slope indirect-
ly controls the penetration of surface water into aquifer and
influences the development of drainage patterns of a river
basin (Nithya et al. 2019). It controls the rate of surface
runoff and also infiltration of water. Slope is directly pro-
portional to runoff rate and inversely proportional to infil-
tration (Das and Mukhopadhyay 2018; Biswas et al. 2020).
Areas with high slopes have been given less weight and
areas with low slopes have been given comparatively lesser
weight based on their runoff and infiltration rates. The slope
map of the study area has been categorized into the follow-
ing five classes, namely: very steep slope (> 7) covering

Fig. 12 Elevation map of the
study area

Fig. 13 Curvature map of the
study area
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9.96 km2 (0.51%), steep slope (5–7) covering 59.44 km2

(3.07%), moderate slope (3–5) covering 410.31 km2

(21.22%) , gentle slope (1–3) covering 1077.38 km2

(55.71%), and flat slope (0–1) covering 376.90 km2

(19.49%) area (Fig. 14).

Groundwater potentiality zone

The main geo-environmental factors which have probable in-
fluence on groundwater potentiality in this region are aquifer
media, average groundwater level, lithology, land use and
land cover (LULC), rainfall, drainage density, soil drainage,
soil texture, NDVI, elevation, curvature, and slope.
Groundwater potentiality zone mapping has been delineated

for the study area based on multi-influencing AHP technique
and GIS-weighted overlay analysis by using the ArcGIS 10.3
platform. On the basis output map, the field of study revealed
five distinctly classified zones, namely: very poor, poor, mod-
erate, well, and excellent, covering an area of 256.87, 581.79,
607.91, 381.58, and 91.36 km2, respectively. About 13.38%
of the calculated field groundwater has a very poor probabil-
ity, 30.30% has a poor probability, 31.66% has moderate
probability, 19.87% has a well probability, and 4.76% has
an excellent probability (Fig. 15). The results demonstrate that
a well and excellent GWPZ are concentrated in the southeast-
ern and southern part of the basin particularly in Bankura-I,
Bankura-II, Onda, and Puncha regions, due to the availability
of sandy textured, excessively well-drained soil, high intensity

Fig. 14 Slope map of the study
area

Fig. 15 Groundwater potentiality
zone map of Dwarakeshwar River
basin
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of rainfall, agricultural land, and gentle slope, with an excel-
lent infiltration capability. On the other hand, the presence of
Paleozoic to Jurassic formations, clayey texture, imperfect and
imperfectly moderately drained soils, very low NDVI, high
elevation, basic intrusives, and Banded Gneissic Complex as
aquifer media in the northern and northwestern regions of the
study area have less primary significance, with very little ef-
fect on groundwater availability. That is why the areas repre-
sent very poor to poor groundwater potentiality. With only a

few parts to the southwest of the study area, there is a moder-
ate presence of secondary porosity with moderate amount of
rainfall, somewhat excessively well-drained soil and vegeta-
tion in the location, allowed for the availability of moderate
amounts of groundwater. A geospatial assessment of the po-
tential map of groundwater shows that the upper portion of the
upper Dwarakeshwar River basin is moderately poor, the
upper-middle portion is very poor, lower-middle portion is
moderately well, and the lower portion is good.

Table 9 Dug well locations and accuracy assessment through the check of mean annual groundwater level depth using binary coding

Block Site Latitude Longitude Mean annual groundwater level Raster value Reclass value Binary code

Hura Jhapra 23.4295 86.5254 3.676667 25,371 5 0
Para Anara 23.4952 86.5839 4.846667 18,779 3 0
Kashipur Naduara 23.4987 86.6753 4.783333 15,043 2 1
Kashipur Rangani 23.4852 86.6532 6 12,588 1 1
Kashipur Palashkhoa 23.4659 86.6753 5.103333 13,783 1 1
Kashipur Napara 23.4002 86.676 3.37 26,297 5 1
Kashipur simla2 23.3617 86.6503 5.083333 15,227 2 1
Hura Katagora 23.3103 86.6724 5.7 15,919 2 1
Hura Lalpur2 23.3024 86.631 3.52 27,077 5 1
Hura Hura 23.2974 86.646 8.86 16,804 2 1
Hura Raheradhi 23.2746 86.6418 4.14 23,892 4 0
Hura Bishpuria 23.2582 86.7374 3.636667 24,496 4 0
Hura Jorberia 23.2803 86.7602 3.49 24,189 4 1
Kashipur Kapasitha 23.409 86.7441 4.98 13,832 1 1
Kashipur indrabil24 23.4481 86.7312 4.936667 15,566 2 1
Kashipur Gaurandih B 23.4343 86.7664 5.95 16,042 2 1
Kashipur lndrabil 23.4114 86.7831 3.33 23,142 4 1
Raghunathpur1 Bero-1 23.5076 86.7607 4.056667 17,748 3 1
Raghunathpur1 Bero-2 23.5084 86.7627 3.96 17,460 3 1
Kashipur Gaurandih_B 23.4468 86.7932 3.92 20,274 3 1
Kashipur Gaurandih1 23.4457 86.7917 6.01 16,514 2 1
Santuri Leadson 23.5125 86.8167 4.5 14,753 2 1
Saltora Murulu 23.5211 86.9059 4.56 12,725 1 1
Saltora Kashtora1 23.4975 86.9523 4.753333 12,331 1 1
Saltora Lakhanpur 23.4528 87.0145 4.23 15,866 2 1
Saltora Lakhanpur A 23.449 87.0116 3.59 21,406 4 0
Saltora Lakhanpur2 23.4418 87.0087 4.223333 14,545 2 1
Chatna Dhaban 23.4628 86.9073 3.046667 20,289 3 0
Chatna susunia-2 23.4608 86.888 5 11,995 1 1
Chatna susunia-1 23.4599 86.8841 6.793333 9813 1 1
Chatna susunia2 23.3999 86.9736 7.073333 11,174 1 1
Chatna Lakhanpur1 23.3948 86.9756 2.36 18,542 3 0
Chatna Susunia2 23.3974 86.9728 5.026667 12,501 1 1
Chatna Majia-2 23.3984 86.9713 4.233333 15,620 2 1
Chatna Majia 23.3971 86.9707 4.366667 14,352 2 1
Bankura-2 Makurgram1 23.2555 87.1443 4.283333 22,582 4 0
Indpur Indpur 23.1636 86.9359 4.583333 13,919 1 1
Chatna Kenjakura 23.2469 86.8588 3.79 19,263 3 1
Chatna Kenjakura A 23.2507 86.8626 3.533333 18,435 3 0
Indpur Shalboni-2 23.1965 86.9087 2.83 22,492 4 0
Indpur Bhagabanpur1 23.1984 86.9596 5.986667 11,430 1 1
Onda Bankura 23.2127 87.0415 2.543333 23,276 4 0
Onda Jagadalla 23.2036 87.0634 4.596667 16,275 2 1
Onda Gorabari 23.1984 87.0677 5.193333 14,772 2 1
Bankura-I Gouripur 23.2869 86.9968 3.696667 20,851 4 0
Chatna Kenjakura1 23.2693 86.9259 4.2 14,053 2 1
Chatna Chhatna 23.2974 86.9625 2.126667 21,213 4 0
Chatna Kamalpore 23.3121 86.9373 4.013333 15,015 2 1
Chatna Chaintore 23.3245 86.9054 3.91 19,819 3 1
Chatna Budhanpur 23.325 86.8721 3.333333 21,724 4 1
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Validation

Validation is an important part of any research, and without a
validation part, the whole research becomes impractical. To
validate the classified groundwater potential zones, ground-
water level data of 50 dug wells were collected from the
Central Ground Water Board (CGWB). Dug well locations
and mean annual groundwater level depth data are shown in

the map of the study area (Fig. 1 and Table 9). On the basis of
mean annual groundwater level ranges of the study area, the
area has been grouped into four categories, viz. > 4.2 mbgl as
low, 3.6–4.2 mbgl as moderate, 3–3.6 mbgl as well, and < 3
mbgl as excellent. Then, the raster value of GWPZ was
reclassified and matched with the mean annual groundwater
level. It has been noted that there is a strong negative correla-
tion between the groundwater potential zone and mean annual
groundwater level depth. Hence, regions having greater depth
in water level have low-groundwater potential and regions
having less depth show a high groundwater potential (Fig.
16). It is seen for a match, which matches and which does
not match with binary code. The value 1 represents that the
condition agreed and 0 represents the condition is disagreed.
This validation was accomplished by the receiver operating
characteristic (ROC) curve, because the receiver operating
characteristic curve is a wildly used technique to validate
GWPZ (Naghibi and Pourghasemi 2015; Zabihi et al. 2016;
Guru et al. 2017; Das and Mukhopadhyay 2018). Based on
the relationship between AUC values and forecast accuracy,
the AUC values can be divided into the following categories:
“0.9–1.0” excellent, “0.8–0.9” very good, “0.7–0.8” good,
“0.6–0.7” average, and “0.5–0.6” poor (Naghibi and
Pourghasemi 2015; Rahmati et al. 2016, Guru et al. 2017;
Arabameri et al. 2018; Senapati and Das 2020). The AUC
values range from 0.5 to 1.0. A value near 1.0 indicates the
highest degree of accuracy, and a value near 0.5 indicates
ambiguity in the model. In the recent study, prediction rates
were also measured using the analyze tool of SPSS software
under the ROC curve method (Fig. 17). It was found that the
area under curve value (AUC) is 0.871. The results of AUC
(0.871) and std. error (0.050) under non-parametric estimates

Fig. 16 Relationship between the
groundwater potential zone and
mean annual groundwater level

Fig. 17 ROC curve for the groundwater potential zone map of upper
Dwarakeshwar River basin
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indicate that it is a well-predicted model with an accuracy of
87.1%. Finally, the groundwater potential zones showed that
the model gives very good results in the present research.

Conclusions

In this study, the AHP technique including remote sensing
and GIS has been applied to delineate groundwater poten-
tial areas in the upper Dwarakeshwar River basin, West
Bengal. A map of the groundwater potentiality zone has
been prepared by combining the thematic levels from a
total of 12 geo-environmental parameters related to
groundwater, which are as follows: aquifer media, average
groundwater, lithology, land use and land cover, rainfall,
drainage density, soil drainage, soil texture, NDVI, eleva-
tion, curvature, and slope. The results have been validated
with the mean annual groundwater level data (ranging from
8.86 to 2.13 mbgl) of 50 dug wells through the ROC curve.
The integrated map of the study area has been classified
into five groundwater potential zones, viz. very poor, poor,
moderate, well, and excellent, covering an area with
13.38%, 30.30%, 31.66%, 19.87%, and 4.76%, respective-
ly. It is also observed from the output results that the good
(well and excellent) groundwater potential area is located
only in the extended alluvial plain and peneplain section of
the study area with favorable hydrogeomorphologic condi-
tions like suitable aquifer media (older alluvium, sand, silt,
and laterite) low elevation, low slope, sandy textured, ex-
cessively well-drained soil, land use and land cover (agri-
cultural and natural vegetation), and optimum rainfall.
However, low-groundwater probability areas are the ones
where geo-environmental elements increase the runoff and
greatly reduce the rate of infiltration. All of these areas are
considered a zone for artificial groundwater recharge pro-
cesses. These areas can be chosen to store rainwater for
recharge structure constructions like structural dams, check
dams, water absorption trenches, horizontal dykes, rock-
filled earthwork, and farm ponds, and to capture excess
surface runoff. Thus, the importance of the current system-
atic study is the methodology adopted, based on reasonable
conditions, which can be also applied with similarly small-
er and appropriate changes in India or abroad. It is very
helpful for planning sustainable management systems for
groundwater, land use, and water resource management in
regions. The advantage of this method is that it is a low-
cost, effective method which reduces the time consumed
for doing the required work, with less labor, compared to
the conventional methods of study. To fulfill the urgent
need of improving groundwater management practices in
an era of resource depletion, potential groundwater maps
can be created using this method.
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