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Abstract

Global warming, change in climate and rapid growth of population have put a huge strain on the world's groundwater
resources. The use of excess groundwater has created a drop in the water table. Increased use of groundwater for agriculture
in agro-based areas increases the demand for groundwater. The current study has been conducted in Cooch Behar, an agro-
based remote district of North Bengal in the Indian state of West Bengal, where the use of high groundwater in agriculture
has reduced groundwater levels. Comparative assessment of Multi-Influencing Factor (MIF) and Analytical Hierarchy Pro-
cess (AHP) techniques has been used to create a perspective mapping of groundwater potential zone for the research region.
Land use and land cover (LULC), rainfall, soil texture, geomorphology, lithology, drainage density, Normalized Differential
Vegetation Index (NDVI), and Topographic Wetness Index (TWI) have been used to create the map. The MIF and AHP
techniques have been used for Groundwater Potential Zones (GPZ) mapping. Output GPZ has been classified into 5 classes,
i.e., very poor, poor, moderate, good, and excellent. MIF technique shows that the groundwater potential classes are covering
9% (285 km?), 21% (67 km?), 30% (944 km?), 27% (837 km?) and 13% (410 km?) of the study area, respectively, whereas the
output GPZ from AHP technique shows that the groundwater potential classes are covering 8% (271 km?), 15% (508 km?),
24% (813 km?), 33% (1118 km?) and 20% (677 km?), respectively. Finally, the maps have been verified using groundwater
fluctuation data through Receivers Operating Characteristic curve (ROC). The MIF technique's Area Under Curve (AUC)
score is 76.5%, while the AHP technique reveals 88.9% accuracy. Both techniques for assessing and monitoring GPZ have
been accurate and reasonable. Thus, this type of research is reliable for a more appropriate framework for swiftly analyzing
groundwater recharge and directing the location of artificial recharge structures and other groundwater management opera-
tions of agricultural-based areas.
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Introduction security and economic development. But nowadays environ-
mental change and quick expansion in worldwide population

One of the most important accumulated resources in the ~ have made an enormous tension on the asset all around the

world is groundwater, which is unequally distributed around
the world. It is the only pure natural source of drinking
water, and it supports the economic life with freshwater
for agricultural irrigation and industrial purposes (Senapati
and Das 2021). So, groundwater plays a basic role for food
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planet. Unscientific and extreme withdrawal of groundwater
has more vulnerable to depletion (Barua et al. 2021). Many
countries around the world are currently facing water crisis.
Groundwater is very important for the development of the
local agricultural economy in many drought-prone, arid and
semi-arid climatic regions. So, new international research
of groundwater potentiality is being studied, and it is found
that the crisis of groundwater is more severe in China, Iran,
Saudi Arabia, Tunisia, Malaysia, Madagascar, Taiwan, and
South Africa (Shao et al. 2020; Luo et al. 2020; Arabameri
et al. 2020; Rahmati et al. 2016; Mallick et al. 2019; Zabihi
et al. 2020; Manap et al. 2011; Serele et al. 2019; Yeh et al.
2016; Owolabi et al. 2020). Globally, groundwater is utilized
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in domestic uses, agricultural sector, and industrial produc-
tion purposes at the Parentages of 36, 42, and 27, respec-
tively (Taylor et al. 2012). Roughly 1.5 billion individuals
are reliant upon groundwater; also 2.53 billion populations
are living in extremely water-stressed regions of world (Shen
et al. 2014).

Groundwater has consistently arisen as the foundation of
India’s agriculture and drinking water security. India's abso-
lute annual groundwater recharge is estimated at 432 Billion
Cubic Meters (BCM) (CGWB 2019). Saving a portion for
normal release, the yearly extractable is 249 BCM (CGWB
2019). In India, about 62% of groundwater is used for agri-
cultural irrigation only (CGWB 2019). Over 90% of rural
and over 30% of the metropolitan populace are directly or
indirectly dependent of groundwater for their work (Patra
et al. 2018). In West Bengal, according to the (CGWB 2019)
2013 evaluation report, total annual replenishable resources
have been surveyed as 29.33 BCM. According to survey
report, net groundwater availability is 26.56 BCM, and
groundwater draft for all uses is 11.84 BCM (CGWB 2019).
Another report showing that total yearly groundwater acces-
sibility in West Bengal is 22.56 and the gross draft utilized
is 10.91 BCM (Rudra et al. 2017).

Several geo-environmental factors (climate, hydrology,
geology, soil, topography, drainage patterns) and several
tools GIS (Geographical Information System) based on
remote sensing have been utilized for the assessment of the
groundwater potential zones (Bhunia 2020). Different multi-
criteria decision analysis (MCDA) strategies have been
utilized by numerous researchers to identify groundwater
potentiality such as frequency ratio (FR) (Guru et al. 2017;
Doke et al. 2020), numerical modeling and decision tree
(DT) (Lee and Lee 2015), and GIS-based Dempster—Shafer
(DS) model (Mogaji et al. 2015). Logistic regression (LR)
(Pourtaghi and Pourghasemi 2014; Nguyen et al. 2020),
multivariate adaptive regression spline model (Zabihi et al.
2016), certainty factor (CF) (Razandi et al. 2015), random
forest (RF) model (Naghibi et al. 2020; Chen et al. 2020),
weight of evidence (WOE) (ChorbaniNejad et al. 2017), and
artificial neural network (ANN) (Lee et al. 2018). Remote
sensing (RS) technique and geographical information system
(GIS) tools make it easy to access spatial and temporal infor-
mation over a large area and by analyzing them an action can
be taken quickly and timely. Thus, with the advancement of
techniques, a large number of researchers are using these
technologies to determine the potential groundwater avail-
ability of a particular region. This is often time-saving and
cheaper compared to other expensive and efficient manpower
dependent techniques. So, this technology has become quite
popular for determining groundwater availability.

It is seen that a large number of researchers (Patra et al.
2018; Ferozu et al. 2018; Nithiya et al. 2019; Rajeskhar
et al. 2019; Arefin 2020; Bera et al. 2020; Mukherjee and
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Singh 2020; Senapati and Das 2021; Barua et al. 2021) are
using GIS-based AHP techniques to determine the potential
groundwater availability of a particular region. This study
discusses a comparison between these two multi-criteria
decision analyses (MCDA) techniques. There has been a lot
of work done on groundwater potential in hard rock geo-
logical regions (Shekhar and Pandey, 2015; Parameswari
and Padminni 2018; Pande et al. 2019; Das and Pal 2019;
Maity and Mandal 2019; Das and Mukhopadhyay 2020;
Bhattacharya et al. 2020; Maity and Mandal 2019; Das and
Mukhopadhyay 2020; Bhattacharya et al. 2020; Senapati and
Das 2021). In comparison, less work has been done in the
field of agriculture dependent on alluvial landscape (Saha
et al. 2010, 2021; Patra et al 2018; Biswas et al. 2020; Dey
et al. 2021; Barua et al. 2021).

The principal objectives of the present study are to iden-
tify the groundwater potential zone in the agricultural-based
Cooch Behar district of West Bengal, by using GIS-based
MIF and AHP techniques. The second objective is to com-
pare the accuracy of both technologies. Groundwater man-
agement and mapping of potential groundwater areas are
essential for sustainable development of rural economic
areas based on agriculture, and to understand groundwater
distribution and its use of Irrigation purpose, especially in
‘agricultural—predominant areas.

Study area

Cooch Behar district primarily depends on agriculture,
and it is situated in foot-hills of eastern Himalayas and at
the northeastern part of West Bengal, consists of twelve
blocks namely, Cooch Behar-1, Cooch Behar—II, Mathab-
hanga—I, Mathabhanga—II, Tufanganj-1, Tufanganj-II,
Haldibari, Mekhliganj, Sitai, Sitalkuchi (Fig. 1). The lati-
tudinal and longitudinal extension of this study area are
from 25° 57" 47"N to 26° 36’ 20"N and from 88° 47’ 44"
E to 89° 54’ 35" 'E, respectively. The district covers an
area of 3387 km? and the southern portion of the district
is bounded by Bangladesh, while eastern part is bound
by Assam, north side is bounded by Alipurduar district,
and the western portion is bounded by Jalpaiguri district.
The terrain of Cooch Behar is flat, with a little southern
inclination. The rivers flow generally from northwest to
southeast direction. The Teesta, Jaldhaka, Torsha, Kaljani,
Raidak, Gadadhar, and Ghargharia are the six major rivers
that run through the district. The annual rainfall received is
3021 mm, of which 80% rainfall occurs between June and
September. Summer temperature ranges from 20 to 37 °C,
while winter temperature ranges from 5° to 22 °C. The
average maximum temperature is 31 °C, while the average
lowest temperature is 20 °C. Throughout the year, the air
is quite humid. The district's physiography is dominated
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Fig. 1 Location map of the study area

by active and old alluvial flood plains; hence, the soil is
created by alluvial deposits, is acidic in character and has
low nitrogen content. It is friable to loam to sandy loam
with a depth of 0.15 to 1 m. As a result, about 85-90%
of the population is working in agricultural activity. The
main crops of this district are paddy, jute, wheat, potato,
tobacco and maize.

89°30'0"E

Materials and methods

Groundwater potential zone (GWPZ) maps have been gen-
erated using various factors, i.e., land use and land cover
(LULC), rainfall, soil texture, geomorphology, drainage
density, lithology, normalized difference vegetation index
(NDVI) and topographic wetness index (TWI). The data
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have been gathered from the many sources listed below
(Table 1).

Thematic layer preparation

The LULC maps and NDVI map have been created using
Landsat 8 OLI (Operational Land Imager) satellite image
obtained from (United States Geological Survey) USGS-
EarthExplorer; then, accuracy assessment is calculated by
field verification. It was pre-processed for noise and haze
removal before being composited all bands. The maximum
likelihood classification tool in ArcGIS 10.3 environment
has been used to produce classification using the super-
vised classification approach. The inverse distance weighted
(IDW) interpolation method is used to create the rainfall dis-
tribution map. The rainfall data have been collected from the
India Meteorological Department (IMD), Pune. Using data
from the SRTM—DEM, the flow direction map was created
first, and then, the flow accumulation map and, lastly, the
streams were created with the help of the spatial analysis
tools in ArcGIS 10.3. The drainage density map is created
using the line density tool. The soil map is created using the
soil data gathered from the (National Bureau of Soil Survey
and Land Use Planning) NBSS & LUP. The GSI provided
the lithology map, while the National Remote Sensing Cen-
tre (NRSC)-BHUVAN thematic service provided the geo-
morphology map. The (World Geodetic System) WGS 84
datum and (Universal Transverse Mercator) UTM zone 45 N
projection have been used to scan and georeferenced these
maps. The ArcGIS 10.3 environmental was used to digitize
the data. The SRTM data were used to create a DEM with

a resolution of 30 m. TWI map has been prepared by using
SRTM DEM. All the eight raster layers are scaled down to
30 mx 30 m pixel size.

Methodology

The approach is used in the current research of ground-
water potential zones assessment in Cooch Behar District,
West Bengal, which is illustrated in Fig. 2. All eight the-
matic maps are re-classed in terms of weighted overlay
approaches, by using the MIF and AHP two multi-criteria
decision analysis (MCDA) techniques.

Multi-influencing factor (MIF) technique

There are two main parts of the MIF technique, the first part
is to find out the projected score of each influencing factor
based on the interrelation with other factors and second part
is weighted overlay analysis. The determination of the ground-
water potential zone has been influenced by eight elements.
The MIF techniques are used to calculate the interrelationships
between various variable. Each variable is weighted depending
on its direct and indirect strength, and subclasses are assigned
based on a literature evaluation (relative relationship) and
autistic behavior. Both most important and small influenc-
ing factor is given a weightage of 1.0 and 0.5, respectively
(Magesh et al. 2012a,b; Senapati and Das. 2020). A compo-
nent with a higher weight value has a bigger influence, while
a factor with a lower weight value has a less influencing factor
on the delineation of the groundwater potential zone (Table 2).

Table 1 Details of data and

Sources Data description Data type Thematic layer/uses
sources
USGS? earth explorer LANDSAT 8 OLIf (LCO8_L1TP_138  TIFF LULC
042_20210425_20210501_01_T1). NDVI
Spatial resolution 30 m
SRTME DEM" (n25_e088, n25_e089, TIFF Drainage density
n26_e088, n26_e088, n26_e089). TWI
Spatial resolution 30 m
IMD Daily rainfall data of 2000 to 2017 Point Rainfall
Bhuvan Geomorphology map Vector Geomorphology
GSI° Lithology map, Scale 1:50,000 Soft copy Lithology
NBSS & LUP! Soil texture map, Scale 1:50,000 Soft copy Soil texture
CGWB® Groundwater data Point Validation

2USGS = United States Geological Survey
°IMD= India Meteorological Department

°GSI= Geological Survey of India

4NBSS & LUP= National Bureau of Soil Survey and Land Use Planning
°CGWB = Central Ground Water Board

fOLI = Operational Land Imager

€SRTM = Shuttle Radar Topography Mission

"DEM = Digital Elevation Model
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Fig.2 Systematic flowchart for groundwater potential zones in Cooch Behar District

Following the formula, the recommended weighted for each

influencing element calculated (Raju et al. 2019).

Proposed score = [

where X is direct interrelationship among two factor and Y
is indirect interrelationship between two factors.

X+7)
YX+7Y)

]XIOO

techniques

Analytical hierarchy process (AHP)

The AHP technique is a decision-making technique, which
provides qualitative and quantitative information of various
criteria of a pairwise comparison approach (Saaty 1980).
They are rated to 1-9 based on the important of these
thematic levels and their characteristics on groundwater
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Table 2 Effect of influencing

. Factor Major effect Minor effect Proposed relative rates Proposed score of
factor, relative rates e.lnd X) 8% (X+7Y) each influencing
score for each potential factor factor
(Magesh et al. 2012a,b)

LULC 3 2 5 16
Soil texture 1 1 2 6

Rainfall 5 1 5 16
Drainage density 4 0.5 4.5 14
Geomorphology 3 1 4 13
Lithology 2 1 3 9

NDVI 3 1 4 13
TWI 3 1 4 13

¥31.5 2100
Table 3 Description of Saaty Scales Degree of preferences Descriptions

scales for Pairwise comparison

with AHP ( Equally important

Moderate importance
Strong importance
Very strong importance
Extreme importance

,4,6,8 Intermediate values

The contributions of two factors are equally important

Experiences and judgment slightly tend to certain factor
Experiences and judgment strongly tend to certain factor
Experiences and judgment tend to certain factor with extreme strong
There is sufficient evidence for absolutely tending to certain factor
In between two judgments

Source: Saaty 1990)

Table 4 Pairwise comparison matrix of groundwater potentiality in Cooch Behar District

Themes Assigned LULC  Soil Rainfall D.D  Geomor- Lithology NDVI TWI  Geometric mean Normal-
weight phology ized
weight
LULC 7 17 716 /5 715 7/4 7/3 772 71 1.972 0.212
Soil 6 6/7 6/6  6/5 6/5 6/4 6/3 6/2 6/1 1.690 0.182
Rainfall 5 5/7 5/6  5/5 5/5 5/4 5/3 512 5/1 1.409 0.152
D.D 5 57 5/6  5/5 5/5 5/4 5/3 512 5/1 1.409 0.152
Geomorphology 4 4/7 4/6 415 4/5 4/4 4/3 4/2 4/1 1.127 0.121
Lithology 3 3/7 36 35 3/5 3/4 3/3 3/2 31 0.845 0.091
NDVI 2 217 216 2/5 2/5 2/4 2/3 2/2 2/1 0.563 0.061
TWI 1 1/7 1/6 1/5 1/5 1/4 1/3 172 1/1 0.282 0.030
Table 5 Random index (RI) I 1 5 3 4 5 6 7 3 9 10
value
RCI value 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 149

Source: Saaty 1990)

potentiality. A higher score indicates greater impact on
groundwater potentiality. The score is diagonally arranged
in a comparison matrix, which has an equal number of col-
umns and rows. The value “1” is obliquely inserted in the
matrix, running from the middle to the corner. Each criterion
is scored against every other criterion by assigning a relative
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dominating scale between 1 and 9 for the building of a pair-
wise comparison matrix (Table 3), and preference criteria
are scored from 1 to 9 depending on their relative relevance.
Here, pairwise comparison matrix of groundwater poten-
tiality in Cooch Behar district is shown in (Table 4). The
consistency ratio (CR) is determined by using the random
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index scale (Saaty 1980) (Table 5) and the acquired Eigen-
value from the comparison matrix. The consistency value
for the matrix is acceptable if the CR value is less than 1.0
(Senapati et al. 2021).

Consistency Index (C - I)

Consistency ratio (CR) = -
Random Consistency Index (RCI)

where

Consistency Index (CI) = (Ap,y —n)/(n—1)
where 4, is the principal Eigenvalue and n is the number
of factors.

In this study, pairwise normalized matrix determined the
parameters weight is shown in Table 6 and their sub-criteria
weight of both AHP and MIF technique is shown in Table 7.
Here, calculated principal Eigenvalue ()= (4,,,, = 64/8)is
8, consistency index (CI)={(4_max —n)/(n — 1)}IS 0, ran-
dom consistency index (RCI) is 1.41 and consistency ratio
(CR)=(CI/RCI) is 0.

Result and discussion

Land use and Land cover (LULC) and groundwater
potentiality

LULC are important elements that control soil moisture,
penetration, surface runoff rate which directly regulates
groundwater recharge (Yeh et al. 2016; Senapati and Das.
2021). This type of LULC manages the storage of ground-
water through a complex geological process on the ground
surface. In these alluvial aquifer regions, LULC is a lead-
ing controlling aspect to identify groundwater availability.
Dense vegetation, sparse vegetation, cultivated land, cur-
rent agricultural fallow, settlement, river and water bodies,
and sand bar are the seven types of LULC patterns seen in
the research region (Fig. 3). Most of the region falls under
the category of agricultural area. The cultivated land cov-
ers 48%, current agricultural fallow covers 31%, settlement

6%, water bodies 5%, sand bar 4.5%, dense vegetation 3%,
sparse vegetation 2.5% of the land area. On the basis of 156
random sample points and ground truth information, accu-
rate evaluation of the LULC map has been measured the
overall accuracy was found to be 91% and the kappa coef-
ficient calculated is 0.78775. Area of agricultural land, water
bodies and natural vegetation are suitable for groundwater
recharge, through water infiltration (Thapa et al. 2017).
Fields of natural vegetation have been given moderately high
weight because the shots gradually decrease the surface flow
and increase the penetration rate (Bhattacharya et al. 2020;
Senapati and Das 2021). Agricultural fields offer a lot of
groundwater recharge capacity (Biswas et al. 2020) and low
groundwater recharge due to low infiltration rate in settle-
ment areas.

Soil texture and groundwater potentiality

The soils texture a crucial role in controlling the groundwa-
ter potentiality zones because soil texture directly regulates
the porosity, adhesion and consistency (Patra et al., 2018;
Senapati and Das 2021). The soil texture map was collected
from National Bureau of Soil Survey and Land Use Plan-
ning (NBSS & LUP). The infiltration and retention rate of
groundwater are controlled by the soil type, which influences
permeability. The finer the soil texture, the lower the infil-
tration capacity and as a result the less groundwater will be
recharged; conversely, the coarser the soil texture, the higher
the research region is divided into five different types: coarse
loamy-fine loamy soil, coarse loamy soil, fine loamy soil,
fine loamy-coarse loamy soil and fine-coarse loamy soil,
which is considered 440 km?, 813 km?, 373 km?, 1084 km?,
and 677 km?. These categories covered 13%, 24%, 11%, 32%
and 20% of total area, respectively (Fig. 4).

Rainfall and groundwater potentiality
Rainfall is the major primary source of groundwater

recharge. It has an impact on the rate of infiltration
and surface runoff depending on the rainfall volume

Table 6 Pairwise normalized matrix of groundwater potentiality in Cooch Behar District

Themes LULC  Soil Rainfall D.D Geomorphology  Lithology NDVI TWI Weighted sum  Row average
LULC 0212 0212 0.212 0212  0.212 0.212 0212 0212  1.697 0.212
Soil 0.182  0.182 0.182 0.182  0.182 0.182 0.182  0.182  1.455 0.182
Rainfall 0.152  0.152 0.152 0.152  0.152 0.152 0.152  0.152 1212 0.152
D.D 0.152  0.152 0.152 0.152  0.152 0.152 0.152  0.152 1212 0.152
Geomorphology  0.121 0.121  0.121 0.121  0.121 0.121 0.121  0.121  0.970 0.121
Lithology 0.091 0.091  0.091 0.091  0.091 0.091 0.091  0.091 0.727 0.091
NDVI 0.061 0.061  0.061 0.061  0.061 0.061 0.061  0.061 0.485 0.061
TWI 0.030  0.030 0.030 0.030  0.030 0.030 0.030  0.030 0.242 0.030
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Table 7 Normalized weight of

Factor Domain of effect AHP weight ~ MIF weight
subclasses
LULC Settlement 0.035 5
Sand bar 0.051 13
Current agricultural fallow 0.078 9
Cultivation land 0.123 11
Water bodies 0.198 16
Sparse vegetation 0.198 14
Dense vegetation 0.316 14
Soil texture Fine-coarse loamy 0.061 2
Fine loamy-coarse loamy 0.097 3
Fine loamy 0.159 5
Coarse loamy 0.262 6
coarse loamy-fine loamy 0.148 4
Rainfall 2545-2684 mm. (very poor) 0.061 10
2684-2845 mm. (poor) 0.097 12
2845-2969 mm. (moderate) 0.159 14
2969-3043 mm. (good) 0.262 15
3043-3178 mm. (very good) 0.061 16
Drainage density ~ 0.0241-0.961 (very poor) 0.061 8
0.962-1.4 (poor) 0.097 10
1.41-1.81 (moderate) 0.149 12
1.81-2.36 (good) 0.329 14
2.37-5.58 (very good) 0.361 14
Geomorphology fluvial origin-younger alluvial plain 0.277 11
fluvial origin active flood plains 0.467 13
fluvial origin-older flood plain 0.160 9
fluvial origin-Piedmont alluvial plain 0.095 8
Lithology Light gray silty loams underlain by unaltered multiple 0.160 7
sequence of fine sand, silt and clay with bog clay
Alternate layers of sand silt and clay 0.095 6
Gravel, coarse to fine sand, silt and clay 0.277
Very fine sand, silt and clay 0.467 9
NDVI (-0.11-0.00) Water bodies (No vegetation) 0.512 13
(0.00-0.11) No vegetation 0.033 7
(0.12-0.15) shrubs and grassland 0.063 9
(0.16-0.21) moderately healthy vegetation 0.128 11
(0.22-0.44) healthy vegetation 0.261 13
TWI 2.43-7.78 (very poor) 0.033 9
7.78-10.33 (poor) 0.063 10
10.33-12.27 (moderate) 0.128 11
12.27-14.67 (good) 0.261 12
14.67-22.19 (very good) 0.512 13

duration, and intensity of the rain. Long-term low pre-
cipitation influences high surface runoff and low penetra-
tion. Groundwater recharging is also influenced by the
yearly average rainfall. Higher rainfall suggests a higher
groundwater potential, whereas lesser rainfall suggests
a low groundwater potential. The rainfall variety in the
study area varies from 2.850 mm yearly, which suggests
a warm and temperature climate with high rainfall during
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the monsoons. The IDW method of spatial interpolation
in the ArcGIS platform was used to create a thematic
map of rainfall data collected from IDM, Pune of seven
weather station: Pundibari, Cooch Behar, Haldibari,
Dinhata, Mekhliganj, Tufanganj, and Mathabhanga. On
the basis of the rainfall received, the research region is
divided into five rainy zones, namely 8% of the total area
falls into the class of very poor. 6% of the total area falls
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into the class of poor. 32% of the total area falls into the
class of moderate. 30% of the total area falls into the class
of good. 24% of the total area falls good (Fig. 5). Heavy
rainfall was recorded in the northeastern region. Greater
weight is applied to higher rainfall zones for determining
groundwater zones and vice versa.

89°30'0"E

Drainage density and groundwater potentiality

Drainage density is a key indicator of infiltration rate.
Drainage density is inversely proportional to permeability.
Higher drainage density denotes higher surface runoff as
well as less water infiltration, implying lower groundwater
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Fig.5 Rainfall map of Cooch 89°0'0"E
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Fig.6 Drainage density map of 89°0'0"E
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recharge, while lower drainage density implies more rain-
water penetration and contribution more to groundwater
recharge (Bhunia. 2020; Burua et al. 2021; Senapati and
Das 2021). The recharge region is bisected by six major
rivers: the Teesta, Jaldhaka, Torsha, Kaljani, Raidak,
Gadadhar and Ghargharia as well as their numerous small
tributaries. As a result, there is a high drainage density in
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this area. On the basis of their drainage density values, the
research areas drainage density (km/km?) has been divided
into five classes (Fig. 6). The areas classified as very poor
(0.0241-0.961), indicating 14% area, poor (0.961-1.40)
represent 33% area, moderate (1.41-1.81) represent 37%
area, good (1.81-2.36) represent 14% area, and very good
2.36-5.58) account 2% of the overall study area.
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Geomorphology and groundwater potentiality

A basins hydrological behavior is influenced to a large extent
by its geomorphological characteristics. Geomorphology
refers to an areas landform and is one of the most important
factors in determining the groundwater potentiality one. The
research areas geomorphology is characterized by fluvial
activities; it has a high potential for groundwater recharge.
The following geomorphic landforms were identified in the
study area and their percentage coverage such as fluvial ori-
gin—younger alluvial plains have been found among almost
every segment, 51% of the study area; fluvial origin order
flood plains have been found in the southern part, 28% of the
study area and fluvial origin-Piedmont alluvial plain, which
is observed in the nethermost section of the research region,
account for 5% of the total area (Fig. 7). The high weight
is initially allocated to the fluvial origin active flood plains
because it is next to the river, so it has a lot of potentials to
recharge while piedmont alluvial plains have a low potential
for recharge due to heavy runoff.

Lithology and groundwater potentiality

The lithological characteristic is required for assessing
groundwater porosity and movement. Groundwater recharge
and development are influenced by permeability and poros-
ity (Akinlaluet all. 2017). Surface lithology influences soil
conditions, which are influenced by the structure, adhesion,
porosity, and consistency of soil features (Senapati and Das
2021). The study area contained four types of lithological
units: very fine sand, silt, and clay, which consist 24% of the

Fig. 7 Geomorphology map of

BgoqvouE

total area, gravel, coarse to fine sand, silt and clay, which
consist 0.3% of the total area, alternate layers of sand, silt,
and clay which consist 46.7% of the total area and light
gray silty loams underlain by unaltered multiple sequence
of fine sand, silt and clay consist 29% of the whole area
(Fig. 8). Very fine sand, silt and clay are assigned a higher
weight because it is observed along the stream channel in
our study area. Gravel, coarse to fine sand, silt and clay are
also assigned a high weight in comparison to light gray silty
loams underlain by an unaltered multiple sequence of fine
sand and clay with bog clay, which has a low infiltration rate
(Shekar et al. 2015).

NDVI and groundwater potentiality

NDVI is extensively used indicators for monitoring vegeta-
tion dynamic at regional and global scales. Tucker (1979)
created this indicator, which ranges from —1 to 1, with val-
ues less than 0 indicating no vegetation cover and greater
than O denote available vegetation cover. The NDVI was
computed using the formula given as follows:

NDVI = (NIR band — RED band) / (NIR band + RED band)

where NIR stands for near-infrared band (0.77-0.90 pum
and RED stands for visible red band (0.630-0.680 um). The
presence of healthy and vegetation in a given area appears
to be linked to adequate groundwater recharge. As a result,
the greater the value the more weight is awarded, whereas
sparse vegetation, shrubs and grassland are given a mod-
erate amount of weight. Our study areas NDVI has been
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grouped into five categories in the thematic mapping, such
as no vegetation are (0-0.11), which occupied 3% area.
Water bodies (—0.11-0.00), which occupied 3% of the total
area, Shrubs and grassland (—0.12-0.15), which occupied
14% of the total surface area, moderately healthy vegetation
(= 0.16-0.21), which occupied 36% of the total area and
Healthy vegetation (—0.22-0.44), which occupied 44% of
the total area (Fig. 9).
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TWI and groundwater potentiality

Topographic wetness index (TWI) is used to quantify topo-
graphic control on hydrological processes and indicates the
potential groundwater infiltration induced by the impacts of
topographic. So, TWI is an important parameter to determi-
nation groundwater potentiality zone. In a regional topogra-
phy, TWI represents the geographical distribution of wetness
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conditions. It controls the water inclination to accumulate as
well as the water tendency tom flow down the slope under
gravity.

TWT1 is calculated as follows:

TWI = In (As / tan)

where As is the particular river basin and tan g is the local
slope angle of the particular grid.

The TWI value in our study area ranges from 2.43 to
22.19. The values were divided into five groups. These are
following 2.43-7.78 occupied 7% of the total area and were
classified as extremely poor, 7.78-10.33 occupies 20% of
the total area and was classified as poor, 10.33-12.27 occu-
pied 23% of the entire area and was classified as moder-
ate, 12.27-14.67 occupied 20% of the total area good and
14.67-22.19 occupied 29% of the entire area classified as
excellent (Fig. 10). High flow reserves and linear slope areas
have a higher TWI value, where steep slopes and higher
drainage indicate lower TWI values. For a high TWI value,
a high weight has been allocated and vice versa.

Groundwater potential zone (GPZ) map

Groundwater potentiality zones have been identified for the
research region using a multi-influencing AHP and MIF
technique through GIS-weighted overlay analysis. The
weighs of eight thematic layers have been added together to
create the final groundwater potential map.

The field of investigation revealed five separate classi-
fication zones based on the outcome map: very poor, poor,

Fig. 10 TWI map of Cooch

89°0'0"E

moderate, good, and excellent. In the basis of AHP technique
the geographically area extension of 271 km?, 508 km?,
813 km?, 1118 km? and 677 km? respectively (Fig. 11).
20% of the groundwater potential in the research region is
excellent, 33% is good, 24% is moderate, 15% is poor and
8% is very poor. On the other hand, MIF technique shows
that the very poor GWPZ covers an area of 285 km? which
represents 9% of the total area. Poor GPZ cover 671 km?
(21%), moderate GPZ cover 944 km? (30%) area, good GPZ
cover 837 km? (27%), and excellent GPZ cover 410 km?
(13%) area (Fig. 12) (Table 8). The results demonstrate that
a good and excellent GPZ is concentrated in the southwest-
ern and northeastern sections of the study area particularly
in Haldibari, Mekhliganj, Sitai, and Sitalkuchi blocks. High
intensity of rainfall, the fluvial origin active flood plains,
very fine sand silt clay, extensive agricultural land, and
coarse loamy-fine textured influence groundwater recharge.
Cooch Behar-II, Tufanganj-1II, Dinhata-I, Dinhata-II, and
Mathabhanga-I blocks are under moderate GPZ. Cooch
Behar-I, Mathabhanga-I, and Tufanganj-I blocks are under
low GPZ. The groundwater potential zone map allows us to
have a good awareness of a region groundwater situation in
order to prepare for long-term groundwater extraction, suit-
able planning and management for suitable development.

Validation

Validation is important in scientific study. The final
groundwater potential zone (GWPZ) is validated using 45
real groundwater data samples acquired from the CGWB,
and the model is validated using a receiver operating
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Fig. 11 Groundwater poten-
tiality zones map using MIF
Technique
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Table 8 Area and % of different

. . GWPZ
groundwater potential zone in

MIF-area % of the area  MIF-value AHP-area % of the area ~ AHP-value

MIF and AHP technique Very poor

Poor
Moderate
Good
Excellent

285 9
671 21
944 30
837 27
410 13

769-977
977-1034
1034-1083
1083-1138
1138-1332

271 8
508 15
813 24
1118 33
677 20

(74.75-143.84)
(143.84-177.39)
(177.39-212.92)
(212.92-258.32)
(258.32-578.08)
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characteristics (ROC) curve. To determine map accuracy,
the ROC curve was used as a mathematical approach by
using SPSS (Statistical Package for the Social Sciences)
statistical software. The cumulative percentage of the
area (on the x-axis) and the cumulative percentage of the
number of wells (on the y-axis) were used to create ROC
curves. The area under the curve (AUC) was determined
to assess the capacity to forecast the occurrence or non-
occurrence of pre-defined "events." The prediction rate
is depicted as a blue line in a visual depiction (Fig. 13a
and b). The forecasting percentage was studied using the
area under the curve (AUC) scale, which ranged from
0.5 to 1.0. The AUC value is classified in the following
sequence: poor, average, good, very good, and excellent
with the range from “0.5-0.6,” “0.6-0.8,” “0.8—-0.9” and
“0.9-1.0,” respectively (Senapati and Das 2019; Ara-
bameri et al. 2018; Senapati and Das 2021). The MIF tech-
nique delivers 76.5% accuracy denoting that it is a good
predicator, whereas the AHP technique delivers 88.9%
accuracy, a very good predicator model to delineate the
groundwater potential zone (GPZ). Although, both tech-
niques for measuring groundwater Potential Zone in the
Cooch Behar district were quite accurate and reasonable.
Based on the ROC-AUC curve, the AHP method yielded
substantially more accurate findings than the MIF tech-
nique. The categorization criteria, mean rating score, and
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(a) ROC curve for groundwater potentiality
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weights allocated to the thematic layers all have depended
on the accuracy of the techniques.

Conclusion

GIS based two MCDM methods have been using, namely
AHP and MIF Technique the current study was conducted
on the groundwater potential zone in the agriculture-domi-
nated Cooch Behar district. Cooch Behar-I and II, Dinhata-1
and II, Mathabhanga-I and II, Tufanganj-I and II, Haldibari,
Mekhliganj, Sitai, Sitalkuchi are the twelve blocks of Cooch
Behar district studied. The groundwater potential map was
created using 8 geo-environmental parameters. The factors
that were considered include LULC, rainfall, soil texture,
geomorphology, lithology, drainage density, NDVI, and
TWI. The research region was categorized into five zones
based on the output map: very poor, poor, moderate, good,
and excellent. The GPZ has been evaluated as excellent
(20%), good (33%), moderate (24%), poor (15%), and very
poor (8%) using the AHP technique. According to the MIF
technique, 13% of the research area has excellent groundwa-
ter potential, while the remaining 27% has good groundwa-
ter potential. The rest of the area has moderate (30%), poor
(21%), and very poor (20%) potential. The results have been
validated with the mean annual groundwater fluctuation data

MIF-ROC Curve

1.0 -

0.8

0.6
£
=
S
‘©
c
@
"

0.4 -

0.2 MIF

——ROC (AUC =76.5)
Reference Line
0.0
T T T T T
0.0 02 04 06 08 1.0

1 - Specificity

(b) ROC curve for groundwater potentiality
zones map using MIF Technique

Fig. 13 a ROC curve for groundwater potentiality zones map using AHP Technique. b ROC curve for groundwater potentiality zones map using

MIF Technique

@ Springer



43 Page160f18

Applied Water Science (2022) 12:43

of 45 dug wells. While the accuracy of the GPZ generated
by both MCDM methods was satisfactory, the validation
phase indicates that the AHP approach produced far more
accurate results compared to the MIF method (AHP accu-
racy: 88.9% compared to MIF accuracy: 76.5%) in the study
region because the AHP technique considers the preference
of the factors as well as interrelationship among themselves
and then builds a pairwise comparison matrix and assesses
the consistency ratio but the MIF technique is more subjec-
tive and highly dependent on the expert's knowledge/skills in
the research field. This agrees with previous research (Zghibi
et al. 2020; Abijith et al. 2020).

Opverall, the validation results raise confidence in the used
technique as a helpful framework for assessing groundwater
recharge quickly and informing the placement of artificial
recharge structures and other groundwater management
activities. In India, groundwater management and usage
are seen as a state problem; therefore, any groundwater
regulation or law is enacted at the state level. We explain
the results of our modeling more holistically at the macro-
level, the suitable suggestions we can offer are as follows: A
state agency also monitors irrigated regions using satellite
imagery and constructed certain ground monitoring stations
with modern smart automated reading meters, allowing real-
time monitoring of groundwater abstraction in agricultural
fields, in order to detect any unlawful abstraction. Farmers'
groups can also restrict groundwater abstraction by pro-
viding appropriate training. We suggest that boosting per-
hectare revenue through increasing production of higher-
value crops may help to improve groundwater management
and sustainability. Farmers can build their own irrigation
system by conserving surface rainwater on their own land
as well as improve groundwater sustainability by acting as
a groundwater recharge structure. Above all, the sustain-
able development of the overall groundwater is possible by
forming a local-scale integrated groundwater development
system (Groundwater monitoring—Knowledge generation
and shearing—Regulatory interventions—Public participa-
tion—Institutional responsibility) based on the joint coop-
eration of the government and the local people. So, this
groundwater potential zone (GPZ) maps in the studied area
may be helpful for government agencies and policymaker
to monitor groundwater and regulate groundwater explora-
tion in the region especially for the development of suitable
groundwater for agricultural sectors.
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