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Abstract

Total natural and groundwater resources play the most crucial role in developing ecological, biological and socioeconomic
doings. Various parameters like land use, geology, elevation, slope, lineament, lineament density, drainage density and
geomorphology affect the groundwater development of recharge and its accessibility. In this research, geographical infor-
mation system (GIS), remote sensing, weighted overlay analysis and analytical hierarchy process (AHP) methods have been
used for groundwater prospects mapping, and identifying suitable solutions site for soil and water conservation structures.
To calculate the weights were assigned to every layers component in the determination of affecting factors. The weighted
overlay analysis (WOA) tool is applied to give the sub-parameter ratings based on the scientific literature. The final map of
potential groundwater zone map has prepared using Arc GIS 10.1 software and AHP methods. About 49.71% of the areas
fall under the 'good potential zone, 41.05% falls under the 'moderate potential zone', and 9.22% falls under the 'poor zone by
using AHP technique. Groundwater potential zone map is depend on the weighted overlay analysis and analytical hierarchy
process (AHP) methods. The highest GWP is located in the lower part of the basin due to the best surface runoff gathering,
infiltration situations and subsurface storage volume. The present study procedure, methods and outcomes can be valuable
to estimate the suitable groundwater zones parallel to improve the dry land area in the semi-arid and arid regions of India.
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Introduction

Groundwater is the second greatest important source of fresh
water on the earth surface and the finest for human and com-
mercial developments and planning associated with surface
water (Arabameri et al. 2019).

Over-exploitation of groundwater has led to declining
groundwater levels and ever-increasing stress on available
groundwater resources in several parts of the world as a
result of the accelerated pace of development and intensive
agriculture across the globe to meet increasing global food
and energy demands (Fathi et al. 2021; Priyan 2021).
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In the semi-arid region with various climatic factors affect
the management of water resources (Kandekar et al. 2021).
Agriculture activates and makes an important contribution
to the Indian economy. India is the second-largest popu-
lated country globally, and most of the population live in
rural areas and are involved in agriculture practices (Priyan
2021). In this view, groundwater is play a very important
role in developing the Indian economy and other countries.
The natural resources such as land, water and air etc. can be
maintained for India's ecological balance in upcoming years.
The groundwater resources are important for agriculture
development absence of surface water in India (Arivazhagan
et al. 2021; Maity et al., 2019).

The southern part of India rivers affects the wasteland,
and fallow and barren lands have increased due to shortage
of water during kharif and rabi seasons. Groundwater acces-
sibility significantly changes in various seasons, and river
runoff substantially affects the groundwater recharge mecha-
nism (Kuriqi et al., 2020). Rainfed agriculture has contrib-
uted to 58% of the world's food supply, which comes from
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80% of the agriculture sector (Moharir et al., 2017). The
world's population has been increasing, automatically the
demand of fresh water has increasing, and only one ground-
water source is the most crucial source of fresh water if there
are drought conditions that time directly impacts food secu-
rity, agricultural production, climate imbalance, surface and
groundwater shortages in the semi-arid region (Maity et al.
2019; Moharir et al. 2019). Watershed management develop-
ment programme is considered an effective instrument for
inclining to a massive number of water-related issues and is
perceived as a suitable mechanism for groundwater develop-
ment and improvement in delicate and marginal rainfed areas
(Khadri et al. 2014a).

The groundwater potential zones mapping is essential
for developing groundwater and rainwater conservation
planning in the semi-arid region based on remote sensing
techniques (Asadi et al. 2007; Biswas et al. 2012; Anu Var-
ughese 2012; Etishree et al. 2013). So many researchers have
completed research on the groundwater development topics
such as chemical and physical groundwater quality analysis,
aquifer mapping, groundwater flow modelling, groundwater
potential zones map and advanced remote sensing and GIS
technologies applied on the natural resource’s assessment
(Ranjana et al. 2009; Pande et al. 2017). The novel emerging
technologies like MIF, AHP, remote sensing and geographi-
cal information system (GIS) have found accurately suit-
able groundwater zones for the development and planning
of watershed at small and large scale (Javed and Wani 2009;
Pande et al. 2019; Khadri et al. 2016).

GIS software can be an effective tool for monitoring
groundwater development. GIS and remote sensing tech-
nologies have been used to assess the feasibility of ground-
water recharge sites and dam locations in the semi-arid
region (Pande et al. 2018a). Remote sensing and geographic
information systems (GIS), with their advantages of spatial,
spectral and temporal availability and manipulation of data
covering vast and inaccessible zones in a short period, have
become valuable tools for observing and monitoring ground-
water resources within watershed areas. These methods and
technology have been applied to identify suitable zones and
sites for groundwater exploration and development to poor
aquifer zones in basaltic rock (Pande et al. 2018b; Rane et al.
2021). Remote sensing and GIS softwares used for natural
resources mapping, this maps are helpful to the development
of groundwater and watershed based on the satellite images
(Pande et al. 2021). The main aim of this research investiga-
tion has been to prepare various thematic layers, i.e. lithol-
ogy, geomorphology, drainage density, lineament, rainfall,
slope, land-use cover, etc. To estimate potential groundwater
area within this study area for weight assignment by AHP
(Analytical Hierarchical Process)-based approach for each
thematic layer and incorporate the same to classify poten-
tial groundwater zones. To estimate groundwater potential
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zones within this study area for weight assignment by AHP
(Analytical Hierarchical Process)-based approach for each
thematic layer and incorporate the same to classify poten-
tial groundwater zones. All of these layers were integrated
using the AHP technique and GIS software. These layers
have been integrated for the accurate identification of poten-
tial groundwater zones, soil and water conversation sites.
This study shows groundwater suitable zones mapping was
divided into three classes: poor, moderate and good accord-
ing to assigned weights, remote sensing, GIS and AHP tech-
niques. The results of the study area can be helpful for the
assessment of the natural resources, watershed planning and
groundwater development to the agriculture production with
maintaining the ecological balance in the semi-arid region.

Study area

The Godavari river basin is located between latitude 160 16’
00" North and 22° 36’ 00" North and longitude 73° 26" 00"
East and 83° 07’ 00" East (Fig. 1). The Godavari river basin
is an important river in the Marathwada region and other
parts of Maharashtra state. This river has the largest basin
and is critical for the development of crops in Maharashtra.
According to the digital elevation model, the highest eleva-
tion of mean sea level is 1,067 m. It is approximately 38
kms from the source of the river basin. In this study area,
many major crops are available such as sugarcane, cotton,
horticulture and soybean etc. This area is highly cultivated
land as compared to other basin areas, while so many crops
only depend on the groundwater and rainwater in the semi-
arid region.

Materials and methodology

A drainage network map produces based on the digital
elevation model data for the Godavari river basin. Stream
orders map is created based on the stream map and Arc
GIS software. The land use and land cover map are pre-
pared from the satellite data by using supervised classifica-
tion tools in the Arc GIS software. Geomorphology land-
forms classes were identified based on the Indian Remote
Sensing-P6-LISS-IV imagery with the references of field
data and Arc GIS software. Then, the LULC map was cre-
ated and used for potential groundwater zones mapping.
The Arc GIS system has made the various thematic layers
to know baseline data of multiple factors associated with
groundwater and poor aquifer. In most scientific studies,
the criteria for delineation of groundwater zones have often
been used for geomorphology, geology, drainage density,
soils, lineament, land use, etc. (Prasad et al., 2008; Das
and Pal, 2019). All thematic layers like geomorphology,
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Fig. 1 Location map of the study area

geology, lineament density, and drainage density maps
were generated by remote sensing and GIS techniques.
The geology and soil classes have been verified with a
ground database (Pande et al. 2018b; and Pande et al.
2019). All integrated data have effectively delineated the
potential groundwater zones using AHP technique (Fig. 2).
Every thematic layer classes were assigned weightages
using AHP and WOA (weighted overlay analysis) meth-
ods. A change in groundwater level has been found due to
various environmental factors. Thematic layers have been
determined to map potential groundwater zones based on
the weighted overlay analysis (WOA). AHP is an MCDM
method technique developed by Saaty (1997). In order to
detect a potential groundwater area, and multi-parameters
were considered. In the decision-making process for find-
ing groundwater zones, the weights of each parameters
were calculated based on their relative importance. AHP's
hierarchical formulation, economical and few time intense
and accurate outcomes, etc. (Das, 2019).

A 1 to 10 scale has been used to allocate result of sub-
criteria depend on the favourable situations and their value
in groundwater detection. The most appropriate sub-crite-
rion has given the maximum score (10), the minimum score
(1) has shown the most inappropriate under-parameter, and
an intermediate score is allocated to moderately appropri-
ate GPZ identification criteria sub-parameters. Therefore,
the selected parameters were given, e.g. geology, geomor-
phology, land use, drainage density, slope and soil, etc. The
groundwater potential zones map was prepared using the
analytical hierarchy process. The groundwater zones map
of the study area was verified using the available water level
and well yield information. The water level points were
superimposed on the final groundwater potential zones
map to verify the correctness of the current work in the dif-
ferent groundwater suitable zones. The AHP method has
been given beneficial accurate results about the potential
groundwater zones. The adopted methodology flow chart is
enclosed in Fig. 2.
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Fig.2 The interrelationship
between the multi-influencing
factors concerning the ground-
water potential zone
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Results and discussion

The groundwater potential zones mapping is vital for
groundwater recharge development. The results have been
applied for the planning and development of watersheds with
poor aquifer zones area. These results have developed using
remote sensing and AHP methods. In this study, assessing
natural resources mapping play a vital role in identifica-
tion of suitable groundwater zones (Khadri et al. 2013 and
2014b). All extraction classes of layers have been demar-
cated based on the digital and visual interpretation tech-
niques with verified field data (Pande et al., 2015). In this
study selected seven necessary thematic layers are used for
groundwater suitable zones mapping, and these thematic
layers assigned the ranks as per the hierarchical analytical
process with the scale of Satty.

Geology

Geology is playing an important role in identification
of groundwater potential zones analysis and occurrence.
The study area is suffering so many problems from ground-
water and drought, particularly in the semi-arid region. The
groundwater classes were assigned weightage as per the
AHP method. The final geology map was used to understand
aquifer flow and rocks (Fig. 3A and Table 3).
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Geomorphology

Geomorphology factors are the main essential parameters
in the hydrological system process on the earth surface. It
is most important role in the poor aquifer zones mapping
under the hard rock terrain. In this view, geomorphology
mapping should be needed for the preparation of the ground-
water suitable zones mapping. Satellite data are used for the
identification of different landforms in the geomorphology
mapping. A geomorphology map was created using Arc GIS
software (Khadri et al., 2015). In the Deccan trap, different
structural characteristics are essential for sustainable water
resource development. The geomorphology characteristics
are depended on the geological rock formation’s structural
evaluation. Hence, the geomorphology mapping is play a
significant role in the delineation of groundwater zones as
well as planning of soil and water conservation (Fig. 3B).

Drainage density

Drainage density play is an essential role in the groundwater
potential zones on the drainage line and agriculture field.
Water runoftf would be high if the drainage level is high
and water penetration to the ground is lower, but the sur-
face water runoff region with low drainage density would be
lower, so surface water is highly infiltrated into the ground.
The drainage density map was prepared from the SRTM



Applied Water Science (2021) 11:182 Page50f11 182
Geology map _é’ Geomorphology map é} Dréinége Density map é}
' B Y
/) —
\_%‘? :
. ¥
J/w‘\-ﬁ,,,)m :
= Logend Scale D'_‘"‘:r:lu'lv {
« “ |/ Ouccan g » © 0 =:‘_\':‘:.
(A) (B) (©)
'_."Li-r;e;rn;n;D;ﬁs'Ivty Ma“p - " élope map %
f |
E ”\
~ ~,. & ;
- =
e~
(D) (E) (F)
Soil map '

@)

Fig.3 Thematic maps: A geology, B geomorphology, C drainage density, D LULC, E lineament density, F slope, G soil maps

data in the Arc GIS software (Fig. 3C). The streamline can
define the area's drainage capacity in the river basin (Pande
et al., 2015).

Land use and land cover (LU/LC)

The land use and land cover maps were generated from
LISS-1V satellite data in the Arc GIS software. The land
use classes are essential for the planning and development
the groundwater, drought and agriculture sectors in the
semi-arid region. The remote sensing software is accurate
elementary information about land use classes for making
a land-use map compared to other software. The land use

classes were classified through supervised classification
methods and ground data. This basin is divided into ten LU/
LC, viz. tropical semievergreen, tropical moist deciduous,
tropical dry deciduous, thorn forest/shrub, irrigated intensive
agriculture, irrigated agriculture, rainfed agriculture, water
bodies, barren land and settlements (Patode et al. 2017).
Due to climate change factors and the unavailability of water
sources in the semi-arid region, the land use classes quickly
change. The large section of the land cover was under irri-
gated intensive agriculture, irrigated agriculture, rainfed
agriculture, followed by tropical dry deciduous is 64.67 and
14.17%, respectively (Fig. 3D and Table 3).
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Lineaments density

Lineaments and faults are the unequal earth structures iden-
tified. These features disclose the characteristics of the sur-
face and the hidden layer. Suppose high lineament density
is helpful in the development of the aquifer zone in the hard
basaltic rock with very high terrain (Kartic Bera et al., 2012).
The lineament directly shows poor aquifer zones entire in the
basin area. This information can target groundwater devel-
opment and watershed management to agriculture crops
under climate changes. Thus, lineaments density played a
significant role in the planning and developing groundwater
resources in the study area. Geomatica software delineates
and provides appropriate relative weighted depending on the
groundwater infiltration rate (Table 3). The lineament map
was prepared from a satellite image with the reference of
field data in the Arc GIS software (Fig. 3E).

Slope

The slope is defining as a rate of infiltration and surface
runoff on the planned earth areas. It can retain and stream
to water within the ground, which can raise the retention to
groundwater, while the deep slopes extend the runoff with
a decrease in the penetration of surface runoff entire in the
earth. The surface slope was prepared using a spatial analy-
sis tool in the Arc GIS environment based on the digital
elevation model. Therefore, the surface slope was divided
into five classes in the slope map. Slope classes weights were
allocated weight using the WOA and AHP methods (Fig. 3F
and Table 3). The slope map is a more important parameter
in groundwater planning and soil and water conservation
sites, particularly in undulating topography and challenging
rock terrain (Khadri et al. 2016b).

Soil

Soil is the main factor for the delineation of groundwater
potential zones mapping. Currently, so many software and
techniques like remote sensing, field, GIS and AHP model-
ling are applied to groundwater-related research work and
watershed development planning. The soil maps were devel-
oped in the Arc GIS software with ground truth and labo-
ratory data (Fig. 3G). The groundwater and surface water
flow penetration into the ground depends on the porosity and
permeability of the soil. Therefore, estimating and determin-
ing the amount of groundwater with suitable sites in the river
basin area for groundwater recharge.

The soil classification database was obtained from the
National Soil Survey and Land Use Planning Bureau,
Nagpur. In the study area, we have observed the seven
soil classes such as Loamy, mixed hyperthermic, Lithic
Ustorthents, Very fine, montmorillonite, Calcareous, is
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hyper, Fine montmorillonitic, Calcareous, isohyperthermic,
Clayey-skeletal, Typic Ustropepts, Clayey, montmorillonitic,
shallow, Typic Ustropepts, Clayey, montmorillonitic, Typic
Ustropepts and Fine montmorillonitic, Vertic Ustropepts.
The movement of the infiltration of water in these seven
types of soil is not the same, so based on its property, the
weights have been assigned (Table 3).

Satty’s analytical hierarchical process

Analytical hierarchical process (AHP) is a modern tech-
nique for demarcation of groundwater potential zones map-
ping based on the remote sensing and GIS database. It is
included to design the multiple decision criteria based on the
hierarchy method. To evaluating the comparative is needed
rules for every paradigm and determining the full ranking
of the replacements. The establishment of the analytic hier-
archy process (AHP) is fixed of critical problem solving for
groundwater-related issues as wells as natural resources
problems (Saaty 1980). AHP method is a prevalent and
accurate result of the groundwater potential zones mapping.
It depends on the well-characterized scientific design of reli-
able environments, and there is connected right eigenvector's
able to create approximately weights. The AHP technique
is a standard, or options concerning a model, in a natural,
pairwise model (Sajikumar et al., 2013). AHP utilizes the
fundamentals of total numbers proven in practice and vali-
dated by physical and decision problems. The principal scale
has been demonstrated to be a scale that captures different
preferences concerning quantitative and qualitative attrib-
utes well compared to other scales and methods. It is shifted
over individual choice into ratio scale weights combined into
a linear added weight for every different scale. The outcomes
of AHP methods can be utilized to study potential ground-
water zones and subsequently help the decision-maker create
a selection. AHP is a mathematical technique for likening an
outline of the aim and objectives of the study area. The com-
parison matrix created by expertise utilizing Saaty's scale
is shown below. Finally, the analytical hierarchical process
combined the criteria weight and the option scores, decid-
ing a worldwide mark for every alternative and subsequent
ranking. The world rank for provide choice is the weighted
aggregate of the rank. It is acquired concerning every one
of the norms. The nine numbers display more considerable
significance, while 1/9 displays minor importance, while 1
illustrates a parameter's equivalent weight or class. Because
of these weightage criteria, every parameter was classified
(Table 1). Table 2 displays the weightage allocated to the
choice seven factors for the groundwater potential zones

mapping.
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Table 1 Saaty’s Scale of relative importance

SCALE 1 3 4 5 6 7 8 9
Relative impor-  Equal importance Weak Moderate impor- Strong impor- Strong plus  Very strong Highly strong Extreme
tance tance tance importance
Tail;le 2 .Per;:entage of S.No Influencing factor Value  Sattys scale Sattys scale % Influence=(Sat-  Relative
intluencing a.ctor bgsed on (in Fract.) (in Deci.) tys Scale/Sum)*100 Influence
Satty’s analytical hierarchical Val
alue
process
1 Lithology (Geology) ~ High 1 1 38.75 39
2 Geomorphology 172 0.5 19.37 19
3 Lineaments density 1/3 0.33 12.79 13
4 Drainage density 1/4 0.25 9.68 10
5 Soil 1/5 0.2 7.75
6 Slope 1/6 0.16 6.2
7 Land use/ Land cover  Low 1/7 0.14 542 5
2.58 100
Weighted overlay for groundwater planning and development. Groundwa-

The marked weights of thematic layers for every impor-
tant factor were assigned per the weighted overlay analysis
technique (Table 2). Thematic layers classes parameters
weights are shown in Table 3. The weighted overlay analy-
sis method was done using Spatial Analyst Tools in the
Arc GIS software. The WOA tool is worked on the vari-
ous layers in the form of a raster surface, and this raster
is easily defined general scale and weight for every layer
important for the groundwater suitable zones mapping.
The groundwater potential zones maps were divided into
very low, low, moderate, high and extremely high (Fig. 4).
In this study area, observed groundwater zones area is
126.83 km? areas fall under very high, 193.20 km? areas
are under high, 248.09 km? having moderate, 192.49 km?
having low and 37.19 km? areas.

Delineating the groundwater potential zone

The potential groundwater zone was developed based on
the AHP, remote sensing and GIS techniques. All layers
were integrated, viz. geology, geomorphology, lineament
density, slope, soil, land use, etc. The demarcation of
potential groundwater zones was done based on thematic
layers, weighted overlay analysis and analytical hierarchi-
cal process approaches (Magesh et al. 2011, Pandian et al.
2014 and Nagarajan et al. 2009). Finally, assigning the dif-
ferent groundwater potential zones as per thematic layers

ter potential zones are divided into three classes such as
good, moderate and poor (Fig. 4). This map shows that
the magnificent groundwater potential zone is an excellent
zone concentrated in most of the study area because of the
appropriation of fine montmorillonitic, Vertic Ustropepts,
Loamy, blended isohyperthermic, Lithic Ustorthents and
intensive agriculture land, irrigated agriculture land and
rainfed area with high infiltration ability. The directly indi-
cates that soil types and slope values play a vital role in the
groundwater development of the semi-arid region. Also,
the convergence of drainage density and lineament den-
sity likewise helps the groundwater system's infiltration
ability. About 49.71% of the areas fall under the excellent
zone, 41.05% fall under the 'moderate' zone, and 9.22%
fall under the 'poor' groundwater potential zone Agar-
wal et al. (2013); Agrawal et al. (2009); Arkoprovo et al.
(2012); Khadri et al. (2016a); Magesh et al. (2012); Var-
ughese (2012).

Conclusions

Satellite images are given significant topography data to
classify different geology classes, lineaments and hydro-
geomorphological elements. Large of these geographies
helped as secondary pointers of groundwater amount in
the river basin area. The most important results have been
obtaining for developing the Godavari river basin based on
the AHP, GIS and remote sensing techniques. The remote
sensing and GIS technology is demarcated and assessment
of natural resources for the entire basin. The groundwater
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Table 3 Assigned weight according to Satty’s analytical hierarchical process

S.No Influencing factors  Class interval Groundwa-  Sattys Sattys % Influence = (Sat- Relative Weight
ter Avail- Scale (in  Scale (in  tys Scale/
ability Frac.) deci.) Sum)*100
1 Drainage density 0-350 High 1 1 65.35 65
350-1500 Moderate 1/3 0.33 21.56 22
1600-3800 Low 1/5 0.2 13.07 13
1.53
2 Geology Deccan Trap Moderate 1/3 0.33 0.33 100
0.33
3 Geomorphology Waterbodies Moderate 1/3 0.33 28.44 28
Structural origin Moderate 1/3 0.33 28.44 28
Denudational Origin Low 1/4 0.25 21.55 22
Andropogenic Origin Low 1/4 0.25 21.55 22
1.16
4 Land use Land cover Irrigated Intensive Agriculture High 172 0.5 15.29 15
Irrigated Agriculture High 172 0.5 15.29 15
Rainfed Agriculture High 172 0.5 15.29 15
Tropical Semievergreen Moderate 173 0.33 10.09 10
Tropical Moist Deciduous Moderate 173 0.33 10.09 10
Thorn Forest/Scrub (Southern) Moderate 1/3 0.33 10.09 10
Water Bodies Moderate 1/3 0.33 10.09 10
Settlement Low 1/4 0.25 7.64 8
Barren very low 1/5 0.2 54 5
3.27
5 Soil Very fine, montmorillonitic, Calcar- High 12 0.5 20.08 20
eous, isohyperthermic
Fine montmorillonitic, Vertic High 12 0.5 20.08 20
Ustropepts
Loamy, mixed. isohyperthermic, Moderate 1/3 0.33 13.25 13
Lithic Ustorthents
Fine montmorillonitic, Calcareous, Moderate 1/3 0.33 13.25 13
isohyperthermic
Clayey, montmorillonitic, shallow, = Moderate 1/3 0.33 13.25 13
Typic Ustropepts
Clayey-skeletal, Typic Ustropepts Low 1/4 0.25 10.04 10
Clayey, montmorillonitic, Typic Low 1/4 0.25 10.04 10
Ustropepts
2.49
6 Slope 0-3 Very High 1 1 54.64 54
3-9 High 173 0.33 18.03 18
9-18 Moderate 1/5 0.2 10.92 11
18-31 Low 1/6 0.16 8.74 9
>31 Very Low 1/7 0.14 7.65 8
1.83
7 Lineament density ~ 0-0.26 High 1 1 65.35 65
0.27-0.54 Moderate 173 0.33 21.56 22
0.55-1.3 Low 1/5 0.2 13.07 13
1.53
potential zones map was divided into three classes: excel- zone (41.05%) and the low potential zone has been covered

lent potential, poor, moderate and good. The study areais  very least by 9.22%. The complete help of AHP through
under the good potential zone (49.71%), moderate potential ~ GIS resulted in the development of an effective procedure
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Fig.4 Groundwater potential zone map

for spatial data management and weighted overlay analysis
methods. The combination and analyses of different thematic
layers show support in the demarcation of suitable ground-
water zones. The results accuracy proves the Satty’s analyti-
cal hierarchical process is one of the appropriate techniques
to assign the weightage for potential groundwater studies.
Therefore, the study results can be utilized in the plan-
ning for exploring groundwater development and aquifer
properties. The investigation additionally suggests the
utilization of GIS innovation with RS data for the further
study of groundwater, which can minimize the cost, time,
human power with higher accuracy. The results can be
helpful for groundwater, agriculture and irrigation pur-
poses in the semi-arid region. The remote sensing and
GIS techniques can be an adequate assessment of natural

resources under climate change factors. Watershed devel-
opment programme executives and organizers can utilize
the conclusion of this study area for appropriate managing
of watersheds activities. The water harvesting structures
have been improved to deep groundwater poor, and good
aquifers zones and water should also be selected in the
moderate and to good GWP zones to decrease the pressure
on the close surface aquifers.
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