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Abstract

In the present days, remote sensing and geographic information system (GIS) techniques are comprehensive tools for the
assessment of water resource, its management and conservation. In this study, remote sensing and GIS techniques are taken
into consideration for zonation of different groundwater prospects of Pravara basin. Several contributing factors in which
groundwater potential of an area entirely or partially depends such as lithology, geomorphology, slope, soil, lineament den-
sity, drainage density, land use and rainfall are assessed individually as well as together for making the different groundwater
prospect maps through influencing factor (IF) and frequency ratio (FR) techniques. In ArcGIS software, all these thematic
layers are prepared using different satellite imageries and conventional data sets, obtained from different sources. All these
layers are transformed into high-resolution raster format and meshed together in GIS environment using IF and FR methods.
Groundwater prospect maps are constructed as a result of overlay analysis. Based on the constructed map of groundwater
prospect zones, as a result of this study, the study area is divided into five categories of different groundwater potential zones:
very high, high, moderate, low and very low. Validation of the resultant maps has shown that frequency ratio technique is
having higher accuracy (AUC =73%) compared to the influencing factors (AUC =69%). The present study of groundwater
zonation provides a simple and less time-consuming technique; also, the results can directly be used for planning and sus-
tainable management in Pravara basin.
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Introduction

Water resource is more than anything else, which makes the
Earth unique in the solar system. About 71% of the Earth’s
surface is covered by water, still there is a severe crisis of
freshwater for drinking, agriculture and industries because
97% water on the earth is salt water in the form of seas and
oceans, about 2% water is glaciers in the polar region, and
remaining 1% is a form of stream channels and groundwater
(WWAP 2009). Only stream channels and groundwater are
the sources of freshwater. Surface water is highly vulnerable
to various pollutants. Hence, surface water in many places is
not a good option for the human consumption and economic
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activities (Todd and Mays 2005; Hoque et al. 2009; Babiker
et al. 2007; Mogaji et al. 2015). The availability of water
also varies spatially depending on the climate. Insufficient
water availability in arid and semi-arid areas causes repeated
drought condition. Hence, management of freshwater is very
significant in order to prevent severe water scarcity in arid
and semi-arid regions (Das and Pardeshi 2018a).

Aquifers containing groundwater in the sub-surface are
highly localized and change spatially (Satpathy and Kanungo
1976). Therefore, researchers are highly interested towards
mapping the different potential areas for groundwater. The
availability of groundwater depends on several factors such
as geology, geomorphology, slope, soil texture, drainage
density, lineament concentration, rainfall and land use of
an area (Sander et al. 1996; Nag 2005; Sener et al. 2005;
Solomon and Quiel 2006; Ganapuram et al. 2009; Singh
et al. 2011b; Magesh et al. 2012; Mukherjee et al. 2012;
Das et al. 2017, 2018; Das and Pardeshi 2018b). Hence, a
sincere assessment of these parameters can provide a clear
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understanding regarding the groundwater potential of a
region. Additionally, assessment of these parameters devel-
ops a general knowledge regarding the importance of each
and every factor for groundwater potential in different areas
around the world.

Currently, remote sensing and GIS techniques play a cru-
cial role in the assessment of Earth’s natural resources (Das
et al. 2018). These techniques are highly cost-effective and
less time-consuming to understand the groundwater poten-
tial of a region (Murthy 2000; Leblanc et al. 2003; Jha and
Peiffer 2006; Prasad et al. 2008; Pradhan 2009; Arkoprovo
et al. 2012; Manap et al. 2013; Mallick et al. 2015; Rahmati
et al. 2015; Das et al. 2017); the main reason is the avail-
ability of satellite data which make the analysis easier (Gan-
apuram et al. 2009) compared to the traditional techniques
such as ground drilling, geophysical assessment of linea-
ments and field observations (Das et al. 2017, 2018; Das
and Pardeshi 2018b). Integration of different environmental
factors to delineate groundwater potential zone gave satisfac-
tory results of many previous works (Krishnamurthy et al.
1996; Rao and Jugran 2003; Lokesha et al. 2005; Khan et al.
2006; Solomon and Quiel 2006; Avtar et al. 2010; Dar et al.
2010; Jha et al. 2010; Elewa and Qaddah 2011; Magesh et al.
2012; Bagyaraj et al. 2013; Rahmati et al. 2015; Kiruba-
karan et al. 2016; Roy and Sahu 2016; Tahmassebipoor et al.
2016; Das et al. 2017). Several methods are very prevalent to
delineate different groundwater prospect zones using remote
sensing and GIS such as multi-criteria decision (Mukherjee
et al. 2012; Kumar et al. 2014; Machiwal and Singh 2015;
Das et al. 2017), frequency ratio model (Davoodi et al. 2013;
Naghibi et al. 2015), logistic regression model (Ozdemir
2011), boosted regression tree (Naghibi et al. 2016) and
many other geostatistical (Mallick et al. 2015) and math-
ematical models. All these methods are very common and
widely used by numerous researchers around the world as
well as in India to evaluate the availability and distribution
of groundwater resources.

Due to the highly variable geological conditions in the
hard-rock region, groundwater potential mapping is more
complex and challenging (Kellgren 2002; Mukherjee et al.
2007; Anbazhagan et al. 2011; Balamurugan et al. 2017).
Many scholars carried out their researches to explore
groundwater potential in basaltic terrain (Baker et al. 2003;
Cherkauer 2004; Das et al. 2017; Pande et al. 2017). How-
ever, the demarcation of the groundwater prospect areas in
the Deccan Trap region of Maharashtra, covered by flood
basalt, is still not studied well. Hence, an attempt has been
made in this study to demarcate different groundwater
potential areas of the Pravara basin by using multi-criteria
modelling (influencing factor and frequency ratio) in GIS
environment. Several environmental criteria such as geol-
ogy, geomorphology, soil texture, lineament concentration,
drainage, regional slope, rainfall distribution and land-use
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pattern have been evaluated to prepare the groundwater
potential maps for future planning, management, utilization
and conservation of groundwater resources in the Pravara
basin.

Study area

Pravara basin is located in the north-eastern part of West-
ern Ghat, India. Geographically, the study area is situated
in between 19°25'N to 19°45'N latitude and 73°35'E to
74°50'E longitude, in Ahmednagar district, Maharashtra,
India, encompassing an area about 2600 km? (Fig. 1). Pra-
vara and its tributaries are the main drainage system of this
basin, and they contribute a significant amount of water
to the Godavari river which is the largest river system in
peninsular India after Ganga. Western section of the basin
has extremely hilly landscape, whereas the eastern part is
characterized by relatively flat and gentle plateau. Pravara
basin shows a moderate relief variation, ranging from 404 to
1424 m above sea level. The entire basin consists of extru-
sive basalt flow of the Cretaceous—Tertiary period, named as
Deccan Volcanic Province (Wellman and McElhinny 1970;
Alexander 1981; Widdowson and Mitchel 1999; Hooper
et al. 2010).

Pravara basin shows semi-arid climatic condition due to
its geographical location. Western Ghat stays as a barrier of
south-west monsoon to enter into the intercontinental part
(Doke et al. 2018). Therefore, the study area shows semi-
arid characteristics during the non-monsoon period of a year
(October—May).

Data and methodology
Geospatial database preparation

The methodology which was followed in this study to
demarcate different groundwater prospect zones in Pravara
basin is shown in Fig. 2. With the help of the geological
quadrangle map, lithology map of the Pravara basin was pre-
pared, and the geological quadrangles were acquired from
the Geological Survey of India (GSI). Drainage network
map of the study area was drawn by using SRTM DEM in
ArcGIS 10.3 software. Hydrology tools were employed to
delineate drainage network. Pravara basin is having a very
limited number of ground weather stations, and because
of this problem, grid-based rainfall data were selected to
prepare rainfall distribution map (www.worldclim.org). To
understand the monthly rainfall characteristics, rainfall data
of Ahmednagar district are obtained from http://indiawater
portal.org/ website for a span of 1992-2002. Soil texture
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Fig.1 Location map of the study area with reference to Maharashtra State and India. The inset green layer is representing the Deccan Volcanic

Province which is one of the greatest geological formations in India

data were acquired from National Bureau of Soil Survey
(NBSS) to prepare the soil texture map of the Pravara basin.
SRTM DEM was processed in ArcGIS under spatial analysis
tool to prepare slope map.

Das and Pardeshi (2018b) demonstrated that Cartosat
DEM provides a highly detailed shaded relief map which
provides higher surface information compared to the SRTM
and ASTER DEM. Therefore, shaded relief maps of eight
different azimuth angles were developed from Cartosat DEM
in order to extract the lineaments of the Pravara basin (Das
et al. 2018). All the physical linear features were traced
manually from the hill-shaded map. After the preparation
of lineament map, line density command was used to prepare
lineament concentration map of the Pravara basin. Prepara-
tion of lineament map was extended up to creating the rose

diagram, which denotes an advanced understanding of the
alignment of lineaments.

IRS LISS-III images of 23.5 m spatial resolution were
considered in this study for the preparation of land-use map
of the Pravara basin using ERDAS Imagine 2014 software.

Influencing factors

All the thematic maps created previously were resampled into
raster layers of 30-m spatial resolution. After that, interrela-
tionship was made between all these factors and the weights
assigned to each factor depending on their interrelationship
and influence capability (Fig. 3). The interrelationship is
adapted in this study based on the prior knowledge of differ-
ent influencing factors for groundwater potential in different
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Fig.2 Methodology considered

for the present study
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Fig. 3 Interrelationship between factors which influence groundwater

regions using the extensive literature review (Krishnamur-
thy et al. 1996; Rao and Jugran 2003; Lokesha et al. 2005;
Solomon and Quiel 2006; Avtar et al. 2010; Jha et al. 2010;
Magesh et al. 2012; Bagyaraj et al. 2013; Rahmati et al. 2015;
Tahmassebipoor et al. 2016; Das et al. 2017). Based on the
interrelationship among all factors, a score of 1 and a score
of 0.5 were assigned to the parameters for successfully influ-
encing other parameter(s) directly and indirectly according to
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potential. Source Modified after Magesh et al. (2012)

its strength (Yeh et al. 2009) (Table 1). For instance, in our
study area, lithology (mainly mafic basalt) is having a direct
relationship with four factors for groundwater potential (linea-
ment, drainage, soil, and land use). Therefore, a value of 4 was
assigned for lithology. Similarly, geomorphology (undulating
plateau, pediment and alluvial flood plain) has major influ-
ence on drainage network, soil and land use with minor impact
on slope; hence, weight of 3 for major influences and 0.5 for
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Table 1 Influencing factors,

. . - Factors Major effect (M ) Minor effect (M;) Proposed value Proposed score
their major-minor effects and ’ (M.+M) for each factor
corre.spondmg scores. Source [ P)

Modified after Magesh et al.

(2012), Das et al. (2017) Lithology (rock type) 1+ 1+1+1 0 4 18
Geomorphology 1+1+1 0.5 35 16
Land-use pattern 1+1 0.5+0.5+0.5 35 16
Slope 1+1 0.5+0.5 3 14
Drainage density 1+1 0.5 2.5 11
Lineament density 1+1 0 2 9
Rainfall 1 0.5+0.5 2 9
Soil texture 1 0.5 1.5 7

Y22 Y 100

Refer Fig. 3 to understand the interrelation between all factors considered in this table for major and minor

effects

minor influence was assigned to geomorphology. However, the
interrelationship among all these factors is changeable subject
to the different characters of lithology, geomorphology and
land use with area.

The given formula was used to calculate the scores for each
influencing factor (Das et al. 2017):

(M; +M;)

—— | X100
T (M; + ;) v
where M; represents major interrelations among two factors
and M, represents minor interrelation among two factors.

All these thematic maps were integrated into ArcGIS soft-
ware; after computation of scores, rank classification was done
by dividing the previous scores (P;) by the number of clas-
sifications in each factor. After that, the class having highest
influence, a same score of weight (P;) was assigned and the
scores were reduced equally according to the previous calcula-
tion (Table 2). For instance, lithology is having a score of 16
as weight and the study area is characterized by only two types
of lithological categories (basalt and alluvium). Therefore, the
first type of lithology having higher influence gets a score of
16, while the second one gets 8. The expression gives better
understanding of classification and assigning ranks in each
category:
W, of first class = P,

[e.g. P; of lithology 18; notice Table 1 where the ranks
are shown by P,. Therefore, W; of first class of lithology =P,
value = 18]
W; of second class = W; of first class — (P;/n)

[e.g. 16—(18/2)=9] [notice that lithology has 2 class; there-
fore, n=2]

W, of third class = W, of second class — (Pi/n)

where W, is the rank value of each class, P; the weight of
each factor, and n is the total number of classes in each
factor.

Thereafter, weighted overlay was done to delineate ground-
water potential map of the Pravara basin by using the following
equation (Das et al. 2017):

n

Priority zone(P) = 2 (Pi * W,-) )

i=1

where P represents the priority zones, P, represents weight
of each factor, and W, represents rank of each class.

Frequency ratio

Frequency ratio is a very popular and useful statistical
approach which is frequently used for geospatial assessment
of the probabilistic relationship among different variables.
Several studies have implemented frequency ratio for ground-
water potential mapping (Manap et al. 2014; Pourtaghi and
Pourghasemi 2014).

Frequency ratio can be defined as the ratio of the area to the
groundwater wells. The model is based on the correlation and
observed relationship between different influencing factors and
the availability of the wells in each factor. The calculation of
FR can be done using following formula:

_ WG

FR =
M]T

3)
where W is the number of pixels with wells for each contrib-
uting factor; G is the total number of wells in the study area;
M is the number of pixels in each class of a contributing
factor; and T is the total number of pixels in a contributing
factor.
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Table 2 Classification of

! X Factors Classes Ranking (W)) MIT WIG FR

weighted factors and their

corresponding ranks to Lithology Alluvium 18 093 091 098

(Zigﬁgfate groundwater potential Basalt 9 0.07 0.09 129

Geomorphology Younger floodplain 16 0.12 0.19 1.60

Older alluvial plain 12 0.16 0.40 242

Pediment 8 0.27 0.27 0.98

Lava plateau 4 0.15 0.15 0.33

Land-use Water body 16 0.00 0.00 0.00

Agricultural land 14 0.41 0.49 1.20

Agricultural land dry 12 0.10 0.18 1.80

Natural vegetation 10 0.04 0.07 1.75

Scrub forest 8 0.03 0.02 0.67

Barren land (rocky outcrop) 6 0.33 0.15 0.45

Settlement 4 0.09 0.08 0.89

Slope 0°-3.92° 14 0.15 0.92 6.15

3.92°-9.15° 11 0.45 0.07 0.16

9.15°-16.02° 8 0.26 0.01 0.03

16.02°-26.81° 5 0.11 0.00 0.01

26.81°-83.05° 2 0.02 0.00 0.00

Drainage density (km/km?) 1.18-1.80 11 0.11 0.12 1.16

0.93-1.18 9 0.23 0.30 1.29

0.71-0.93 7 0.28 0.32 1.16

0.46-0.93 5 0.23 0.18 0.76

0-0.46 3 0.15 0.07 0.49

Lineament density (km/km?) 2-3 9 0.04 0.00 0.11

1.2-2 8 0.10 0.01 0.11

0.5-1.2 6 0.14 0.04 0.31

0.2-0.5 4 0.19 0.20 1.02

0-0.2 2 0.54 0.75 1.39

Rainfall (mm) 1700-2355 9 0.05 0.00 0.08

1350-1700 8 0.05 0.00 0.06

950-1350 6 0.12 0.03 0.24

650-950 4 0.18 0.12 0.63

465-650 2 0.60 0.85 1.42

Soil Deep loam 7 0.05 0.03 0.60

Slightly deep loam 6 0.19 0.14 0.76

Shallow loam 5 0.11 0.06 0.61

Very shallow clay loam 4 0.22 0.06 0.27

Deep clay 3 0.37 0.67 1.80

Slightly deep clay 2 0.06 0.03 0.48

After calculation of frequency ratio, the groundwater poten-
tial map is prepared by summation of frequency ratio values
of each contributing factors and their sub-categories through
the following equation:

Priority zone (P) = 2 FR 4)
i=1

where FR is the frequency ratio value of each factor and
their sub-categories.
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Results and discussion

Eight different influencing factors such as lithology, geo-
morphology, drainage, soil, lineaments, slope, rainfall and
land use are inspected to demarcate different groundwater
prospect zones of the Pravara basin. Below, a detailed dis-
cussion is given based on the results of this study.
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Lithology

Extensive basalt rock of the Cretaceous—Tertiary period is
the primary rock type of Pravara basin (Fig.4). The fine-
grained basalts over the study area are pyroxene enriched.
This basalt shows various types of flows, such as aa flow,
compound and sheet pahoehoe flows (Bondre et al. 2004;
Brown et al. 2011). Central part of the Pravara basin shows
very thick (about 30 m) alluvium deposition of the Quater-
nary period, overlie the basalt along the main stream and

its tributaries (Bondre et al. 2006; Das 2017). This fine and
thick alluvium is deposited by the Pravara stream network.

Geomorphology

The study area shows four major geomorphic divisions
which are lava plateau, pediment, older alluvial plain and
younger flood plain (Fig. 5). Western part of the basin
shows prominent lava plateau with structural topography.
Top of these structures can be considered as Mesa and
Buttes due to the flat topographical condition. Central

T3°45'E T4°E T4"15'E T74°30E T4°45'E
L L L L
= =
g - - S
2 5
z
2 - &
5 2
Lithology type
Allavium
= : - ‘ | =
g L E 3] ] 76 15 225 30 / ¥ . / AP, £ ﬁ
2 : : T . / g
73°45'E T4°E 74*15'E 74°30°E 74°45E
Fig.4 Lithology map of the study area
73°45'E T4°E 74°15E T4°30E T4°45'E
e
.‘w@s’f :
5 S
2 £
= e
z z
2. 5
@ >
Geomorphology
I Leva Plotecu
|| Older aliuvial plain
z E Pediment : i ; _ z
& - ; f ‘o 7.5 5 225 - fit ! i L &
) ]:I fYeungerfloadplain ; ———K 3 ; t
T3"45'E T4°E T4°15'E T4°30'E T4°45'E
Fig.5 Geomorphology map of the study area
Pislae ¢llodlauao .
ﬂ%Tqu rogls ] @ Springer



197 Page8of16

Applied Water Science (2018) 8:197

region of the study area is characterized by an almost gen-
tle pediment. An elongated stretch of younger alluvium is
found in the central part and eastern region of the Pravara
basin, covering the older alluvium deposition.

Land use

The major land-use patterns in the Pravara basin are bar-
ren land (33.5%), dry agricultural land (20%), agricul-
tural land (19.7%), scrub forest (15.8%), natural vegeta-
tion (5%), settlement (5%) and water bodies (1%) (Fig. 6).
Regions with very high built-up and concrete construc-
tions are bad for groundwater potential because of more
surface run-off, while agricultural lands are good due to
the availability of loose soil on the surface (Singh et al.
2010, 2011a; Das et al. 2017)

Slope

The slope is one of the important factors which controls
the groundwater potential of a region. Rapid run-off
occurs in the case of steep slope due to the higher veloc-
ity of the water (Das 2018). In the gentle slope region, the
water becomes stagnant in a particular place for a longer
duration which influences water to penetrate into soil lay-
ers (Das 2018). Based on the slope map, the entire study
area has been divided into five major divisions. 1°-4°
slope is ideal for very good groundwater potential due to
the flat terrain. 4°-9° slope falls into good groundwater
potential (Fig. 7). Area having slope in between 9° and
16° is considered as moderate, 16°-26° is selected for

low as the slope is steep and more than 26° is taken as
very low groundwater potential as these areas reflect very
steep slope where very rapid run-off occurs (Das et al.
2017; Kumari et al. 2017a, b)

Drainage density

Drainage density is the total length of streams per unit
area (Avtar et al. 2011a). Drainage density map of Pravara
basin is intended by utilizing the line density tool in Arc-
GIS. Depending on the result, five classes are prepared. The
groups are assigned to different groundwater potentials as
very high (1.18-1.80 km/km?), high (0.93-1.18 km/km?),
moderate (0.71-0.93 km/km?), low (0.46-0.93 km/km?) and
very low (0-0.46 km/km?). Figure 8 illustrates drainage den-
sity map where higher density is found in the central and the
eastern section of the Pravara basin.

Several studies suggest that regions having lower drainage
density are having more groundwater potential as run-off
is higher on the impermeable rock (Bagyaraj et al. 2013;
Jenifer and Jha 2017; Thomas and Duraisamy 2017). How-
ever, water generally follows the slope and accumulates in
the region having lowest elevation of an area irrespective of
lithological setting. In semi-arid regions, river beds char-
acterized by alluvium or sedimentary rock (or other rock
consist pores) can actively contribute substantial amount of
water for groundwater recharge if the groundwater table is
lower than the river bed (Yeh et al. 2009). Additionally, as
drainage is the local base level of an area, thus, sub-surface
flow accumulates near streams which leads to higher ground-
water availability near streams.
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Fig. 8 Drainage density map of the study area

Lineament density

Lineaments are basically the weakness of topography such
as joints, cracks, faults and shears. In hard-rock lithology
due to lower porosity of terrain, groundwater potentiality
generally depends on other structural features (Kumanan
and Ramasamy 2003; Avtar et al. 2011b; Singh et al.
2011b; Das and Pardeshi 2018b; Das et al. 2018). Hence,
lineaments play a fundamental role in groundwater poten-
tial as the structural weakness increases the infiltration

capacity. Areas having a higher density of lineaments are
basically having a good groundwater potential. Figure 9
illustrates the lineament density map of the study area
where it can be observed that the western section of the
study area is characterized by very dense lineaments.

Rainfall

Pravara basin is a part of semi-arid peninsular India, where
rainfall occurs only during monsoon season. Average annual
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Fig.9 Lineament density map of the study area. Straight lines are representing geological linear features in the study area. The inset rose dia-
gram is illustrating the orientation of lineaments within Pravara basin (modified after Das et al. 2018)

rainfall of the study area is about 650 mm. Fugure 10 is illus-
trating the average annual rainfall distribution in the study
area. From June to September, monsoon rain occurs in Pra-
vara basin and the rainfall starts decreasing gradually from
the October month of the year (Fig. 11). Almost no rainfall
occurs for the period of January—May, and during this time

monsoon which brings high amount of water vapour in
this area and creates orographic rainfall (Doke et al. 2018).
The eastern part of the Pravara basin experiences very low
amount of rainfall because after orographic rainfall in west,
very little amount of water vapour remains in the atmosphere
(Kumari et al. 2017c, d).

severe water resource scarcity occurs in the study area due
to lack of water availability. Western section of the Pravara
basin shows higher annual rainfall due to the south-west
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Fig. 10 Rainfall distribution map of the study area
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Soil

Soil texture and depth are having a major impact on the
groundwater potentiality of an area (Mehra et al. 2016;
Mehra and Singh 2018). Soil distribution map of the Pra-
vara basin was prepared from the soil map of Maharashtra
(Fig. 12). The major soil texture found in the study area is
clay and loam. The thickness of soil varies place to place.
The western part of Pravara basin is characterized by very
shallow soil deposition, whereas the alluvial plain next to
the main river is characterized by moderate to deeply buried
soil.

Delineation of different groundwater potential
areas

By using remote sensing and GIS, several influencing fac-
tors such as lithology, geomorphology, slope and rainfall

were integrated to demarcate groundwater potential zones in
Pravara basin, Maharashtra. All these factors were grouped,
and the weighted overlay was performed using influencing
factors and frequency ratio techniques. Depending on the
results that came out in ArcGIS, the entire study area was
divided into five categories of different groundwater poten-
tials: very high, high, moderate, low and very low.

Figure 13 illustrates the groundwater recharge potential
map of the Pravara basin through influencing factor tech-
nique. By implementing influencing factor, it is observed
that about 21%, 24%, 25%, 21% and 9% areas are fall-
ing under very high, high, moderate, low and very low
groundwater potential zones, correspondingly. In case of
frequency ratio, the resultant map shows about 32%, 24%,
10%, 13% and 21% areas under very high, high, moderate,
low and very low prospect zones, respectively (Fig. 14).

The central and eastern parts of the study area show
good-to-moderate groundwater potentiality as this region
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shows very gentle slope, alluvium concentration, agricul-
tural land which influence rapid infiltration process into
the sub-surface. Western part of the Pravara basin reflects
very poor groundwater potential as the region is having
very steep slope, very shallow overlying soil over basaltic
lithology. Although the western region shows numerous
lineaments, it does not help in this particular region for
high groundwater potential due to other factors. The main
factors influencing groundwater potential in Pravara basin
are slope, lithology and land-use pattern.

Validation of the results

Validation of the data is one of the most essential works
after designing any model in order to check proficiency of
the predicted results. To validate the groundwater recharge
zones of Pravara basin, at first all the major locations are
plotted in the groundwater potential maps. Plotting the major
villages and town made it easier to compare the map with
existing groundwater reports of CGWB (2014) for Ahmed-
nagar district. It is observed that groundwater potential is
higher in the central part of the Pravara basin near Akola,
Dhandharphal, Sangamner and Ashwi region. The CGWB
(2014) report suggests, the wells located in this region are
having a very high yield (Akole—17.92 lps and Sangam-
ner—13.05 Ips). Higher yield of an aquifer indicates higher
groundwater potential. Hence, these areas identified in
this study are extremely suitable for artificial groundwater
recharge.

Besides the validation with CGWB report, another
attempt has been made to establish a relationship between
different groundwater potential zones and the wells available
in the study area. Wells are used as a proxy of the ground-
water yield as generally a very large number of wells can be
found in regions having high groundwater yield. Well inven-
tory is prepared based on the data available in the Survey of
India (SOI) topographical map of the study area. Later, the
resulting map is classified into twenty equal divisions and
number of wells falling in each section is counted to plot the
relationship. Area under the curve (AUC) is calculated to
verify the accuracy of the model. The AUC shows 73% accu-
racy when the model is built using frequency ratio, while
69% accuracy with influencing factor method (Figs. 13, 14).
Although both methods show considerably good accuracy,
however, it is recommended to follow the frequency ratio
technique as it is based on the statistical ratio between the
area under different zones and number of wells. The major
drawback of influencing factor technique is that the accuracy
of this method depends on the knowledge and the expertise
of researchers during ranking the parameters. Addition-
ally, the ranking of influencing factor changes area to area,
depending on the available factors.

Conclusion

Remote sensing and GIS techniques are found to be pro-
ficient tools to demarcate groundwater potential zones of
Pravara basin, which save money, time and provide quite an
accurate result. In the present study, with the help of satellite
images and conventional data set, several thematic maps are
prepared which affect the groundwater potential of an area.
The factors considered in this study to delineate ground-
water potential zones are lithology, geomorphology, soil,
drainage density, lineament concentration, slope, rainfall
and land-use pattern. All these parameters are integrated
into GIS software, and the final groundwater potential map
is generated. Depending on the groundwater potential map,
the study area is categorized into five different zones. The
comparison among frequency ratio and influencing factors
indicates that the frequency ratio delivers higher accuracy
and efficiency (AUC =73%) compared to the influencing
factors (AUC =69%). The regions having good groundwater
potential in the resulting maps may be selected for artificial
recharge projects by government or other non-government
authorities.

The study is highly valuable towards management and
sustainable development of watershed in the Pravara basin.
This study provides a simple and systematic method to delin-
eate groundwater recharge potential zones through utilizing
modern geospatial techniques. However, this approach can
be applied to delineate different groundwater recharge zones
in other parts of this world where semi-arid climatic condi-
tion and hard-rock lithology are seen.
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