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Abstract Integration of remote sensing data and the geographical information system (GIS) for the

exploration of groundwater resources has become a breakthrough in the field of groundwater research,

which assists in assessing, monitoring, and conserving groundwater resources. In the present paper,

various groundwater potential zones for the assessment of groundwater availability in Theni district have

been delineated using remote sensing and GIS techniques. Survey of India toposheets and IRS-1C satel-

lite imageries are used to prepare various thematic layers viz. lithology, slope, land-use, lineament,

drainage, soil, and rainfall were transformed to raster data using feature to raster converter tool in

ArcGIS. The raster maps of these factors are allocated a fixed score and weight computed from multi

influencing factor (MIF) technique. Moreover, each weighted thematic layer is statistically computed

to get the groundwater potential zones. The groundwater potential zones thus obtained were divided into

four categories, viz., very poor, poor, good, and very good zones. The result depicts the groundwater

potential zones in the study area and found to be helpful in better planning and management of ground-

water resources.

ª 2011, China University of Geosciences (Beijing) and Peking University. Production and hosting by

Elsevier B.V. All rights reserved.
717646.

l.com (N.S. Magesh).

eosciences (Beijing) and Peking

evier B.V. All rights reserved.

ina University of Geosciences

Elsevier
1. Introduction

Groundwater is a vital natural resource for the reliable and
economic provision of potable water supply in both urban and
rural environment. Hence it plays a fundamental role in human
well-beings, as well as that of some aquatic and terrestrial
ecosystems. At present, groundwater contributes around 34% of
the total annual water supply and is an important fresh water
resource. So, an assessment for this resource is extremely signif-
icant for the sustainable management of groundwater systems.
GIS and remote sensing tools are widely used for the management
of various natural resources (Dar et al., 2010; Krishna Kumar

mailto:mageshissivan@gmail.com
http://dx.doi.org/10.1016/j.gsf.2011.10.007
http://www.elsevier.com/locate/gsf
http://dx.doi.org/10.1016/j.gsf.2011.10.007
http://dx.doi.org/10.1016/j.gsf.2011.10.007


N.S. Magesh et al. / Geoscience Frontiers 3(2) (2012) 189e196190
et al., 2011; Magesh et al., 2011a,b). Delineating the potential
groundwater zones using remote sensing and GIS is an effective
tool. In recent years, extensive use of satellite data along with
conventional maps and rectified ground truth data, has made it
easier to establish the base line information for groundwater
potential zones (Tiwari and Rai, 1996; Das et al., 1997; Thomas
et al., 1999; Harinarayana et al., 2000; Muralidhar et al., 2000;
Chowdhury et al., 2010). Remote sensing not only provides
a wide-range scale of the space-time distribution of observations,
but also saves time and money (Murthy, 2000; Leblanc et al.,
2003; Tweed et al., 2007). In addition it is widely used to char-
acterize the earth surface (such as lineaments, drainage patterns
and lithology) as well as to examine the groundwater recharge
zones (Sener et al., 2005).

Applications of remote sensing and GIS for the exploration of
groundwater potential zones are carried out by a number of
researchers around the world, and it was found that the involved
factors in determining the groundwater potential zones were
different, and hence the results vary accordingly. Teeuw (1995)
relied only on the lineaments for groundwater exploration and
others merged different factors apart from lineaments like drainage
density, geomorphology, geology, slope, land-use, rainfall intensity
and soil texture (Sander et al., 1996; Das, 2000; Sener et al., 2005;
Ganapuram et al., 2008). The derived results are found to be satis-
factory based on field survey and it varies fromone region to another
because of varied geo-environmental conditions.

Development of groundwater in the study area is through
construction of dug wells, dug-cum-bore wells and bore wells.
However, recharging those groundwater sources is curtailed by
frequent dry seasons and failure ofmonsoons. Theminimumdepth of
thewater table in the study area is 5m in favorable localities adjoining
rivers, canal system and abutting tanks, whereas the water table in
Figure 1 Location ma
remote areas is found very deeper up to 50e60 m resulting in acute
water shortage. Exploitation of groundwater resources has increased
in the past decades, leading to the over-consumption of groundwater,
which eventually causes ecological problems such as decreased
groundwater levels, water exhaustion, water pollution and deterio-
ration of water quality.

Integration of remote sensing with GIS for preparing various
thematic layers, such as lithology, drainage density, lineament
density, rainfall, slope, soil, and land-use with assigned weightage
in a spatial domain will support the identification of potential
groundwater zones. Therefore, the present study focuses on the
identification of groundwater potential zones in Theni district,
Tamil Nadu using the advanced technology of remote sensing,
MIF and GIS for the planning, utilization, administration, and
management of groundwater resources.
2. Study area

The study area lies at the foot of Western Ghats and is diversified
by several ranges and hills. A range of hills which run parallel to
Western Ghats from north to south separate the district from
neighboring Kerala State. The district lies between 9�530 and
10�220 north latitude and 77�170 and 77�670 east longitude,
covering an area of 2871.48 km2 (Fig. 1). The annual average
rainfall in the district is around 950 mm. Theni enjoys a salubrious
climate with a maximum temperature of 40 �C and a minimum
temperature of 20 �C. The major river system in the study area is
river Vaigai, which is a seasonal river. The topography of the study
area is an undulating plain with irregular charnockitic hillocks and
hornblende biotite gneissic rocks. The relief of the area varies
between 160 and 1400 m above mean sea level.
p of the study area.



Figure 3 Interrelationship between the multi influencing factors

concerning the groundwater potential zone.
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3. Methodology

The methodology adopted for the present study is shown in Fig. 2.
The base map of Theni district was prepared based on Survey of
India topographic maps (58F/4, 8, 12; 58 G/1, 2, 5, 6, 9, 10) on
a 1:50,000 scale. The drainage network for the study area was
scanned from Survey of India (SOI) toposheets and digitized in
ArcGIS 9.3 platform. The slope map was prepared from SRTM
DEM data in ArcGIS Spatial Analyst module. The rainfall map
was prepared using the data obtained from the Indian Meteoro-
logical Department (IMD) gauge stations. These data were then
spatially interpolated using Inverse Distance Weighted (IDW)
method to obtain the rainfall distribution map. This interpolation
method combines the concepts of proximity to follow Thiessen
polygons with gradual change of the trend surface. The drainage
density and lineament density maps were prepared using the line
density analysis tool in ArcGIS.

Satellite images from IRS-1C, LlSS-III sensor, on a scale of
1:50,000 (geo-coded, with UTM projection, spheroid and datum
WGS 84, Zone 44 North) have been used for delineation of thematic
layers such as land-use, lithology, lineament, and soil types. These
thematic layers were converted into a raster format (30 m resolution)
before they were brought into GIS environment. The groundwater
potential zones were obtained by overlaying all the thematic maps in
terms of weighted overlay methods using the spatial analysis tool in
ArcGIS 9.2. Duringweighted overlay analysis, the rankingwas given
for each individual parameter of each thematic map, and weights
were assigned according to the multi influencing factor (MIF) of that
particular feature on the hydro-geological environment of the study
area (Shaban et al., 2006).

3.1. Multi influencing factors of groundwater potential
zones

Seven influencing factors, such as lithology, slope, land-use,
lineament, drainage, soil, and rainfall have been identified to
delineate the groundwater potential zones. Interrelationship
between these factors and their effect is shown in Fig. 3. Each
relationship is weighted according to its strength. The represen-
tative weight of a factor of the potential zone is the sum of all
weights from each factor. A factor with a higher weight value
Figure 2 Flowchart for delineating the groundwater potential zone.
shows a larger impact and a factor with a lower weight value
shows a smaller impact on groundwater potential zones. Integra-
tion of these factors with their potential weights is computed
through weighted overlay analysis in ArcGIS.

4. Results and discussion

4.1. Weightage calculation

The multi influencing factors for groundwater potential zones
namely lineaments, drainage, lithology, slope, land-use, rainfall
and soil were examined and assigned an appropriate weight and
are shown in Table 1. The effect of each influencing factor may
contribute to delineate the groundwater potential zones. Moreover,
these factors are interdependent. The effect of each major and
minor factor is assigned a weightage of 1.0 and 0.5 respectively
(Fig. 3). The cumulative weightage of both major and minor
effects are considered for calculating the relative rates (Table 1).
This rate is further used to calculate the score of each influencing
factor. The proposed score for each influencing factor is calculated
by using the formula.
Table 1 Effect of influencing factor, relative rates and score for

each potential factor.

Factor Major

effect (A)

Minor

effect (B)

Proposed

relative

rates

(A þ B)

Proposed

score of each

influencing

factor

Lineaments 1 þ 1 0 2 13

Land-use 1 þ 1 0.5 þ
0.5 þ 0.5

3.5 22

Lithology 1 þ 1 þ
1 þ 1

0 4 25

Drainage 1 0.5 1.5 9

Slope 1 þ 1 0.5 2.5 16

Rainfall 1 0.5 1.5 9

Soil 1 0 1 6P
16

P
100



Figure 4 Lithology map of the study area.
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� ðAþBÞP ðAþBÞ
�
� 100

where, A is major interrelationship between two factors and B is
minor interrelationship between two factors.

The concerned score for each influencing factor was divided
equally and assigned to each reclassified factor (Table 2).

4.2. Lithology

The study area is underlain by crystalline rocks of Archean age,
which are overlain by valley fill sediments and minor alluvium of
recent age along the drainage courses. Calc-gneissic, garnetif-
erous-cordierite-sillimanite gneiss, quartzite, charnockite, granites
and granite gneisses traversed by pegmatite and quartz veins.
Alluvium quaternary sediments are spread almost in central part
of the study area (Fig. 4). Around 70% of the total area is covered
with charnockite followed by migmatite and khondalite.

4.3. Land-use

The major land-use type in the study area are barren land, crop
land, dense forest and plantations, dry crop land, hill, shrub land,
medium dense forest, reserved forest, and settlements. These land-
use classes are delineated from IRS-1C, LlSS-III satellite data and
intense field verification (Fig. 5). Around 40% of the total area is
under cultivation, remaining forest and barren land are 34% and
26% respectively.
Table 2 Classification of weighted factors influencing the

potential zones.

Factor Domain of effect Weightage

Lineament density 0e0.6 1

0.6e1.2 5

1.2e1.8 9

1.8e2.4 13

Land-use Hills, settlements 5

Dry crop, barren land 10

Forest and plantations 16

Crop land 22

Lithology Charnockites 9

Khondalites, migmatites 17

Alluvial sedimentary deposits 25

Drainage density 0e0.5 2

0.5e1.0 5

1.0e1.4 7

1.4e1.9 9

Slope gradient 0e15 16

15e30 12

30e45 8

45e62 4

Rainfall 600e900 2

900e1200 5

1200e1500 7

1500e1800 9

Soil Red gravelly 6

Younger alluvial 4

Older alluvial 2

Red loamy 1
4.4. Lineament density

Lineaments are structurally controlled linear or curvilinear features,
which are identified from the satellite imagery by their relatively
linear alignments. These features express the surface topography of
Figure 5 Land-use map of the study area.



Figure 7 Drainage density map of the study area.

N.S. Magesh et al. / Geoscience Frontiers 3(2) (2012) 189e196 193
the underlying structural features. Lineaments represent the zones
of faulting and fracturing resulting in increased secondary porosity
and permeability. These factors are hydro-geologically very
important as they provide the path ways for groundwater move-
ment. Lineament density of an area can indirectly reveal the
groundwater potential, since the presence of lineaments usually
denotes a permeable zone. Areas with high lineament density are
good for groundwater potential zones (Haridas et al., 1998). The
lineament density map of the study area is shown in Fig. 6, and it
reveals that high lineament density is observed in the center of the
study area with a value ranging from 0 to 2.42 km/km2.

4.5. Drainage density

Drainage density is defined as the closeness of spacing of stream
channels. It is a measure of the total length of the stream segment of
all orders per unit area. The drainage density is an inverse function of
permeability. The less permeable a rock is, the less the infiltration of
rainfall, which conversely tends to be concentrated in surface runoff.
Drainage density of the study area is calculated using line density
analysis tool in ArcGIS software. The study area has been grouped
into four classes. These classes have been assigned to ‘very good’
(1.00e1.93 km/km2), ‘good’ (0.70e1.00 km/km2), ‘poor’
(0.34e0.70 km/km2), and ‘very poor’ (0e0.34 km/km2) respectively.
High drainage density (1.93 km/km2) is recorded in the north-western
parts of the study area (Fig. 7). The suitability of groundwater
potential zones is indirectly related to drainage density because of its
relation with surface runoff and permeability.

4.6. Slope

Slope is an important factor for the identification of groundwater
potential zones. Higher degree of slope results in rapid runoff and
Figure 6 Lineament density map of the study area.
increased erosion rate with feeble recharge potential (Magesh
et al., 2011a,b). The slope map of the study area was prepared
based on SRTM data using the spatial analysis tool in ArcInfo 9.3.
Slope grid is identified as “the maximum rate of change in value
from each cell to its neighbors” (Burrough, 1986). Based on the
slope, the study area can be divided into four slope classes. The
areas having 0e6� slope fall into the ‘very good’ category because
of the nearly flat terrain and relatively high infiltration rate. The
areas with 6�e16� slope are considered as ‘good’ for groundwater
storage due to slightly undulating topography with some runoff.
The areas having a slope of 16�e27� cause relatively high runoff
and low infiltration, and hence are categorized as ‘poor’ and the
areas having a slope >27� are considered as ‘very poor’ due to
higher slope and runoff. Fig. 8 illustrates the slope map of the
study area.

4.7. Soil

Soil is an important factor for delineating the groundwater
potential zones. The analysis of the soil type reveals that the study
area is predominantly covered by red gravelly soil (in deeply
buried pediments and moderately buried pediments) with red
loamy soil and alluvial soil (in the flood plains) at some places as
shown in Fig. 9. Red loamy soil is a product of weathered granite
of Archean and quartzite of Proterozoic age.

4.8. Rainfall

The annual average rainfall of the study area is around 950 mm.
The south-west monsoon accounts for 21%, north-east monsoon
46%, winter 6% and summer 27% of total rainfall (Fig. 10). The
study area depends mainly on north-east monsoon rains, which are



Figure 10 Rainfall map of the study area.

Figure 9 Soil map of the study area.

Figure 8 Slope map of the study area.

N.S. Magesh et al. / Geoscience Frontiers 3(2) (2012) 189e196194
brought by the troughs of low pressure establishing in south Bay
of Bengal between October and December. Rainfall distribution
along with the slope gradient directly affects the infiltration rate of
runoff water hence increases the possibility of groundwater
potential zones.

4.9. Delineating the groundwater potential zone

The groundwater potential zones for the study area were generated
through the integration of various thematic maps viz., drainage,
slope, lithology, soil, lineament, rainfall and land-use using remote
sensing and GIS techniques. The demarcation of groundwater
potential zones for the study area was made by grouping of the
interpreted layers through weighted multi influencing factor and
finally assigned different potential zones. The groundwater
potential zone of this study area can be divided into four grades,
namely very good, good, poor, and very poor. The groundwater
potential map (Fig. 11) demonstrates that the excellent ground-
water potential zone is concentrated in the north-eastern and
north-western region of the study area due to the distribution of
alluvial plains and agricultural land with high infiltration ability.
Similar results are reported by Shankar and Mohan (2006), Prasad
et al. (2008). This indicates that, soil type and slope plays a vital
role in groundwater augmentation. Moreover, the concentration of
drainage density and lineament density also helps the infiltration
ability of the groundwater system. About 30.0% of the total area
falls under the ‘very poor’ zone, 32.8% falls under ‘poor’ zone,
29.8% falls under ‘good’ groundwater potential zone, and 8.0% of
the study area fall under ‘very good’ zone. Finally, the cumulative
effect of the weighted multi influencing factors through overlay
analysis in GIS platform revealed the mapping of groundwater
potential zones in the study area.



Figure 11 Groundwater potential zone map of the study area.
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5. Conclusions

Delineating the groundwater potential zones in Theni district of
Tamil Nadu using remote sensing, GIS and MIF techniques is found
efficient to minimize the time, labor and money and thereby enables
quick decision-making for sustainable water resources manage-
ment. Satellite imageries, topographic maps and conventional data
were used to prepare the thematic layers of lithology, lineament
density, drainage density, slope, soil, land-use and rainfall. The
various thematic layers are assigned proper weightage through MIF
technique and then integrated in the GIS environment to prepare the
groundwater potential zone map of the study area. According to the
groundwater potential zone map, Theni district is categorized into
four different zones, namely ‘very good’, ‘good’, ‘poor’, and ‘very
poor’. The results of the present study can serve as guidelines for
planning future artificial recharge projects in the study area in order
to ensure sustainable groundwater utilization.

This is an empirical method for the exploration of groundwater
potential zones using remote sensing and GIS, and it succeeds in
proposing potential sites for groundwater zones. This method can
be widely applied to a vast area with rugged topography for the
exploration of suitable sites.
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